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ACF7401C ............ 7B8-28 AY-5-1231. .00 iivenes.. 62 | Av-5-9824............. TA-22
AGF7410C ......ooue 7B-29 | Av.54232.......0......... 62 | AY-5-9825............. 7A-22
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ACFTFI1IC .......eeu 7B8-: AY-5-1250_...cvnennnnn.. B-6 | AY-5-9827............. 7A-22
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AD1E00 ..o 10A22 | py cnge T 510
) AYB131TA v .. 512 | AY-6-1013.............. 8A-2
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ER34071 ..0vvvr i 12-18 MUX1600 ............ 10A-18
SBA ... i 9-36
GICB00G .............. 10B-8 PIC1B50 .............. 10C-2
PIC1864 ... ......... 10C-10 SCI600 . ..vvurennnnns 10A-23
GIMINL oo, 10A-20 PICAL ............... 10C-14
PICBUG ............. 10C-19 . Contact any
GP1600 .............. 10A-25 PICSIM .............. 10C-17 SL Ser{es} G Sales Office
55 Series A
for details
/01600 . ............. 10A-26 PMIBO0D .............. 10A-28
[OB1680 .....o e ... 1088 | RA3-4200 .............. 116 | 11001 4A-10
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[E] FUNCTIONAL INDEX

"CALCULATORS T _ Section 2
o QUiED ! 18V PAGE
FUNCTIGH DESCAIPTION oV LED FLUGR. [MRECT) - FLUDR. 15¢ LED NG
3 oIGT 4 functlong and percent keay. . C-883 CF-BA3 C-853D* CF-582 C-583 2-5/8"
BASIC 4 functions, percent key. ane-key or multi-key memaory, C-585 TF-685 C-s850* CF-585 C-585 2-6/8"
i4 tunctions, parcent kay, x2, /5% 1/x, +/-, one-key of multi-key memory, ¥ 2 . Y g " e
& DIGIT choice of 20 1o 28 keys. CF-687 £-ea7ly CF-589 C-589 2-7/8
ALGERRA 4 fUnctions, percent kay, X2, J%, 17X, +/-. one-key or multi-key mamary, j )
wrackets, inch-centimeter conversion, choice of 24 to 31 kays. CF-g69 C-6800 | CF-g89HV - -3
4 functions and percent key. CF-593 C-593 2-10
QBgIS?g 4 functions, percen?_lfe_y_, one-Kay memory. CF-554 C-594 FRT]
4 functions, percent key, multi-key memory, TF-535 C-585 212
Besic 4 lunctions, sgiertilic notatian, sin, ¢os, 1an, arg sln, are 008, are tan, mamory, squars rool, pt, naturat CF-588 C-596 2-13
logs, 1%, &%, memory exchange, degrees and radians, exponenl range = 99, choice of 19 to 35 keya.
2 DIGIT All the above plug: 0 to 10 degree trig rangs, 10gq, ¥* gl 1
. : L 100 ¥ exlended alglt accuracy o . g
SCIENTIFIC  irancendentals. choice of 21 to 38 keys, CF-538 c-592 +14
j All the ahove plus: two levely of parenthesis, »%, %. +/-, cholca of 24 1o 41 keys. CF-599 -5 2-15
T
- . PART PAGE
FUKCTION DESCRIPTION NUMBER PACKARE FEATURES ND.
' Baslt: 4 funetlons and parcent, autamatic constant in mulliply and a
B DIGIT . drvide, repeai addssubtract, decimel select mode, and other Lo -
PRINTING . foatures. Interfaces with the Clivetti PU1100 dot matrix printer. ;G718 40D0IF ) Accumulatar and 4 key mermary =7
Optian for usa with thermal prinling varsion of Pu1100.
Basic 4 functions and percent, automatic constant in multiply and C-M7 Accumulator and Grand Total
12 DT divide, repeat add/sabtract, decimal select mode, mamory-in-use '_c:'ﬁ?x“"' Momaories. 218
PRINTING indicater, roundmg options, nen-edd ($l/data key, and other 40 DiP
foatures. Interfaces with the Shinshu Seiki Model 310 c-1a Agcumulator, [tem counter, and 218
impact printer. . lour-key independanl memary. =
PRINTER- Adds display capability to the C-717X and -718 printing n X
DISPLAY alcutator circLits. c-m9 For both LED i
28 DIP and flourescent disple:
INTERFACE 5 i i b PR pIEYS. 2-21
Adds display capebility to the C-T1& printing calgulator circuit. C-720 !

CLOCKS | R . . Section 3

PART FLASHIRG ZERD 50/60 Hz PAGE
FUKCTION DESCAFTION | HUMBER DISPLAYTYPE | SECONDS | ALANKING |QRERATION | PAZKAGE FEATURES N,
T-SEAMENT Direct fluorescent
AV-5-12004 | | ORESCENT v v HDIP ] yesplay driva. 32
T-SEGMENT Direct flourescant
AY-S““:,MA FLOURESCENT v v - 40P dispiay drive, 32
1224 hour BCD i Sue AY-5-3320
4 DG clock AY-5-12034 outeUTs | ¥ ¥ | BEF Tyt _ 2
T-SEGMENT  * { Diract flucrescent
AY-5-1200A | £ iNRESCENT - - 24D | Gicaiay dnve, 32
BCD OR Zero blanking in
AY-5-12248 | 1 CEQMENT LED v v 16 DIP | 35 hour made only. 35
T-SEGMENT Snooze alarm, indwid-
12 hour oiock, | | %% PLASMA v v v A DIP | ol digit drive, 7
2 hour alarm [0 T G EGMENT Snoze alarm, individ-
4 DIGIT CK3100 LED - T 40D o digit drive. 7
WITH ALARM ) T-3EGMENT : Snooze alatm,
1224 hour CKaz00 PLASMA v “ o BOIP | Juplexed digits. 2
siock, 24 hour 7-SEGMENT Srooze alarm
glarm " :
cKa4a0 v v - BOIP 1 guptexed digis 312
; 12/24 haur Snoeza alarm, du-
4 HEIT ! T-SEGMENT " plexed digis, sleap-
GLOGK RADID | Slosk 24 hour | CH3300 LED v - v WOIF fmer, timeswilgh, bat- 220
alarm tery standby capability
. 4 DIGIT : Opearates directly from a
AUTOMOBILE 12 haur CK3500 ?'SEGE%ENT v CRYSTAL | 40DIP | 358MHz TV crystal. Direct [ 2-34
CLOCK e U | drive of LED display.

ATOR MODULES  Sec. 2

CLOCK MODULES

OESCRIPTION PART PARI DESCHIPTIOR PART
FURCTION |SEE ABDVEL NUMBER FEATURES N, FUNCTION |SEE ABDYE) NUMSER FEATURES ND.
- T
=t . 2 4 DIGIT !
Same g5 0-6230 | M-683 Sok-contained module - GLOGK [Fama as CK3400 | M-3400 | goip containea module 1
Same az C-gasm | M-BBS | which requires only the 2-§ which requires only the
CALTICATOR ition of a keyhoard CLOGK g [Same as CK3A0D - M-2300 | addition of swilches and 2 | 3.3
Same a5 C-B870 | M-887 | and battery 1o produce a -4 . poOWer source 1o produce

| working 8 4 DIGIT & working clock.

Sarme a5 C-GA90 | M-888 -8 AUTD CLOCK Same as CKAS00 [ M-3500

1-4



FUNCTIONAL INDEX [=]

Section 4A

FART AW W FM/VHF FOWER PAQE
FUNCTION DESCRIFTION NUMBER IF BFFRET IF OFFSET SUPPLIES | PACKAGE FEATLRES N0
4> digil diapbay: MW 2009KHZ -
FREQUEMCY - 482
COUNTEF?! Counts & displays Mw. SW, ana VHF _“Y.?‘E‘I_UP__ . _ﬁtﬂz_. 10.7MHz GND. -17 | zaDip | SW 29.995MHz VHF
DHEPLAY frequencics I 206.95MHz. 0 to 26 FK! channat w2
AY-5-8102 255KHz ) indigatign {Eurcpean standard), )
FREQUENCY . Easy time st conliols, law Frm )
COUNTER/INSFLAY | Caunts & displays AM/FM freq Av-eno 262.5KHz PROGHAM- w10t 18, ‘ pawer canaumplion, on-Ghip
WITH 4 CIGIT | witn & 12 nour slock MADBLE END ZBOP | niansity contral. Ciock
CLOCK A¥-3-8112 #E5HHz L l functians down o +54. a6

TELEVISION

Section 4A

PART FGWER PAGE
FUNGTION DESCRIFTION NUMBER SUPPLIES FACKAGE FEATURES NG,
Contrel elreud: sccepts keyoaprd re-
mode inputs to gantrol and T-1001 Y2, GND 40 DIF %can mode ar seascn mode mey also be salected. A4-10
program systert.
Display circuil: displays selected -
omEGA® e oy 1 UM +12 GND 40D0IP Decodes and arves BOD or LEC displays. 4a-10
82 CHANNEL O/A converter circuin: corvirls cutput NZF. . . .
oF. dA-14
DIGITAL TUHING | to coarss and fine tune outpung, MEM 4958 +15. GO 14 DIP 14 bil accuracy 1or precise varactar tuning.
SYSTEM : ! | ERE — — —
Mamary circuit: 2ee FR 1400 EARCIA | )
desoriptian on Pg. 9 EA 4o a2 &Ta ] 100 = 14 fil memary A7
Optlonal ehannel selactar Interface !
cirguit; permits preset favorite T-1201 +12, GND 40 SR . La to 20 channels, pre-set and/or customer salaction. 4A-10
channal ion. .
Cantrol errcuit accepla direqt remate "
h A - - ac . SA-30
ECONGMEGA® T inputs 1o controtpronram systam. AY-3-8203 12 G A1 0P 16 programs, 54 ot acouracy with cogrse and fing 1une.
16 CHANNEL D24 convarter cirsuit: converls autpat VREE. . . . _
DIGITAL 1o coamsa and fine tune autpuls. MER 4356 12, GND 4 3HP 14 bit accuracy 0T precise vardctor tuning. dA-t4
TURING SYSTEM —-— peoTE R It — = e e
Memary circuit: see €A 1400 EAROM
N . - - . 4417
descrption on Pg 4. ER 14400 +12. -24 aToD 100 = 94 bl remory.
T Centralimamary cirguit:
oo ¥ Cirpuit: ageapts i i i
ECONGMEGA™ I+ iracy remote inputs to controls AY-5.8290  -17, GND.-20 | 4ptyp | Somaing heth cortol logic pnd EARCM memary ina | gp04
20 CHANNEL  prugram system singde chip, 2 programs.,
DIGITAL Rt I L J IO . R
TUNING SYSTEM | DY converter cirpuil corverts suwiout WHEE .
to coarse and flne tues outputs. MEM 4938 112, GND 14 DIF | 14 bt aceuracy for precise varactor 1uning 4A-14
- : 3 1A
AY- 5309_ 14 DIP Channel§ 01y QA-::
Varians circuits in senes to display | AT-S-B30T 1T GND Channels 1-16
channel rurmbers en TV screen with | AY-5-8310 ! ) ) A28
ON-SCREEN same additicnally fraturing sitner AY-5-8311 12 GHD 1 Channcls 4-13 or 00-99 ar tirne, an-z8 |
CHANNELTIME | 82parate or srmullaneous sime dis- - | ———" - P —— —_ Je—
DISPLAY SERIES | Pay. Salection of display pasihor AY-5-BIH +17 G ! 4A-20
an sgreen, autamalic display recall. ) = ~ — "~ 24 D0IF | Channals 1-*G andur 1ima. Uppar right scresn display. ad a0
BCD time inputs [ses AY-5-12034 AY-5-8321 +12 GND
clock aircnitl. AY-5-8322 -13, GND AR-26
- - — - Channels 1-16& and/or time. Lower cenlar screen display.
AY-5-324 12, GND ) sa-24
{ON-5CREEM Pravides an elactronic on-screer thn- -~ - | 4 bands, mask programmanis bend or channel number
H " AY-3-833 +12 GM = " AR-36
TUNING SCALE | ing scale for varacior funec TV se1s. 0 GNO 1601 display, mask grogrammahle display positions.

REMOTE CONTROL

BOMEGH & ECOMNOMESGA are trademarks of General Ingtrument Corp.

Section 4A

PART POWE] PABE
FUNCTION DESCRIPTION HUMBER SUPPLIES PACKABE FEATURES ND.
. 30 ultrasonic contrel channels, 34-d4KHz. Utllizas 2 She38
T ]
. 30 Channgl Tranamitter SAA 1024 9V BATTERY | 1EDNE iz Ty orystal for aceuracy.
AAC SYSTEMT -
30 Channel Receivers SAA 102501 18, GHIE 16 DIF Power an/oclf autput, 16 T).I' channel seloctron (& 5 spares), SA-dn
SAA 112502 3 amalog oulputs (& functions). 4A-40
2360 I " AY-5-8410 ~15. GMND " . AA-44
annal Transouttars
H/C SYSTEM I ! FUEPT av BATTERY 18 DIF |23 channels, eitner [olel control &t recelver or remaote Gontro, ITYT]
31463 Channel Recerer AY-5-5420 115, GND 14 DIF (5 or B bil modas, amor-delaction. AA-4B
30 ultrrgonic contro Frequencies, interfaces directly with

30 Cnannel Trapsmikter AY-5-BAE0 ay BATTERY 15 CIF 2 546 matrix heyboard. dA-48

R/C BYSTEM ID -
) | AY¥-5-8450 : itnlerfucas diractly with OMEGA 10 digit keyboard inputa | 4A-80
18 Ehannal Reteivars Avsaagy | T2 GND. -6 | 18 nie Iiplus on/ofi. recall. 2 analog sontrols (4 Funetlone). e

1-5




[2] FUNCTIONAL INDEX

GIMINI TV'GAMES .

The General Instrument game reperoire offers game manufacturers a
choice of approaches to the marketplace: GSIMINI dedicated game
chips and the GIMIMI cassette programmatye game sel.

The dedlcated game chips fur 1977 include a choice of Ball and Peddle
gqames wilh frue game rules, reabistic courts, and individual player
identification. The Battle gameoltars allthe thrills and axciternent of (s
popular arcade big brother,

Tha programmable geme set based an 2 variant of Gl's CP1800Q, an
advanced 16-bit single chip microprocessor, provides maximum

flexibility in implementing a proegrammabte system. The game
“program” RGM, which ¢ar be meorporated in a cassette, gonnegts
directly to the system address and data busses. Wilh this
ROM/cassetta appreach, a ebracy of game AOMs can be devaloped
encompassing 3 mullitude of game families

Additionally, since the heart of tha programmable system is basad an
the powertul 16-bit CP1500 microprocessar. expanded capabifities
beyond a "game" function ara possible - - including home interactiva
teaching systems, data storage and retrieval systems..in effect, a true
“home computer”

‘Section 4B

DEDICATED TV GAMES

. PART LINE PAOE
FUNCTION ! DESCRIPTION GAMES MUMBER STANDARD . PACKAGE FEATURES HC.
Tennis : ’ N
s . Soccor AY-3-8500 625 Autematic on-sereen scoring. Sound | 48-2
BALL & Six selectable garnes for one . g ,a4n .. zg Dep | generstion thit, boundary, scorel.
PADDLE [ or two players, with verlical — § pragpes Selegtable paddie size ball sperd.
paddle moten. | Arlle GameT  AY-3-8500-% B2E rebound angles a8-2
i HAitle Garme I .
© Tennis i
) Sestcar AY-3-8550 sos5 all features gf_ Lha AY-B-&M:E;[]OJ 4B-14
BALL & Six gelectable games !of falel] Squesn weih tha addition of tull lwo-axis
PADCLE 14 or two playars, wilh harizontal - po ettt 23 0IF | plaver motion, color-coding of score
and verlicat paddle motion. Rifle Game 1 A¥-3-8560-1 so5 and playar, and _‘hit" and “miss" 4B-14
Rifle Game [T seonng in Practice game
. Converts the black & white Crlers of the nackgraund and paddle
OLOR ©vigeg outpets of gither the . outplts are selectwvely changed dir-
CONVERTER | o AY-3-8500-1 or AY-3-8550-1 AY-3-8515-1 525 16 DIP | ecily by the "game select” inputs 98-23
ta a mngle color composite Alsn provides, As an outpul, a
wdas sgnal. . 2.045MH7 clack far the pame argui,
Tennis ; Auwomatic on-screch scoring. Sound
Huckey T generation {hit, boundary, score). .
. Soeocer | AY-3 agaa 525 Selectable paddle size, (indwidually 1B-24
BALL & Eight selectanle games for one  Sguash seleciable for cacn player, ball
PADDLE I or two players. with horizontal  Practice ——— 28 OIP | zpeed. repownd angles Full iwoe-axs
ana vartical player mabon. . Grigtall playar molien, Codor-coding of score
. Basketball . - and peayer, Realistic ball service and
- Basketball ¥-3-3600-1 b2 ' scor-ng. Flasaing score as ‘end of 48-24
Practice i . gamse’ indication.
! Cokars of the background and padele
Converts to the black & while outputs are selectively changed dir-
COLOA wedsc cndpnls ol the e ectly by the 'game select” inputs.
GOMVERTER T AY-A-RE00-1 to a aingle calo: - ¥-3-8615.1 523 2BDIP | ey sravides, s an oulput. 4 but- 48-33
composite video signal, ‘ared E8TUMHZ clock for e game
cirguit
A two plavar 'tank battle™ . The on-screcr “battioficld” neludas
game where each plaver has a AY-3-8700 625 anb-tank barricades snd explngng 48-34
BATTLE I completaly steerable tunk with | Tank Battla e 24 P mires to retars eacn tank’s progress.
larward and reverse speed AY-3-8700-1 525 Unlimited ammuretion to a scoring 4B-34
contral and a firing butior. limit af 31 “hits.”

CASSETTE PROGRAMMABLE TV GAMES . Section
: . PART PAG
FUNCTION DESCRIPTION . GAMES HUMSER PACKAGE FEATURES HO.
: A variant of the Gl CP1800 microprocessor, the
GP1810°is 18-bit unit utiizing & general pur-
CP1610 40 DIP pose registers for fast and efficient processing of 8-58
all game data. :
Th I chi t id:
IheebGasis forca Lpssle—pf(‘;;\rr{atr:f ' The "program” ROM organized as 2048 = 10,
mad game seres for up 1o Lizer game : RQ-3-20480 40 DIP contamns all gama "rules", symbol locations, 4B-38
eigh:‘piayers and featiring: up desian for . colar, veloreity and direction deta,
ta ginht ugar-contrallad Fuch as AY-3-8960 Tha "STiZ", Standerd Interface Chip, provides
GIMINT moving objects, 64 selectable | Bali & P?ddte- 3 4 O the vides signals including syne and hlanking and 48-39
PROGRAMMABLE  meving objects, up to 240 Aggression, the manipuletion and intaraction nf all graphics
GAME SET programmabis background . AY-3-3800-1 Hala in & non-intenaced cattcra for the Ty, | 4838
L ki X bie back- p -
X ;rf:\t:jdnfslemr};:d?lisz‘?ay m The "graphics” BOM orgamzed as 2048 = B, gon-
" up ta zix colors plus black and RO-3-93164 23 DIF fains W sgres of & = 8 dot matrives far A large 48-38
. white. variety of garme symbels, background:fickd
data, and €4 alpha-numerc charactears.
The "working' memaory dui’ing game operation.
_ A total of fiva 256 = 4 RAMS are requurad for g 48
Ram wombined 256 < 12 and 256 = 8 memary -3
complemant.

1-6

®GIMIMI is & trademark of General Instrumant Carp.
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MOSFET TRANSISTORS Section 4C
ViBRIDSS VIBRIGSE 1083 I653F Vasinl M5pn) | Yie Clss ! Drss PAG
i PART | YOLTS  UDLTE nh nh YOLTE DHME LY pF,  pF NE
TYPE © NUMBER | M. ! MN. 1 TYR TYP. MiN/MAS. TYR. ! TYR TP TYP. CASE .
P-GHANMEL ; MEMacE | —40 | -&0 | -1.0 -0.1pA -2/-55 | 18D 2300 4.5 1.3 TO-72 4C-2
EN }:MNCEM ENT MEMBOT -40 -4 ;s -0 -85 150 2,800 45 10 TO-T2 4C-4
QnE . MEMa17 | -45 =200 -1 | -0.05pA 25/-85 . 18] 2,000 35 12 TO-72 4C-6
i . an 1 2 - Thi : - _7
3N1a3 25 ,..?i 2.0 0.3 26 50 | Q.OCICII 150 1. TO-72 4
| Viempss - IgssF VB2 FDSion) ¥is Cgg  : D Yis |va1s-vezs| PREE
PART VLTS A YoLTS | OKMS | MHD pF pF RATIO my N
TYPE HUMBER ~ MIN. . TYP. MIN/MAY. | YR . TYP TYP. TYP. TYP. TYP. CASE
; N P S T T
MEMS50C -25 -0.2 i250 tBoD 2.0 20 [#X:] 100 TO-77 4C-10
Déﬁ';ﬁg’gag:?ﬂ MEMSSIC 75 “1pA - 10 15 15 088 70 To-7T | 4C-10
MODE ' MEM951 -an 003 | 1ep | o1opo 20 15 08s | su | TQ-T? 4C-12
MEMS55 -35 -0.0254 mo ' oimoo |20 15 095 &0 TO5r | &G-12
BYDSS  ViBmess | oS 1683¢ Ingani Vesih| Tisjon; ] ¥z Ciss . Cmes | PAR
i PART MIN.  YOLTS . nA nA mi VaLTs OHMS - MKD | nF | pF NG,
TIPE . HUMBER VOLTS © Mk | TYP TYP. TYP. MIN/MAL. | TYP. | TYP TYP. T¥P. | CASE
N-CHAMNEL ; MEMSE2 io+20 . tan ! 1 oA 15 0.5/4 ! 150 . 2EOD K] 0.3 To-T2 4C-14
ENHANGEMENT ° MEMTI +25 30 | 1 01 4n 0515 | 50 3000 4.5 0& | To-7g | 4C-16
MODE 3N177 i +20 +30 5 S0gdh 15 1735 300k 1,500 5 0.5 TO-72 4Cc-18
PN et Tt e el I
VERDE  UBRICIS l VEBRGZE  ipes 1685 WEBIMN IDE[oN ¥l Ciss  Cres | Gpe| NF PAGE
' PART 1+ VOLTS - VOLTS YOLTS mh nh yoLTE | OHMS MHa pF | pF dB [ dB | NO.
TYPE NUMBER WIN. HIN. | MIN. TP TYP. MAL. TYP. TYP. ' TYP.  TYP.! TYP.|TYP., GASE )
"memssr | owpn o a1 0 — los o, -4 200 10,000 5 loas s |25 | rors 4c-22
N-CHANNEL MEMB15 +25 ) | = 10 20 0 -4 — 1R000 G4 1 02 1§ |30, To-TR 4C-24
DEPLETION + MEMEG36 420 | B - I g | 15 50 -4 16,000 -1 azo22 | 35 | Plastic 4C-28
WOOE MEMGES55 0] ; 1B — o4 I -4 an 10,000 4 03z 22 | 25 TO-T2 4C-32
MEMET0 | e | =100 — | 3 D54 -4 — 2,000 ] 03 — | — | ™72 4C-24
MEMEE0 423 | I - 4430 50 -4 -- 13,000 4 02 | 2y |as ) TO-¥2 4C-28
! PART - MARXIMUM POWER | ' PAGE
FUKCTIDN : JESCRIFTION NUMBLR FREQUENCY SUIPPLIES PACKAGE FEATURES ND.
T
AY-1-0212 1.5 MHz : 5-3
MASTER il LS A S12,GND 16 DIP  250KH minimum fraguancy
+ AY-1-0212A 2.5 hHz 5-3
FREQUENGY Generates a complets octave . T . T T T T T T e T .
CT%EPPJEOR&Q{E?E-’ of musical frequencies AY-3-0214 1% autputbs. 53% duly cycle -6
GENERATOR CAY-3-0215  45MHz | 410 1e -16, (3N 16 DIF 13 outputs, 50% duty cyala 5-6
H AY-3-0216 13 outputs, 30% duty cycle 56
t t
LATCHING | Esztablishes priordy leval of 13 Stackable for expandad latchings
NETWORK © lateh inputsioutputs AY-1-1313 20KHz GND, -12,-27 40 DIP priority function 52
T
AHYTHM Generates & rhythms. drwes 8 % HAesets for coupling chords ta rhythm g
GEMERATOR Inztrurments AY-5-1315 | 10KHz GND, -15 18 DIP 42 beat patiarn. Mask programmatle. 5-10
CHORD Produces majue, minar, 7ih : ' . B ) Mired outputs. sustain, top key
GENERATOR | chords, walking bass AY-5-131TA SO0KH2 GND. 15 DI ity s12
t
PIAND Electronigally simulates piano 12 kays par umt, loudness propore
KEYBOARD operation and sound AY-1-1320 - GND, -10,-27 40 DIP tional to key press velocity. 518
N T H
Astage PAYRS0S1 | iMHz | GND, 13.-27 1070 Arranged 2 -1+ 1 -
5 stape AY-1-6721/5; 1MHz GMND. 13.-27 + 1070 ' Arranged 3+ 2
' AY-1-§721/5 IMHE GND, - 13 -27 12 TD Arranged 3 2 1
§ slage LAY-1-1006 BOKHr GND, 17, -F7 . 14 DIF  Aranged3+2-1
F"éﬁ—agigg“' | AY-1-2006 S0KHz | GND, -12. -27 14 DIP  Arranged 2+ 2 + 1 + 1
7 sta | AY¥-1-505¢ °  1MHz GMO. -13, -27 14DIP  Aranged 312+ 1 ¢ 7
ge AY-1-1007B SOKHz GND. -12,-27 14 DIP Arangad 3 - 2 - 1+ 1. power-on reset | 5-24
" ! Operatlon is a function of . i . . —
2 D TAY-8-1000 |, currant twough a resistor % T0- [ CrsaVAS osciiator input duide | g g
ountar:Ulvider | trom Yoo to Injection input ! yerenen e enore
APPLIANCES / SECURITY . Sectio
PART POWER ! PAG
FUNCTION DESCAIPTION MUMBER SUPPLIES PACKAGE FEATURES HD.
AY-5-1230 28 DIP I - 5 " & §-2
- | T - i t (501 of BOHZ an AY-5-1231), BCD ar
24 hour programmahble repeat- | Ay.5.1231 40 DNP 2 Inpult |- . . T B2
ELOCHK TIMER able on/of fime switch with GHNDO, == | T-segment direct f.gurescent dlsp_la,r drive
: -12to -18 2B DIP outputs. zero blanking, 24 hour display 412 5-2
4 digut clock. ! i LG |
s oar 24 hour on AY-5-12315.
AY-5-1233 28 DiP | G-2
Anpliance timar with cleck. AY-5-1250 Two timed outputs [3 on the AY-5-1251), 6-6
COKER TIMER Full control of "start” time, +8, GND 28 DIP | “minute minder” feature, 12/24 hour system.
“stop” time, or "duration”. AY-5-1251 ternperatura setting on AY.4-1251. 6-5
; . T
A coin memory/eredit accumu- I . -
COINBOX A : GNDO, Seven different coin inputs, cract and
CIRGUIT latur for use in coin-uparatad AY-1-BEZ2 BT 40 DIP honus” feat ures, 510
equipment.
IONIZATION Complete lonlzation smoke chip |
detector circuitry in & single MEM4362 | 9. GND | 14DIP Logwcb;‘:lmtﬂ;"ﬁf':ET and output drivar. 5-15
DETECTCR CMOS LS g
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TELECOMMUNICATIONS - " section 7A

PART  FOWER ' PAGE
FUNCTIDN DESCAIPTION HUMEER SUPPLIES PACKAGE . FEATURES N,
TA-2
TTON 80P . ) TA-2 .
ngrEEgDNE Converts push button input ‘1 S5EE DATA Programmahle timing, one-call memaery. Optlonal redial and access [T
DIALLER ta rotary dial pulses ——————— &MEET pause {except on AY-5-3118). _}-i:?-
SIRCLIT AY-5-9118 | _eoe
AY-5-0120 1BoRE TA-2
REPERTOHY Siares ten 1ewephone o SEE DATA Complamems AY-5-9100 tp ensble storage of up to ten 23-digit =
DIALLER numbers AY-£-3200 l SHEET 16 DIF telephone numbsars. Slackable. 7A-9
;| 1
COINBOX Gontrols the gparation of . SEE DATA - L | lestabl figs. .
CIGCUIT & stendard pay letephone. AY-5-9300 SHEET 24 b Up 1o 3 coin genpminetions moophized, 14 selectable coin ratios TA-15
DUAL TOME AY-39400 | *5 GND . 14 DIF \Nuh a Iow cost ceramic rescnator. gaenerates rz tune parrs TA-18
MULTI- Ganarates DTMF-’wnP : “?:3_94"0'1 LT . 7A-18
FREGLIENCY telaphona fr -5, GND 16 DIF Same as AY-3-240 but generates 16 tane paira far dala trar
GENERATOR AY-3-9410 TA-16
CMOS CLOCK | Generates 2-phase clocks i SEEDATAL 14 pip 2-phage elotks 1or AY-5-0100 & AY-5-9200. .
GENERATOR | from asingle power supply | ©1o9500 ' Ty pey Generates 2.1 A1
MULTI- Detects and converts i GND, : .
FREQUENCY | DTMF/tone telephane AT-5-a800 ! ga iy 2840 DIP | Ghoice of output codes: 4 bit, 1 of 16, 2 of 8, bmary, Ta-22
RECEIVER i 5 ' custom programmable.

HYBRID ACT _VE FILTERS o | B . o __. - i | Seélibn 7B

PART PAGE
FUNCTION NUMRER DESCRIPTION RO,
The ACF 7OARC end the ACF Y092¢ fllters are low cost dovieos which can be used 10 generate any filler response. Low pass, Band
UMIVERSAL ACF tDa2C  pass, Band Rejecilon, High pass, and Adl paess filter respentes are avaitable by meane of axternal ponnectiona. The design TB.2
ACTIVE FiLTER | ACF Tog2C  provides for independent control of Freguency, 1, end Amplifier Gain, and is usable throughout ine frequency range of 10Hz
| 1o 10KHz.
f The AGF 71100 fiter pravides for low pass filtering of gpeach fraguencies whike sttenuating the 3825Hz aignaling frequency
3825M2 LPF , ACF ¥110C  to a minimum attenuation of 43d8. The reference 1.0KHZ gain of this filter & 0dB with a maximum in-band ripple spacitication 7B-8
plug or minus 0.1dE.
PCM TRANSMIT The AGF 7170C Hiter has been designed for PGM ions This OdB galn fiter provides for & minimum 3%08
LPF N ACF7IT0C  ohienyntion at 4.6KHz and an in-hand ripple specification of plus or minus 012548, 7B-8
I The ACF 7173 1iller has Leen designed for PCM "Trunk” transmit apalicatiens. This varlabls gain, 0dB ta 2848, tow neise filtar
FCM TAUNK AGF 7730 is capable of axceeding the A.T. & T. @ Channel Bank Comgatibility specification. This filter provrdes a minlmum attenuation £ 7B-1Q
TRANSMIT LPF - 1 ot 32dE at 4 6KHz, a maxi itmband npple af plus ar minus ©.1d8, end 14.508 mini atteruatian at BOHz.
: The AGF 71740 filter has been dosignad tar PCGM ~“Trunk” regaive appligatigns. Thia variable gair, -16dB to -3.508, low noise
PCW TRUNK fiter s cagabie of exceeding the AT &T. 03 Channel Bank Compatlbilily specification. This fliter has a seif contained Fulse
AECEIVE LPF ACF 71740 | Amplievde Modulailen (PAM] Gate and Sample and Hold Capacitor for demoduleting and helding the inpur signat, The fliter | 7811
B PAM GATE . has baen companaatad for a Sin X ovar ¥ correction and provides a menlmuem atteruaton of 2809 2% 4 6KHz2 and a maxlmum in

band ripple of plus or minus 0146,

BOM LINE The ACF 750 {lner has bean designed for POM “Line™ trangmit applications. This fixed gain, 82508, low noise filier I3 capable
TFIANSI\.‘;I‘T LFE | ACF P175C | of excesding the A.T.AT. O Channel Bank Camgatlba|ity speciflcatian, This liker provides a minimum aftenuation of 3046 a1 | T&8-13
4.6KHz and a meximum in band npple of plus or minus 0.306 and atgo provides lor DG biocking.

! The AGF 71760 filter has baen dosigned tar PG "Line” receive applications. This fixed gan, 8,2dB, low noise fllter ls capable

PCM LINE of axceading the A.T.&T. 03 Channet Bank Compatibillty speclfication. This fliler bas a sal contained Pulse Amplitude Madulation

RECELVE LPF | MCF TITEC \PAM) Gate and Bample and Held Capacitor for demadylating and holding the input signal, Tne fiter has been compensated fera | TB-14
& PAM GATE 5in X pver X cprregtion and provides a pummum atlenuation of 2808 at 4.6KHz, and & maximum in band ripple of plus ar
rrnus §.3dB.

EPF & FULL " ACF 7300¢ | The AGF 7300C/7301C:7302C aach cansists of & full wave detector and a four (4) pole flaat band witth band pass filter. 7B-1¢
WAYE DETECTOR RCF 7301C ° factary tunabids over & center trequency (Fo range: ACF 73008 - 540Hz t 1B80Hz; ACF 7305C - T00HZ to 1900HE; TBE-18
- ACF 73020 ! ACF 723020 - 22B0Hz o 3525Hz. TB-2

"fhe AGF 730G 15 4 sharply ured fillar designed to detecr and pass the 2600Hz signafing frequency. This filtar provides ior a
2600Hz BPF . ACF 73100 | minimum gttennation of: 3B plus and minus 266Mz, 50dB plus and minus 500Hz, and 70d8 plus and minug 1K0Hz fram the | TB-22

! center fraquercy of 2860Hz.

The ACF TG is g sharply tened filter designed to detect and pass the 3825Hz signaling frequency. This liler providaes for g
| -
9825Hz BPF ACF TINC l minlmurm attenuatior of 4068, plus and minus 20dHz fram tha cantar freguency of 3835Hz, 78-24

The AGF 73200 is @ DdB, 200Hz ip 3400Hz nand paag hier with an in band ripple spacification of plus ar minus 0.1508
300-3400Hz BPF | ACF 7320C | o im, Tre filter provides for & misimum atemuation of 1508 at 170Hz snd 97600z,

DTMF ACF 73230 The ACF TE23CrA0F 7ERIS/ACE 73225 Band Petz Agiiva Filters are factory pre-tuned filtera designed specifically for tone

TONE DETECTION | ACF 73630 | receivar applications. These two pole cangtant G filtars are aveilable in the standard ATET tone frequencles and m the standard | 7B-26
ACF FA83C ' multifraguency steps.

7B-25

DAL TONE The ACF T401C |s a dual tuncd band swppresslon filker which has basn designed ta raject frequenciea of 350Hz and 440Hz.
BANI ACE TA0IC whleh are grasent pr s 1elephana ling. The unitis totally self coptained'and requires noexternal componenits far proper cparation. 78-28
SUPPHESSION The filter pravides for 0dB insartion [0ss In the pass band af 857 Hz thraugh 1833Hz, tha normal DTMF tone frequencies.
FILTER Tha filter ales provides far BOHz attenuation far low npise operation.
2E00Hz BANED . " . . . . . - : .
SUPPRESS IO o « The ACF 74015 is @ sharply tunad filier dasignad ta reject the 2B00Hz signaiing frequency. Thia filter pravidas for & minimum
FILTER i ACF 78100 aranyation of BOdB plus and minus 15Hz frem Lhe center frequency of 2800Hz. 78-29
B0Hz NOISE . ] N ] - . .
SUPPRESSION ACF 74500 Thea ACF 74805 is a sharply luned fiker fur 80 Hertz suppfezsion. |t provides aminimum atlentuslien of 40dB plus or minus 0.25Hz 78-30
FILTER fram the cemter frequancy. The filter i3 self contalned and requires no external componenis Eer proper cperation,
BTMF BAND The ACF 7711C is g dual flter which has been designed lo provlde channet isolation between the low lreguancy group of the
SEPARATION AGF 7711C | tone (OTMF) frequencies of 341Hz. and the high fraquency group of 1208HE through 1633Hz. Fhia filter provides for s minimum | 78-31
FILTER altanuation of X)db far the adjacent reguencies of %4 1Hz and 1208Hz. 0dB in the paIs bands, and 2540 owr-of-band atlenuatlen.
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DATA COMMUNICATIONS

FUNCTIONAL INDEX [=]

Section 8A .

| PART REPLACES BAlG MAY. TEMP. POWER " PABE
FUNCTION OESGRIPTION | WUMBER |PIN-FOR-PIN) AARGE FREQ. RANGE SUPPLIES  PACKAGE | FEATURES NO.
) 1,1.5,0r2
i AY-3-1015 AMI 51757 0o AIKE 4BOKHz Ot 70 +5, GND A7 Q1P | L i 8A-2
hcl‘t)?eprlleallg 5-8 Imy o SIS 2556 ; : stop bils —
! s . SMC COM2505 | 0to 22.5KB| 360KHz | -535 to +125 . ! &
LAR/T® paraiel. 1 TMS8m1 '5'_'?2ND' A0 OIF  1or stopbits [ P
paralis)/serial AV-510134 | Lol | 010 40KB | Ed0KHZ 0w | | -
imerface.
. ;WD TRIBOZA +5 13 +14, | 1,16, 0r2
AY-3-1U14AJI_ Ot JOKE 480K Hz ¢ to 70 anD - 40 QP stop hits BA-2
A programmable ! .
rege:::r?ar that intar- ! 3:? :jofr:;:r'
pgaR  (aces variabla | AY-B14728| WD1a72B | Oto100KB | 100KHz ;. atovo | P SNDOY anpip mate compate | SA-16
tangih serlal data : =12 P
toa parlauel data | [ | h _';LQ”:;E an
e .
i channe JI ! Synchronaus,
;ﬁ progrﬁmr?:btle | | VAsynchronous,
vansmitiar 1hat n- i & Isochronous
PISAT tertaces variable | ay g isgpm|  WDT4EZE | Do 100KB| 100KHz | oto7g | '5 GND. | 4 pup ' daka com- BA-17
length parallel data ; ~12 H mumcations
y to a serial dala i H | | - media,
L. ... chamel | l i | | ;

Tafso available with MIL STD 883 screening (ad4d suffix T to part number).
®UARST is a trademark of General instrument Corporation.

MULTIPLEXERS Section 8B
PART PEAK-PEAK SIGNAL o TEMF, SUFFIX/ FAGE
FUNCTION DESCARIPTION NUMRER INPUT AANGE AESISTANCE RANGE PACKASE NG
RAMDOM: Multiplexes 16 L5 .
SEQUENTIAL | analog channals, AY-s5-1016 a7 ,2.?,_
ACCESS with on-chip 20 Valts 500 ghmag 40 DIF
MULTIPLEXER | logle controt. TAY-6-4015 -55 tn #1258 8B-2
[
4 CHANNEL MEM 2831 30 Volts 100 ghmg 65 1o 465 P/34 Plastic DIP | 2B-8
ME @ It 350 o X ! F14 ie DIP -10
MOSFET | 6 CHANNEL | MEMSSS | gmvolls [ _ 300 | (pestiopipy | DiF Garamic :: -
ANALOG MEM 856 40 Volts 1000 ohms RS 1o +125 -
GATES 8 CHANNEL MEM 357 25 Vells 156 phma ! {Ceramiz tHp, | P24 Plastic OIP | BB-14
Flat Fack) [}:34 Ceramic DIP [~ —
;10 GHANNEL MEM B53 25 Volts 150 ohms ! F/24 flat Pack aB-18

tAlso availabie with MIL 3TD 283 sereening [add sutfix TX to part number).

INDUSTRIAL Section 9
. | PART MAX. COUNT OUTRUT POWER PABE
FUNCTION . DESCRIPTION | NiMBER FREQUENCY CUSRENT SUPPLIES PAGKASE FEATURES ND.
T T
4 TIGIT Counts, storas & do- !
COUNTER  ©0des faur decades ; AY-5-4057 S00KHz — +5, GND, -12 16 DIP BCD nutputs 93
to BCOD cutputs. |
i ) e ; BCD cutputs, trues
4 0IGIT S Counts (up ar A 5 il : 24 Dip i complement contral -4
T down). storas & B
COUNTERY | dacodes four de- | AY-5-4007A  60OKHz /Ay | 45 GND, 12 | apDip  Moludes faatuies of 56
DISPLAY ) L AY-5-4007 & S007D
DRIVER batdesltc 7-segment i + cerial P—
outputs. - arlal count output,
AY-E-400711 40P oo camy oumpors 96
A T
Dwi [ogic AY-5-3507 l B ma 1B DIF ' Range to 1099, 7-seg. oulputs 8-12
3% DIGIT DVR | incorporating dual [o— —— - 4K Hz GND, -15 — e m - e e
ramp integration AY-5-3510 — 18 DIP | Ranga \o 1989, BCD cutputs 9-12
OVM logic 3 rangeg: 990, 1009,
3% DIGIT DVM | insorporating dual | AY-5-3500 20KHzZ B ma GHD, 7.5 15 23 DIP 2999, Dual potarity, =17
ramp intagration, n BCD & 7ugeg. cutpuls
DWM logic | Auto-ranga, avto-zern,
4% DIGIT DVM | incorporating dual | AY-3-3550 400KHz ;25 mA +5, GNO 40 DIF auto-polarity. 7-segrnent/ 9-22
ramp inkegration J_ | BCO outputs, counter moda.
10 BIT D/A Ladderless DvA . SEE DATA _ B Employs stochastic g
CONVERTOR | comvartar j A¥-5-5053 SHEET *5. GND, -12 24DIE | \echniques a2
A | With AY-5-5053. )
GONVERTOR | performs A/D with | AY-5-5054 SE;,EEQTT A — 45, GND, -12 2apip | Forusein ik @2
CONTRGL | transmittar faility. : ) ensing epplications.
_rA simple, single | i A microprogrammatle circuit
SEQUENTIAL | bit processor : . ; which forms the basic controls
BOOLEAN which can directiy SBA g?_%(gé I 12-%:51 +:'52I'I\ID5I [ 40DIP ling elemant for many systems 936
ANALYZER evaluata a sat of , L i requiring timing and contrel
Booiean eguations. { { ! functions.
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'SERIES 1600 MICROPROCESSOR | " sSection 10A

:  PART PAG
FUNCTION FEATURES DESCRIPTION APPLIGATIONS i NUMBER | PACKABE .
W program accassible 16-bit The CF 1800 utilizes \hird genaration mini= | The GP 1600 Miciopiacessar is desgned !
general purpose registers computer architectire with eight general for high apaed data processing & real tima
u 87 badc instnrolions purpoge registers. The 16-bit ward &n- appricath Typlcar apphcali Inciude 1
16 BIT B4 ackivesaing modes ables fas & efficient irg o elpha- | 1able calculator systems,
SINGLE CHIP | ®Unibmited Inteerspl nesting and hutreesle or byte ariented data. The 18-bit | peripheral controllers, procesa contrallers, i
MICAD- priority reaclution addresa capability peemits acoess ta Intelllgent terminals & instruments, data | CF 1600 | 40 DIF | 10A-2
FROCESSOR | W16-Lit 2's complerent anthmetlc | 65,538 words In any ol pro- isition and digital pommunications .
& logic oram mamory, data mernery, ar processors, nurherical conirol syslems, |
R[Hrect memory access (DMA) for | parlpheral devices. P nable TV game sy . '
hegh speed data franefer
BB4K mennary using single andress
m3ingle 16-Bit or Dual B-Bit Farts The I8 1680 iz a byls orientad progrem- | The 108 1880 enables efiiciant Interfacing |
for Bidiractional InputfCurput mable input/output bulter which provides between a penphersl and the OF 1600 by !
INPUT/ = Party Check Logic on Both Ports | comprehansive Interfacing tacilties for the use of slx 8-bit registers and a 16-hit
OUTFUT WThree Levels of Profity the CF 1600 microprocessor. Data ia programmatle timer. Lv] 1sw| 46 CIF | 10A-6
BLIFFER B Autormatic Handshake Logle and | transferred 10 and from the peripharal on !
Signals 16 bidirections! lines. gach of which can
W Cantrol Redgisar b considered fo be an Input or cutpat,
DUAL DIGITAL W10 bit bidirectienal data bus The DAC 1800 cartains faur registers Tha DAC 160D Gﬂd (4] Anr_:ﬂog Cuan-
TO ARLLOS lSync_:hronous.fAsynchronous which can be lopded or read through a werter has been designed to interfage to a pAC t6oa| 40 DI | 10A-14
CONVERTER ! lpading 10-blt 140 data pard. process contral loap.
| WManual inpul mode ]
| W Goanects 1 of 18 nalog Inputa The MUY 1804 |5 a binary aodressed 18 Tha binary adaress selecbon of tha 18
18 GRANNEL [IAﬂdIesa latch an-chip charnel andes multiplexar. The MUX |I Input ehannals provides for slmplified
ANALQG ! to & voll input range 1600 includes cn-chip address latches i direct cantrol of analag sigrnafs by MUX 1500) 22 DIF | 10A-18
MULTIPLEXER | W Analog cutput contrallad by ehlpe ahef separate address strobe end . the GF1800 micropracessor ehip. i
zelect stgnal chip gelect signals, )
wm Bt around bha TP 1600 The GIMINI willzes & totally mokilar de-  * To simpiify microprocessor hardware and
Microprocessor sign fgr maximum configurability. The ays-  enttware devalopment, speed the product
BIMINI . Complete micraccanpuler syslern | tem provides direct addressing to GBS design cyole & suppor procuct protstyp- |
MHCRO- m Separale Date, Address erd wiords, unlimited DMA channels, erd & ing, & micracomputer devilopmant sysism
COMPUTER Contiof Buses multi-ine mwti-level nested interum sys- | and itg associated components are & must. | GIMINL - 10A-20
SYSTEM milp 10 85K mameey space. ; tem yw:_h ull pricelry resoluticn and sgﬂ_- | The Scrl_e_s 1600 Tarmly fIII_s these require- .
B Unlimited DMA channels I identitying podvesses. All contrel & timing | mants with the GIMINI Microcomputer. i
mNested inerrunt Bystem i full signals as well as data & address busses
pricrity resoluticn. | e fully buffansd.
u 18K waorde of AAM [ The SC160 GIMINIG Single Card Micro- § In industial usage. the SCIE00 can serve
GIMING 3K words ol PROM computer provides full 16-bit processing | a3 the kevnel ol a modular expand:ble pro-
SINGLE CaRD ¥ Lip to 32 input and 32 | power or a singla card. The SC1GDA_J ceEsing system with other c_ard_s added as
MICRD- quiput linas uzes me CRIBLE icroprocessar _wlth required. In cansumer appluc_anons, the SCAG00 ! — 10A-21
COMPUTER | ® Twa WART-A5232 Seval gl gircuitry for & camplels aperating BCABOR car suive as the basis for many !
!0 channels | systam. ussr-programmable systems suck as TV .
W Real time clock ' games, home TV terminals, elc. |

SERIES 8000 MICROPROCESSOR -

- PRAT |
FUNCTION FEATURES DESCAIPTION ) AFPLICATIONS NUMBER | PACKAGE ND.
42 Chip Miniryre System The £.P 8000 Lagic Processaor Linitie a Tha Sarias BI00 Logic Processor Systers | ) e pppg | 40 CHP 108-2
plus clock) complete &-bit sngle chip MOS-L3] is designed to perfeem any digital function R _
W45 Accessible 8 Bit Registers Micraprocessar. It has a madeen com- ualrey Tar fewar packages shan a TIL o LP BO0O | 40 DIF 108-2
s BIT 245 Besic lnslzuc_tvms ’ auter archileGhure wiin forty eight general CMOS mplemertation. Typically a 100 "
MIGRO- lB!nary ard Decimal Arithmstc Purposi intermal reglsters. The 8-b!t Duala PRCKE)C SYSIEM Can be reduced to A three P 1030
pROCESSOR | ™ Diregt and indirect [nput! nighway 15 supalemented by a &-bit Ad- chip selution of LP BO0R Procassor, LF
g Capability drese bus lo give a 14-bil 3ddress cap- 90 Program Memary and LP 1030
» Automatic subreLtine nesting on | abily which peamite access Lo Clack Generator. Also avallable: LP 1010, LP 1090
MEncey devices 16,284 wards. :.;?GFE::::_FI LP 1040 Memary l Py p— 082

PIC SERIES MICROCOMPUTER

PART PAGE
FUNCTION FEATURES . DESCRIFTION APPUCATIONS NUMEBER | PACKAGE NO.
W Lisér Programmable i The PIC 1660 MOSLE] circuit array is 4 C The array can ba grogramred b scan
W32 B-Bit Reqsters ' Wyte criented prngrammatie controfier keyooards, griva mntplewed dapays,
w5120 2-6il ROM lor Frogram | Tha aray = @ completa chip conrolled contral vending machines. Lraffe hghits,
BIT W Arithmenc Logic Linit . with an inlemat crstomer-defined RO printers and autematc gaaoline pumps.
SINGLE CHIP | w4 Sets of B User Dedined TTL- pragrarns speciying the averall lusctlonal gince 4 contams AOM HAA 150 ag wol Pic: 1850| 40 oW 1062
MICRO- cormpalible InputACutput Lines charactenstics and operatonal waveforma | as the central prosessing wnit an ane de-
COMPUTER | ®Feal Time Clock Counter o1 cach ol 1he g enexal purpose inmt’ wice, the PIC 1850 is tuly & compiete 8-
B Salf pontaingd Dsciflatar cepi lings. kil mizrovempater on pne chip. .
B ACCass o AAM Hogistors - H
hefent o instrustion. l
BPIC 1850 microcomputer The PIC 1864 arcuit is exacily 1be rhe PIG 1664 has been designeo 85 2 T
BIT wilhout ROM. sarme as tho PLS 1650 except that wsaful tool for anginearing gevelep- i
SINGLE CHIF | mAQM adaress and daig the ROM portzon of the PIC 1650 hes ment and profolyping and fos inilial
DEVELOPMENT|  linea brought out 1o pins. been remaoved. Any extarna HAM or tield wrial and demonsirations of sys- | PIC 1884 S4 0IP | 10C-10
MICRO- aCan be stopped or single PROM can be used 10 it in the terms winch wil utiliza the PIC 1650,
COMPLUTER alepped via a HALT pin. dwvelopment ol & dinal PIG 1550 |
agnfiguration. _IL
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FUNCTIONAL INDEX [}

o ' ale K JH = D
MEMORY PART , REPLACES ALCESS TIME/ POWER PARE
BITS J_ ORGANIZATION NUMBER | IPIN-FOR-FIN CYELE TIME | SUpPLIES PAGKAGE FEATURES KD,
J AA-3-456 | — SA0nssAmoNs T 45 G 24 DIP Prwar towe mods. 112
1024 | 2hfixd . AA-3-3256A ] - Ga0na/650ns +5, GND 24 CaF Power down moze, 11-2
RA-3-4256B - 600ns/BS0ns ! +5, GND 22 DIP ' -2
i | RA-3-4200 | SEMI 4200 215ns/400ns i #12, :5, GND 2Z DIF TTo autpul 11-6
soag | A006x1 ko bt o R S Y s
| | RA-3-4402 | SERI 4402 2ns/ 3500 s +12, GND, -5 22 DIP Differential autpnt. 11-10

ELECTRICALLY ALTERABLE READ ONLY MEMORIES

MEMTRY FART READ EAASE : WRITE ' POWER PAB
BITS DRGANIZATIDN NUFMBER AGCEES TIME/MODE TIME/MORE SUPPLIES PACKAGE FENTYRES NQ.
1B bit warg 16 ni T
512 43 5 16 ER2050 10us 10Bms/ 16 bit war , 10ms/16 nit wars | -5 .28 F— 12-2
ER2051 Fus Hme/A 6 b word 50me 16 B warg . 12-2
1024 ; 56 % 4 ER1105 2us 1#0ma;32xd glock | smeid bit ward | +12 -12 24 P | 12-4
1400 | 120 14 ER1400 2.8 us 16ms/14 bl warg 167514 bil word a5 J B TODIF 10 year cata 12-9
. - ; T 1 starage @ 12-1
ER2401 245 00ma 10204 bipok | 10meABEWOd 3 pg o0 pupip | +TOSC. Bl
| ERZA0TA Aps i
4098 02 K4 —Eﬁm 0
_ orelll | Eebne 1 qomssd it word or T c o =
I ERaant o, 1D74%d aloek imsz/4 kit word 5, -8, -An 22 0l
ERZB00 2Eps ! j
a WBwe - oo b — 1 ; 1Bms:4 it ward 5-14, -2
4132 3 x H ER2805 Zus O0rrs/ 2048k Block , Dmgs4 ait war 5 -4, -2 24 DIP !

READ ONLY MEMORIES

MEMORY PART REPLACES ACCESS CLOCKS! FOWER PAGE
BITE DREANIZATION NUMBER {PIK-FUR-PIN) TIME VOLTAGE SUPPLIES PAEKAGE FEATURES ND.
Jo2s asa x4 | RO-71020/4 | _ s tyes STATIC | +6,GND.-12 | 1EDIP_| 805 versions mvatah e 13.2
128x8 | RO-7-1024/% - o tua itvm) STATIC | +5 GNP, -12 | gaplp | fOr-857CHn #1250 15-2
256 x 8 | Ro-5-1302 INTEL 1302 | 1.5 is frypd __STATIC +5. GND.-12 | 24 OIF tasked version of 1708 13-4
awde | [ RO-T-204wE 18usllyp) - STATIC *6. GND, -12 ! 40P HO-§ versions available | 138
H12x4 RO-T-2048/4 1.5 ps (typ.) ETATIC +5, GGND, <12 . 24 OIF 10w -HE*D bo 4 EEN T, 13-8
2860 BEEE | RO-3-2560 = 450 ns STATIC +5 GND | 18D | 139
4098 51Z% 8 "ra-3-1095 - 500 15 STATIC +5, GND | #2DP | 13-10
H120 12 x 10 LRO-3-51 20 EA AD00 S00 ns ETATIC +5, (GMND ! od P | i 1312
a1u2 2048 ¥ 4 " RO-5-B192 AMI 58365 i 1.2 s ityp.) 2:TTL *5 -12 | EDIP _E— 1114
- :g::::%; o e DGR .OND | 24D | ) %:’;"
LRO-5B216B | awisgmsta L IDE :
| RD-3-8316C 400 na | 13-22
wee Rt oeGmmeR | T T3 moes - T | 1347
| TROa 0316 | v Seesn | 4sbee  STATO 5. GND 21piF - DepiAces twa 2708 or 1317
: : 5708 UV PROMS.
: RO-G-9316C | MOTHB317 7 soons ' | =3
t- WsExa | RO-3-16384 AL S5996 Tes | STATIC *5, GND | 24DIF | AddressChp Selacilatch | 1323
20480 2048 % 10 RO-3-20480 i endns STATIC +5, GND 2D | 13-28
32768 4086 x 5 RO-3-9192A - | msoms | STATIC +5,GND | 24DIP 132

Neote: All Besad Only Memaories are mask-programmakla.

. KEYBOARD ENCODERS / CHARACTER GENERATORS Section 14
MEMDRY PRRT . REFLACES ACCESS | CULODKE/ :  POWER ' ! PAGE

BITS OHGAMZATION NUMBER [PIN-FOR-PIN) TiHE VOLTAGE SUPPLIES | PACKAGE | FEATURES Nl

Z B | covmg enooD. ! Avsoare | swmokAzwe | g l0OHE g WTTLOT s anp. 12 | 40 DIP | Zher Jallover, 85 keys 18-
00 | e ENCOD. .Av-s-smpﬂow Soan R 1NT. G38. | *5.6D 12 ! ner : Fragen o 0 Kee 11:——1;

l‘. g | o MXEXT | Ro-s-22a08 Rt 1 s ityp ‘s’;?;‘f:; . #5.GND 12 | 2aoe i’:h\f"i‘:r's;;‘:j‘?;;_"""’”‘- 1418
lr 260 | CH?:H)_(géNsEﬂ. ?2_31151.: - ?IG. 503 i 450 s STATIC +5, GND 4 DIP E"J‘L Eﬁ‘;ﬁ_{m' 1420
:; BEN J CHS:,; %;ISEH_ | Ro-5s18e - | Sus(typ] | 1:_.{:;.'},‘,?; +5,GND, -2 | 24 TP gf\?pﬁr;ﬁgi;sé;?;ning. 14-28

HMote; All Kevboard Encoders and Character Generators are mask-programmable. Standard patterns are avai abie




PIN-FOR-PIN REPLACEMENT INDEX

AM]
DEVICE NO.

ELECTRONIC
ARRAYS
DEVICE NO.
EA40C00........

EMM/SEMI
DEVICE NO.

FAIRCHILD
DEVICE NO.

3257 ...

INTEL
DEVICE NO.

MOSTEK
DEVICE NO.

MK2302

MK50240
MK50241
MK50242
MK50242

Gl
REPLACEMENT
AY-5-1013/1013A
AY-3-1014A/1015
AY-1-1008
RC-5-8192
RO-3-18384

Gl
REPLACEMENT

RO-3-5120

Gl
REPLACEMENT

RA-3-4200
RA-3-4402

Gl
REPLACEMENT

RO-5-22408

Gl

REPLACEMENT
RO-5-1302
R(C-3-8316A/8316B
RC-3-8316A/8316B

Gl
REPLACEMENT

RO-5-22408
AY-3-0215
AY-3-0216
AY-3-0214
AY-1-0212

NATIONAL
DEVICE NO.
MMS303 .. ... ..
MM5303 . ......

MM5823 ... .. ..
MMS824 .. ... ..

SIGNETICS
DEVIGE NO.

SMC
DEVICE NO.

COM2505 .. ...,
COM2505 .. .. ..
KR2376
KR3600

WESTERN
DIGITAL
DEVICE NOQ.

TR1602 ........
TRi602 .. ......

TEXAS
INSTRUMENTS
DEVICE NO.

TMS0803 ... ...
TMS0851
TMS4000 .. .. ..
TMS5001
TMS6011
TMSB011

Gl
REPLACEMENT
AY-5-1013/1013A
AY-3-1014A/1015
AY-1-2006
AY-1-1006

Gl
REPLACEMENT
RO-3-2513
AY-5-1013/1013A
AY-3-1014A/1015

Gl
REPLLACEMENT

AY-5-1013/1013A
AY-3-1014A/1015
AY-5-2376
AY-5-3600

Gl
REPLACEMENT

AY-5-1013/1013A
AY-3-1014A/1015

Gl
REPLACEMENT

C-593

CF-583
RO-5-8192
AY-5-3600
AY-5-1013/1013A
AY-3-1014A/1015
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General Instrument Microelectronics is
one of the world’s leading manufacturers
of LSi (Large Scale Integration)} micro-
circuits. A pioneer in MOS in 1966,
General Instrument is now a worldwide
source of microcircuits utilizing Hybrid,
Bipolar and MOS technologiss in service
to the consumer, industrial and public
service marketplaces.

General Instrument Microelectronics has
facilities in every major market providing
customers with a full spectrum of services
including new product development. , .
applications engineering. . .high volume
circuit manufacturing. . .and immediate
delivery of over 250 standard products
“off the shelf.”

Strategically Localed Planis

The Microelectronics Group operates
four main production facilities in the
United States, Europe and Far East.
Plants at Glenrothes, Scotland; Chandler,
Arizona; and Hicksville, New York, have
complete capability for product design,
mask making, diffusion, assembly, test

sville, Mew York--Test area.

and quality assurance, The factory in
Kachsiung, Taiwan, is dedicated to high
volume assambly, test, quality assurance
and applications of Microelectronics
products.

In addition to providing reliable sources
of supply on three continents, General
Instrument operates each plant as a backup
facility to the others, to insure uninter-
rupted delivery. Common processes and
equipmert are employed and major pro-
duct styles are always produced in at
least two separate locations, To maintain
unitform standards from plant to plant, the
quality assurance and process control
groups at each facility are directed by
quality conirol policy established at
Group and Corporate levels.

Because General instrument has a
comprehensive exposure to all of the worid
LS| markets, it has been able to structure
its facilities and engineering programs

to conform to evolving customer needs.
Production capabilities are concentrated
in product areas of greatest volume. Each

Chendler, Arizona—Wafer Coating.
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plant has several separate manufacturing
modules dedicated to the process most
relevant to the primary marketplace. Cost
effectivenegss for the customer is enhanced
because import duties are frequently saved
on locally manufactured products.

Broad Product Linaes

General Instrument Microelectionics
offers the widest range of standard LS|
microcircuits in the industry. The com-
pany’'s off-the-shelf portfolic consists of
over 250 different LS| products in fifteen
families dedicated 1o the consumer, tele-
communications and data marketplaces.

For the consumer market, General
instrument has pioneered LS| circuits for
calculators, clocks, clock radios, TV
tuners, remote control, appliance timers,
radio and high fidelity systems, musical
apparatus and TV games. For sxample, in

Microphoto of AY-3-8300 TV Game chip.

¥

1976 General instrument introduced the
AY-3-8500 video game chip, the first
standard single chip LSE microcircuit to
provide six different games with on-screen
scoring and realistic sound; over 5 milliont
such parts were shipped that year.

More recently, General Instrument has
introduced its GIMINI LS| System for
cassette operated “home information
terminals,” a product expected to be the
next major development in consumer
electronics.

Beginning in 1970, General Instrument
has been a major manufacturer of
microcircuits for hand held and printing
calculators. Product selection ranges from
low cost “four function” chips to complex
circuits for consumer and business
printing calculators.

Glenrothes, Scotland ~-Assembly operation.




Another major development by General
Instrument in the coensumer marketpiace
is the introduction of the OMEGA series
of digital tuning systems. The OMEGA
concept brings the tuning precision and
convenience of digital channel selection
to the TV set, without the need for stand-
by battery power to retain channel
memory when the set is off. This pioneer-
ing advance was made possible by the
utilization of a unigue electrically alter-
able ROM (EAROM). The EAROM com-
bines the reprogrammability of a RAM
with the non-volatility of a hard-wired
ROM. Recently, the OMEGA concept has
been made available for popular priced
TV — ECONOMEGA — and introduced in
a special form for high fidelity systems —
STEREOMEGA.

Supported by General Instrument
Corporation's long experience in tele-

Kaohsiung, Taiwan—Test lacility.

communications, the Microelectronics
Group has developed a series of standard
¢ircuits for use in the conversion of
telephone apparatus froam electro-
mechanical to all-electronic cperations.
These circuits are being sold to major
producers of telephone apparatus around
the world, and have been qualified by
major government telecommunications
authorities. New circuits now being
introduced in the telecommunications area

are aiding in the deveiopment of solid state

PABX's and digital central offices — the

wave of the future inthe telecommunications

industry.

General Instrument has pigheered in the
development of 16-Bit LS| microprocessor
technology. The CP1600 introduced in
1975, has now evolved into a complete
family of products for use in consumer,
telecommunications and industrial con-
trol applications. Extensive software and
applications support this reliable and cost
effective microprocessor family. |

7‘2«: w.-.-._.:z
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Chendier, Arizona—Elactron Baam Evaporation.

In addition to its work on standard
microprocessors, General Instrument has
also specialized in the concept of the
dedicated microprocessor — that is a
microprocessor architecture specifically
tailored to a particular application. By
combining the programmability of the
microprocessor with optimum input-output
architecture for a particular application,
General Instrument provides the cost-
eftective solution for product development
in each of the markets it serves.

Unlike many other LS| manufacturers,
General Instrument Microelectronics does
not produce end products. Our sioegan,
“We Help You Compete” means just that.
We do not compete with our customers,
Hence, customers can share their ideas for
product innovation through LSI with us in
confidence, knowing that we will not
manufacture the end product ourselves,

We also help our customers compete by
our concentration on cost-effective LSI
manufacture. For example, the General
instrument Mini-Pak, introduced in 1976
for Consumer products, provides a sighi-
ficant saving in labor and material versus
the popular dual-in-line plastic package.

Customer Service

General Instrument Microetectronics
believes in CUSTOMER SERVICE.
Independent customer service departments
are maintained at each major location to
provide immediate response to questions
concerning order service and delivery. Qur
customer service personnel are trained to
consider our customer's needs as their
most urgent requirement. Cali on them
and let us prove that we are dedicated to
responsive service.

Advanced Design Centers

To provide our customers with the latest in
LS! technology, General Instrument Micro-
electronics maintains R&D centers at
Glenrothes, Scotiand; Hicksville, New
York; and Chandler, Arizona. In addition,
the Microelectronics activity is supported
by general research in various fields
carried out with such prestigious organi-
zations as the Massachusetts Institute of
Technology and the University of Utah.

In additien to its extensive catalog of
standard products, General Instrument
Microelectronics is happy to provide custom
design service to satisfy special
requirements. In some cases, the application

Complete Mivrocompliter hardware and software package.



is best served by a software or firmware
modification of one of our standard micro-
processors. In other cases, a dedicated
microprocessor is more cost effective.
These services may be arranged through
any of the Microelectronics sales offices.

Applications Assislance Around the Globe
To provide the special applications assist-
ance that customers may reguire, General
Instrument Microelectronics maintains
fully staffed Applications Centers at
strategic tocations around the world. . .

U.5.A. — Hicksville, New York and Chandler,
Arizona

EURQOPE — Glenrothes, Scotland; London,
England; and Munich, Germany

ASIA — Kaohsiung, Taiwan; Tokyo, Japan;
and Hong Kong

Arrangements can be made for immediate
assistance from these centers by contact-
ing any of the sales offices tisted in our
cataloqg.

ficksville, New York — Laser Trimmar for hybrid aciiva filters.

Corporate Support

General Instrument Microelectronics
is'backed by the fult resources of the
General Instrument Corporation, which has
for aver 50 years been among the leaders
in the application of modern technology to
entertainment, industrial, military, data and
communications electronics. The skills,
preduction know-how, and technological
capability of the entire General Instrument
organization are utilized by the Micro-
electronics Group to further improve its
preducts and custemer services.

Among the many other electronic
components manufactured by Generali
Instrument are discrete semiconductors,
relays, miniature lamps, and TV components.
General Instrument is a leading manufacturer
of cable TV products, off-track and on-track
wagering systems, point-of-sale equipment
and apparatus for defense applications.

Hlcksvilie, New York —Pattern gensrator.

Glenrothas, Scotlahd --Tost area.
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SV/ 15V oV/15¥ 5V LED PAGE
FUNCTION LED FLUOR {DVRECT) NUMBER
©-563 CF-563 — 2.5
| €683 CF-663 -
C-585 CF585 | - 26
B OIGIT C-685 CF-685  : R VR
BASIC - - T clesan 28
e | C-gesh
- | — [ M-6§3 y
— ; — © M-685 29
¢-589 | CFse9 | - 2-7

- C-687D
B DIGIT CF-680 28
ALGEBRA - CF-S89HY C-6890
T LT T T T Y T e |
— - M-688
| __c-593 — CF-593 — 210
FreoN c-594 CF-594 - 211
C-595 CF-535 = 212
C-596 CF-596 — 213
8 DIGIT - - — "
b C-508 CF-598 214
C-598 CF-599 - 215

PART PAGE
FUNCTION DESCAIPTION NUMBER MNUMBER
Basic 4 functions and pargant,
8 DIGIT automalic constant in multEply
PRINTING and divide, repeat add/sub- C-T16 17
tract, decimal select mode, and
other features.
Basic 4 functions and percent,
autgmatic constant in muttiply C-T17
and divide, repaat add/sub- 18
igé?lg‘lr?l‘bg | tract, decimal select mode, C-717X
i memory-in-use indigator, round-
ing options, non-add {*) date
i key, and other features. c-118 218
| Adds display capability to the
- . C-F17X and C-718 printing C-719 2-20
F:;%’}';IEAHY caleulator irguits, U R
INTERFACE | Adds display capability to the o.720
C-7T18 printing calculator circuil. N

CALCULATORS

[Z]MICRO

ELECTRONICS




C/CF-580 SERIES .
C/CF-590 SERIES £nE
C/CF-680 SERIES

Display Calculator Circuits

FEATURES
m Printed circuit board compatibility of circuits, PIN CONFIGURATION
w Dirsct segment drive for LED displays {C-XXX) 28 LEAD DUAL IN LINE
# Diract flucrescent display drive {CF-XXX) Top Veew
w Direct segment and digit drive for LED displays (C-XXXD} SEGMENT [ (] #1 SEGMENT
® Algebraic operation S‘EG\MENT E_l: 2 SEGMENT B
» Automatc consan e e
® Fioating paint operation SEE NOTE BELOW [ LG 1 OVERFLOW
B Constant or chain operation (no switch required) WP O o DNGAT 2 M50,
B | eading zero suppression Ko7 DEGIT &
B Aytomatic power-on clear KM |:_ 5 DIGIT 4
& Internal clock {on-chip oscillator} EEE :g:: ::tg: = :’0 E:?:;:
= Internal keyboard debounce logic SEE NOTE aewwE " DT
vag O 12 nIGITH
DESCARIPTION osc M O 13 DIGITHLSD
OSCILLATOR EMABLF O W Wag

General Instrument's broad line of display caliculatorcircuits, the
C/CF-500 Series and the C/CF-E00 Series, consists of pin-for-pin

All Dl.splay Cloirlator clrcuite oiferad by Gensral Instiement

compatible circuits {except C-6XXD series) designed to fitin the (sx0Ept O-BXXD earies) have identical pin functlana an alk pirs

same basic PC board. This provides & high degree of flexibiiity in mamapt pins 5, 9, 10 and 11. Thess pine mre utilized for the
. Pl y i lona of aach cirtuit Mokl a3 deseribed

calculator models manufactured while minimizing the tooling on the fallowing pages af this saction.

raquired.

1 0w oLEn | 1y
FLMGTION DESCRIPTION ov LED FLUDR. [BIRECT) | FLUOR. 15y LEB
B DIGIT 4 functions and percent key. C681 | CF-683 | C-6830 | CF-58d | C-583
BASIC 4 functions, percent kay, one-key of multi-key memery. C-885 CFe85 | c-6850 I cF.ses -585
4 functions, percant kay, ¥, Jx, 1/x, 1/-, one-key or mufti-key mamory, g 'i g _ i y
BDIGIT chaolce of 20 10 28 kays, CF-687 C-687D CF-588 | C-569
ALGEBAA [ 4 functions, percent key. i, 7%, 1/x, +/-, one-key of multi-key memory, | o oo "'“M"”_'_T"”“m
hrackets, inch-centimetar conversion. chaloe of 24 10 30 keys. CF-889 i C-g890 CF‘G”H"‘J -
4 functions and percent key. CF-593 { C-533
gElilSGIlg 4 functions, percent key, one-key memory. . . CF-599 C-554
4 functiong, parcent key, multi-key meamary, CF-595 C-595
Basic 4 functigns, sciontific notation, sin, cos, tan, are oin, arc cos, are tan, Mmemary, square rool, pi, natural CF-586 C-596
logs, 1/%, &, memory exchange, degrees and radians, axponent range — 99, choice of 19 to 35 kays.
9DISIT " Aithe above plus: U fa 10% degree Irig range. lagsg, ¥, ext i e -
: L lag g, ¥, extended diglt accuragy of
SCIENTIFIC trancendantals, choice of 21 to 38 keys. GF-508 C-598
All the above pius: two levels of parenthesis, x2, %, +/—, cholee of 24 10 41 keys. CF-53% C-599

2.2



C/CF-580 SERIES ®» C/CF-590 SERIES » -C/CF-680 SERIES E

I THE FOLLOWING APPLY AS NOTED:

A. AUTOMATIC CONSTANT (Al circults)

The answer from any operation s eéntered automatically as a
Constant by the = key without a constant switch. The Constant
may then ba used with all five lunctions and the anzwear from any
Constant calculation can be used for further caloulations without
re-gnitry. This provides an extremety powerful facitity for sclving
many complex equations without the need for writing down or
remembering intermediate results. 1t is parbcularly useful for
raising to a power, compound interest calculations, nth roots,
depreciation calculations, etc. In constant multiplication, the
constant is the first entered nember {constant multiplicand). In
division, addition and subtraction, the constant is the second
enterad number. The completion of the first operation with the
depression of the — key initiates the storage of the constant
number. Forsubsequent operaticns itis only necessary to entera
number and depress the — key,

B. DECIMAL ALIGNMENT (C/CF-593, C/CF-594,
C/CF-595)

The rasults of acdition or subtraction will ramain aligned to the
preceding number having the most decimal places, This featurs
allows computation in the dollar and cants mode without sup-
prassion of the zeros to the right of the decimal paint. If a right
shift is needed to keep the eight most significant digits. the least
stgnificant digits are lost. The results of multiplication and divi-
sion will be completely right adjusted sich that only the most
significant digits are displayed except during overflow.

C. CAPACITY (All except Scientific Circuits)

For the C/CF-580 Series and the C/CF-680 Series, in the case of
overflow, the eight most significant digits are displayed {saven
digits and minus sign for negative answers) all decimal points are
fitand the keyboard islocked out. Only the eperation of the ciear
key will allow continued operation. On depression of the clear
key, the decimal point is shifted eight places to the left of its
actuai position.

For the C/CF-593, 594 and 595, in the case of overflow, the
overflow symbol is displayed, and the decimal point shifted sight
places to the left of its actual position. Under these conditions,
the keyboard is locked out such that only the oparation of the
cigar key will allow continued operation,

In all cases, for an attempted entry requiring more than sight
display digits, the most significant digits are protected upon tha
attempted entry of another digit. The keyboard is not locked out
and operaticns are still able to be performed.

When division by zero is attempted, an overfiow condition results
and a zero s displayed.

D. PERCENT KEY {all except C/CF-596 and 598}
Multiplies the two preceding entries and divides by 100, and
when followed by — gives add-on and discount. A—B% yields
{AB/100); A+BUh=vields A+{AB/100). A—B% yields {AB/100);
A- B¥%=yields A (AB/A100),

E. CHANGE NOTATICN KEY (Scientific Circuits)
Depression of the CHG NOT key will convert the displayed
pumber 10 scientific notation, if it is in the “normal” mode, or it
will display the B most significant digits of a scienfific mantissa
with the decimal point correctly Incated (even if it falls beyond
the display area) and trailing 2eroes shall be blanked. In addition,
for numbers less than one, the digits are left shifted untii all
leading zerces have been gliminated,

F. EXPONENT KEY (Sclentific Clrcults)

EEX: This key operates as follows: The EEX key sets the two right
meost digitsto zero, the third digit from ths right is bfanked and the
calculator is conditioned to accep! sign and numeral keys o
define the exponent value of the numbar entry. If the mantissa
had numbers in any of the last three digit positions, these are
retained but not dispiayed.

G. FUNCTION KEY OPERATIONS

{Used only with dual-function keys)

Depression of the F key sets the calculator in the "Function™
maode and the F indicator is |it. The dual function keys will then
functicn as indicated by their upper case designation. Single
function keys directly perform the indicated function,
Depression of the second Key of the sequence resets the “Fune-
tion" mode and the F indicator is turned off when the answer is
displayed. The “"Function” mode can also be resat by a second
depression of the F key,

T THE FOLLOWING APPLY AS NOTED TO CIRCUITS
WITH MEMODRY:

A.MEMORY DESCRIPTION: Ong-Key memory as provided
In C/CF-585, 589, 594, B85, C-6850, C-689D and CF-689.
M: The Memory key is used in conjunction with ather function
keys to define a two key sequence which sets amode of operation
associated with the memory register and terminates any imme-
diately preceding entry.

Operation of the M key followed by — adds the contents of tha
dispiay register to the memory register withoot altering the
contents of tha display ragister.

Qperation of the M key followed by - subtracts the contents of
the display register without altering the contents of the display
register.

QOperation of tha M key followed by = transfers the contents of the
mamory register inte the display register without altering the
contents of the memaory register.

Dperation of the M key followed by C/CE clears the contents of
the memory register,

Dperation af the M key followed by the X key performs amemary-
display exchange function. The sentgnts of the memory register
are brought out to the display ragister and the contents of the
display register are writter into the memeory register, replacing
the previous contents of the memory register,

Operation of the M key followed by any key other than +, -, X =,
or G/GE shall reset the M condition and act upon the subsegusnt
entry as if the M had not been enterad,

in addition, two optional keys are provided with the C/CF-594 for
operation as follows:

MR, MEMORY READ: Functions identically to the M = sequence
above,

MC, MEMORY CLEAR: Furctions identically to the M C/CE
sequence above.

B. MEMORY DESCRIPTION: Multi-key memory as pro-
vided In all algebra, scientific circuits, and C-6850.

MR, MEMORY READ: Funciions identically to the M = sequence
above.

MC, MEMORY CLEAR. Functions identically 1o the M C/E se-
guence above.

M+, MEMORY PLUS: Functions identically to the M+ sequence
above.

M MEMORY MINUS: Functions identically to the M— sequence
above,

MEX, MEMORY EXCHAMNGE: Functions identically to the MX
sequence above.

In addition, the C/CF-589 arg provided with a 5TORE key which
transfers the contents of the display to memory withoutchanging
the display.

C. MEMORY DESCRIPTION: Multi-key memory as pro-
vided in C/CF-585, 595 and 685.

MC, MEMOQRY CLEAR: ciears the memory while leaving the
dizplay intact.

MR, MEMORY READ: transfers the data inmemeory to the display
without changing the memory.

MF,MEMORY EQUALS/PLUS: completes the preceding opar-
ation. displays the result, and adds the result to the memuory.
M=, MEMORY EQUALS/MINUS: complstes the preceding oper-
ation . displays the result and subtracts the result from the
Mermory.

In addition, the G/CF-585 and C/CF-685 are provided with a MEX,
{Memory Exchange) ey which functions as praviously
described,

The S/CF-585 is provided with the following additional memaory
keys:

MR/MC, MEMORY READVMEMORY CLEAR: this single key op-
eration transfers the memory data to the display on the first
depression. When depressed two successive times, the memory
data is transferred to the display and the memory cleared.

X, SUM KEY: when connected to Ve, this accumulate switch,
independent of the keyboard, adds the contents of the display to
memacy with sach depression of the equals key.




C/CF-580 SERIES = {C/CF-590 SERIES = C/CF-680 SERIES

ELECTRICAL CHARACTERISTICS

Maximum Ratings* Fluorescent Display LED Display Fluorescent Dieplay | LED Display C-8XX/
. CF-5XX Serles C-5XX Serles CF-6XX Series C-6XXD Serles
Vi supply voltage range? —20V to+0.3V —20V to+0.3V -15V to +0.3V —15¥ to +0.3V
Clock inputvoltage range® —20V to +0.3V —20V to+0.3V -15W to +0.3V -18¥ to +H0.3V
Datainput voltage range’ —32Vio +0.3V —20V to+0.3V 30V to +H0.3V — 15V to+0.3Y
Applied output voltage range! ~32V o +0.3V 20V ta 0.3V -3V to +0.3Y ~15Y {0 +).3V
Maximum power dissipation at +25°C? 500 mw
Storage temperature range -20°Clo+70°C
Operating free-air temperature range 0°Cto+40°C
Relative humidity range (no condensation) 010 95%
Allinputs and cutputs arginternally protected against static charge damage during handiing coﬁsisient with standard .industry
practices.
*Exceeding these ratings cowld cause permanent damage, ! Measured with respect to V.
Functional aperation of these devices at these conditions is rot 2 Derate at 10mwW/~C.
implied—operating ranges are specified below.
Operating Conditlons CF-5XX Seriea C-5XX Series C/CF-6XX Series C-6XXD Serles
Range Range Min. Typ.'! Max. | Min, Typ. Max
s, sUbStrAtE SUpplY ov ay oV oV
Voo, gate supply: GACF-5XXA —15.0¥z5% —15.0VE55% — —
C/CF-5XXB —16.0VL5% —16.0Vi5% — —
C/CF-5XXC -17.0¥+5% —17.0V 1 5% — —
C-BXXA - — | 103v —75v -65v [-10.3v -75v -85V
C-BXXE — — -85y -7.5¥ -6.5V | -9.5V -THY -65V
Characlerlatics- at typlcal operating CF-5XX/6XX Series C-5XX Serles C-BXX Series C-6XXD Series
conditions overa §°G to +40°C range. Min. Typ.” Max. | Min. Typ" Max. | Min. Typ Man. Min.  Typ." Max.
Keyboard Input charactesiotice- )
Inputsignal levels: Logic 0 —1.5v — oo ]-15y — ov |-05Y  — Qv -0.5Y — ov
Logic1 Vua — BV | Voo — B0V | oo - -4 | Vas — -4.0v
Keyhoard resistance - e 1K - s 1K — — 1K — — 1K
OQuiput buffer characlerislics-?
Segment output on-resistance: at ~0.5¥ VoLr | — - - — — — | — 2con 3000 p — K 1a3Kd
at —1.5¥ Vous — 20001 G004 — 2000t 3000y | — - - - - -
Digit output on-resistance at—1.5Y Vour — 20061 3001} — 2005y 3000 — 20041 3001 — 3001 son®
Digit and segment off-leakage: at V,=—0V - — — - —  1BgA | — —  1BpA - —  100uA%
at ¥owm ~-27V (CF-590, CF-580 Series)
or Voyr=-30V {GF-580 Serles). 1 — — 18uh — —- - — — — — - —
Anode and grid supply voltage through
200K resistor: CF-580 Series | =30V —2dY — — — — — — — — — -
CF-580, GF-680 Series —27Y 24y — - - - ~ — — - — —
Pawer{aH oulpulsotf)-
atVoe=—16.0V, C/CF-580 Series —  75mW 100mwW| —  7hmw 100mn] —- — — — — B
al¥oe=-16.0V, C/CF-590 Series —  130mW 125mW| —  00mW125mW| — — — — — -
atVai=—7 .5V, C-680 Saries — — — — — — —  15mW 30mW — 15mW 30mW
* All putput buffers are open-drain to Vs, AL AmA. SAL -9y
* Typical values are at +25° G and nominal voltages. SAL 38mMA.
FLUORESCENT IMSPLAY INTERCONNECT LED DISPLAY INTERCONNECT
ploodihefalfomiok st ik ; o~
FLUORESCENT DISPLAY 2?;”5“' [ e
F Gy 0 Gg ? By 8 G d Gy GaBPGy & Gp b G o F | RETIRN [ ot £
[ 1] ] T _ e 0
T ! L ‘ SEEMENT B
|:|_, H Al Rz O G f :g:."::r
________ :_?‘iaim_ T I i ) i T : % v¥e¥ SE ¥ 5
r SEG. € N 1y || .
SE6. 0 | T M ile 1s 17 & 13 20 23 23 B4 20 25 37 F0 Moba: Dight drvera
_ TTTT VT E I not renubred lor
Elz b s 2 FE A \ ]____ C-510(D Serles.
5 N i . . : Sea page 2-14
s 25 [B2 i 1 i T tor pin conneac-
M ea | OIBTT ] ./—; X — tlons,
5 3| OIBET 2 i i ] LIGIT & M5l
BIGITY | v . [ .
; CF-XaH ‘: WEIT 4 i = d_“""“"_' DIGIT & ——
L Spere T — 0 | ot B s
et S T B
' lg G "oie 6o |
= '5_ —2ay
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C-583 C-683
CF-583 CF-683

8 Digit / 5 Function Basic Calculator Circuits

FEATURES

8 digit, 7 segment display outputs.

Basig tour arithemetic functlens [+, —, X, £).

Percent (add-on and discount}.

Floating negative sign.

Right-justified entry and result,

£-583 and C-683; direct LED segment drive.

CF-583 and CF-683: direct fluorescent display drive.

& AM other features listed on the first page of this section,

DESCRIFTION

The C/CF-583 and C/CF-683 circuits are basic flve-function
circuits which may be used with either eight or nine digit LED or
fluorescent displays. They compuie and display the resutts of
caleulations with numbers up to eight digits {seven for negative).
On ovarflow, the keyboard is iacked and all decimal points are
lighted. In addition, an overflow symbol will appear in the ninth
digit position for those calculators having nine digit displays.

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Top Witw
SEGMENT L [] @ SEGMENT T
SEGMEMTE [] 2 LEGMENT B
SECMENTF O 3 1 SEGMENT 4
SEGMENT 5 [ 4 5 DEGIMAL POINT
Mo O - DIGIT 1 OVERFLOW
KP O & DIGIT 20 5.0
kKo ? CIGIT 2
KN O & GIGIT 4
[Nemm] 1T S
DO KNCT GONNECT O 1 GIGIT &
NG O T DIGITT
Vg I 12 CIGITE
EXT CSCIN O] 12 DIGITOLS.0.
CEC ENABLE (O 14 1 Wag

NOTE:
Tha pscillater is enabled ty connacting & msistor from Ve to pin
14 (150K = 10% for C/CF-5B2, 470K £10% for C/CF-883).

DISPLAY

8 DIGIT DISPLAY

OPTIONAL 9 DIGIT DISPLAY

B DWGIT
SYMBOL NUMBER

S

NN I U D Y A

DI oz ©3 B4 DS DE Dr D& D9

DISPLAY FONT

Z2m=—u DMz

Myonam

Qe
R~
LLj o
Lae
Mo
EI']m
I et
[ @
N«
|

KEY MATRIX

Maote: Dicdes used only for GF -583 and CF-883.
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C-585 C-685
CF-585 CF-685

8 Digit / 5 Function Basic Calculator Circults
With One-Key or Multi-Key Memory

FEATURES
u 3 digit, 7 ssgment display outputs. PIN CONFIGURATION
u Basic four arithmetic functions (+, —, x, 4. 28 LEAD DUAL IN LINE
B Parcent (add-on and discount). -
u Flgating negative sign. Top View
u Right-justified entry and result, sEGMENTOD @1~ 28 E SEGMENT G
8 One-key or multi-key memory function (refer to the SEGMENTE I 2 27 51 SEGMENT B
desgription at the beginning of this section.) SRGMEMT F L] 3 | SEGMENT A
m C-585 and C-685 direct LED segment drive. SEGMENT & [ 4 # H DECIMAL POINT
CF-585 andg GF—GE_S_' direct fiuo‘rescent disp!aly drivels_ ':'(E E : :; g g:g::;:‘_‘:ﬁww
& All other features listed on the first page of this section. ko O 7 2 H s
KN a 2117 DIGITA
el WO DGITS
DO MOT CONMECT £ 1 WP DIGITE
nNe i B0 DGty
Wagg O 12 17 mgirs
DESCRIPTION EXT OBG N [ 13 16 [ BT LS
O5C EMABLE [ 14 15 0 Ve
The C/CF-585 and C/CF-8B5 circuits are basic five-function
memory circuits which offer the user the highest degree of NOTE:
functional flexibility in Implementing a mamory calculator. Tha The pecillatar ka gnablatt by cannecting & raslstor from Ve topin
circuits include alf the features of the C/CF-583 and C/CF-683 14 {150K £10% for C/OF-588, 4TOK =10% for C/CF-685k
circuits with the addition of the memory function.

PISPLAY KEY MATRIX

HEYS FOR MULTI-KEY MEMORY OPERATION
1

8 DIGIT DISPLAY
a4 oIET
NUMBER

L T 1 [ T 1 ]

D2 D3 [iL3 [o34] & g Le )

OPTIONAL 9 DIGIT DISPLAY
8 a1
SYMBOL NUMBER Note: Diades used only for CF-585 and GF-685.

N O U e D

ol nz L3 L4 0g 06 o7 011 b -

DISPLAY FONT 'é‘
N M
€
GE]
s r ¥
{ R U
G 0 §

O 1 2 3 4 5 & 7 8 9 N R E

g +t7d3 45 7TH9 -L, 1
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C-589 CF-589

8 Digit / 9 Function Algebra Calculator Circuits

With One-Key or Muiti-Key Memory

FEATURES

w B digit, 7 segment digplay outputs.

® Basic four arithmetic functions {+, —, x, +).

w Percent {add-on and discount).

u Convenience functions (XQ.VT, 1/%, +-)

& Floating negative sign.

m Right-justified entry and resuit.

m One-key or multi-key mamory function (refer to the
description at the beginning of this section.}

B C-5ED: direct LED segment drive.
CF-582: direct fiuorescent display drive.

m Al other features listed on the first page of this section.

DESCRIPTION

The C/CF-589 circuits are basic eight-function memory circuits
which offer the user the highest degree of functional flexibility in
implementing a memory calculator. The circuits include ail the
features of the C/CF-585 circuits with the addition of the
functions ¥2+/%, 1/x and +/-. Tha C/CF-589 circuits may be
operated with either gingle ar dual function keys with a keyboard
configuration of from 20 to 28 keys.

PIN CONFIGURATION
26 LEAD DUAL IN LINE
Tup View
SEGMENT O CJm1 o 241 SEGMENT C
SEGMEMTE [ = 27 [] SEGMEMTH
SECGMENT F O 1 76 [1 SEGMENT A
SEGMENTG O 4 25 [ DECIMAL POINT
NC O s 25 [ THEIT | OVERFLOW
P O f O QIGIT 25D
Ko O v 20 pIGITa
L] MO DIGIT 4
Ka ol 3 20 DIEITs
DO NOHT CONNEST O 12 190 HEITE
NCE B0 oGtTT
Vo O 12 V0O oeTe
EXTOSC I © 12 O QGITILED.
OSCENABLE O 1 10 g
NOTE:
The Crillibirt is enatied by sonnating a 160K —10% casigtar rarm
Vigg 1o mn 4.

DISPLAY

B DAGIT DHSPLAY
8 DIt
NUMBER

—_

Gz 03 o8 (0341 be o7 [ol:] 09

OPTIONAL 9 DIGIT DISPLAY

B GIf
STMEOL NL,M‘BER
I [ [ 1 [ [ |
Ci D2 0z o4 D5 CE L7 AR o]

DISPLAY FONY g
2' M
G rF
SENM
SN
0|234557agﬁa55
o t24d4 45671789 -L.+F

KEY MATRIX
SINGLE FUNCTION KEYS

KEYS FOR MULTI-KEY MEMORY OPERATION
—_——

; .
=1 n- A 13-4 ns b-6

Neote: Dicdes usad only for CF-53%.
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E § cs83p c-es7p  SF-S87
 C-6850 C-689D CQE-089

8 Digit Direct Drive Algebra Calculator Circuits

FEATURES
® Dirsct LED segment and digit drive {except CF-687/680/689HY) PIN CONFIGURATION
m A digit, 7 segment display outputs, 28 LEAD DUAL N LINE
m  Floating negative sign. {Also available In a 28 Lead Mini-Pak)
u  Right-justified entry and result,
M All other {eatures listed on the first page of this section. Top view
C-GBSD‘: 5 Function Digit  L.5.0. £{a 28 [ Oigit T
W Basic four arithmetic functions {+, - x, ). NG O] 27 [ Digité
w  Pergent (add-on and discaunt}. aN 3 26 1 Digit§
C-685D: 5 Function with Memory Desimal Pont 1 4 2 {1 Digit 4
®  Basic four arithmetic functions {+, -, x, <}. ‘:‘":1:'1? z g g E:B::G
8 Percent {add-on and discount). SQ:!“&ME . 2h D'g't fMSD
B One-key or multi-key mamary function {refer to the Segment & (] & anh V'D' T
description at tha beginning of this section). Seqment © ] 9 b Cet N
C-6870: 11 Functlon with Memory Sagment B 4 10 193 NG
8 Basic four arithmetic funciions [+, -, x, ). Segment A L 1 18 {2 Osciltalor Enatle
W Percent {add-on and discount}. i TP NG
u  One-key or multi-key memaory function {refer to the ¥0 [113 162 KA
description at the beginning of this sectien). s BP Ve
m  Convenience functions (x2, v, 1/x, +/-, x-¥ exchange) NOTE:
B 7 Key to display the value of 7. The gecitiator is anabted by connecting a 150K =104
B User option for single or dual function key operation. resistor from Vg ta pln 15,
C-6880: 13 Functlon with Memary
m Al features of the C-687D plus linear metric conversion
{inch-cm, gm-inch) and one level of parenthesls.
CF-B8T: 11 Function with Memory
B Same as C-6870 except direct flourescent display drive,
CF-589/CF-689HY 13 Functlon with Memoery
B Same as C-689D0 except direct fluorescent dispiay drive.
Supply voitage: BV for GF-686, 15V for CF-680HY. KEY MATAIX {C-689D shown}

SINGLE FUNCTION KEYS
DISPLAY

fevin

lescef L

8 DIGIT DISPLAY

a DGiT
NUMBER
1

N T O N I

o1} D2 D3 D4 0% D& b7 oe

DISPLAY FONT

Zor—n amE

&)
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M-687
M-689

M-683
M-885

PRELIMINARY INFORMATION

8 Digit Calculator Modules

MODLILE FEATURES

& 3 Diigit LED display & lens with calculator circuit on one board
& Aigsbralc operation

® Automatic constant

u Floating polnt operation

W Constant or chain operalion {no switch required)

B Leading zerp suppression

| Automatic powar on clear

® Internal clock (on-chip osclliator)

| Internsl keyboard debounce logic

w Self contained module {only needs keyboard and battery for

completa calculator)

CALCULATOR FEATURES

u M-683 — 4 function with parcent key

# M-685 — 4 function, percent key, one or multi-key memory

& M-EB7 — 4 function, percent key, slide rule functions, cne or
multi-key memory

m M-889 — Same as GB7 with brackets, inch centimeater
conversion.

DESCRIPTION

The M-683, 885, 687, GBS series of moadules contains ansight digit
LED display and a C-6280D series calculator circuit featuring all
the necessary logic, contact noise elimination circuits and timing
for a eomplate, simple touse, low-cost, multi-featured calculator.
For full information on the many features of the calculatar
clreuits used on these modules, refer to the detailed descriptions
on the preceding pages.

The W-680 series modules are fabricaled on a doubig-sided
printed circuit board.

M-583/685/687/5689 MODULE

Nete: Mini-Pak mounted on back side.




C-593 CF-593

9 Digit / 5 Function Basic Calbulator Circuits

9 DIGIT DISPLAY

3IGN GR
SYMBaL

8 DiET
NUMBER

s

Dl o2 03 L4 PE] [#]:] [Fiy CE Do

DISPLAY FONT

Zo—in oMz
[ d4rwm =2or
mior‘nmmco amz
Ffornamaeo wow

Qo
My
L w
I
lw
E]‘]m
I
Mo
w
1

FEATURES
w8 digit, 7 segment display outputs with ninth digit for sign or PIN CONFIGURATION

symbol. 28 LEAD DUAL IN LINE
& Basic four arithmetic functions (+, —, x, ).
m; Percent (add-on and discount).
® Floating negative sign. Top View
B Right-justified entry and result. SEGMENTD O 28 1 SEGMENT C
® Aesults of addition or subtraction ramain atigned to Z:gﬂi:;i g ;; 3 iggm:l:

preceding numbser having most decimat places. SEOMENTG O 4 20 B DECIMAL POINT
® G-593: direct LED segment drive. LOW BATTERY iNPLT G & 20 [0 THGIT 1 OVER LOW

CF-593: direct fluorescent display drive. WP O 230 DIGIT2MSD0.
® Al gther features fisted on the first page of this section. ko o7 220 DIGITS
. BN O] 2 2170 DIGITa

o
DESCRIPTION N O i il
NG 70 pETT
The C/CF-583 circuits are basic five-function circuits for use with Yaa 7 DIETE
nine digit LED or fluorescent displays. These circuits enter and EXT 030 I B H DGITeLED.
compule both posltive and negative numbers to an eight digit OSCENABLE L{*2 Ve
resolution, On overflow, the overflow symbol is displayed in the
ninth digit ‘position, the decimat point is automatically shifted NOTE: rator e smatlad by connacting a 150K 2 10% Fatstor from
gight positions to the left of its computed position and the Vge 19 Ailn 14,
keyboard ig locked.
DISPLAY KEY MATRIX

Note: Diodes used only for GF-583,
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C-594 CF-594

9 Digit / 5 Function Basic Calculator Circuits

With One-Key Memory

FEATURES
[ :;::ﬁ:;l? segment display outputs with ninth digit for sign or :;'T_ECA%NDFJEE::I“JAELOEN
u Basic four arithmeatic functions (+, — . =)
# Fercent {add-on and discount). Top View
u Floating negative sign.
19 ¢ SEGMENT [ L] SEGMENT ©
u Right-justifled entry and resultl. o SEGMENT E O 2 SEGMENT B
m Resuits of addition or subtraction remain aligned to SEGMENTF O] 3 SEGMENT A
preceding number baving most decimal placas, SEGMENT G [ 4 DEGIMAL FOINT
» One-key memary operation, with option for two additional LOW BATTERY INFUT [ 5 DIGIT 1 OVERFLOW
memory function keys {refer to the description at the :; Ei : DIBIT 2M.5.D,
beglnning of this section. wd e E:g:::
w C-594: direct LED segment drive, ne O o DIGITS
CF-5894: direct flugrescent display drive. NG O 16 DIGIT &
u All other features listed on the flrst page of this section. NC O n DIQIT 7
Vaa [ 12 DIGIT 8
EXT 02C 1IN [ 3 DIGIT B L300
€S ENABLE [ 1 '
DESCRIPTION
HOTE:
The G/CF-584 circuits enable a manufacturer to add a memory Tha oscillalar |g engbled by Ing B 150K £ 10% resisior from
calculator to hig line with the simple inclusion of one additional VGG to Fin 14,
memory key in the matrix of the G/CF-893 keyboard. All gther
operations are identical 1o the /CF-593.
DISPLAY KEY MATRIX
o DIGIT DISPLAY OPTIONAL MEMORY KEYS
S1GM OR 8 DiGIT
SYMBOL NUMBER
e . ™

L[ 1T 1 [T T T [ ]

o] De 03 i3 D5 [o]:] o7 [¢1-] k-]

DISPLAY FONT

Zo—n omz
M zornam<o omz
M sor nameo wav

[~ =-p® FOC

3o
My
L) w
L
No
EJ']m
o
Me
Jw
1

Nota: Diodes used only for CF-584.
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C-595 CF-595

9 Digit / 5 Function Basic Calculator Circuits

With Multi-Key Memory

FEATURES

a B digit, 7 segment display outputs with ninth digit for sign or
symbol,

& Basic four arithmetic functions (+, — x, +).

W Percent {add-on and discount).

=& Floating negative sigm.

# Right-justified entry and resuit.

= Rasults of addition or subtraction remain aligned to
preceding number having most decimal places.

® Multi-key memory operation end sutomatic accumulating
memory (refer to the description at the beginning of this
section.)

s C-595: direct LED segment drive,
CF-595: direct fluorescent display drive.

u Al othar features listed on the first page of this section.

DESCRIPTION

The C/CF-585 circuits add a variety of memory options 1o the

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Top Yiew

ZEGMENT D
FEGMENT E
SEGMENT F
SEGMENT G
LOW BATEERY INPUT

WEMORY INDICATOR
MNC
ACCUMULATE EHNABLE

OSCILLATOR EMABLE

SEGMENT C
SEGMENT B
SEGMENT &
DECHMAL POINT
DIGIT 1 GVERFLOW
DIGIT 2M.5.0.
CialT 3

mGIT4

RIGITS

DIGIT @

DIGIT?

DIGIT &
QIGFGLED.

Vg

MOTE:
basgic CACF-593 functions. While the basic pin conflguration is The is erabled by g 3 T5OK = 10% raslstor fram
identical to the G/CF-593, two agditional connections are Ya@ 1o pn
provided for a selectable “memory accumulate” switch and a
“rnemaory in use'” indicator output.
DISPLAY KEY MATRIX

9 DIGIT DISPLAY

S16H OR 8 DIGIT

STMBEOL o B I?U'MAB'EER S
T

I I O O R I

o1 na 03 hE D5 ue oT e (vh:]

N P

DISPLAY FONT E 0

G 5

N oL O O

E 48 v v

G w E E

R R

s B F F

i A L L

& T 0 ©

0 | 2 3 4 5 & 7T 8 % N T W W

0 123456788 -LECLC

. 3
el T N
ATCUMLLATE
CNABLE Gw ToH

Mote: Diodes used only for CF-585.
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C-596 CF-596

9 Digit / 15 Function Scientific Calcuilator Circuits

FEATURES

.m Number entry in floating point or scientific notation.

u 2 digit output with 5 digits of the mantissa displayed, 2 digitz
for the exponent, and 2 digits for the sign of the mantissa
and exponent.

8 digit display and sign for numbers net requiring scientific
notatian or for the display of the 8 significant digits of a
number that is in scientific notation.

m Basic four arithmetic functions (+, — x, +).

m Transcendental functions (sin, cos, tan, sin™, cos™', tan™,
Inx and e°).

s Convenienge functions {+/X, 1/x).

m A separate memaory register {refer to the description at the
beginning of this ssction).

a Trigonametric functions are performad in degrees of radians
{switch selectable).

m o key to display the value of =,

w Left-justified entry and rasult,

s Liser option for single or dual function key operation.

» C-596: direct LED segment drive.

CF-596: direct fluorescent display drive.
w All other features described on the first page of this section.

DESCRIPTION

The C/CF-398 circuits are fifteen function circuits which offer
trigonometric and inverse trigonometric functions, natural logs,
38 \/; 1/x and m as well as the basic four functions and memory,

PIN CONFIGURATION
28 LEAD DUAL IN LINE
Top Wew
SEGMENT I [ 26 [0 SEGMENT C
SEQAMENTE 2 27 [0 S5EGMENT B
BEGMENTF 3 26 [1 BEGMENT A
BEGMENT G & 26 [ DECIMAL POINT
LOWe BATTERY INPUT El 24 [ HElT | OVERFLOW
KP & 250 pIGaIT 2 M50
e T 2 { DGt 3
skl 21 [1 DIGIT ¢
Ka ]9 w0 DIGT S
KA 10 1@ 3 DIGIT 6
RAR/DES ] 11 81 DIaITT
Wasi 12 710 DIGITE
QECIN 2 |0 LHEITHLED.
OSCILLATOR ENABLE 14 15 0 W
NOTE:
The oscillator is snebbed by connacling a 470K 10% registor from
Ve o ein 14,

The circuit operates in the normal 8 digit mode until the display
capacity is exceeded at which time it converts to the scientific
mode of operation.

The C/CF-5396 features single or dual function key operation for a
keyboard configuration of from 19 to 35 keys.

SCIENTIFIC NOTATION

DISPLAY
NORMAL MODE
SIGN OR & GIT
SYMBOL NUMBER
e .~ .. N L
n o2 03 04 05 b6 bOf DB 0@

SIGN DR SIGN OF  MAGNITUDE
SYMBOL 5 DIGIT FXPONENT
MANT 552 EXPONENT
R . !
Dl Dz D32 D4 D5 0E D7 oL:] o9
£
DISPLAY FONT g |5 M
G W | F
E N
& B R [
i & R U 0
G T © § D
¢c | 2 3 4 5 & 7 8 9 N T R £ E
gi23iqdshaI1HBS-LL iF

KEY MATRIX
SINGLE FUNCTION KEYS

DEGREES
— " —=alu
RAIBNS

b
b-1 -2 D-3 -4 it 0-6 T C-f =%

Note: Diodes used only for CF-G36.
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C-598 CF-598

9 Digit / 18 Function Scientific Calculator Circuits

FEATURES
PIN NFIGURATI
8 Number entry in floating point or scientific notation. 28 LEA% Dugl'_JiN LINON
s S digit output with & digits of the mantissa displayed, 2 digits h E
for the expopeant, and 2 digits for the sign of the mant|ssa
and exponent.
m B digit display and sign for numbers not reguiring scientiflc
notation or for the disptay of the 8 significant digits of &
number that is in scientific notation. Top View
w Basic four arithmetic Ifunctlo'r!s +, - X —} . . . SEGMENTD Cl@r = | semEnT @
® Transcendental functions (sin, cos, tan, sin”, cos tan, In x, SEGMENTE O 2 21 B secmMENT B
e”, loge and 10%). SEGMENTF O 2 26 [1 SEGHMENT A
2 Convenience functions (\ﬁ(, 1%, ¥y SEGMENT 3 [] 4 26 [0 DECIMAL FOINT
& A separate memaory register (refer to the description at the LW BATTERY INPLIT [ & 24 11 DIGIT 1 GVERFLOW
beginning of this secticn). g 2boare
L] Trigonumetric functions are performed in degrees or radians K O ; P
{awitch selectable). k8 O 1§ w0 oGITS
B g key to display the value of . ks 0] 10 |1 DGETE
w Left-justified antry and rasult. RADVDEG O 1 16 ‘E]J DIGIT 7
B User option for single or dual function key oparation. oscvfﬁ E :;’ :; i E:g::: o
m (-598: direct LED segment drive. ; LaD.
CF-598: direct fluorescent display drive. OSCILLATORENABLE [ 1% BH Vs
B All other features described on the first page of this section. NOTE:
Tha i is enabled by & ATOH £ 1% raelstor from
DESCRIPTION Veia 19 pin 14,
The C/CF-588 circuits are eighteen function circuits whose oper-
ations are identical to the C/CF-596 with the addition of thres
functions: loge, 1" and ¥*. Single or dual function key aparation
is optional with keyboard configurations of from 2110 38 keys.
DEGREES
DISPLAY KEY MATRIX g e I
SINGLE FUNCTION KEYS AAIIANS
NORMAL MODE
SWGN DR & DnGI?

SYMBOL NUMBER

[ N I R N

5] Ccz 8 il JE o7 CE

]

SCIENTIFIC NOTATION

ZIGN OR Sl OF  MAGNITUDE
SYMBOL D DT E¥PONENT GF
I'\MNTIISSA EXF'OINENT
ol D2 o3 D4 D5 0e D7 [8]:3 ol
v
DISPLAY FONT g 15 M
G W | F
E N
5 B R M
| & R LI 0
GoT 0 5 O
G2 3 4 %5 & 7 8 9 N T R OE E
01234956 189-LE (F

DEGREES
¥, p—
raplats "

o=l -2 o-3 o-4

D-5

D-5

- Note: Dlodes used only for CF-598.




C-599 CF-599

9 Digit / 21 Function Scientific Calculator Clreuits

FEATUHRES

® Number entry in floating point or scientific notation.

u 2 digit output with 5 digits of the mantissa displayed, 2 digits
for the exponent, and 2 digits for the sign of the mantissa
and exponent.

u 8 digit display and sign far rumbers not requiring scientific
notation, or for the display of the 8 significant digits of a
number that is in scientific notation.

» Basic four arithmetic functions {+, —, X, +).

® Pereant {add-on and discount)

» Transcendental functions {sin, cos, tan, sin”, cos™, tan™, In x,
€', loge and 107,

® Convenience functions {/x, 'x, ¥, X, +/~}.

m A separate memaory function (refer to the desgription at the
beginning of this section).

® Two levels of parentheses.

8 Trigonometric functions are performed In degrees or radians
{switch selectable).

8 1 key to dispiay the value of .

& | eft-justified antry and result.

B User gption for single or dual function key operation.

m C-589: direct LED segment drive.

CF-599: direct fluorescent display drive,
m Ajt other features describad on the first page of this section.

DESCRIPTION

The C/GF-598 circuits are twerty-one functlon circuits whose

FIN CONFIGURATION
28 LEAD DUAL IN LINE
Top View
SEGMENT D CJ#1 ~ 23 [ SEGMENT G
SEGMENTE O] 2 27 [1 SEGMENT B
SEGMENTF O A 26 [0 SEGMENT A
SEGMENT G ] & 25 [ DEGIMAL POINT
TEST NPLT 1 5 24 [ DhEIT 1 OVERFLOW
KP [ H 210 DIGIT2MED.
KOO 7 22 [3 mGIT 3
L] 21 [ DGAT 4
Ke 08 20 A DiGIT S
Ka O 10 WO DKETE
AaDDES [+ 180 oGty
W O 72 T DIGITE
seiN O | GETaLED.
OECILLATGA ENABLE q “a w0 Ve
NOTE:
Tha pacillator is enabled by connacting a 154K 2 10% realsior from
Vg topin 14

oparations are identical to the C/CF-b3B with the addition of two
levels of parenthases and three functions: x° % and +/ -, Single or
dual function key operation is opticnal with keyboard configura-
thong of from 24 to 41 keys.

DISPLAY

NOAMAL MODE
5IGN OR & DIGIT
SYMBOL

NUMBER

o} Dz o3 (i) Dg a1 ”b—? DE og

SCHENTIFIC NOTATION

SiGN QR SIGN OF  MAGNITUDE
SYMBOL g oieIT EXPONENT QF
MANTISSA

EXPONENT
A

- y

I R U S T I A

Dt D2 o3 o4 5] D& oy 08 oe

Zm=

DISPLAY FONT

—“AMEAORE DO
My E—

o T~
myw~

Ly w

o I

M o

.D‘| &

-

0] =

|

i

M} moaom
T} Mmooz m

KEY MATRIX
SINGLE FUNCTION KEYS

LFRREFS
Vgg e -

RaD &N5

o
Rl

o= B2 23 D4 35 08 D7 08 03
Mote: Diodes uzed only for CF-599.




C-700 SERIES

Printer Calculator Circuits

FEATURES
. DOT MATRIX PRINTER SYSTEM DIAGRAM
B 5 functions {+,-, x, +,%).
B Chain calculations.
¥ Repeat add/subtract. | FRINTER |
B Automatic underflow and reverse underflow. L ]
B Non-add {#)/date key. 10 20
E  Memory non-zero indicators.
®  Overflow indication, [ PRINTER DRIVER ]
B Automatic constant in multiply or divide. k [
B Right-justified entries and results. 10 4 2y 3y
B | eading zero suppraession.
| 2 key rollaver operation. COLUMN MOTOR SYNC
& internal oscillator ang power-on ¢lear. 55 C-716
K DIGIT SCAN
DESCRIPTION
The C-700 Series is a growing family of circuits for the printing 4 4/|r 8y
caleulator manufacturer which provida the capahility for abroad-
based, muiti-feature business calculator product affering. The C- KEYROARD ft
700 Series currently includes four different calculator circuits STATIC
(the C-716, G-717, C-717X and C-¥18) and two printer-display SWITCH
interface circuits (C-719 and C-720), each described on the MATRIX
following pages of this section.
PART
FUNCTION DESCRIFTION NUMBER PACKABE FEATURES
Baslc 4 funclivns and percent, automatic constant in multiply and
a8 DIGIT dlvide, repeat add/subtract, decimal select mode, and other
PRINTING | features. interfaces with the Olivettl Pu1106 dot matrix printer. G716\ 4GDIP 1 Acoumulator and 4 key memory
i Option for use with thermal printing version of Pu1100.
| Basic 4 functions and percent, automatic constant in multiply and c-m7 Accumulator and Grand Total
12 DIGHT | divide, repeat add/subtract, decimal select mode, memory-in-use C-T1TX Mamaries.
PRINTING \ indicator, rounding options, non-add (#}/date key, and other 40 DIP -
: featuras. Interfaces with the Shinshu Seiki Model 310 C-718 Accamulatar, item counter, and
'1 lenpact printer, four-key independent memory.
PRINTER- Adds display capability to the G-717X and C-718 printing ~
DISPLAY | calculator gircuits. c-1e sapp | FOrbothLED
INTERFACE | 3o — — - and flourescent displays.
Adds display capability to the G-716 printing calculator slreuit, C-720

IMPACT PRINTER SYSTEM DIAGRAM

oo
PRINT END
SEING
MODEL 3101
TIMING PAINTER
ACE.
.
KEYBOARD KA-KE LEC gk
MATRIX |. ______ <|
[ MAGNET DRIVERS ]
MOTOR |
[H-DS(C-717/717K L
! ! C-Mue-TITRC T8 BoLoR COLUMNS 1,2,4-18
1-DR{GT18} GOLUMM & DISPLAY DATA:
l l DISFLAY DATA 12,48
SWITCHY
DIODE vss Voo DISPLAY LOAD* L ..
JUMPER 1- 58
MATRIX sa1-g8s DIEPLAY SYNC* e
150K }"—0 Voo
Vpg = -14% 10 -t6v Voo CSCILATOR
1 12 DIGIT LED OR
*DISPLAY SIGNALS ONLY ON G-717X AND G-T18. StpF [FLUORESGENT DISPLAY

215



C-716 PRELIMINARY INFORMATION

8 Digit / 5 Function Matrix Printer Calculator Circuit
with Accumulator and Independent Memory

FEATURES
& 3 digit printout plus 2 full reight justified audit trail columns PIN CONFIGURATION
and tloating sign. 40 LEAD DUAL IN LINE

| Autematic accumulating memeory.
B fFour-key independent memory,
| Arithmetic operation In add/subtract sequerces, algebraic ToR thew
in muitiply/divide (business logic}.
m Decimal select modes: full floating; fixed point
0,1,2,3,4,5,6,7,8); add mode{automatic decimal 2 in + and -}
Keyed decimal select.
Automaticatly set to decimal 2 at power-on.
Full floating accuracy on intermediate results in
chain operation.
B Multistage keyboard buffer stores up to 6 keyed entries
to allow uninterrupted operation during print.
B AN other features listed on the Ganeral Information page.

u
wm o~ mm e oo ®

DESCRIPTION

The C-716 is a single MOS/LSI cirouit cantaining alt the lagic
functions required to implement a five-function general purpose
printing calculator with accumulator and & four-key independant
memory, The C-718 has been designed to operate with the
Olivetti Fu 1100 matrix printer with 50 dots in each horizontal row
arranged in 10 groups af 5, Two of the ten groups are used to form
the negative sign and the audit irail symbol. An option ailows the
C-716 to be used with the thermal printing version of the Pu 1100, | _

ONNoiOoOnNOOOoooopnnnrnn
=

Not yet dafined.

KEYBOARD SWITCH MATRIX TYPICAL KEYBOARD ARRANGEMENT

Do [ Dt D2 | D3 (D4 D5 D6 | D7

KO |C/CEL 0 1 2 3 4
K1 x + = B # D3

DS + 7 8 9 # MC
K2 + - S T M+ | M- MR | MC -

% 4 5 8 S MR
K3 ] B 7 8 9 . -

1 2 3 M-

DECIMAL SECTION c x + T
The C-716 features keyed decimal selection, a two key sequence ¢ e M+

of the DS key and a second key as in the following chart;

KEYS o o} 1 2 3 4 S B 7 8 g

[eln] FLo3AT-

DSfwoel 0 j 12| 3|a|5|se |7 ]85
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C-7117 C-17X

12 Digit / 5 Function impact Printer Calculator Circuits

with Acumulator and Grand Total Memory

FEATURES

B 12 diglt printout plus 2 full right-hend justified sudit
trail columns.
B Automatic accumulating memory {stores group totals).
Grand total memary,
B Selectable memory modes: normal (last entry printed);
~ {running subtotal printed); GT (grand total memory access).
u  Fully erithmetic operation.
m  Decimal select modes: full fivating; fixed peint (0-6);
add moda (with hardwired secondary add mode option for
quantity = dollars).
B Rounding options (truncate, 54 round off, 1/0 rgund up).
& Multistage keyboard buffer stores up to 8 keyed entries
to allow uninterrupted operation during print.
& C-717; printer oniy.
S-F17% printer and display (with the C-719 interface chip).
m Al other features listed on the Ganeral Information page.

DESCRIPTION

The C-717 and C-717X are each single MOS/S| circuits
containing all the |ogic functions reguired to implamant a five-
function, two memory general purpese buginess caiculator using
a Seiko Model 310 Impact printer. While both the £-717 and C-
717¥ are pin-compatible with each other, the C-717X additionafy
provides slgnals for use with the C-T19 printer-display interface
chip. This allows the addition of a 12-digit fluorescent or LED
display to the basic printer.

PIN CONFIGURATION
40 LEAD DUAL IN LINE

Wzl GND] K2
Ka w1
K4 Gotumn B
K& Culurnn 7
Vyp [-15V) Column B/Dlsplay Date 17
Column & Colmn BDIsplay Data 4°
Caolurnn 4 Goltutan 10/Cisplay Data B*
Colurnn 2 Cuolumn 11/Digplay Data 2%
Coelumn 1 OnchlatorGinck Input
Timning Mem. LED
Print End Az, LED
Motor Column 12
Calgr Culurn 13
Column g Column 14
el Golumn 15
o2 Dlspiay Load {Connast to un 14 an 8-117)
M.C. Digplay Syno (M.C. on 2-T17)]
B3 B&Z
Da 583
a3 B&1
*NOYE:

On ther C-T1T¥, pinz 33-26asa muliifunciion ping with both cieplay
data ang colutnn 8-11 data, On the C-T17, thése ping ame single-
fungtlon containlhg only Gokumn 8-11 deta.

KEYBOARD SWITCH MATRIX

K1
K2} 1
K3
K4

&S W N
©lol~w ol on
i
!

*

Dﬁ"E- - |C/CE

K5

STATIC SWITCH MATRIX

T
o [o2 ! ps[oa o5
! T T
] 551 nIE:anEELE'T--sEEBELaw j
T T a
! 52 Y |
I
i B8R | wiee Lug.lge Jag;KNEgL “‘"—'"C‘“El "
DECIMAL SELECT CHART

The decimal select switch is a four-pole switch with en-
coded outputs during D1 thru D4 strabe periods. In the
chart below, a ' denotes a switch closure.

DECIMAL
FOEITION

z
=]
]
[=]
B

almialajo|ojo|jo|ol 2

o elw|nal=ofm+
afm| -] o]

al4fo|aj=|=lolo|—
oo (oo o] 2| =
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C-718

12 Digit / 5 Function Impact Printer Calculator Circuit
with Accumulator, ltem Counter and Independent Memory

FEATURES
B 12 digit printout pius 2 full right-hand justified audit
trail columns, , , PIN CONFIGURATION
B Switch-salectable automatic accumulation.
B Three digit item counter. 40 LEAD DUAL IN LINE
B Four-key independent memory.
m  Arithmetic operation in add/subtract sequences,
algetiraic in multiply/divide (husiness logic).
B Decimal select modes: full floating; fixed point Tap wew
{0-6, exciuding 5); add mode {automatic decimal 2 vestonDy Hlor  © m B ke
i N N n 55!
in +and -, unltflpnce mode |nl><J- . wad 2 2 0 K1
m  Non-coded decimal select switch input. [ ] 25 O Golumn &
B Rounding options {truncate, 5/4 round off, 1/0 round up). K5 O ¢ 7 O Golumn 7
®  Separate clear-all key. Wy (-18Y) O] 5 36 [ Column B/Display Data 1
m  Fuli floating accuracy on intermediate results in Gotumn 5 [ & 33 F Golumn B/Dispiay Data ¢
chain aperatio Columnd O 7 34 [ Column 1*Blsplay Data B
a X peration. i Column 2 O & 33 [3 Column 11/Diapay Data 2
B Multistage keyboard buffer stores up to 6 keyed entries Columnt ] ¢ 32 [ oscillstor/Glock Input
to atlow uninterrupted operation during print. Timing [ 10 3 [ Wem, LER
= Display capability (with the C-719 interface chip). PrintEna ] 11 s [ aen. LED
B All other features listed on the General Information page. Matar T 12 2 H Column 12
Colar [ 13 28 O column 13
Calumn 16 ] 14 27 O Column 14
DESCRIPTION or 15 2 [T calumn 13
The C-718 is a single MOSASI circuit containing all the logic [ 1] 25 [ Dlaplay Load
functions required to implement & five-tunction general purpose [D;E E 17 24 [ Diaplay Sync
consumer calculator with an accumulator, item counter and four- o= I o g;g:
key independent memory. The C-718 has been designed to 05 o 20 21 1 581
operate with a Seiko Medel 310 16 calumn impact printer. When
used with the C-719 printer-display interface, the C-718 also
provides a 12-digit display capability, using either fluorescent or
LED dispiays.
KEYBOARD SWITCH MATRIX STATIC SWITCH MATRIX
D1 | D2 | D3| D4
T - T !
D1 1D2/D3ID4/D5!D6 :fss1 s Aol monesre| 3R
| ss2 | e
K1 0 00 N = | C/CE : —— DEGIMAL SELECT - SEE SELUW ,l
$S3 ;
S JR— —- L R S S —

K2
K3
K4
KS

—t

DECIMAL SELECTION
D4
D3
0z

I

)
o

F 3

O 10 | N | ]
ll
+
l
*
=
|
&
o
o
o
$o0-0

N 7. B A

o]
FLOAT

+ O

Do O

Ll .o
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C-719

Printer-Display Interface Circuit

FEATURES

B Adds display capablity to C-717X and C-718 printer chips.
m Fuli 12 digit display capability.
B Drives LED or flugrescent displays.

DESCRIPTION

The C-713 s a single MOS/LSI circuit designed to add a 12 digit
display capability to General Instrument’s C-717X and C-718
printer catculator clreuits. Data from the printer calculator chips
is transferred to the C-719 interface chip serially and re-
formulated to drive seven sagment multiplexed common cathode
displays.

The segment and digit outputs of the C-719 are opan-drain and
have a breakdown voltage of —30 Volts to enable the griving of
flvarescent displays with 2 minimum of interface components.
LED displays may also be driven by the C-712 with diract drive of
the segments and the addition of digit-drive buffers,

In the display, lsading zerces are suppressed and entries and
results are right-justifled.

SYSTEM DIAGRAM

PIN CONFIGURATION
28 LEAD DUAL IN LINE
Top View
o
VssGND) {1 23 [ Voo (-15V)
Display Syne ] 2 3¢ [ Display Load
Display Data1 & 3 26 [ Dlgit 1
[apiay Data 2 [T 4 25 [ Digit 2
iHsplay Data4 [ & 24 1 Digit 3
CHzplay Data s [ & 23 O Digit 4
Sagment DF [ 7 22 M Digit &
Segrvenl A [ B 21 [T Digit &
SegrmeniB [ 2 20 [ Digit 7
SagmentC T 10 19 [ Digit B
Sagment T O] 1 18 [0 Digit B
Seqrent € [ 1 T [ Drgit 10
Seagmen F O] 13 16 [ Dhgit 11
Segmeal G ] 14 15 [ Digit 12
FLUORESCENT DISPLAY
aIrs SEGMENTS
1 2 2 4 5 6 7 & & 1011 12 & F E D Cca aodr

| ]
28 15
c718
1 14
a . — o™ L - l—
3 SIRIE[ZIE
;’ E alao|lala
i {=|>]>
! ] R A T
o [N i 0. d o
218 8 gle(eglzg|g
= 2129 soLumn 5 -
COLUMN G T
colmnto T i
coLumnt1
Fal

25 S 24 036 32 35 34

C-T17% OR C-718

Moke: Discrete pull-up
resistors for the display
are not shown.
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C-720 PRELIMINARY INFORMATION

Printer-Display Interface Circuit

FEATURES

m Adds display capability to the G-718 printer chip.
B Full 8-digit display capabllity PiN CONFIGURATION
m Drives LED or fluorescent displays. 28 LEAD DUAL IN LINE

DESCRIPTION 100 View

L

]

The C-720 is a single MOS/LSI circuit designed to add an 8 digit
display capability to General Instrument's G-716 printer
calculator cirsuit, Data from the printer calculator chip is
transfarred to the C-720 interface chip serially and reformulated
to drive seven segment multiplexed common cathode displays.
The segment and digit outputs of the C-720 are open-drain and
have a breakdown voltage of =30 Volts 1o enable the driving of
fluorescent displays with a minimum of interface compansanis.
LED displays may also be driven by the C-720 with direct drive of
the segments and the addition of digit-drive buffers.

In the display, lsading zeroes are suppressed and entries and
results are right-justified. Hat yet defined.

@ omoam o by W
52
3

1 19
1 18
12 7
13 16
14 16

ininininlainindninbsinlsEulul

r1
w
NSRS RCRERNRSRURERERS RN RANS)

SYSTEM DIAGRAM

FLUORESCENT DISPLAY

DIGITS SEGMENTS
12 3 4 5 68 7 8 G F E D C B A DP

ﬁ

C-720

DISFLAY LDAD
DISPLAY SYNC.

DISFLAY DATA 1
DISPLAY DATA 2
DISPLAY DATA 4
DISFLAY DATA 8
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C-T16 Note: Dlscrals pull-up
reslstors for the display
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CLOCKS

FUNCTION DESCRIPTION

(AY-5-1200A
AY-5-12024
4 OIGIT 12/24 hour clock AY-5-1203A
AY-5-1204A
AY-5-1224A
CK3000

17 hour clack, 24 hour akzrm

_CK:HDD
. GK3200
12:24 hour clock, 24 hour alarm K00
M-3400
CK3300
M-3300
CK3500

4 DIGIT
WITH ALABM

4 DIGIT :
GLOCK RADIO 12/24 haur clock, 24 hour alarm

4 DIGIT
AUTOMOBILE 12 hour clogk

CLOCKS

[S]MICRO

ELECTRONICS



AY-5-1200A
AY-5-1202A

AY-5-1203A
AY-5-1204A

4 Digit Clock Circuits

FEATURES
PIN CONFIGURATION
B Hours and minutes display, 24 LEAD DUAL IN LINE
B 12724 hour operation, AY-5-1200A/AY-5-1202A/AY-5-1204A
] SQISOHZ operaFion. Top View
= High voltage direct Fluorescent drive Qutputs. v @1~ 24 Petock Input
® Flashing secand§ output (opticn). Voo 2 23 D multliphen Clack
®» BCD output (eption). M4 O 3 22 [ gt Houre
® Leading Zero Blanking {option). Olgit G MXa L 4 21 1 sot Minutes
® Power-On Reset to zero, OIS e 5 20 11 Strade Outpul
. . MO 8 B OA
(Co_untlljg dees not start until time is set) tRCaton Outpet O 7 whe
m Options: 12724 Hour Sakect O] 5 7he
- Inkibil [ @ 18 D) Segment Culpuis
Zero Flashing 50460 Select [ 10 s OE
7 Seg BCO Blank Sec Invert Segments [ 11 WAF
Raesl ] 12 mRe
AY-5-1200A Yes No Yes Na
AY-5-1202A Yes No Yoes Yes
No Yes No Yes AY-5-12034 Top View
Ly
5 Y M ¥ ¥is L wd 24 [ Glock Inpul
AY-5-1204A s o No es voo O 2 23 1 wuitiples Glock
MO 3 22 [ 8ot Houre
MXaQ 4 21 [ Set Minutes
Digh Qutpute | o & 20 [ strobe Gutput
WA OB RERwE-2
DESCRIPTION DF/Golon Dutput O 7 "B H 2} Bob outpuss
i _ o 12/24 Hour Select O 8 7o
The AY-5-1200A Series are P-Channel MOS integrated circuits, Inhibit ] & 180
cantaining all the logic necessary to make a 4 digit, 12 or 24 hour 5vBOHZ Select O 10 135 NG
clock, operating from 50 or 60Hz. High voltage output stages Ned e QNG
capable of driving fluorescent displays are provided. Reser [J 12 B pne
BLOCK DHAGRAM
50/G0Hz  SET SET 12/24 HOUR MULTIPLEX
SELECT  HOURS MINUTES REBET  SELECT CLOCK
/ Y ’ Y
| MX 1 - MX4
S DIGIT
DIGIT OUTPUTS
LOGIC + STROBE
7 QUTRUT
CLOCK . DIVIDER HOURS/MING <
nAUT 5/60 He LOGIC DECODE \ k Pl
— SEGMENT
SEGMENT QUTFUTS
LOGIC N
~¥ DP/COLON
QUTRUT
A : /]\ s
Weg Vro INVERT
SEGMENTS

* Mot included in the AY 5-12034,
Four BCD outputs are providad in plage
of the saven sagment outputs




PIN FUNCTIONS

AY-5-1200A = AY-5-12024 m AY-5-1203A m AY-5-1204A E

Name

Function

Segment Culpiis
A—F

DP/Colon Quiput

Multiplex Qutputs
MX1—MX4

Reset Input
Set Minutes Input

Sat Hourg Input

50/60Hz Select input
12/24 Hours Select Input
Invert Sagmenis Input
Multiplex Osaclllator

50/60Hz tnput

Vss

Voo

Inhibit input
Strobe Gutput

In? segment meode the digits are multiplexed onto these pins. These

outputs are atlogic '0' to display (positive) and will drive Fluorescant

displays directly. In BCD mode outputs A to O are used, the codefor 0 baing 0000
This is & high voltage cutput intended 1o drive a decimal point or

colon. It is enabled during the MX3 time slot and can flash once per second if required.

Thess autputs selact the display digits sequentially, they will drive
Fluorescent displays directly. Five muitiplex time slats are gener-

ated the fifth one being blank. Minutes ars outputin MX1 time, 10's ot hoursin MX4 time,
When takento logic ‘0 the clock is resettozero.

When takante logic ‘' the minutes counter is advanced at the rate of

2 min. par sec. and the hours counter at the rate of 2 hours per minute,
When taken to logic 07 the hours counter isadvancad atthe rate of 2

hours pargecond.

When taken to logic'0', 60Hz operation will result.

When taken to lagic ', 12 hour gperation will result.

When taken to logic '07 the segment outputs will e inverted.

An external capacitor is used to select the multiplex frequency. I
required the pin can be driven by an external escillator.

The master clock is input to the pin. Hysteresis is provided so that

the input waveformis not critical.

Positive Supply.

MNagative Supply.

Whentaken tologic'0' all outputs are switched OFF,

This is & short pulse aceurring during the middle of each multiplex period,

ELECTRICAL CHARACTERISTICS

Maximum Ratings®

Voltage on any pin with respect to Vs, pin
{except Segment and Multiplex cutputs).
Operating Temperature Range

Storage Temperature Range

Power Dissipation at +70°C Ambient—Totat . . . . . . . . . . . .. S00mW
Per Cutput. . . . . . . . ..

.................. G o +ige e

......... +(.3 to -35V

. -B57C to +150°C

Standard Conditions {Lnlass otherwise noted)

Vag = - OV

Voo = 17V = 10% (AY-5-1200A71202A71204A)
Voo = -110.4V to - 10V AY-5-12034)

NOTE:
In the chart below, numbers in { ) refer only o
the AY-5-7203A.

Ciperating Temperature (T,} = 0°C to +70°C

Characteristic Min. Typ™™ Max Units Condltlons

Clock input frequency [l 50/80 - Hz

Clock input logic '0° 0.5 — -2{-11 Yolts Nate 1

Clock input logic 1" -8 — Y Valta

hMultiplex clock frequency oC — 50 KHz Note 2

Control inputs lagic Q' 0.3 - 1.5(-1) Volts

Control inputs, current lagic Q' — 100 — ) Note 3

Controd inputs logic *t' -6 — Vi Volts

Segmeni Outputs

OM currant 2(1.3) — — ma Vour=

OFF |sakage — - 5{10) I Yo = —2BW(-10Y)
- - 10 uh Yo = - 35V

Multiplex Cutputs

ONM current 5(3.3) — — A Waur =

OFF leakage — — 5010) wA Vo — —25W [-18Y)
— - 10 uh W ——3aY

Supply Current _ 8.5(6.5) 14 mé

**Typical values are at +25°C and nominal voltages.

NOTES:

1. The clock input pin may be taken positive with respect to Ve provided that the current is limited to 100p4. The input will
behave like a forward biased silicen diode in this condition.

2. The frequency is determined by an external capacitor.

3. These inputs have a 170Kohm pull up resistor 1o V,.

“Exceeding thess ratings could cause perma-
nent damage. Functional operation of these
devices at these conditions is not implied
—operating ranges are specified below.



AY-5-1200A wm AY-5-1202A W AY-5-1203A EH AY-5-1204A

-Ev
10, H ilmux
250K
AL *~—
G. Gy Gp @, a b c d L3 T T
(‘; 4 DIGIT CLDCK DISPLAY
1 INAOO :
52333 = Cok
K}
N4 ng‘;p l - = o
- 1 [ 1
-m)K[l] TSIWDF ‘ggﬂ:: 1 2 4 5 ] 9w
24 11p-—
AY-5=1202A
15 oy
I I I LI T L I T I
TRANEFORMER
HENRY'S T33—12
3 03V BOmA
12—0—12Y Alrm4
Houms i, RESET
uy
Fig.1. DIGITAL CLOCK CIRCUIT USING AY-5-1202A WITH FUTABA FLUORESCENT DISPLAY 5-LT-01
' - >—" sy
WIHE-\:ch-IN-[rJ B0V A.C. 52351
00 1F 100K S
[
100inA
"ANTI-SURUE"
.
Sore £ —
g y Gy @ B, a b ¢ o & a
n?nx{ G ADIGIT GLDEK DISPLAY
caL
] T
= a4 4 & & 7 & B a0
11—
AY-5-12024
18—
22 31 1B 6 17 16 w14 19
HORS i, RESEN
Tov
Fig.2. DIGITAL CLOCK CIRCIT USING AY-5-1202A WITH FUTABA FLUORESCENT
DISPLAY 5-LT-01 AND CAPACITIVE POWER SUPPLY

3-4



AY-5-1224A

4 Digit Clock Circuit

FEATURES

B 12/24 hour operation.

® Leading zero blanking in 12 hour mode.

B 50 or 60 Hz clock input.

B Hours and minutes display (4 dlgits).

B 7 segment oufputs direct LED drive or TTL campatible BCD
outputs,

Complement control for segmant autputs,

Interdigit Rlanking for gas discharge displays.

On chip multiplex oscillator.

Single 16Y supply.

Power-On Reset to zero. {Counting does not start until time
is sot.)

DESCRIPTION

The AY-3-1224A s aP channel MOS integrated circuit containing
all the logic necessary to make a 4 digit, 12 or 24 nour clack
ocperating from a 50 or 80Hz input. It has multipiexed BCD or 7-
segment cutputs and will drive LED, Fluorescent and Gas dis-
charge displays with the minimum of interfacing.

PIN FUNCTIONS

Fing 1 and 11 are multifunction. During muftiplex times 1 to 4 they
function as data outputs, either 7 segment cods or BCD
according to the display mode selected. During multiplex fime 5
{Sirobe) they funclion as inputs.

Segment Qutputs A-G (Pins 1 and 11 10 16)

In 7 segment mode the digits ara multiplexed out on to these pins.
Narmakly the outputs are at logic 'O’ (positive to display}. Inter-
digit blanking for '4 the digit time |g tncorporated for gas
dizcharge displays.

BCD Qutputs 2°—2% {(Pins 1, 16, 15, 14)

In BCO mode the digits are multiplexed on to these pins in BCD
code. Normally the outputs are at iogic ‘0" {pasitlve), i.e. code
0=0000.

Muitiplex Outputs 1-4 {(Pins 10, 9, 8, 7)

These ping are successively switched to logic ‘0 to ssiect
appropriate digit display. Aflifth multiplex time (Strobe) is used to
enable the control inputs. These outputs have interdigit blanking.
The multiplex rate is 1/20th the multiplex cleck frequency.

Strobe Quiput (Pln 8)
This pin is used to enable the control input kevboard, it goes to
logic ‘0" to enable.

Se1 Hours Input (Pin 1)
When taken to logic ‘0 during strobe time this input cauges the
hours counter to advance at the rate of 1 hour per second.

Sy Min Input {Pin 16}

When taken to logic "0’ during strobe time thig input causes the
minutes counter to advance at the rate of 1 per second and the
hours counter to advance at the rate of 1 hour per minute.

Reset Input (Pin 15)
When taken to logic ‘0" during strobe time this input causes the
clock to reset to zero,

Complement Input (Pin 14}

When left open the segments and BCD outputs will have normal
polarity. When connected to Strobe output via a diode the 7
segment and BCD outputs will be inverted.

PIN CONFIGURATION

16 LEAD DUAL IN LINE
Top View
Sag A Qubid- ChtfSet Hrs n Sep B QU2 QulsSs Mindes [aput
Seq © Dulizd GuiResal Input

Seg O Ould® OutComplemant Input

Ve
Multiplax Dacillatar
B0/80Hz input Sag E Qut/1E ar 24 Hr Selact

VEG Seg F QOut+50 or 60HZ Select
Sep G QUECD or ¥ Seg Select

MH1 Quipln {(Units Minutes)

Strobe Qutput
M 4 Qutput (Tens Houra)
MY 3 Cutput {UNINs Hours)

L]
2
a
4
5
[}
7
B

WR2 Ouwlput (Tans Minutes)

BLOCK DIAGRAM

Wi
oo 21 AL

3 Mo ne

[(RETHS
sranaz
T

s

WILTEMENh PhE

L
a0 T 50 1 s g, 5
T Zaur, P e
SETHE W Bzl it IEEGT
r
8 o F
!y I %
SITHIMT N e, TWR 7
12/24 Hour Select (Pin 13)

When laft open the clock will run in the 12 hour mede, when
connected to strobe via a diode 24 hour operation will resutt.
50/60Hz Seleci {Pin 12)

When left open a S0Hz clock will be accepted. When connected to
strobe via a diode 60Hz cperalion will resutt.

BCD/7 Segment Select (Pin 11)

Whnen left open 7 segment outputs wilf be provided., when
connected to strobs via a diode BCD outputs will be provided.
50/60Hz nput (Pin 4)

The magier clock {50 or B0Mz] is input to this pin, Hysterosis is
provided on the input so that the input wave form is not critical.
Multiplex Osclllator [Pln 3)

An external capacitor is used to sst the multiplex frequency, If
raquired this input can be driven by an external oscillator.

Vgs (Pin 2)

Positive supply line nominally OV.

Vag {(PIn 5]
Negative supply line nominally ~15V.

Power-On Resel
At power-on the chip is reset to zero, Counters will not start until
Set Hours or Sot Minutes hag been activated.
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ELECTRICAL CHARACTERISTICS

Maximum Reatings*

Voltage on any pin with respectto V. . . . . . . . . +0.3 to —20¥ *Exceeding these ratings could cause
Operating TemperatureRange . . . . . . . . . ... 0° to +70°C permangnt damage. Functional operation of
Storage Temperature Range . . . . . . . . . . —65°C to +150°C this device at these conditions iz not
Power Dissipation at 70°C Ambient—Total . . . . . . . . . 500mw implied—aperating ranges are specified
ParOutput. . . . . . . . . . . .. ..o 50mw balow,

Standard Conditions {unless otherwise notad)

Wos = OV
Voo =—12 to —18V
COperating Temparature (T.} ~0°C to +70°C

Characteristic Min Typ*"* Max Unlts Caondltions
Clock input frequenay DC 50/60 — Hz -
Clock input logic ‘0" +0.5 - -2 Valis Note 1
Clock input logic ‘' -8 - Voo Volts —
Multiplex Cleck Frequency [nl] - 50 ¥Hz Mote 2
Interdigit Blanking — 150 — ue :}S.ET KHz

. . Ote 3
Gontrol inputs logic ‘0 +0.3 — 1.5 Volts —
Control inputs iogig '1° -6 — Vo Volts -
. _ _ Vot = -2V
Qutputs Log.u: ) 500 Onms lovr = 4mA
Qutputs Logic '1' {Leakags) — —_ 10 WA Vour = —1BY
Supply Current - - 19 ma You =15y

“*Typical values are at+25°C and nominal voltages.

NOTES:

1. The ¢clock Input pin may be taken position with respect to Vs provided that the current is limited to 100uA. The rnput will
behave like a forward biased silicon diode in this condition.

2. The fraquency is determined by an external capacitor.

3. At 6.67KHz muitipiex frequancy the digit ON time |s 4503 and the OFF time is 150.3.

TIMING DIAGRAMS AY-5-1224A WITH 0.3" LED DISPLAY

o
MULTIPLER 470
CLOCK, 1 Mwuwmmmm T
o
M1 :
1 1Napan
o ok 4 DICT A3 LED CISPLAY
l—‘ M g
Mxz 12 rrm :=50Nu (GOMMOH GATHODE]
I ]

=0 B HE

INININ NN

Ing14

N

T DTS ’|--

RCFELS

HNOH FE/ TL

FUMNOH LIS
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CK3000 CK3100

4 Digit Alarm Clock Circuits

FEATURES

12 Hour clock, 24 Heur alarm setting
AM/PM indication
50 or 60 Hz operation
' Snooze {Slesp-over) alarm
Direct display driving
CK3000- Plasma
CK3100 - LED
¥ Neo display interface componants
& Seconds flashing colons
B Alarm, set, and snooze indication
® Power interrupt indication
# Low current consumption
® Alarm cutput tone - direct drive with magnetic speakers
& Wake output for appliance switching {CK3100)

DESCRIPTION

The CK3I0OC and CKI00 are M-Channel MOS integrated cir-
cuits, contalning all the logic necessary to produce low cost 4
digit alarm clocks operating from 50 or 60 Hz line frequencies.
The guiput stages of these clrcuits have baen deslgned spec-
ifically to directly drive the cathodes of Plasma displays
(CKADG0) or the cathodes of large digitcommon anode L.ED.'s

(CK0Q) with no interface electronic components whatsoever.

These integrated circuits aiso contain all the logic needed for
contact neise alimination and line frequency noise rejection
reducing further support compenents.

PIN CONFIGURATION
40 LEAD DUAL IN LINE
CK3000 Top Wiew
Wy O ~ 40 [ NG {de not connact)
50480 Hz Control T] 2 a0 [3 Seq. Qut, a, Digit 1
Alarm/Tone Cancel O] 3 38 [ Seg. Out. b, Digit1
Alarm Tone Dutput T 4 a7 [l Seg. Dut. g, Digit1
Sat Intarnal Fraquancy O] 5 36 [1 Seq. Out.c, Digin t
Sed Time Enabis O & 35 [ Seg. Ot d, Oigit Y
Sed dlarm Enabla O 7 34 [J Seg. Out. e, Digit1
incrament Min. Enable (] & 33 [T Seg. Out. 1, Biglti
Inctemant Hr. Eneble [ @ 32 [ %eg. Qut. &, Digil 2
S0460Hz Input O 10 31 [ Seg. 0w, b, Dight 2
Ve O 11 A [ Seg. Cut, g Clgit 2
Seg. Gurtanl Gontral O 12 28 [1 Seg. Out. o, Digit 2
W.5.0 Conrgl [ 12 28 [ $e8g, Qut, 4. Dlgit 2
AM/PM 1nd Seg. OuL [ 14 27 [ Sap. Dut. e, Digit 2
Seq. Qut b. Digit4 O] 15 26 [ Seg. Out, 1, Dig 2
Seg Oul ¢, Dhgltd [ 15 25 [ ColonvClock
Sag. O g, Dight 3] 17 24 [0 ColonsAlarm
3eg. Qut. I, Dlgit3 £ 1p 23 [ 3eg. Qut, b, Dlgit 3
Seq. Out. o, Dight 3 1] 19 22 [1 Seg. Oul ¢ Digt3
Seg. Out. &, Digit3 0] 20 21 [7 Seg. Out, o, Digit 3
4¢ LEAD DUAL IN LINE
CKa100 Top View
wile1 i 40 [ Wake Qutpet
323 Min.ow. O 2 a8 3 Seg. Cut, 8, Digitt
SWVEQ Hz Control [ 3 32 [ Seq. Out. b, Digitd
Afarm/Tone Canced [] 4 37 A Sep. Out. g, Digit1
Alarm Tone Ouput O 5 36 [ Seg. Cut. c, Digit 1
Sal Intarnal Frequeney [ & 35 2 Seg. Quk. o, Digit1
Sm Time Enabla O ¥ 34 [ Beg. Cut. 8, Diglt1
Set Alamm Enatbla [ & 33 [ Sep. Cut. £ CHait1
Lnerarmant Min, Enable [T 9 32 [J Sep. Out, &, Diglt 2
Ingrerent Hy, Enabke O 10 A1 [ Seg. Oulb, Diglt 2
50/60 Hz Inpul 03 11 an [J Seg.Cul.g, Digit2
Ve (] 12 28 [T Seg. Qut ¢, Digit2
Seg. Jut, Blanking O 12 28 [ Seqg. Ot d, Digit 2
AMPM Ind Seg. OuL O 14 27 [ $eg. Out e, Digil 2
Seg.Out b, Digit4 O 15 26 [0 Seq. Lt f Digit 2
Sag. Out. c, Digit 4 T] 18 25 [1 ColowClotk
Sag. Out. 8, Digit & L] 17 24 [ ColenfAlerm
Sag. Qut. §, Digit2 [T 78 23 [ Seg. Out, b, Digli 3
Seq. Cut. g, Digltd O 19 22 [3 Seq. Dut. o, Digil 2
Beg. Oul e, Digitd O 20 21 [ Sey. Out, o, gt 3

BLOCK DIAGRAM
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' CK3000 = CK2100

FUNCTIONAL DESCRIPTION

The block diagram shows diagramatically the various loglcal
function blocks that make up the CK3000 and CK3H0 inte-
grated circuits. The various units have the following functions,
Qscillatar

The oscillator provides two basic functions in the integrated
clreuit.

1. Provides a suitable frequency in the audlo range for
moduiating an external transdugcer at and during the alarm time
{nominalty 1 KHz).

2. Provides a strobe frequency for strobing the 50 or 60 Hz line
frequancy into & 'D’ type flip flop to statistically eliminate line
noise {nominally 250 Hz).

Debounce Logic

The logic here ia used to ellminate contact noise closure on any
input line and this is achieved using one second digital ane shots
in combination with 250 Hz strobe pulses. e.g. with the set-tima or
alarm enabis inputs at logic zero the ingrement inputs are fooking
for one contact clogura in each one second period. Any further
closures are ignored. However if any increment pin is at lagic
zero and the set alarm set tima switch is open and closed multiple
counting will rescit. This logic also directs increment signals to
the appropriate countsrs.

Dividar

The divider counts down the ling frequency counts to ane per
second depanding on the 50/60 Hz control.

Snooze Control

Thislogic stores the information thatan alarm compare has baen
reached, and initlates a 5 minuté counter, which then runs
continugusly until such time that on an sxact multiple of five
minutes if the alarm/tone control switch is at zero, it will then stop
and reset the alarm compare stare. During the 5 minutes the
alarm tone is made active for 1 minute in each five, preducing a1
Hz modulated 1 KHz tone. If when the alarm tona is active the
alarm tone cancel is taken to logical zero the tone will coase until
the next five minute period,

50/80Hz Control
For 50 Hz operation - Connect to Ve or leave open circuit
For 60 Hz operation - Connect to Vx

Alarm/Tone Cancel - Tone Qutput

Far normal operation the alarm cancel input is left open circuit.
Under this condition any coincidence between ihe time and
alarm store will cause the tone'to output on alarm tone
pin. This tone will remain present for one minute unless can-
celled by momentarily connecting alarm cance! {o a logical "0',
This tone will re-occur five minutes {and subseguent multiples of
% minutes) after the original alarm time for a duration of one
minute unless cance!led by momentary connection of tone can-
cel to a logic ‘0", thus providing a snooze fagility.

Ta camplataly cancel the alarm zequence, the coincidence of the
alarm cancel pin being at a logical 0 and tha start of the next alarm
tone period is required. Immediately after this cccurrence the
alarm cancel input may be open circuited and the alarm will be re-
enabled for the fallowing day.

Alternatively if either the set time or sat alanm inputs are con-
nacted momentarily to a logical ‘0" after the first minute of alarm,
the atarm logic will be re-triggered for the next day.

Thealarm tone is a nominal 1 KHz square wave chopped by a1Hz
square wave.

Frequency Set

Anexternal resistor to Ve and external capacitor to Vy are used to
controi the fragusncy of the oscillator. These values should be
sefected o ensure appropriate 4 KHz cacillation.

3-8
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R Typlcal Values for 4KHz:
R=680K !
0sc © G = 32000F |} for Ve = 15V

c LA

L

Figure 3 shows frequency vs. capacitance and resistance for.
naminal supply voitage.

Figure 4 givas a guide to component values for dlfferent Ve
values.

With the oscillator set to 4KHz, the afarm tone cutput will be
1KHz, and the internal antibounce logic is strobed at 250 Hz.

Setting Up Procedure (Pins 6 thru 9)

In the normal clock running condition pins 6 thru ¢ shouid be
apen circuit or at a logicai *1'. )

Toenter set moda sither settima or set alarmshould ba pulled to
logicai '0f, Under this condition the increment minutes and incro-
ment hours inputs are snabled and when either is puiled to a
logleal ‘¢ then the corresponding hours and minutes will incre-
ment at & 1 Hz rate. All minutes to hours carries are suppressed
while time is baing set.

When setalarm iz at a Ioglcal ‘0" the contants of the alarm stora
are displayed.

When set time/increment minutes occurs, the clock is stopped
and remaing stopped with the seconds reset until set time is open
circuited or raturned to a logical 1", This enables tha clock to be
aaslly synchronized to an Independent time source. No other
setting conditions interrupt the seconds.

50/60Hz Input
Thiz input accepts a line frequency signal at either 50 or 60 Hz
and is subzequantly used as the basic count time base.

Segments Output Conlrol (Brightness) - CK3000

Ali output stages consist of athree device cascade configuration
of which one device controls the output voltage current charac-
teristics. (See Fig. 7.) From the characteristigs it will be seen that
a wide range of operating conditions are possible, allowlng
operation in either the resistive region (V proportional to 1) or the
constant current ragion. {| indepandent of ¥}. Nota that during
davice operation 24 of the 26 avallable segmants can be on
simultaneously, 50 in setting the device operating point it is
important that each output stage does not exceed (on an average
basig) one twenty fourth of the peak allowable package dissipa-
thon, i.e. approximately 20 mwW per output.

1t i3 also important that the display V-l load characteﬂshc does
not interrupt the avalanche region of the output device charac-
teristic or off segment glow will be observed or in the limit device
malfungiion or damage can pcour,

The putput stages and gontrol brightness wers designed 1o be
used with half line cycls anode voltage and a corresponding hatf
cycie control of brightness to ensure the display is: (a) Off during
segment data changes, and (b) Toallowcurrent to turn off and on
in display gradually. Which will result in almast a total sbaence
af LRI,

Segments Output Control (Bltanking) - CK3100

Dueto the high current handling capabilities of the cutput stages
of this 1.C., it 1s not poss|biato control the cutput V. charagteris-
tic by using a sacond series device. To regulate the display to the
required brightness several options are possible extarnally and
the following internally. The segment output control can turn off
the display at any time by teking this input to a logical 0. It is
possible therafore to use half or full wave ract|fied signal on this
display node and promaturely shut the display down ineach line
cycle to control the conduction angle hence, average light out-
put, using this control pin in phase relationship to the anode wave
form.



Stand O Volage (VBO) ~ CKI00D

The voltage on this pin influences the voltage current charac-
. taristics of the segment drives, its prime purpose is to snable the

segment outputs to withstand more than 30 volts. Any voltage

from 5 volts to Ve will ensure that 45 volts can be withstood

through a plasma tube off-segment. For ease of oparation it is

suggested that ¥.5.0. is connected to Vr.

AM/PM Indicator

This output is an additional segment driver which can be used to
give AM/PM indicator. {voltage current characteristic as other
Apgments).

Cathode (Segment} Output Drivers (Pins 15 thru 39) —
CKN00

Al these pins drive the cathodes of the display without any
additional interface components. These outputs are deslgned fo
withstand higher voltage signals than the pther outputs. The
output characteristics of the segment drivers can be controlied
by pin 12 {See Figs.7 and B},

Cathods (Segment]) Drlvers (Pims 15 thru 38) — CK3100

The output drivers of the CK3100 have sufficient current handling
capabilities to drive even the most inefficient of today's available
LED.s,

The autput charactaristics of the segments zre shown in (Fig.5).
Mate: It is racommanded that the package power disslpation be
kapt below 500mW, therefore, with a possible 24 simultanacus

CK3000 = CK3100

outputs being on together then each segment should be oper-
ated with an average power level of 21 mW or on ayerage current
of 15mA. The peak current for maximum number of segments
condition (i.e. 24) showld not excesd 40 mA per segment or the
device will suffer permanent damage.

Colon Utilizetion {Pins 24 and 25}
Twa colons show alarm/clock condition.

Clock Alarm Colon A Colon B
Stopped/Setting Don't care Off ot
Running Set 1Hz flash. 1 Hz flash,
Rurning Not set 1Hz flash.  Off
Running Snooze . Toa .

period 1 Hz flash* 1 Hz flash

“colgng flash alternatefy.

3.33 Minute Gulput — CK3100

This pin produces 3 pulses in each ten-minute period or 18 pulses
per hour, and can be used for inputting to an external sleep
caunter, for clock radio type applications.

Wake Quiput — CK3100

This cutput turns "on" at the instance of alarm compare and stays
on until the ).C. receives an alarm cancel signal. The wake output
has been incorporated for appliange control, or clock radio
applications. Qutput characteristics are shown in Figure 6.
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' E CK3000 = CK3100

ELECTRICAL CHARACTERISTICS

Maximum Ratings”

Voltage onany pinwith respectto VN . . . . . . . . . .. ... . 0 to+25¢ *Exceading thase ratings could cause perma-
Voltage on Segment QutputPing. . . . . . . . . . . .. 0 to +45Y (CK3000-2) _ nent damage Functional operation of these
Storage TemperatureRange . . . . . . . . . .. 0 L —65°C to +150°C devices at these conditions s not implied
Fower Dissipation 8t 70°C. . . . . . . . . vt e e S00mw —operating ranges are specified below.
Operating Temperature. . . . _ . . . . . ... ... L. . —25°C to +70°C

Standard Condlllons {unless otherwise noted)

Vi =0V
Ve =+7 to +18Y
Vs = +5 to H18Y (CK300%)

Operating Temperature (T.) = +25°C CK3000
Characleristic Min Typ™* Max Unlts Conditlons
Clock Inpust Frequency oc 50/680 2500 Hz Max. figure for test only.
Clock Input
Logic 'ty 0 - +1.0 ¥
Logle'1’ 0.7 Vyp - Ve v
Qscillelor Frequency (Fosc) 3.5 4 8 kHz Set by external resistor
. and capacitor - See Fig.3
Control Inputs
Logic 't 44 - +1.0 v
Leogic*1' 0.7 Ve - Ve v
Outputs
Alarm Tone
T Level 0 - - iy at Vour = 3V, Vr =15V
‘1" Lavel - - 10 A atVour = 15V
Display Drive
OFF Level - - 500 nA Vour= Ve = Vo = 15V Vo = 30V
ON Level 2 - - mA See Figs.7 & 8, Vouwr=5Y
'Current - - 25 mA Not including outputs
CK3100
Characteristic Min Typ"" Max Unlis Conditions
Clock Input Frequency 311 Sv60 2500 Hz Max figure for test only
Ciock Input
Logic'0’ 0 - +1.0 ¥
Logic'Y 0.7 ¥r - Ve v
Oscillator Frequency (Fosc) 2.5 4 8 KHz Set by exiernal capacitor
i and resistor - See Fig.3
Contral Inputs
Logic'or a - +1.0 v
Lagic ‘1" 0.7 ¥ - Ve v
Outputs
Alarm Tone .
‘0 Level 20 - - mA Vour = 3V, ¥e= 15V
1" Lavel 0.7 Vr - - v Internal pull-up to Ve (approx. 5Ki1}
Wake Cutput .
‘0 Level 20 - - ma Vour =3V, Ve =15V
1" Levet - - 10 nh Vour = Vr
Digplay Drive
‘0 Level 20 - - mA Vour = 2.2V; We= 15V
‘1" Level - - 10 pA Vour=Ve .
3-1/3 Min. Qutput
‘0 evel 5 . - mi Your = 3V, Ve =15V
1" Leval 0.7vp - - v {nternal pull-up (app_rox, 5K i1}
Current - - 5 mA .

**Typlcal values are at +25°C and nominal voltages.

NOTES:

1. Pins 2,6,7.8 and 9 have an internal pull-up resistor to Ve, value approximately 200K0. {CK30000

2. Pins 3.4.6.7,89 and 10 have an internal puli-up reslstar to Ve, value approximately 200K (CK3100}

3 Under no clrcumstances must any pin be biased temporary or permanantly negative with respect to V. or device operation
will be affacted.

4. No output pin during operation must exceed Ve transiently or operation will be affected.



CK300¢ = CK3100

TYPICAL CHARACTERISTIC CURVES
™
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CK3200 CK3400

4 Digit Alarm Clock Circuits

FEATURES

m 12 and/or 24 hour clock, 24 hour alarm setting

# Leading zaro suppression In 24 hour mode

® FM indication in 12 hour mode

m 50 or 60 Hz operation

m Snooze (sleep-over) alarm

B Direct display driving (two diglt duplexing)
CK3200 - Plasma
CK3400 - LED

# Mo display interface compeonents

B Secconds flashing colons

® Alarm, set, and snooze indication

® Line power interrupt indication

& Low current consumption

DESCRIPTION

The CK3Z200 and CK3400 are N-Channel MOS integrated cir-
cuits, containing all the logic necessary to produca fow cost 4
dight alarm clocks operating from 50 or 60 Hz line frequencies,
The cutput stages of thasa circuits have been designed specifi-
caily to directly drive the gathodes of Plasma displays {CK3200}
or the cathodes of ;largeidigiticommon anode L £.D.'s{CK3400)
with no interface electronic components whatsoever (Duplex
mode).

These integrated circuits also contain all the logic needed for
contact noise elimination and line freguency noise rejection
reducing further support components. In arder 1o overcome the
extreme difficulties in eliminating radio frequency interference
{common problem of multiplexed display clocks) and to keep the
device in a low cost package a novel display driving technique is

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Top View

Vo @1~ 28[0 Seg Outb, Diglts &2

50480 Hz Controf (3 2 27 [ Seg Outy, Digits £ 42

Sel Internal Og¢ Freq ] 3 28 (1 Seg Out ¢, Digits 1 & 2
algrm Tone Cul (1 [ 4 25 0 Bag Outd, Digita 1 &2
Sat Time Enable (2} ] 5 24 [F Seg Out g, Dighs 1 & 2

Sat Alnm Enabia (2} d & 23 [1 Seg Qutf, [hgite 1 & 2
Incrament Min Enable 5 7 2200 SeqCwa, Digm 142
Incramwant Hr Enable [ & 21 1 Alam SatLowar Colon

5040 Hz Input £ 4 20 [1 P4 Flag/Upper Coton
Sag Out Cantrat (7 14 18 01 Sog Oula, Digits 3 & 4

12 and/or 24 Hr Sal O 11 18 3 Sag Oul b, Digils 35 4
Ve 12 17 O Sep Cutc, Digits 3 8. 4

Sof Culf, Digitn 3 & 4 [ 13 18 7 Seg Out 4, Dhinlts 3% 4
Bag Outg, Digita3 &4 )4 1811 Seg Oute, Dhate 3 & 4

NOTES:

1. For CK3200, this pln is &lso afarm tone cancel.

2. For CK34A00, gither of these pins can be used as alarm
cancel.

used - that of halt line cycle anode duplexing. The duplex
techrique depends con the use of the two half sing-waves pro-
duged by two diodes placed across an a.c. supply where the
common connection becomes the system refsrence.

HRCR TIME INGA TIME Ty
CONTRO MINUTES CONTHOL HRIHS WINE CUTPUT
m CEGODER fﬂ/ j
SET TIME 1 | 1 BRIVERE ey
ne | IRE——
ALARM TONE
CANCEL Cr 3400
L
ZET ALafM NS 1
INUR AND SELECT LOWEIC AND ARG ™1
P ALARM COMPERRATDR CERNER OLTPLT ||
ORHWERE
INC MG et [ A N —
PN FAN|
- - \ .
NG HAE P
1 ALARK BLARN ] . AMPN l FLAGDRINER
MINUTES HOURS [ =t
| r

— L

B zeraiann —la
S FLAG AND

-
- 1
SET FREDR NoIsE ALRRM SNOOZE
I T [l Al ARM
GICILLATOR ) "| ELIMINATDR } * GivIGER ]’ GEWERATOR COMTATL
l ¥ DRWER i
SIVGL SG0 ALARM TONE CANCEL (DK 3200) 12028 WHRIGHT WgpE IKITHI
INBLIT COATREL CONTROL

ALARM QUT
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FUNCTIONAL DESCRIPTION

The block diagram shows diagrematicaily the various logical
function blocks that make up the CK3200 and CK3400 integrated
circuits. The various units have the following functions.
Oacliiator,

The cscllator provides two basic functions in this integrated
circiit.

1. Provides a suitable frequency in the audic range for modulat-
ing an external transducer at and during the alarm time, {Momi-
nally 1 KHz)

2. Provides a strobe frequency for stroking the 50 or 60 Hz line
frequencgy into a ‘D’ type flip flop to statistically eliminate the
noise. (Mominally 250 Hz}

Debounce Loglc

The logic here is used to eliminate gontact noise ¢losure on any
inputline and this is achieved using one second digital one shotg
in combination with 250 Hz strobe puises. e.g. With the set-time
or alarm enable inpuis at logic zero the increment inputs are
{ooking for one contact closure in each one second period. Any
further closures are ignored. However if any-increment pin is at
logic zero and the set time switch ig open and closed mulliple
counting wili result. This logic also directs increment signais to
the appropriate counter.

Divider

The divider counts down the line frequency counts to one per
second depending on the 50460 Hz control.

Snogze Control

This lagic stores the information thatan alarm compare has been
reached, and initiates a .5 minute counter, which then runs
continuously until such time that on an exact multiple of five
minufes if the alamm/tone cancel switch is at zero, it willthen stap
and reset the alarm compare siore. Durlng the 5 minutes the
alarm tone is made active for one minute In each five producing a
1 Hz modulated 1 KHz tone. if when the alarm tone is active the
alarm tone cancel is taken to 1ogical zaro the tone will cease until
the next five minute period.

Duplex Display Driving

Teo use either CK2200 or CK3400 the display Is connected In the
following manner,

Fig.1 DUPLEX DISPLAY DRIVING

Segment a Digit1 connected to segment a Digit 2

b b
o c
d d
e e
f t
9 g9
Segment a Digit 3 connected to segment & Digit 4
b b
¢ c
d d
e e
f 1
g g

CK200 = CK3400 E

FM flag {indicator} segment connected to upper colon segmant
Alarm setting fiag segment connected to lower colon segment
Ancde digit 1 connected to Anode digit 3

Anocde PM indicator connected to Anode digit 4

Ancde diglt 2 connacted to Anode digit 4

Upper colon anode connected to ancde digit 2

Lower colon anade connacted to anode digit 2

Alarm setting flag connectad to anode digit 1

The anode can then be selected by the appiication of alternate
haif-cycle sine wavas.

MNOTE:
The phase of the incoming SO/60 Hz count to I will then
automaticatly deliver the correct segment data to display.

-23:56 -

RERNRR

Digits PM 4 3 Colon2 1 AlarmFlag

Anode phasing 50/60 Hz High = Digits 1 and 3 selected
Low= Digis 2 and 4 salected

DEVICE UTILIZAT!ON

50/80 Hz Conttel

For B0 Hz operation Connect to V, or leave open circuit

For 50 Hz operation Connect to Vx

12 And/Or 24 Hour Select

The IC has the abllity to display the correct time in 12 or 24 hour
rmode under the contreol of the 12/24 select pin. Changing this pin
from Logic 'O to 1" or 1" o ‘0 will immediately display the
corrected time.

High i.&. '1" = 24 hour mods

Low ‘0" =12 hour mode

v | g
o 7

83 sewe  7:27
23 seones | G:33

Neo leading zero is shown in 24 hour mode,

I2:2b (1:26

For economy a single segment is empioyed which is illuminaied
in 12 hour time, during PM period.

Alarm Cancel & Alarm Tone Output - CK3200

In CK3200 {Flasma) the alarm tone output, alarm and tone cancel
input uses the same pin for all three functions.

1. Alarm pin held 1o less than 1 volt {inputting a legic ‘0% alarm is
not requested.

2. Alarm pin returnad to positive supply through an appropriate
raslstance such that output is above 3 volts. (IC pulling approx-
Imately 1 mA) Alarm is requested.

3. At the alarm time this pin aliarnates between an open circuit
condition and pulling 1 mA at the alarm tone rate.

[See Fig. 2 for typical external connections]
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CK3200 = CK3400

€K3200 Vp 1

ALARM/TONE _
CANCEL .
prar—y

VANQDE
220K

CERAMIC

T BUZZER

ALARM QUT ———

VN

Fig.2 TYPICAL BUZZER CIRCUIT - CK3200

For normal gperation the alarm cancel input is allowed to estab-
lish its own voltage (see Fig. 2). Under this condition any coingi-
denca between the time and alarm stare wlll cause the alarm tona
to be cutput on this pin. This tone will remain present for cna
minute unless cancelled by momeniarily connecting this pinto s
logical '’ {less than one volt). This tone will re-pGeur five minutes
{and subsequent multiples of 5 minutes) after the criginal alarm
tirne for a duration of one minute uniess cancelled by momentary
connection of pin to logic '0" thus providing the snooze facility.
Ta completely cancel the siarm - snooze seguence, the coingi-
dence of this alarm pin being at a iogical ‘0’ and the start of the
next alarm tone period is reguired. lmmediataly after this oc-
curence the alarm cancel input may be returned to the normal
position and the alarm will be re-enabled for the following day.
Alternately if either the settime or set alarm inputs are connected
momentarily to 2 logical ‘0" after the first minute of aiarm, the
alarm logic wilt be triggered for the next day.

Alarm Cancel & Alarm Tone Ouilput - CK3400

In OK3400 the alarm output is on a dedicated pin {see Fig.3).
Alarm cancel can be achieved by either taking sat time or set
alarm to & logic ‘0" during the post alarm time.
Tone cancel is achisved by a momentary connectionto a logic ‘0
of both set time and set alarm simultanecusly.

For normal operation the set time and set alarm input are left
open circuit. Lnder this condition any coincidence batwesn the
time and alarm store will cause thé alarm tone to output on the
alarm tone pin. This tone wilt remain present tor gne minute
unless cancelled by momentarily connecting both set time and
set alarm simultaneously to a logical '0°. This tone will re-occur
five minutes {and subsequent multiples of 5 minutes) after the
ariginal alarm time for a duration of one minute uniess cancelled
by momentary connection of set time alarm to & logic 0" thus
providing a snooze facility.

To completely cancel the alarm sequence, either set time or set
alarm pin is taken to a logical '0". Immediately atter this oc-
curence the alarm will be re-enabled for the following day.

The alartn tone is s nominal 1 KHz square wave chopped by a1 Hz
square wave.
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Flg.3 ALARM TONE OUTPUT CHARACTERISTIC - CK3400

Frequency $al

An external resistor to V, and external capacitor 1o Vy are used to
control the frequency of the oscillater. These vaiues shoutd he
selected to ansure approximately 4KHz osciliation.

The following graphs give a guide to componant values for
differant ¥, values.

11
A - 72000
—
© - 2200 PF
El
/’ A - 470K
KHe I .
/ g
2
1
B 7 [ i 13 15
VOLTS
Fly.4

With the oscillator sat to 4KHz, the alarm toneé output will be TKR2
and the internal antibounce logic is strobed at 250 Hz.



Setting Up Procedure (Ping 6 Thru 9)

In the normal clock running condition, pins (8 thru 9) should be
apen circuit or at logical *1",

To enter set mode sither settime or s6t alarm shouwld be pulled to
togical 0. Under this condition Increment minutes and Incre-
ment hours inputs are enablad and when either is pulled to a
logical '0" then the corresponding hours or minutes will incra-
ment at a 1 Hz rate. All minutes to hours carries are suppressed
while time is being set.

When set alarm is at a logical '0' the contents of the alarm store
are displayed.

When set time/increment minutes ocours, the clock is stopped
and remains stopped with the seconds reset until sat time is open
cirguited or returned to a loglcal 1. This anables the clock to be
easily synchronized to an independent time source. No other
setting conditions interrupt the seconds.

50/60 Hz Input

Thig input accepts a line frequency signal at either 50 ¢or 60 Hz
and is subsequently usad as the basic count time base.

Segments Cutpul Control {Brightness) - CK3200

All output stages consistof a three device cascods configuration
aof which one device controls the output voltage currant charac-
teristics {see Fig.5). From the characteristics it will be seen that a
wide range of operating conditions are possible, allowing opera-
tion in either the resistive region (¥ proporticnal to |} or the
constant current region {1 independent of V).

Vp=I5y
Ing
-]
\ Brightness Volits
5 < (PIN 10} —
LY
4 N (= 15 ¥
Imas N 10V
DIy \ /’#—
3 o MAXIMLM —
™ | " POWER D.C.
z 4/ e |
L 5v
_ o et
L
Ov
2v/DIV Vos
Fig.5 TYPICAL OUTPUT DRIVER

CK3200 » CK3400 E

The output stages and control brightness were designed to be
used with a half Hne cycle anode voltage and a corresponding
half cycle control ot brightness to ensure the display is

a. Off during segment data changes

b, To allow currend to turn off and on in display gradually.

This will result in aimost a total absence of R.F.L

Seg s Oulput Controd {Blanking} - CK3400

Due to the high current handling capabilities of the output stages
ofthis 1., itis not possible to control the output V.1, characteris-
tlc by using a second series device. To reguiate the display to the
required brighthess several options are possible externally and
the following intamally. The segments output cortrol can turn off
the display at any tima by taking this input to a logical ‘0", It is
possible theratare to use half or full wave rectified signal on the
display anode and prematurely shut the display down in sach line
cycle tocontrol the conduction angle hence average light output,
using this contrai pin in phase relationship to the anode wave
form.

AM/PM Indicalor

This output is an additional segment driver which can be used to
give an AM/PM indicator. {Voltege current characteristic as other
segments)

Cathode {Segment) Qutpul Drivers - CK3200

All these pins drive the cathodes of the display without any
additional intatface components, These outputs are designed to
withstand higher voltage signals than the pther outputs. The
output characteristic of the segment drlvers can be controlled by
pin 10, (See Fig.5)

Cathode Segment Drivers - CK3400

The output drivers of the CK3400 have sufficient current han-
dting capabilities to drive even the most inefficient of today's
available L E.D's. The output characteristics of the segments are
shown in Fig.5.

NOTE:

Itis racommended that the package power dissipation is kept to
below 500mW, tharefore, with a possible 16 simultanacus outputs
being on together, then each segment should be operated with
an avergge power level of 31ImW or on average current of 25mA.
The peak current for the maximum number of segments condi-
tion (i.e. 16} should not exceed BDmA per segment or the device
will suffer parmanent damage.

It is also important that the display V-1 load characteristic does
not interrupt the avalanche region of the cutput device charac-
teristic or off segment gldw wil! be observed or in the iimit device
malfunction, or damage can ¢ccur.

Colon Utillzation
Two colons (Pins 24 and 25) show alarm/clock conditlon.

Clock Alarm Colon A Colon B
Stopped/Setting | Don'tcare OFF OFF
Runring Set 1HzFlash. | 1HzFiash.
Running Not set 1HzFlash. | 1HzFlash,
Running Snoozeperiod | 1HzFlash, | 1HzFlash.




§ CK3200 = CK3400
ELECTRICAL CHARACTERISTICS

Maximum Ratings”

Woltage on any pinwith respectto Vs . . . . . . . . . L L. —0.3 to +30 volts *Exceeding these ratings could cause perma-
Voitage on segment output pins . . . . . . L L0 L L —0.3V fo +45Y nent damage. Functiona! operation of these
Storage temperaturerange. . . . . . L . L L L L L L —65°C to H156°C devices at these congitions is not implied
Power dissipationat 70°G . . . . . . .. ... L L 500 milliwatts —operating ranges are specifiad below.
Operating temperature . . . . . . . .. 0L —25°C to +70°C

Standard Conditions (unless otherwise noted)

V=0V
V.= +10 to +18vV
Operating Temperature (T.) =+25°C

CK3200
Cheracteristic . Min Typ* Max Units Conditions
Clock Input
Frequency [ 0460 50,000 Hz Max figure for testonly
Logic'D' 0 — 0.8 v
Lagic't' C0TV, — 'R Y
Osciflator Frequency (Fosc) a 4 B kHz Set by external registor and
capacitor atV, = 15¥
Control inputs
Logic‘0" ' 0 — 08 v
Logic'1" 0.7V, — A v
Outputs
Alarm Tone
Cancellad -0.3 - 0.3 v Typlsink=3maat>2.5Y
fane 3 —_ v, v
Display Drive

QFF Level — — 2 uh V=15V, Vour=45 Volts

O Level — — — — SeeFlgs.da-b-c
Current 0.4 — 3.0 ™A Notinciuding outputs

CK3400
Characteristic Min Typ* Max Units Conditions
Clock Inpul
Fragquency oC 50VE0 50,000 Hz Max figure for test only
Logic ‘0 Q — 08 1
Logic 1’ 0.7v, — Wy v
Oscillator Frequancy {(Fosc) 3 4 ] kHz Set by external resistor and
capacitor at V15V
Control Inpuls
Logic 'O’ Q —_ 08 v
Logic'1’ 0.7V, — W v
Qutputs
Alarm Tone 40 EA Ware = 0.3 Volts,
Typ 1 sink = 3ma at>> 2.5V

Display Drive

QFF Level b _ 10 j.!A Vp =15, Vour =V,

ON {avel — — 20 mA See Figs. 4a-b-¢, Voo = 3 Volts
Current 0.4 — 30 mA Naot including outputs

**Typical values arg at +25°C and nominal voltages.



Flg.6 TYPICAL APPLICATION
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M-3400

PRELIMINARY INFORMATION

Digital Clock Moduie

MODULE FEATURES

B CK3400 N-channe! clock radic circult

B LED display: 4 Digits plus colons

M No extarnal contact noise elimination circuits required

m No external line frequency nalse rajection circuits required
- m 12 or 24 hour digplay

B Leading zerc suppression in 24 hour mode

B PM Indication In 12 hour mode

W Alarm-snooze indicaior

B 50Kz or 60Hz operation

m Line power intarrupt indication

B Slesn operation indicator

B Low powar dissipation

CLOCK FEATURES

B Simple support electronics

B 5 minute repeating snogze

B Simpie setting of time, alarm, and sieep

& Hold and synchronize capability for time setting

8 Independent hours, minutes setting (carry propagation
suppressed)

DESCRIPTION

The M-3400 module contains a four digit LED display and a
CKMOD LSl microcircuit featuring all the necessary logic,
contact noise elimination circuits, control ewitching and timing
cirguits to implement simple-to-use, low-cost, mutti-featured
digital clocks. For full information on the many features of the
CK300 microcircuit, refar to the detailed descriptions and
applications suggestions contained in the CK3400 product data
sheet baginning on page 3-12.

The M-3400 modulse is fabricated cn a single-sided printed circuit
board measuring 1.500" % 3.930".
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M-3400 MODULE
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CLOCK SYSTEM DIAGRAM
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- CK3300

4 Digit Clock Radio Circuit

FEATURES

® 4 Digits plus colons

# LED diresct duplex drive

& Mo display-1C interface components

® NG radio frequency interference problems

® Mo external contact noise elimination circuits required

2 No external line frequancy noige rejecton circuits raguired

12 or 24 hour display

¥ |_eading zero suppression in 24 hour mode

& PM tndication in 12 hour mode

& Alarme-snocze indicator

| 50Hz or 60Hz operation

# On-chip oscillator for standby oparatlon with battery during
line Failure

B Ling power interrupt indlcation

m Sleep operation indicator

8 Low powar dissipation {undar 30 mW)

CLOCK RADIO FEATURES

u Simple suppert electronics

a Analog sleep setting (user controlled 5 to 120 mins with 1
minute resolution). No necessity for daily adjustmeant
Totally independent sleep and wake timing
Independent volume of music during steep and wake
Radio sourd muting during norma! radio listening
Waka to muslc or alarm tone

Self-cancelfing alarm after 80 minutes of wake

5 minuta repaating snooze with radic and/or alarm
Steap override or sleap repaat

Wake to alarm tone with quiet radio override {every 5
minutes) during snooze time (repeatabla)

Simple setting of time, alarm, and sleep

Hold and synchronize capability for time setting
Independent hours, minutes seiting (carry propagation
suppressed)

5 minute pre-alarm applicance switching

Automatic tape recorder contro! {record your favorite
program automatically 0-120 minutes—starting from the
exact saccnd)

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Top view

, O] 'S
Caobons [ 2 50060 Sount Input
Ph¢Indicator/Stasp Ingicatar £ 3 DS 1 (Standby Timing}

TDignad a4 4 DS 2 (Slaep Timing)
gDpts3&s[]5 Ing: Moura {SIp
eligas &4 8 Inc Mins {5.C./5.A
dblghs 384 7 3.T. 5t Ticrie
cOgte%&d O] @ 8.4, Set Alarm
bOigis 3841 9 Wake 1 Dul [12/24 He Sel)

a Dighn 3 & 4 [
ablgie 1t 2 [
fhigits1 &2 O
¢ Oigits 162 O
d Digits 1 & 2 ]

Wake 2 Qull (55050 Sel)
Seap Out

b Digils 1 & &

gDige 1 &2

o Thgits 18 2

DESCRIPTION

The CK3300 N-CGhannel MOS |.C. contains all the necessary
legic, contact noise alimination circutts, control switching, seg-
ment drivers and timing clrcuits to implement simple-to-use, low
cost, multi-featured clock radios.

Dueto the extreme difficutties ineliminating R.F 1. in radios when
used In conjunction with digital ele¢tronics a great deal of care
has gone Into the design of the L.5.1. to ensure that littie or no
R.F.l. problems are met by the clock radic designer. The largest
R.F.l. problem in Display Driving has been solved using a novel
technigque—that of haM-ling cycle ancde duplexing using the
half-sine waves produced by two dicdes, and ensuring that all
segmant data changes ocour at the zero crossings of the line
cycle. This technlgue allows brightness control to be achieved
simply by resistively dividing down the Hne voltage with a poten-
tiometar, or a simple two level schame using a transformer tap.
Segment driving of the two groups is direstly from the 1.C.
through 50 ohrm switches which allow the high current peaks
required of LEDs, up to one inch in size, while keeping the 1.C.
Power dissipation, for reliability, down to the 200 to 250 mW level.
The L.C. aiso contains many unique features which enable tha
eguipment desigher to put into the clock radio his company's
own preduct image.
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PIN FUNCTIONS

¥y - (Pin 1}

Is the most negative power supply to the chip (0 volts).
Segmenl Drivers (Bing 2-17)

These outputs are 50 It switches which drive the segments of
common anode LED's directly. Their use and operation is as
follows:

To use the GK3300 with LEDs, the LEDs must be of the COMMON
AMNODE TYPE, and connected in the following manner.
segment a digit 1 connected to segment a digit 2

segment b digit 1 connected to segment b digit 2

segment ¢ digit 1 connected to segment ¢ diglt 2

segment d digit 1 connected to segment d digit 2

segment e digit 1 connected to segment e digit 2

segment | digit 1 connectad to segment f digit 2

segment g digit 1 connected to segment g digit 2

segment a digit 3 connectad to segment & digit 4

segment b digit 3 connected to sagment b digit 4

segment ¢ digit 3 connected to segment ¢ digit 4

segment d digit 3 connacted to segment d digit 4

segment & digit 3 connected to segment e digit 4

segment f digit 3 connacted to segment f digit 4

segment g digit 3 connected to segment g digit 4

Colon 1 sagment connected to colon 2 segmant

PM indicator segment connectad to sleep/ power down indicator
segment

Anode digit 1 to anode digit 3

Anode PM indicator to anode digit 4

Ancde sleep indicator to anode digit 1

Ancde colon upper to anode digit 3

Anode digit 2 to anode digit 4

Anode colon lower to anode digit 2

The anodas can then be selected by the appillication of alternate
half-cycle sine waves derived from a transformer from the line.
The phase of the incoming 50/60Hz caunt to 1G will than auto-
matically deliver the correct seqgment data to the display.

12d:56-
pagirs | LYk L
P 4 3 Colon 2 1 Sleep

Anode phasing: 50/60 high = cigit {1 & 3) seiected

low = digit (2 & 4} selected
Sleep Qutput {Pin 13)
This output turns on while the sleep counter is running and is
indicated as active by an indicator in the display (Pin 2}. This
output turns on immediately following & sleep initiate and is
cancelied elther by sieep time being complete, a sleep cancel, an
alarm comparison taking place, or an end of snooze period. This
pin is also used as an input during circuit test to speed up testing.
Wake 2 Output/50-60 Hz Mode Select (Pin 19)
This cutput turns on at alarm compare time and stays on unless
either an alarm cancel or a snooze repeat Is activated.
if snooze repeat Is activated this pin will go off until the next 5
minute perlod elapses whan it will again turn on,
The snoozs can be repeated indsefinitely.
If the alarm is not cancelled this cutput will turn off 80 mins after
the last snooze repeat re-triggering alarm for the next 24 hour
period.
This pin is also the 50/60 Hz Selectinput during the time at which
Set Time and Set Alarm are at a |ogic “1° {last data-on this input
when either Set Time or Set Alarm changes state is stored in an
intarnal lateh}.

Wake 1 OutpulA12 Or 24 Hour Select (Pin 20)

This cutput turns on at alarm compare time ana stays on un-
interrupted until either:

a. An alarm cancel .

b. 80 continuous minutes from alarm time

¢. 80 continuous minutes from last snooze repaat

oo [E]

During the time that Set Time and Set Alarm are at a logic "1’
together, this pin is the 12/24 hour select input.

The last data on this pin before a data change on Set Time or Set
Alarm is stared internally in a latch, and defines 12 or 24 hour
operation.

Set Alarm (Pin 21)

This pin, held at zero while Set Time is at a logic 't', enables the'
Increment Minutes and Increment Hours inputs to the alarm
counter, such thet sach change of state (10} of the incrament
inputs will advance the appropriate counter by one unit.

Set Time (Pin 22}

|s identical in operation to the Set Alarm pin, but in this instance
allows the counts to be entered into the time countar,

Taking both Set Time and Set Alarm to alogic 0" allows the Wake
outputs to become active when the time reaches the alarm time.
Returning either Set Time or Set Alarm to a logic '1"will cancel the
alarm.

Incrament Mins/Sleep Cancel/Snooze Repeat (Pin 23)

If Set Time or St Alarm is at zero, this input provides one unit of
increment for each logic transition from aneto zero. {Thisinputis
de-bounced against switch noisa). If both Set Time and Set
Alarm are at a logic*1’ or logic'0' and the sleep timer is running, a
logic zero on this input will cancel sleep.

If both Set Time and Set Alarm are ata zero and the Wake cutputs
are active (1.e., post alarm time], then Wake 2 will be cancellad for
a period of up to 5 mins when Pin 22 is taken to logic ‘0", If this
input is at zero when the alarm gomparison takes place, then
Wake 2 will stay off until 5 minites have passed.

Increment Hours/Sleep Initiate {Pin 24}

If either Set Time or Set Alarm is at logic '0', this input provides
one unit of increment to the required counter for each logic
transition from 1 to 0. (This input is de-bounced against switch
ngise). If both Set Alarm and Set Time are at logic 1" or logle 00,
this input will cause Steep output to becomse active for the time
ragutting from currant sleep oscillator frequency.

OSC 2 (Pln 25}

This pin produces s triangular wave oscillation depending on the
value of reslstance and capacitance. This oscillator is used to
produce the sleep period by being gated internally with 166th of
Osgc 1 frequency (ke 50/60Hz).

Additionally connected te this pin i3 a law level detect circuit
used with ascillator 1 for re-setting all internal logic to 12:00in 12
hour mode and 0:00 in 24 hour mode. This low {evel detect is also
used to detect that standby operation is required.

05C 1 {Pin 28)

This pin produces a triangular wave oscillation depending on the
axternal valug of resistancs and capacitance. The signal is used
during nortal operation to provide internally to the .C. -

a. the internal timing for a sevies of one-shot gates

b. After division, the frequency to de-bounce other external pins
viz D-type laiches. This frequengy is further divided down tg
SO/60Hz and iz used as the source frequency during standioy
aperation,

Connected interrally to this pin ls 2 low level voltage detector
which is used in conjunciion with a low level voltage detector on
QOsc. 2 {pin 25) to reset all the internal logic to 12:00 in 12 haur
mode and 3:00in 24 hour mode. This low level detact is also used
for test purposes.

50/60 HZ in {Pin 27)

This input is the normal source of timing. This input drives both
the internal count and the alternate half line selection of the
segment ouiputs.

Forequal brightness in the display this input must have a 1:1 mark
space ratio (X20%).

There is no necessity for eliminating line noise axternally when
providing this input signal as an internal arrangemant eliminates
undesired counts.

Vp (PIn 28)

|2 the most positive power supply to the chip {typically 10 voliz)

2




CK3300
FUNCTIONAL OPERATION

Pins 19, 20, 23 and 24 are dugl function pins which operate as
inputs of gutputs dependent on the state of the Set Time and Set
Alarm inputs:

NG ING S/ Wake Wake 50/ 12/
57T. SA MIN HBR SR SN 1 2 1] 24
1 1 . _ . . _ ~ . .
10 . . - - - - - -
e 1 . . - - - - - -
a o . _ « s . . _ _
“‘QOperable - Mot Operabie
Sat time {S.7.) Pin 22
Set ajarm [S.A.) . Pin 21
Increment minutes {inc min} Pin 23
Increment hours {ing hrs) Fin 24
Sleep cancel (S.0.) Pin 23
Snooze repeat {S.R.) Pin 23
Sleep inltiate {SIN) Pin 24
Wake 1 ~ Pin 20
Wake 2 Pin 19
B0/60Hz Selsct Pin 19
12/24Hr. Select Pin 20

Uslng Wake 1 Or 2—-tnpul/Qulput Functions

When the Set Time (5.7} and Set Alarm (S A} inputs are at logic
one, tha IC outputs Wake 1 ard Wake 2 become inputs to two
bistable gates which store the logic conditions on those pins:
30/60Hz Select on the Wake 2 pin and 12/24Hr. Select on the
YWake 1 pin.

50/60Hz Select

Set Time or Set Alarm must be at zerc before data on Wake 2
changes, or clock can change its 50/G0 pre-divide mode, To avoid
this, the following circuit is recommended:

_______ - A7 >A LOAD
STORE 5080 HZ L " Ad >R LOAD
) Y T ROk "
SELELT
| YN ——— 4
1. bl
1 R
TIME  SET
FROM ALsEM 505t 1 —
SWITCH| ¥r i
.' Y
1
SETTIME
4 .
Yoo
. 1
_ASET Alant
ALARS SET T
|
|
__________ ~

Fig.1 SUGGESTED USE OF WAKE QUTPUTS TO ENSURE
PROPER QPERATION OF INPUT/QUTPUT FUNCTION

With the Set switch in the center position the set inputs are pulled
up to a logic 1’ by tha IC, provided the Alarm switch is In the off
position. The load (R load) witl pull the |unction of the two dicdes
and R2 to a logic 1" )

The output pin Wake 2 will sither be palled up or down depending
on the connection of A3,

Changing of Set awitch will pull down the approgpriate input and
not affect other external circuit conditions.

Change of position of alarm ON-OFF switch will allow R2 to pull
down both Set inputs to zero before Wake 2 qutput is connected
to load. This ensures that the internal IC latch iz disconnected
from wake ling before data on wake line can influence siored data
in lateh.

12/24 Hr. Salact
For the "Wake 1 cuiput 12-24 hour select”, changing the logic

polarity will immediately change the displayed time from 12 hour
mode to 24 hour mede or vice versa.

a.g. 21:56 becomes *9 : 56

ot *9:56  becomes 21:56

Mo leading zero is shown in 24 hour mode:;

12 : 32 in 12 hour time becomes 0 : 32 in 24 hour time

[Note: 12 to 24 hour displayed time change can only be achieved
when the a'arm is not reguested and not in st mode)

For economy of LEDs a single dot iz employed which is [llumi-
nated durfng the PK period in 12 hour time.

Time Selting

Four input ping [S.T., S.A, Inc Hr., Inc Mins.} are provided to
enable the following four functlons te be provided:

a. Setting the time

b. Setting the alarm

¢. Stopping the clock

d. Starting the clock

Far synchronizing purposes

5T.=0

Allows each depression of tnc Hrs to advancs hrs by one count,
Clock will stop on the firsting ming and will ramain stoppead untit
ST =1, thus allowing synchrenization. The device assumes that
the haurs may need to be changed without affecting mins, but
assumes ¢cipck isingorrect if minutes are ghanged, thus stopping
clock and re-setting internal seconds counter to zero.

S.A.=0

Salects alarm time and, for sach deprassion of {ne Hours, hours
ara advanced one and, for each depression of Inc Mins, minutes
are advanced one.

NOTE:

Mo carries from minutes to hours occur durlng setting of time ar
alarm

Radlo Control Inpuis

Theinputs $.T.,5 A, Inc Min, Inc Hr, sarve as radio control inputs
under the following conditions,

S.T. Apd S.A.

At zero together - alarm is requested. ST, and S A_ at logic one
together - aiarm not requested, but if taken to logic one during
post alarm, alartn s cancelled.

5.T. and 8.4, differant wilt also cancel atarm if alarm | active,

ST SA  Pre-Alarm Post-alarm
1 1 Mot required Cancel
1 0 Not required Cancel
0 1 Not required Cangel
0 0 Requested Aiarm maintained for 80 mins
8T.,8A =1

If5.T. and 5.A. are ata logic 1tegather during pre-alarm tima, the
following functions can be obtained using Ing Min - Inc Hrs
inputs. Inc Hrs input going to logic zero for at least 20m secs will
result In sleep autput going to zero for the period of time set by
sleep potentiometer.

Atany time Inc Mins input {SC/SR) going to zero for at least 20m
secs will cancel sleep timer if sleep output is active.

To reduce the number of knpbs, switches, wiring etc., inthe clogk
radiothe following alternative feature is provided. If (S.C/SR.) is
wired to (SIN) a dual action is achieved, 15t depression of switch
activates sieep, 2nd cancel sleep, 3rd re-activates atc, Thisaflows
teatures (a) if user decides he wishes radic off after he has been in
bed for a few minutes, he pushes button, or (b) radic goes off
automaticelly because sleep period has finished, but user is not
ssleep and would like radio to continue, 20 he presses button
again.

ST.3A.=D

In pre-alarm pertad the function performed whan ST, S A. =118
identical. {when the alarm sounds at the requested alarm time
the input {S.C./S.R.} {Inc Mins) becomes the 5 min snooze repeat

‘input.)



CK3300

Sleep dot is on for sleep timer running, flashing for post Lne
interrupt {removed from flashing by movemant of ST or S A to
)

Stand-By Operallon

i a circuitis employed to change the IC power source to battery
during line failure, e.g. two dicdes, then if the external timing
components of oscillator 1 are set to give 8KHz {nominally R =
120K {t = 2200pF}, then the IG will maintain operation to an
accuracy of one part in 120, i.e, 30 secs/hr, during the fallure. On
return to main power the sleep indicater will flash at 1HZ to notify
user that Indicated time could be in error.

The standby condition is detected by the failure of oscillator 2 to
oscillate, therefore osciflaior 2 is connected to the line-derived.
power source, not the battery,

It |s assumed OSC 2 input has gonea to zero volts.

To remove flash condition take 3.T. or S.A. momentarily to zero.
Analog Sleep Control

A second oscillator is provided on I1C whose frequency can be
controiled by an RC network. This osillatar is identicat to
oscillator one (Standby osclllator} ang occuples the same silicon
raal estate location ensuring that process variations, temperature
variations and voltage varlations have as nearly as possible
identical effects on frequeancy stability. Osclilator 1, which is set
to BKH2 is divided down to 5042 (20.0 msecs}and iz used az &
geting time for oscillator 2 {Sleep Timer Source). The number of
gated counts s lvaded in the sleep timer (capacity 180 counts)

Atalarm, the effect of (S.C./8.R.) becoming zero for at least 20m
se0s 18 to turn Wake 2 output off until next S min Interval, if again
depressed, Wake 2 will turn off for a further § mins—this se-
quence will go indefinitely unth 5.T., or 3.A. or both are returned
to logic ', cancelling atarm. If inputs to the device are left
unchanged for 80 mins then alarm will re-set for 24 hours.
Again to improve the radlo features and simplify radic operation
the tied function of {3.C /S R.} and (SIN) on one button perfarms
the following three functions.

Initiate slesp  {SIN}

Cancel sleep  ({SC))

Snooze repeat {S.H.)

Delaying Alann by 5 Minutes

I, when Wake1 output is capactively coupled 10 (S.C./S.R.) Input
then at alarm time Wake 1 will tiirn on and stay on but Wake 2 will
itmmediataly becorne cancelled, hence no alarm will be heard
from radio until 5 minutes later; this allows an alectrical appliance
to be turned on 5 minutes prigr to alarm sounding.

Use o) Sleep Timst for Tape Recorder Control

If sieep input [SIN} in directly coupled to Wake 1 putput, then a
tape recorder or any electrical equipment can be turned on at
alarm time using sleep output for a period of time set on sleep
potentiometer.

Radlo Control Ouiputs

There are three radio control cutputs:

& Wake 1 and subsequently counted up at one per minute untit 16Qis
b. Wake 2 reached,

©. Sleep output The rangs of aleep time ia controlled by varying OSC 2 rasis-
Funcilon

tance. At 4:1 change in resistance will give variation of 160 to 40
gatad pulses, this giving a sleep time of 0 to 120 minutes.
NOTE:

Minimum sleep tima to ensure correct snooze operation should
be a2 minimum of 5 minutes,

Ve

1. Waka 1-—goes at zero; i.e. is on at alarm time for a period of 80
miRs or until an glarm cancel.

2. Wake 2 goes to zero at alarm time, and stays &t zero untit &
snooze repeat is activated then it will stay off until next 5 minute
point then return 1o zero, for & period of 80 mins unless snaoza
repeat is re-activated. Snooze repeat can be used indefinitely,
until either a continuous 80 mins occurs or alarm is cancehied.
Mote: The 5 minute period Is any 5 min intervai from alatm time
and not 5 min {rom sach snooze repaat.

3. Slesp output goes jow after & sieep initiate for tha pariod of
tims set by slesp potentiometer. (Will be overldden by Wake |f
sooner.)

R1, G1= 120K, 2200FF

R2=0- 450K
Frequency range = BkHZ — 2kMZ
Gate time = 20ms
Zero sleep counts = {20 x 107} x (8 x 10%) =160
Maximum sleap counts = {20 x 107" x {2 x 10°) = 40
Range = 120 ¢ounts

R

Colon Ulilization Hence 1 count = 1 min
COLON CONDITHONS osc 2
FUNCTION BOTTOM TOP
Set time on off cl
Set alarm off on p Fig.2
Stopped (Sync) off otf =
Run {alarm not requested} 1Hz off Toinitiata the sleep timer both $.T. and 5.A. must loglcally be the
Aun (alarm requested) 1Kz 1Hz same, and INC HR/SIN must be momentarily at zero. (See later
Snooze pericd 1Hz 1Hz section).
0.0 gF
1400
15T |
1200 —tee L / ] " | 2500 —— ~— - — — ‘H‘V
ol 7 M om /|
| : w1 JILs 4R
TEe oot A ey 10} LT - peRIODIC T T aemsur]
SECH i FREQUENCY | | ¥ TIME
1 / [ KHz | ; ! T u SECS p— 1 |
aoat 7 ‘ o P 000 : |
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wg / __...-4’, I ( E " =] s
T ] T e T ™
o 0 300
RESISTANCE (K|
Fig.3 OSCILLATOR Fig.4 OSCILLATOR Fig.5 OSCILLATOR
CHARACTERISTICS FOR ¥, = 10V CHARACTERISTICS WITH VOLTAGE CHARACTERISTICS FOR V. = 7.5V
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

*Exceeding thase ratings couid cause

Voitage any pin with respectto Vn........... P R cenenas 120V permanent damage. Fungtional operation of
Storage temperature ....covviivirvnrirsriiiiiicisiiisicinane 897G 10 1150°C this device at these conditions I3 not¢
Operating temperature. ........ P iraveeaa=20PC 0 F70°C implied—operating ranges are specified
Lead temperature (sotdering 10 sec}......... it PO .1 ¢l o] below.
Characteristic Min Typ** Max Units Conditlons

Power Supply Vollage ;] 10 18 Vaolts Vo= OV

Supply Current —_ 2 - ma

50/60HZ Input

Frequency (must be

identical to anodes) 0 50/60 50,000 Hz W.= 10V

Logic 1" lewel 0.6Vp — Vp Vaolts

Logic ‘0" level 0.0 — 0.7 Volts

Inputs {Exel OscHintors}

Logic “1' level XA - Vp Volis

Lagic D level 0.0 — 0.7 Volts

Sagments Out  {on) — k] - mA Vour = 1.5¥

' {otf) - 10 - A
Wake 1, 2, Sleep Out  {cn) — ag — mA Vo =15V
{off) - 10 - whA

Wake 1, 2 {As Inputs)

Logic 1 leyel 0.6Vp — Vp Volts

Logic 'O’ level ag - 0.7 Voits

Oecillators 1 and 2

Hi level - 5.5 - Volts free run

Lo level — 35 — Voits

‘Reset Level - — 0.7 Volts

Uinless specified otherwise, characteristics are defined with V, = 10V at T, = +25°C.

*Typical values are at +25° C and naminal voltages.

NOTES:

1. Under no circumstances during IC operation must any pin either input or cutput be taken to 2 voltage more negative than

Wa ot 1C malfunction will ogour.

2. Mo input or cutput must be taken to a positive voltage greater than 20 volts or permanent damage can resuit,
3. No putput must be allowed to dissipate a continuous power in excess of 100mW.

4. Total chip continuous power dissipation must not exceed S00mw.

5. The total current being returned to Y. through all device pins must not exceed 1 amp.
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lﬁpul and QOutput Characteristics

INPUTS
S.A.
5T Active pull up'sto v,
_ INC HR {SIN) Operate leve! logic 0’ } 2s0k0

INC MIN {(SC/SR)

50/80HZ count input, active pull down
For correct operation duty cycle of 50/60Hz must be 1:1£ 20%

3-24

QUTPUTS

Normally open gircuit

Oparate "on” (low impedance typically 5001

INPUTS

Wake 1 - az inpui 1'=12hr ‘W= 24hr
Wake 2 - as input 1" = BOMz ‘0" = 50Hz
CLOCK INPUT NRISE ELIMINATION TIMING
50/60Hz - strobed every 4ms internally for less than 1 us

Testing 1.C. Faclillias

1. Master reset: This can be activated by pulling OSC1 (Pin 26}
and QS 2 (Pin 25) to zero volts together.

2. Intarnal debounce and predivider logic may ba bypassed {f
0S5C 1 is teken to zero volts while OSG 2 is left running.

a. Under this condition Ing Hrs and Inc Mins ping are not de-
bounced to allow fast incrementing for test purposes.

b. Also in this mode the 50/60Hz input pin is directed straight to
the main counters under contrel of the sleep pin. H Sleep pin at
‘0—50/60Hz input clocks 120 minuts sleep counter, and with
Sleep at "1’ it clocks the main minutes count by passing the
debounce and divide by 50/60 counter. Under this conditlon it
elso clocks the 5 minute snooze counter.



-Operation Clock Radio Example

{showing some features and their use) - ref Figs.21 and 22,
Start-Up )

Radio is connected te line for 1st time, then battery |s Inseited.
Assume following switch position RADIO OFF, SET TIME
SWITCH= RUN

Actlons

Dizplay will illuminate and read 12:00 s'eep indicator will flash at
1Hz. Set clock as indicated previously (Ftashing will ceasa).

In 24hr made 0:00 will illuminate with flashing sleep indicator.
Snooze Bar Action

N AADIO OFF POSITION

15t button deprassion  Low volume radio (set required volumea)
2nd button depression  Radic off

3rd button depression  Radio on low volume

4th cutton depression  Radio off

slc. ...

IN RADRIO DN POSITION

Radio comes on high volume {set wake volume required)

18t button depression  Low volume radic {mute facility)

2nd button dapression  High volume

3rd button depression 851

4th button depression  as 2

Radio Aute

In auto, alarm is requestad at "sef alarm™ time. if sleep is desired

press button. Subseguent button pushes will have same effect as

in radio “oH" poskion.

Select Wake to Alarm Tone or Radio

Azsumne radio selected

At alarm time radio will come on at wake volume setting.

1st button depression  Radio will switch to low volume

2nd button depression  Aadio will switch off

3rd button depression  Radic back a low volums

Ifaftar first dapression radiois left untouched, radlo will raturn to

wake volume after five minutes.

If after 2nd depression radio is left untouched, radio will stay off

for five minutes then return to wake volume.

This wake volume, if left, wiil be maintained for 80 mins uniess

radio is returned to radio ON or radio OFF switch position,

changing switch momentarily from auto to ON or OFF and back

ta auta will reset alarm and re-request for same time next day.

The atzove, repeating snooze, can be maintained idenfinitely i

butten is pushed before B0 mins alapses.

Note: 80 mins i3 timed etther from alatm time, if untouched, or
80 mins from last button depression

Select Wake lo AMlarm Tone

The alarm tone or buzzer is obtained by placing posiive faed-

-

back around the audio amplifiar or radic In such a manner that
the desired sound can be achieved gnd the feedback can be
stapped by open circult one point In the network,

At alarm tims buzzer will sound:
On 15t hutton deprassion Buzzer will cease and radio will
switch to low volume

2nd button depression Radio and buzzer will be off

If atter first depression radio is left untouched, radic will return to
buzzer after § mins.

If after 2nd depression radio is left untouched, radio and buzzer
will be off and at 5 mins BUZZER WILL AGAIN SOLIND,

As for radio position - radio wili raset after 80 mins for 24 hrs, At
any time in buzzer sequensing, buzzer radic select can be
changed over to radio, then the radio will aiternate high-iow
volume with button. Canceiling in buzzer mode is identical to
redio mode.

Typical Applcation

Ta combine the 5.A. and S.T. functions to provide simple and
rapid clock satting. It is suggested that the following iz incorpor-
ated in tha clock radio,

Two toothed wheels are placed over two seperate sprung con-
tacts and coupled to two concentric rotating knebs, {say 12 teeth
each) along side |3 a three pogition switch labeled ‘set time, run,
set alarm’,

To set clock, select time or alarm and rotate Hrs knob, or mins
knob, each click will result in one unit change of tirme, rapid
rotation will result in 12 increments per revolution of knob.

The above procedure results in an easy to use system with the
advantage over mechanical clocks of indapendent hrs and mins
setting.

NOTE:

No carries from mins to hrs can occur during setting of time or
alarm.

Use of Auto Tape

Fig.21 shows - the facility tor autematically switching on an
appliance {e.g. tape recorder} at a specific time and keeping
appiiance active far a period of time up 10 120 mins. in this mode
the wake outputis made to start the sleep - timer at the wake time.

Use of 5 MIn Delayed Alarm with Applance Swilching .

In this mode of operation the wake 1 output is made to cancel the
first alarm through the SC {Inc hr) input such that radio or alarm
time will only ocour at the end of the first snooze pericd.

This resuit in appliance being activated at set alarm time and after
5 mins the atarm or radic wiil sound.

Figt — shows a typical clock-radic biock diagram

Fig.? — shows the chip/display ¢irguit.
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Intetface wiih a Radle r-- - -T---T-T0mT -7

Thera are many possible configurations of clock radios in use —se|
taday and a wide range of different radio chassis are employedin T e T !
these units. It is necessary therefore that the clock radio 1.G. be 1 oo | I
sufficiently flexible to allow simple interfacing to be ¥ = |
accomplished. &
The following section givas differant optlens, features and inter-

PN

CK3300.

Power Supply Intarface

To enable any existing line cperated radio chaszals 1o be used with

the minimum of changes it is suggesied that the following power

supply is used with the adoption of a 2nd line transformer. This

will (a) reduce the need for a change at the exlsting trensformer. = — — — — — — — — — — &~ =~ = -

{1t is unlikely that the existing transformer will be capable of Fig.10 NO BRIGHTNESS CONTROL

providing the additional power reguired of the display).

a. Allow the slectronic clock movement to be self contained rL ST T N:ET]

therefore, keaping the interface wiring to 2 minimum. n Py ﬁ' !

b Allow the same electronic movernant to be used with several L i) |

|

woe o,

E3
2

t
|
f
!
!
facing to demonstrate some of the approaches possible with the : ey
|
1
|
|

radio chassis.

|

|

Options |

1. Without battery standby facility Fig.8 |

2. With batiery standby faciiity Fig.g I
Display Interface and Power Source | 78¥ 3

|

|

|

I

Four options are shown

1. No frrightress contral Fig.10

2. Day/night brightness (two level] Fig.11
3. Manuat brightness contrel Fig.i2

4. Automatic brightness control Fig.13

L
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Radio Switching

Option 1 Push buttan operation (Fig.14)

Qption 2 Rotary switch operation (Fig.15)

Radio Powering

Qption 1{Fig16A, 16B) Direct audio amplifier contral {no active
components)

Option 2 (Fig. 17} Power supply switching using Transistor
Cption 3 {Fig.18) Powar supply switching using a relay

Tone Generation

Opticn 1 ({Fig.19) Sew tooth generation independent of radio
Option 2 {Fig.20} Sine wave generation independent of radio
Qption 3 (Fig.15,16B} Sine wave using the existing radio audio
amplifier

Fig.15 RADIO SWITCHING

Additional Facillties

CK3300 E

1. Automatic tape recording {Flg.21)

2. Appllance switching with delayed alarm (Fig.21)

3. Wake to normal radio with 5 minute alarm over-ride {Fig.21}
4. Wake to quiet radio with 5§ minute alarm over-ride (Figs. 21

and/for 22)

5. Ratio muting during normal radic listening (Figs.21and for 22}
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327



[ malcs i CAT-EERRPF

r
IS

Cx33a8

Ed
]
N
3 |
g 11

B R
a8

] |

a

:

CHF/DISPLAY
MODILE

Fig.21{a) TYPICAL "BASIC™ CLOCK RADIO CIRCUITRY

328




CK3300

ARDE] G4

!
e 2]
!

RROID SWITGHNA i
BY BB CHANGE

|
T T Fmes
LoAs
[I—
sl AL
ENTUFER

LN

_— . TCH= FEETERDK

oL
W —. ;

Fig21{b} TYPICAL “BASIC” CLOCK RADIO CIRCUITRY

3-249



0]

MAM
PIWEA
BLIPFT

e
1
. L
i THE
. Eme
. !
| HLF : i
. : paBE e Sem T . ;
| HEEF THE .
A< COWTROL 1
! SBeK :
! T = S i
1 L L
| = 2EBRPF i
1 RN SO0 RSO I Ll
: + T ) [k
; A o | = :
i
: ! ; - DIEpRANS
- I :
! Crasdl POWER SUPFLY ]
! WITZRFACE WITH ETANDEY GETIN
T it AC |
5 WA 1
| I —_ - _ |
[T e s o m o
8 vot Nz 1 .
oha WA h
I =
| 10
— ! RECTFER
I -3
\
R W SIS R
| l 758
\
| L] Ck33pa
1 BCel
1 .
1 — N
| TR _| |
o : LT - -
P ; RN i
’ ' o N !
i
1 | |
1
[_,.r" X .. B N |
H ALMEMATI BAEHTHESS GONTROL
! H
O o -
L1

Flg-22{(a) TYPICAL “FULL-FEATUAE" CLOCK RADIO CIRCUITRY




CK3300

g |
g
P
m '
: -EE
g 5 11
_ T mm “
| |
Of |- ] g 4
o T a _
§0 [Tz + 1
J = == !
* : pm [ ..wm“...m i
._ e e e e T
|

FROK SWITCHI

HETECTOH

ARG WLME CTRTHAL

e DL TP EEEETS DETMEY

3N

Fig-22(b) TYPICAL "FULL-FEATURE" CLOCK RADIQ CIRCUITRY




M-3300

Digital Clock Radio Moduie

MODULE FEATURES

CK3300 N-channel clock radio circuit

LED display: 4 Digits plus colons

Me radio frequency interferance problams

Na external contact noise alimination circuits requlred

Mo external line freguency noise rejaction circuits regquired
12 or 24 hour displiay

Lending zero suppression in 24 hour mode

FPK indication in 12 hour modea

Adgrm-snooze Indicatar

50Hz or 60Hz operation

On-chip osciltator for standly operation with battery during
fine fallure

Line power intarrupi indication

Slesn operation fndicatar

Low power dissipation

CLOCK RADIC FEATURES

B Simple suppart slectronics

& Anaiog sleep setting {user controlleg 5 to 120 mins with 1

minute resolution}. Ne necessity for daity adjustment

Totally independent slesp and wake timing

Independent volume of music during sleep and wake

Radio sound muting during normal radie listening

Wake to music ar alarm tone

Self-canceting alarm after 80 minutes of wake

5 minute repeating snooze with radic and/or alarm

Slean override or sleep repeat

Wake to alarm tone with quiet radio override {every 5

minutes} during snocze time (repeatabls)

Simple setting of time, alarm, and slesp

Held and synchronize capability for time setting

Independent hours, minutes setting (carry propagation

suppressed)

2 5 minute pre-alarm appilance switching

8 Automatic tape recorder contrgl {record programs
automatically from 0-120 minutes—starting from the
exact second)

DESCRIPTION

The M-3300 module contains a four digit LED display and a
CK3300 LSI microcircuit featuring all the necessary legic, con-
tact noise elimination circuits, control switching and timing
circuits to implement simple-te-use, low-cost, multi-featured
digital clock radios. For tull information on the many features of
the CK3300 microcircuit, refer to the detailed descriptions and
applications suggestions confained in G's CK3300 product data
sheet,

The M-3300 module is fabricated on a single-sided printed cincuit
board measuring 1.5007 = 3.830%,
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CLOCK RADIO SYSTEM DIAGRAM

RADIO RADIO
POWER
SUPPLY
SWITCHING
o IC POWER SUPPLY (Figs. 18,1748
AC LINE AND INTERFACE
o (Figs. 8 & 9]
RADIC
CONTROLS
AND SWITCHES
{Figs. 14 & 15
E L0 mw SLEEP
How @ o x
Ioo g4 SET TIME
8 ERE
= SET ALARM ~
“ @
. INC. HRS @ =
o M3300 MODULE ING. MINS. _ g %
Yy o <
DISPLAY PONER wooers ¢ | el 1
BRIGHTNESS CONTROL : LI Y R R
(Figs. 10,11,12,13 ANCDE 274 - —_
1N4148'S
N 27K
MOTE: Figures rafarancad are contained in the CK3300 product data sheet. ol | Wi Q ¥
MODULE QUTLINE
3.030
0.125 —= | 3.690 : ] |0190
0.059 — 3.070 |
'JI i i =
O | O |4  ozo0
of [ el s g
g — — § 8
glof e ][] Tl
J, C ;) o
PIN § 85 B 5% OB 0210
INEHEEH T IO AR AN A i
! 1.330 ] — | He— 0050 0123E;|A . f— 0.062
0100 TYP |l 0050 - 14} — 0.255°

Al dimensions in inches,
All dimensions nominal,
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CK3500

4 Digit Automobile Clock Circuit

FEATURES

| Direct 20mA segment drive to 4 digits, two hours digits and two
minutes digits.
w Timing designed for 3.58MHz coior TV orystal.
® Two hution setting of the time:
1} increment clock state
21 ingrement selected digit
& Four clock states:
1) Set hours
2) Set tens of minutes
3) Sot units of minutes
4) Run
Selected digit for sefting flashes at 3.75Hz rate.
internal switch debaunce.
Clock resettable to 1:00.
May be operated from a wide range of power
supplies (Devige is powered from a current source.)
B Can be driven from a §0Hz signal.
B Low power consumnption [display off).
m Variable display intensity.

DESCRIPTION

The CK3500 is a bipolar LSt circuit utilizing General Instruments’
I°L technology. The gircuit containg an on-chip arystal oscilletor
and the logic to display hours and minutes in a 12-hour format.
The time is 86t with two Internally debounced switches. The chip
alsc has diract LED segment drive capability, thus requiring a
minirnum of external components,

PIN CONFIGURATION
40 LEAD DUAL IN LINE
Taa View
v et 7 a0 v,
Min '@ Oz 30 [ vy
Min '+ 533 38 [ 05C Coll
Win 'E' 4 37 [ O5C Basa
Min 4 =15 36 [] 60Hz Dut
Win 'B° | 6 35 [ B0Hz In
min 7 2037502 In
in 7" T8 310 3.75H: Ow
10 Min G 9 420 1 PPM Cuwl
14 Kl P 18 3101 PPM In
10 Wb E' T 11 3t ING Drgit
10 MIn A O] 12 29[ INC State
10 Min B 13 28 3 W
10 Win G0 5 14 27 [7 Fcaat
0 K D0 L] 15 2615 Hes D
MG 16 250 He o
0HEBarc 517 ##0 Ha B
Vi 018 23[T Heg W
10 Hra ‘B or &[0 19 220 Hrs B
Hrs o' 320 2t Hra F

Two power connections are provided, one for the LED display
drivers and one for the timekeeping function. With the display off,
low power consumption is possible.

BLOCK DIAGRAM

1PPM

TEME

UNITS

SEGMENT
NAIYERS

HCURS
SEGMEMTS

SEGMENT
GRWERS

DIVIDE BY 12

®.C0.TO Y 566
DECODE

ouT MINLTES MINUTEE
SEGMENT
DRIVERS
1PPM
IN DECODE
COMTROL CONTATL
[Releting LAGIC

DIVIDE BY €&

R T & SEG
DECODE

CONTACHL
LOGIC

h DRIDE BY 12

CONTRCHL. DEGURE |— RESET
AND INCREMENT
OB [t 2254z OUT
PRE-DIYIDER I
5.7hHy
VN b
AQHz f0Mz CRYSTAL INCGREMENT IMCAEMENT
auT L} INPLITS oGIT BTATE

PIN FUNCTIONS

Segment Outpute {23 pins} The segments of each digit are driven
saparately. The outputs ars open collector devices, and are "ON"
whan the segments to be displayed are selected.

Vppy Positive supply to the decoders and segment drivers only
(to censerve battery drain with ignition off).

Vppis Yooz Vppa Positive supplies to the oscillator and count
down clreuits.

Vw Negative supply (normally ground}.

Crystal Inputs (2 plns) Connection of external crystat (frequency
source).

tncrement Digit This input increments the selected digit by one

for each deprassion of the digit increment push-button {i.e. sach
time input is connected to VYpp).
Ingrement Clock State There are four clock states sequentially
selectable for each consecutive depression of the increment
state push-button (i.e. each time this input is connectad to Von).
The four clogk states in order of access are as follows:

1. Set Hours

2. Jet Tens of Minutes

3. Set Units of Minutes

4. Hun
(NOTE: The sequence starts over with continued momentary
connections of this input to Vppy).
Selected digits will fiash at a 3.75Hz rate 1o indicate the clock
state.



TIME SETTING OPERATION

Two switches are utlizad Tor the time setting of the clock. They
each apply a positive voltage to the appropriate pin on the chip.
To describe thair aperation, suppose that the clock is running
normally {In the RUN siata). Closing the ING STATE switch
causes the hours digit'digits to flash at a 2.75Hz rate. At this
point, the INC DIGIT switch may be closad, causing the hours
digits to increment one count gach time the switch is closed.
When the desired hours count is reached, the INC STATE switch
is again closed, causing the tens of minutes digit to flash. Closing
the ING DIGIT switch then ingrements the tens of minutes digit,
When the desired digit is reached, the INC STATE switch |s again
closed, causing the units of minutes digit to flash. This digitis aet
&35 before, repeatedly closing the INC DIGIT switch. Finally, the

ELECTRICAL CHARACTERISTICS

Maximum Ratings
Injegtor Voltage ..........coocoiiiii

CK3500

INZ STATE switch is again closed, placing the clock back in the
RUN mode. Whan the RUN mode is enterad and the units of
minutes digit has been changed, the seconds are reset to zero,
giving an exact minute count. In the RUN mode, closure of the
INC DIGIT switch has no effect.

DISPLAY INTENSITY

When the LED is supplied from a voltage in the range of 25105
Yoits, the current intg injector 4 serves as an intensity control. For
voltage over about 3.5 Volts, a resistor should be included in
series with the dispiay anode. The value should be 2.5 {V-2.5)
ohms and will dissipate a maximum of 0.4(V-2.5) watts. This
resistor serves to limit the chip dissipation to acceptable values.

Injector Curment L. .. s 25mA, .
g T 0T [ =T . vera. 10MA Exceeding these ratings could cause
Output Voltage ........ F e BBV permanent damage. Functional gperation of
Output Current: Display Drivers ................... AR 20mA these devices at thesa conditions is not
TeStPOINIS ... iuiiiiririnrieiirianreriaraasinrinse.. TMA implied — operating ranges are specified
S10rage TOMPErAIUr® «....veveereeenn.. SRR SR 55°C 1o +150°C below.
Operating TEMParature .. ... i i aaenaee s -20°C to +70°C
Charactericties Min Typ Max Unita Condltions
Injector Current:
Lans 25 3.0 28 mA
Iope 055 0.2 25 mA
Iops 5 1.5 25 mA
oos — 10 18 mA
Osciliator Supply 2 _— 5 v
Qutput Sink Current — — 20 mA per segment
Switch debounce — 5Q — ms
Oscillator Frequency —_ 3.578880 - MHz derfved from crystal
Oscillator Beta 20 40 150 -
logic “1™
Fraquency Inputs — cpen — -—
Increment Digits/State 2 2 -_ 5 ¥
Logic “0™
Frequengy Inuts — 1.0 10 mA
Incrament Digits/State — opan - -
CONNECTION DIAGRAM
QISFLAY COMMON ANCOE SURBLY

SUPPLY
T+5%1

aaper 3

&
£
L]

5 KIS0

EFANDEY o K
SUFPLY * B

g
SEGMENT DRIVEAS

CRYSTAL ay
INPLT

i ¥ __JGPYSTAL [ b/BEMHz Solor purst gryalal
2Ajusind ta 3 STHBACMHZ

LRYLTAL ]
INPUT

Vo I3pF

GMD
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M-3500

PRELIMINARY INFORMATION

Automoblle Clock Module

MODULE FEATURES

| CK350G (2L clock cirouit

| LED display: 4 Digits

B No extarnal contact nolse elimination Circuits redired

B All external components are gontained on board

B Low power dissipation with LED's off

M Separate display supply line for dimmer control

¥ Two switches are only off hoard components

® Clock time source is a standard T.W. chroma burst crystal
{on board)

DESCRIPTION

The M-3500 is a moduie which consists of the CK3500 1°L cireuit
with a four digit led display plus alt other components on the P.C.

. board. The M-3500 is a self contained clock particularly ussful in
the auto clock market. The only external components necessary
are the switches for setting time, It also has a separate display
power line for dimmer control and saving power when display is
not energized.

OPERATION

Tha M-3500 module is designed to operate at minimum battery
current draln at all times in an automobile. Maximum current
consumption is used when the display is on and this requires the
ignition to be turned on. The following is & list of modes for
narmal oparation:

1. lgnition off, tights on or off — mogdule keeps time without
display and time can't be altered.

2. ignition on, lights off — module keeps time, display s &t fult
brightness, time can be reset,

3. Ignitign on, lights on -~ module keeps time, display brightness
is dimmer controlled and time can be reset,

M-3500 MODULE

MODULE DIAGRAM

CK3500




AUTOMOBILE CLOCK SYSTEM DIAGRAM
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PART PAGE
FUNCTION HUMBER | NUMBER
FAECENCY . RY-SET0 | daZ

Coynts & displays MW, SW. end YHF freg 3 AYE Bz ey

COUNTERDISPLAY
AY-3-8110 | Ak-8
ATSste |

DESCRIFTION

FAEQUENCY
COUNTERDMEPLAY | Counts B displays Al/FM frequenices with
WITH ¢ DIGIT a 12 nour glack [ av-aan2 AAE

Coniral tircut: aceepts keyboard/ mamone inputs to !
oniiol ang program system. T-1081 AA-10
Dusvlay circull: displays selesten channel numner I T1im
CHEGA®: _ — - e e
B2 CHANMNEL OHA qonverter circuit: convavte culput to coarsa and . pMEM 4856 4A-14

fing tune oulputs.
Memory cirguit 100 word x 14 bt EARDM

%
OIGITAL TUNING
SYETEM

ER 1400

Optional channel sewnclor intaelace circul: permits

preset favante ehannel sakction. ;. T1IH 4h-10
ireuil iract/ T T

Conirol cireuil accapis diract/remote inputs to contral: JRer— Lhoan

ECONOMEGAAT | Piogram system -
16 CHANNEL O/4 gonverier circwst: converts ouipu! to coerse and
HEITAL fine tune wuipuls. ! MEM 9958 eh14
TUMING BYSTEM —————————————— ==~ - e f—
Memary circwit 100 word * 14 bil EAF!OM . ER um
[

Lonirol/Memary Gircuit: accepds direct/ramate inputs 1a |
ECONOMEGA® eonirol! orogram sysiem. | mr.s-g280 . dk-Za
R0 CHANMEL Ll

DIGITAL
TUNTNG SYSTEM

DA eonverter circuil: converts output to coarsa and
ting Tune autputs MEM 4356 . 4A-14

A -5-8300

Warious gircuits in series fa dispiay channel AY-58901
T sgreen with gome Elther AY-5-8140 AA-UB

ON-SCREEN 4
SHANMEL/TIME b px:rme ar 'slmullaneuus ||metr.||splay¢Se Iel:lmn uﬁ AY-5-8320 & GA-2A
DISPLAY SERIES b3play pORITION ¢n goreen, autematic 4isplay FEcel e

s BCD time inputs (see AY-5-1202A clock cirduit]. | _AY-3-8321 dh-29

AY-5-8322

T H N

Oh-SCREEN
TLNING SCALE

Provides &n aleckronic on-acreen luning acale for r
varactor tunad TV sals. AY-38310 | A3

BAA 1024 4A-34

30 Ehannel Transrobier .

AG SYSTEMI  —— . —
T

20 Channel Raceivars L SAA T025-07
{SAA 102502

i
. ; AY-5-8410
23 Cranarsl Transmitters
e . Av-5-8d11
j AY-5-B420 4h-18

] AY-5-a450 4A-18

RS SYSTEMTT
31783 Channg! Recelver

A0 Channel Tranamilter

R/ SYSTEM IIY i AY-5-2480
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AY-5-8100 AY-5-8102

Radio Receiver Frequency Counter/Display Drivers

FEATURES

® Three frequency ranges: 'MW 2999KHz, SW 29.995MHz, VHF
2989.95MHz.

B |F offset: 480KHz (AY-5-B100) or 455KHz (AY-5-8102) on
MW and SW, 10.7MHz on VHF.

& Channel mode 0-99 channe! spacing 300KHz, Standard part
channel O is 87MHz.

B High voltage segment and digit outputs give direct drive
of fluorescent displays.

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Vi
m Ipversion control forlsegment outputs. Tap View
B Direct drive of liquid crystal displays. W Select [ @1 Voo (—17V)
m 1.28MHz master clock input fraguency. 1.28MHz clock Input [] 2 L1 Counter ingut
® 3D0KHz input with 8ms sample time. OE Cutput Erable T 3 PR Preacaler Resal
m TTL compatible inputs and outputs. :g E “ E«:cs:wm ©seleat
.. i 5 gnngl Selec
B 50Hz qutput to drive the AY-5-1200A digital clock. ads o7y LSD
A QT Dz
DESGCRIPTION F Qe D3 } Diga Selact Dutpuls
The AY-5-8100 is a four and a half digit frequency counter for use Segment | & @ D4
in Radio Recsivers. Three main frequency ranges are provided: Outputs ':::F' g D5 7 MSD
2999KHz and 29 995MHz [with a 460KHz IF offset on the AY-5- = U s lou Grysta Sovct
5100 and a 455KHz IF offset on the AY-5-8102} ﬂlnd 299.95MHz £ daa 8:5.1. Segment Select Inver
whh 2 10.7MHz IF offset. For use in VHF FM receivers a channel g [ 14  Diplay Mods Input
mode is available, In this mede a channel number fram 0to 89 is
displayed together with a “+" or "-" sign for tuning indication. in
this mode the IF is 10.7MHz and channel { is B7MHz.
The gutputs are mulfiplexed in five time slots onto 2 seven
sagmemt bus. Digit and segment outpuls have high voltage
capability and witl drive fluorescent displays directly. A pin
option allows the driving of liquid crystal displays using the two-
fraguency muitiplexing system.
SYSTEM DIAGRAM
12800z
CLOGCK,
CSCILLATOR
WHF INPUT SW OINPUT MW INPFLT
1
Gl <
=10 +10 +8 AY-5-8100 Me—— MOGE
P~ SELECT
7 T T
) Vb WL
v
5 DIGIT 7 SEG. DISPLAY
:1"_';_?20% {FLUGRESCENT)
CLOCK
CIRCUIT

Fig.1 FREQUENCY COUNTER CLOCK CONNECTION DIAGRAM—DIRECT FLUORESCENT DISPLAY DRIVE




PIN FUNCTIONS

AY-5-8100 W AY-5-5102 E

Function

Selects 29.995MHz counter range when at logic 'O, See Moge
Select truth table.

Master clock input controls timing of whols system.

Digables the suiputs when taken to logic ‘07

The digits to be displayed are ouiput on these ping in 7 segment

code, They are at logic'1' to display. These outputs will also drive

flugrescent, liquid crystal and low current LED displays.

Fositive supply.

Selects either combined or separste + or - display when in

chrannel mode. Logic'd' selects combined mode, Inthe combined

mode the horizontal bar is output on segment“g" and the vertical

bar on sagment *f", In the separate mode the — gign is cutput on

segment “g” and the + sign on segment “f".

When takan to logic ' inverts the Segment Sslect outpuls (Mote
B f

When taken to logic "1’ the output timing is arranged to drive

liguid crystal displays using two frequency multiplexing.

Master reset to all counters and registers. Resets when atlogic 1",

These outputs seguentially select the digit to be displayed. They

are normally at logic '1” to display. The outputs are high voltage

and are capable of driving flucrescent and liquid crystal displays

directly. Each digitis on for 4ms. A bonding aption gives invertad

ouiputs.

Selects channel mode when at logic '0" and SW and MW are at

togic 't'. See Mode Select truth table,

Selects 2909KHz counter range when at lagic ‘0. See Mode

Select truth table.

This output resets the external prescaler divider, at logic ‘0"

during count intervai.,

Frequengy measuring input. Frequency rangs 10KHz to 600KHz.

Megative supply.

Pin No. MName
1 SW Select
2 1.28MHz Clock
3 Output Enable
4 N.C.
5 N.C.
6-13 Segment Cutputs
14 Vs
15 *Display Moda thput
16 Segment Select Invert
17 Liguid Crystal Select
18 Resat
19-23 Digit Select Qutputs D1-D5
24 Channel Select
25 MW Select
26 Prescaler Resgt
27 Counter Input
28 Voo
NOTE:

1. If the digit invert honding option is uged (bonding to logic *17) the 55} input logic sense will be inverted.

FREQUENCY COUNTER OPERATICN
The frequency counter section is intended to work with an

external prescaler. The three frequency ranges require division :‘Iea;,iurem?m period saénsec 5
ratios o8, 80 and BOO. The appropriate IF offset s loaded Into the Me"t ng ira : ‘ ; 28";3:90 on
counter before measuting. The local osclllator must always be at asier cioex frequency 1. z
a higher frequency than the receiver frequency.
Display Range
Maode DS D4 D3 oz D1 Discrimination Prescaler IF
Mw 2 g a g ¥Hz 1KHz + 8 460
Sw 2 g 2] 2] 5 MHz SKHz - 80 450
FM 2 9 9 . 2] 5 MHz B0KHz B0 10.7
CH + a 9 300KHz B0 107
COUNT 2 9 9 9 4] 0.5KHz + B 10
NOTES:

1. Leading zercs are bianked.
2. In Channe! Mode the + or - signs are lit If the
roceiver is more than 50 KHz off tune.

MODE SELECTION

MW W CH OE Maode
o 1 X 1 MW
1 1} X 1 5W
1 1 1 1 VHF
1 1 1] 1 VHF/Channel
o v} o 1 Counter mode
X X X 1} Clock

3. The tF offset is mask programmed and can in
principle be made to any value,
4. In Channel Mode, Channel 0 = 87 MKz,

DISPLAY OUTPUT
The cutput isin 7 segment form multiplexed into five time slots at

arate of 50Mz, All the display outputs have high voliage capability
and will drive fluorescent displays directly. LED displays can
gither be driven directly or with simple interfacing depending an
the diglt size.

A pin selected option allows the direct driving of liquid crystal
displays using two frequency multiplexing {126Hz and 8000Hz).
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AY-5-8100 m AY-5-8102

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respect to Vs pin

{except Segment and Diglt Outputs) . . . . . . . . . . . . ... +0.3% to —20V *Exgeeding thesa ratings could cause perma-
Voltage on Segment and Digit Outputs with respect to Ve pin . . . +0.3V to —35V nent damage. Functional operation of these
Ambient cperating temperatursrange . . . . . . . . .. ... . 0°C ta +70°C devices at thase conditions is not implled
Storage temperaturerange. . . . . . . . . . ... ... —65°C to +150°C —operating ranges are specified below.
Power dissipation. . . . . . . . .. o000 00000000 o L 6500mwW

Standard Conditlions {uniess otherwise noted)

Vin = +5V 0.5V
VYoo = —12V £1¥Y
Vi = =28V 2V
Operating Temperature (T.) = 0°C to £70°C
Fi = 1.28MHz +0.01%

} OF: Vgg — Vo= 15.5V to 18.5V

Characterislic Sym Min Typ** Max Units Conditlons
Input logic ‘0 ievel . Vi — - +0.8 Volts
Input logic 1" leve! Ve Vs —1 - - Volts
Input toad currant 1o - — 02 mé Vin=-Von MNotet
{SW, 1.28MHz, OE, MW, Cl, CH)
Input slnk current T _ - 02 M, Vin="1V¥s Notel
(DM4, 581, LG, R)
Input capacitance Cm — - 10 pF Vin=0Vi=1MHz
Diglt Select Outputs _
Logic 1" On Current 5 - mA Vour = {¥s: —21¥ Fig. 2
Logle ‘0 Off Current — — 10 KA Vour= (¥ +1)V  Fig. 2

Segment Oulpuls

Logic ‘1" On Current 2 — - mA Vour = (Vss—2)V  Fig.2
Lagic ‘0" Off Current n - 10 1. Your = {(¥n 41}V Fig.2
PR Culput

Logic ‘¢ Voo — — 0.5 Volts ] Load = 2TTL gates {3.2mA), 3.3K
Logic'¥' Yoy ¢ Wes ~2.2 - Wolts resistor to Voo, +20pF
Clock input frequency f. — 1.28 1.4 MHz Note 3

Clock pulse width 3350 — - ns logic 0" or 1’

Count input frequency 10 — 800 kHz

Count input pulse width G600 - — ns logic '0" ot '1°

Muitiplex rate - 50 — kHz

Power consumption — 450 — mw

Typical values are at +25°C and nominal volteges.

NOTES:

1. These inputs have resistors of nominally 170Kohm connected to Ve,

2. These inputs have resistors of nominally 170Kohm connected ta V.

3. For correct frequency readings the clogk input frequency must be 1.28 MHz £ 1 in 105

—

TIMING DIAGRAM

b= COLMT FERIOD —=s
B
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AY-5-8100 W AY-5-8102

a5y - » »
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Fig.2 FREQUENCY COUNTER/CLOCK CONNECTION DIAGRAM-DIRECT FLORESCENT DISPLAY DRIVE




AY-3-8110  AY-3-8112

Radio Receiver Frequency Counter/Display Drivers with 4 Digit Clock

FEATURES

Low current drain {10 mA)

Wide supply voltzge range {5V to 16v)
Intensity control on-chip with external RC
Display disable

Mask programmable display frequency

100, 200, 409, 8O0 or 2 KHz

Inter digit blanking — 105

Latched outputs to aveid bianking or flashing
during counting.

RADIO FEATURES

Measures standard AM znd FM frequencies
Displays frequencies on 3% digit display
Externally programmable FM IF offset
282.5 KHz AM IF offset {AY-3-8110)

455 KHz AM IF oifset (AY-3-8112)

10KHz steps on AM, 200KHzZ steps on FM.
CLOCK FEATURES

B 12 hour clock

Hour and minute display

Seconds reset controd

Easy time set controls

DESCRIPTION

The Clock and Radic Readout chip is an LS} system that containg
all the neceasary circultry for displaying time of day or radio
tuning freguency on a commaon 3% digit display.

The time is derived from an on-chip crystal oscitlator and internal
countdown circuitry. An internel digit counter and seven
segment decoder provides the signals to drive the display. The
radio station freguency is detarmined by measuring the loca!
osclliator of the radio and subtracting the IF frequency.

The chip is a monotithic N-channel metal gate MOS device using
lon Implant to achieve bath enhancement and depletion devices.

BLOCK DIAGRAM

RADIO 4 DIGIT/T SEGMENT DISPLAY

Sy =

- BUFFER
100 A

L

HOLRS /_] | t

MINS 2.304MHz
CRYSTAL

AY-3-B110:/8112

TIME

| FREQ

4A-8

PIN CONFIGURATION
28 LEAD DUAL IN LINE
Tap View
AM Frag. -t 28 [ Voo
F#k Fraq. 2 27T Sl Time
AMFR 3 26 O Sal Freq.
Inbibit Tirne Sal 4 25 [0 Intenaity
Tes 5 24 [] Segmant &
Fese 1] 6 23 [ Segment a
Qeciliator 1 T 22 1) Sagment b
Oecilialor 2 B 21 0 Sagment f
FRANF Adjust ] 20 O Ssgment DP
Dlgi 2 [ Segment &
Digin 3 1 Segmeant g
Digit 4 (1 Seqmant o
Diigit 1 [ Set Minules
GHD [ Set Hours
QPERATION

The keyhoard consists of two momentary Z-pole switches:
Time/Freguency and Set Hours/Set Minutes. The hours o
minutes are advanced at 2 per second after a one second delay. A
momentary depression of the set minutes resets the seconds
without altering the minutes. The display switches from time to
frequency and remains there on the momentary deprezsion of
the Time/Frequency switch to frequency. The dispiay
automatically switches to time when the radio is turned off,
Four external diodes program the chip 1o accept 16 different FM
IF offset frequencies from 1048 MHz to 1076 MHz in 200 Hz
steps,

The clack colon is automatically dispiayed using the decimal
points as shown. Tha clock Is 12 hours.

I [

D L | 5 9
when displaying fraquancy the decimal points are also used to
indicate stareo and the radio station. There are no decimal points

in the AM mode. Below is the FM display. (The least significant
digit is a LH DF. All others are RH DF.)

STEREQ |e —I
L]

The FM local oscillator output of the radio must be divided by a
factar of 100. The AM display iz as foliows:

581




OPERATION (Continued)

The FM frequency display always shows odd tenths. The display
raads the center of the trequancy band even if the radio is tuned
upto ~100KHz off center. Tha FM IF offset is determined by the
use of diodes. Tha program coda is as follows: (A 'Y representaa
dinode from the digit lina to the IF irput pin, pin 9.)

The code is shown below:

AY-3-8110 » AY-3-8112

The AM display always ends in Zero.
The AM IF oftset iz 262.6 KMz on the AY-3-8110and 455 KHz on
the AY-3-8112,

The display reads the center of the band ever if the radio is tuned
up to & KHz off center.

Digit Lines
Frequency | 10 Hour Hour 10 Min. Min, DISPLAY QUTPUT INTERFACE
1076 1 1 1 1 There are twelve output lines tp drive the digital display: seven to
.1074 1 1 1 0 drive the segments of the display, four for the digitdrive, andona
L1072 1 1 4] 1 for the colon, decimal point and stergo light. The decimal pgint,
L1070 0 1 1 0 calon and stereo light follow tha truth table balow:
1068 0 1 1] 0
1066 a o 1 1
1064 0 ] 1 0 AM FM Time Diglt Time
1062 1 0 ! o Colon QFF | OFF | ON 10 min., hrs,
1080 v] V] a a
1058 1 o 5] 1 Decimal Point OFF ON OFF min.
1058 1 0 3} g Stereo Light OFF ON OFF 10 hrs,
1054 1 1 o 3]
. 1052 a r] o 1
1050 a 1 0 1
1048 0 1 1 1
1045 1 0 1 1
PIN FUNCTIONS
Pin MNa. Name Function
1.2 AM Freq., FM Freq. The local oscillator output frequencies from the radio are
connected hare,
3 AM/FM A high onthis pin sets the logic to expect a FM frequency in. A low
sets the internal logic to AM,
4 Inhibit Time Set A high level enables the set hours or set minutes switches. Open
circuit disables these switches.
5 Test An 8 Hz signal can be observed here.
-] Reset A low level resets tha chip,
7.8 Oscillator 1, The crystal and assoctated trimmer capacitors are connacted
Oscillator 2 here,
9 FM/IF Adjust The dinde programming is lput here.
10-13 Digit 2,3,4,1 These pins go to ground 1o select the appropriate digit.
14 GND n.ov
15,16 Set Hours, A graund on these ping causes the hours or minutes to update at
Set Min. a 2 per secont rate, There is a one second delay before updating
starts. If set min. is grounded for more than 0.02 seconds butiass
than 1 second, the seconds courter is resst. (See Note 1 below),
17-24 Segments a-g & DP These ping go positive to indicate the desired segment and
decimal point. )
25 Intensity An external RC network of 1M1 and 300pF controls the display
intansity.
26,27 Select Freq., A momentary ground on one of these pins selects frequency or
Select Time time to be displayed.
28 Voo Time B+ supply, +10V to +16Y {clock functions down 1o +5V).

NOTE 1: There is a "disable” feature — grounding pins 15 and 16 simultaneously disables the display {plns 10-13 and 17-24

become three-state).
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AY-3-8110 m AY-3-8112

ELECTRICAL CHARACTERISTICS

Maximum Ratinga*
Voltage onany pin with respectto Vgspin .......... -0.3t0 +18Y

Storagetemperature range ... ..o -55°Cto+125°C
Ambient operating temperaturerange ............. 0° to +60° C
Standard Conditions {(unless otherwise noted)

Vgg = OV
Vo = +10V to +16Y (clock functions down to Vg = +5Y)
Operating Temperature {T,) = 0°C to +80°C

NOTE 2; Pins 3, 9, 15, 16 and 26 have on-chlp pull-up rasistors to

MOTE 3 Pins 4 and 27 have on-chip pull-cown resistors to Vo,
““Typical valuas ara at +25°C and nominal voltages.

*Exceeding these ratings could cause perma-
nent darmage. Functional aparation of these
devicas at these conditions is not implied —
operating ranges are specified below,

Vee

Characterlstic Min Typ** Max Units Condtiions
Clock
input Freq. — 2.304000 — WHz
Logic 'O’ -— — a5 Volts
Logic '1' 35 — - Volts
Capacitance — - 10 pF
Leakage - - 10 WA
Control Inputs
Logic 'O — — 0.5 Volts
Logic V' 35 — — Volts
Input Current (Note 2 - above) -3 - -40 A input connected to Vsg.
Input Current (Note 3 - above) 3 — 40 pA Input connected to Ve,
AM Freq., FM Freq,, Intensity lnputs
Logle & — — 0.5 Valts
Logig 't 25 - - Wolts
Leakage - - 10 MA
Pulse Width - Pin 1 {AM) 180 - — ns Paositive or nagative,
- Pin 2 (FM} 360 — — ns Fositive or negative.
Outpuls
Diglt
Logic 'O’ — — 16 Volts Voo = 168V y  VEC
- - 1.2 Valts Vog = 10V
Logic ‘1" 15 — — Valts Vg = 16V
9 — — Volts Ve = 10V a
Logic ‘0" Gurrent {calculated) - -3.3 - mA Voo = 16V 38K
— -1.95 — mA Veg = 10V PIN
Quiput Current
with outputs disabled — —_ 0.4 m#
Segrnent
Logic 0 - — 8.5 Voits Voo = 18Y PIM
- — 0.5 Volts Voo = 10V
Logic 1’ 8 — - Volts Vg = 16V 1K
35 — — Vols Ve = 10V
Logic ‘1" Current — 265 — mh Voo = 18Y
— 1.4 — ma Vcc = 10¥ =
Output Leakage
with outputs disabled - — 20 DA
Supply Current — 5 10 maA Display outputs disabled
TIMING DIAGRAMS
p— 2.5ms —+
g AM SIGNAL
10 HR L INFUT A
eqn 1/
it RGP 1 -
SUTRUT A L L 81 ZAMHz {Typ.}
HR
SEQUENCE g o FM SIGNAL
N B + INFUT
M gL , - Loy
TYPICAL O I"’ —= t=—10ps ALy < L2MHz (Typ )
SEGMENT | L :
outpur T i gas*r —| | 25ms
INTENSITY PIN 11 UTPUT
—= e 10ys (BHz) e




AY-3-8110 ® AY-3-8112

TYPICAL CHARACTERISTIC CURVES
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T-1001 MEMA4956

T-1101 ER1400

T-1201

OMEGA/82 Channel Digital Tuning System

SYSTEM DESCRIPTION

The Omega System combines an electronic solid stata channel
selector with a VHF/UHF varactor tuney pair. The syatem accepts
a calculator-like 2 digit keyboard entry and provides the selected
channel numbér on a two digit seven element display. Controls
are also provided for fine-tune, coarse-tune, search, digital step
tuning up and down. Single digit entry for favorite television
channels is avallable as a design option.

The digite! counterparts of the analog channel voltages cor-v
rasponding to the frequencies tuned are stored in & non-volatile
Electronically Alterable Read Only Memory {EAROM) which
ratains, without standby power, the desired coarge- ang fine-tune
data for all channels. The system has been designed to be
extramely Insensitive to supply voltage variations, component
aging and environmaental changes. Thae tuning accuracy depands
only or a single well regulated reference voitage for its stakdlity.

The methad of D/A conversion used s a pulse width modulator
driving & low-pass flliter. The DC component out of the filter is
applied to the varactor tuner. A complemeantary MOS device is
used between the control ehip and the low-pass filter to achieve
the grecigze and stable amplitudes required at the input to the
filtar,

The EAROM is a 1400 bit solid state memory organized o one
nundred words of 14-hits each, This technology provides & non-v
votatile memory for B8 channels of tuning information. Two
words or linez in the EAROM are reserved to remamber the two
digit channel number for the last program selacted by the viewer.
When the set is turned on again after beiag off indefinitely, it
autornatically setects the last channel selected bafore shut down.
Each word can be erased and rewritten without affecting the 39
othar waords and is updated any time the viewer adjusts thatuning
of hie set. Adequate space in the memary is provided for the 12
VHF and 70 UHF channeds, plug 18 locations reservad for other
services.

BLOCK DIAGRAM
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Control Chip {T-1001)

The control chip scans the keyboard at a 14 KHz rate on constant
atert for a switch closure. A closure may command one of the
following functions:

(a] Two digit random channel selection

(b} Channel stepping {units or tens digits)

{c} Coarse-tuns

{d} Fine-tune

{e} Search
The contral chip also is designed to accommeodate a signal input
from a remote controf receiver and a “power-up” signal from a
power supply to trigger the last-channel-viewed function.

Display Chip (T-1101)

Each digit of the channel number entry is convarted into a gne-
out-of-ten code and serialty sent to the display chip whers it is
stared and decoded both for a seven segment or character
generator display and for band switching.

EAROM Chip (ER1400}

This channel number is also used as a two digit address (00 thru
97} for the EAROM memory to [ocate the corresponding memory
line. This twenty bit address is sent serially to the EAROM an a
single wire bi-directional data bus.

The EAROM memory is designed to accept & two digit 20-bit
address. This format was selected to provide eaze of keyboard
encoding, ease of display encoding, EARDM address decoding,
and ease of address incrementation {ona bit shift),

The slow speed and simple timing requirements of the memory
permit address and data to flow both to and from memory on a
single wire. A further economy of interconnects is achieved by
using a three bit paraliel cods to command the memory into one
of its seven modes of operation including: Input Address, input
Data, Erase, Write, Read, Data Qut and Stand By.

For a completa description of the operation and specitications of
the ER1400, refer to the data sheet beginning on pags 4A-17.

D/A Converter Chip (MEM4956)

The CMOS D-to-A converter chip provides interface between the
control chip putputs and the filter. In order to achievs optimum
trade-off in the D/A system between clock frequency, ripple
content of the filter output, and filter settling time, the 14-bit

OMEGA

conversion is done in two parts. The 10 most significant bits
generate a variable duty factor waveform with 1000 resolution
alements of fixed amplitude.

The faur least significant bits are used to generate a narrow pulse
fegual in wigth to one coarse resolution alement) but variable in
amplitude to 15 discrete levels. The variable width and variable
amplitude components are multiplexed together in the CMOS
chip and drive the input to the low-pass filter. Thefilter integrates
the area under both component waveforms and delivers & do
voltage to the varactor tuner. The rippié is kept below 100 uV and
the setiling time is about 50 ms. This is accomplished with a
rmaximurm ciock rate of 1 MHz and with a resolution of 1 part in
15,000 of the reference supply voltage.

For a complete description of the operation and specifications of
the MEM4956, refer to the data sheet beginning on page 4A-14.

Interface Chip (T-1201)

Where single digit entry is required for up to 20 favorite channels
a fifth Chip (Interface Chip) is added to the system. This Interface
Chip is a PMNOS deviee incorporating a 20 line non-volatile
memeory (EAROM) of 12 bits per line together with all logic
functions to address the 20 ling memory as well as to interface
directly with the rest of the Omega system via the control chip
keyboard input lines,

Each memory line in this chip is capable of storing a two digit
channel number {"zera” before a single digit channgl number)
which is enterad via a tens and ones input that can be sequenced
throwgh 0 to 9 with wrap around, but without carry over and ean
be stored by pressing a store button.

The channel numbeér autput from the display chig always shows
the correct channel number that is stored in the data registers of
the interface chip whanever any function on it is selected.

The tuning voltags output from the DAC also correspands to the
data stored in the main 100 line memory for that channel number.
The Interiace Chip vsgs a binary inputkeyboard to provide single
digit access to eachof up to twenty mermary lines via a diode
matrix or to directly interface with binary coded, remote systems
for a single digit address.

Provision has been made for ssquencing through all 20 mameory
lines for simplified remote control, with the capability of
introducing a skip code (0,0) to bypass any memory tine. Memory
line or single digit button number cutputs are alsc avallable in
both binary and BCD format.
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OMEGA

'SYSTEM OPERATION

A. Two digit entry (8 thip OMEGA system)

To select a channel the viewer depresses two digits {“zero”
before a single digit channal number) on a keyboard connecied
to the keyboard entry pins on the control chip. A one of six
subroutine counter in the control chip is used to continuously
scan the keyboard for a closura which then stops the scanner. A
debounce device is used to confirm the closure afier 2 debounce
period of approximately 15 msecs. Confirmation of key closure
converts the subroutine counter Inte a shift register which passes
the data contained in it to a register in the display chip. The
process s repaated whan the second digit is entered. When
both digits of a valid entry are recelivad by tha data registers in the
display chip the following seguence occurs,

a) The control chip addresses word/line 893 in the 100 line
main memory (EAROM) via the EAROM addrass register.

B One digit of the charinel number storad in the display chip
registers is shifted via the control chip to the dfata reglster of
the EAROM and upcn receiving a “writa" signal from the
control chip the data is shifted into the EAROM meamory
line accessod by the address register {in this case line 99).
This is repeated for writing the second channel humber
digit inte line 98 and the combination represents the storing
of the tast channel viewed information used during power
up of the system,

o] After storing the tast channel viewed information the
channel number stored in the display chip register 1s sant
vig the control chip to the address register of the EAROM so
that the memary line carresponding to this channel number
can be read on command from the controd ehip.

d) The read-from-memory command causes the data in the 14
bit memory line accessed to be read into the Data register of
the EAROM and from there out to a 14 bit register in tha
control chip which alsc doubles as two polynomial
counters of 10 and 4 bits,

8) After receiving the information from the data register of the
EAROM, the 14 bit register in the control chip becomes a
ten bit and a four bit polyromial counter. Tha 10 bit
polynomial counter is used to produce, via a set/reset flip
flop, a variable duty cycle square wave (amplitude is VYoo to
Vsg) which is used to generate, via the CMOS DAC, the
coarse tuning veltage corresponding to the code in theline
of the EAROM that was accessed.

f) The four bit polynomlal counter acts similarky to the 10 bit
couttter, but in a different time frame. it gives a varlable duty
cycle square wave at a frequency of approximatetly 87 KHz,

g) The coarze and fine tune data is fed from the control chipto
the DAC where it iz amplified to the lavel of Vaer (tuning
voltage refarence). Tha fine tuneinformation is also filtered
ta a DC level and then insarted at the end of aach coarse
tune pulse. It is this combined cutput of the DAC that is
filtered by a 5 pote filter network to produce the tuning
voltage Yy for the varactor tuners. The outputimpedance ot
the filter is approximately 47 K ohm and its rige tima s about
50 msecs.
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Operation of the fine tuning contrais (UP or DOWN) on the
control chip alters the 4 bit polynomial countar which has carry
over to the 10 bit polynomial counter. Therefore use of thesa
controis allows the user to scan through the total tuning voltage
range at & speed that Is determined by the tlme constant of the
network connected to pin 37 of the control chip. Alteration of the
time constant is used to provide coarse tune speed for set up, as
well as gquelization of the tuning rate {MHz/sec) between VHF
and LHF.

The action of the store-fine-tuning command, which may be
made manually, or autematically on release of the fine tune
button, cause the two polynomial counters to chain together into
a 14 bit shift register which then shifis its contents into the data
register of the EARCM which is then written inta the memory line
of the EAROM corresponding to the channel number that isinits
address registar.

The new tuning data is still retained In the contre! chip register
which raturns to its pdlynomlal countsr mode and continues
operating as previously described,

On power-up, a master reset puise is penarated in the contral
chip to reset ali clocks. The control chip then algo addresses lines
85 and then line 98 of the EARDM in sequence causing the
Information stored in those lines (lastchannel number viewed) to
be putinto the display chip register (if iast channel viewed option
ts used) which then starts up the sequence described previously
just as if this data came from the control chip keyboard. Read and
write times of the EAROM lines are approximately 20 msegs. All
times are referenced to the internatly generated 1 MHz clock in
the control chip. )

Channel number Information In the display chip register |s used
to automaticafty decode the band information which is fed out as
logic signals by the 4 band outputs of the display chip. The
channel number information iz alse available {depending on
display chip used) in a form zuitable for common ancde type
seven segment displays {units end tens digit Information are
separate) or for character gengrator type dispiay in BCGD format,
Timing waveform outputs and inputs are provided on the display
chip for decoding channel number information where
appropriate.

B. One digit entry (5 chip oplion)

The use of the Interface chip for single digit entry for up to 20
favorite channels does not basically modify the operation of the
systern as described sbove. This chip interfaces with the
keyboard lines on the control chip and the operationa! sequence
is identical to that of a two digit entry from the keyboard except
that the two digit information comes from the Interfaca chip
register which is fed the two digit channet number Information
stored in ong of its twenty memory lines (non volatile), which can
be accessed by single digit entry as described above.

When the Interface chip is used there is an option availeble as an
alternative to the obtaining the tast channet viewed on power-up.
This alternative option always returns the system to memory ling
"ane" on the Interface chip on power-up.



ELECTRICAL CHARACTERISTICS

Maximum Ratings

OMEGA

Voltage on any pln with respect 16 Ve . ..oooniiiv e =20V to +.3V
Storage Temperature RANGE ...y cvvicievnriirennian. -30°C to H150° 0
Operating Temperature Range ... it 0°C to +70°C
T-1001 Standard Conditions (unless otherwise stated)
Vgg = Ground
Yop = +12¥
T, =0°Cto +70°C
Characlerlstlc Min. Typ. Max. Unlts Condltions
Supply Yoltage, V, 10.8 12 13.2 v
Supply Current, |, 15 35 ma Voo = 120 VDO
Master Clock, f, o.7 0.8 09 MHZ R = 100K = 5% to Vg
Fine Ture Clock, av 1.2 12.5 kHz C = 68, 75, or 82pF * 10% to Vs
Inputs:
Logic "1" Vgg +8 — Voo ¥
Logic “g” Vaa —_ Vgg +.5 W
Culputs:
Logle 17" Vpp -2 — Yoo Y
Logie "0" Vg — Wag +.8 v
Risa & Fali Time t,, t; 1 L]
T-1101 Standard Conditions
Ve = Ground
Vop = +12V
T, =0°C to +70°C
Characteristic Units Min. Mhax. Conditions
Voo v 10.8 13.2
oo mA 10 With clock running
v v Ves Voo
Qulescent Current mA 10 Clock Frequency = 0Hz
W (Logic Low Signal In} ¥ 0.0 1.0 At all inputs unless otherwise specified.
V4 (Logic High Signal in) ¥ 3.0 Voo At all inputs unless otherwise specified.
V. o {Logic Low 0.0 1.0V For Ping 8, 9, & 10 intp 1 M4, 20pF load
Signal Out) ' 0.0 a.5v
Vho (Logic High Ypp —2 Voo For Pins 11, & 28 into 1 M, 20pF joad
Slgnal Out) v Voo 3 Voo For Pins 8, 9, & 10 into 1 ML, 20pF load
@1 (Units & Tens Clock) KHz 8.2 16.8 Fins 1, 4, 5
Tg Te ns 550 Fins 1, 4, 5
B2 KHz 9.2 16.8 Pin 4.
Duty Cycle @1 (Typical) 112 of clock Freguency Fins 1, 5.
Duty Cycle @2 {Typical) 1/6 of clock frequency Fin 4,

Toeiay us A5 .58
Te: T: us 1
Rour Kohms 24
Ve v 2.0V
Variations
Batweaen
These
Cutputs
onany 1
chip to be
1V Max,
ln mA 1.6

Delay between rise of @1 and 32 = 1/F

Pins & thru 11 and 28 Load = 10pF

Ip = 1 mA Ping 3,7,38,38

At g Min. = 17 mA. Additionally each cutput
shall be capable of sustainning |, max 25 mA ping
13, 14,15, 18, 17, 18, 1%, 21, 32, 23, 24, 25, 36, 27.
For LED display cnly. In the off condition leakage
currant at +20V to he no greater than 10 pA.

For indirect dlsplay drive — 13, 14, 15, 16, 24thru
27. Qutputs to be compatible to TTL or CMOS
withut interface. V,:= 0.6V.
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MEM 4956

CMOS D/A Converter

FEATURES

® Combined and/or separate Coarse and Fing Tuning
B 30V Tuning Voltage Renge

® High Stability

E Low Power Consumption

DESCRIPTION

The Mem 4958 is 2 CMOS D/A Converter designed to operate in
conjunction with the Gl Omega and Economega Digital Tuning

PIN CONFIGURATION

14 LEAD DUAL IN LINE

Top View

Coarse Tune Inpui [}
Fine Tune input []

Vgg tareund} [

Fine Tune Quiput ]
W (-2% nom.y ]

Fine Tune Refarenca [ ]

+1

Bom B W M

F

[ Veg (+12¥ nom.)

] Fine Time Stol Input

[l Coarse Tune Aeference

J Filtared Fine Tunlng Yoktaps input
1 Wy (2% nom.)

] Tuning Yeltage Culput

Systems. Vo (728V nom.) [ 7 5[ NG
It congists of twa level shifting amplifier-drlvers with a common
output. A contrel input determines which amplifier is connected
to the output.
BLOCK DIAGRAM
T REF
Vez Voo 12
.
Yen Voo Vs
CT i — — ———
INPUT
13
FT REF 4
Yon Voo & TUNING FINE TIME
YOLTAGE SLOT
CQUTPLUT
- o — . — —
FT 4 1
IMPLET FT FILTERED

OUTPUT FT INPUT

AA=14




MEM 3956

PIN FUNCTIONS

Pin No. Name . Funetion

1. Coarse Tune Input Positive going pulse. The duty cycle determines the Tuning Veltage Output.

2 Fing Tune Input Positive going pulse. The duty cycle determines the Fine Tuning Voltage Quiput.

3 Vsg Negative power supply.

4 Fine Tune Qutput Ampiified version of Fine Tune Input. Switchas between Vss and Fina Tune Reference.

5. Ve -2V Bias used to increase breakdown voltage.

] Fine Tune Reference Power supply to Fine Tune Buffer Amplifier: 2BY nom.

7 Voo Powar supply for Logic: 28Y nom. (Voo must be the most positive power supply).

8. Tuning Voltage Qutput Combined Coarse and Flne tuning data which after filtering is used to tune the TV,

0. Ve -2Y Bias used 10 increase breakdown voltage.

1. Filtered Fire Tuning The Filtered Fine Tuning Voltage connected to this inputis combined with the Coarse
Voltage Input Tuning Data by the action of the Fine Time Slot input.

12, Coarse Tune Aeference Power supply to Coarse Tune Bufter Amplifier: 28Y nom.

13 Fine Time Stot Input When at logic ‘0 the Coarse Tuning information is connected to the Tuning

Voltage Output. When at joglc 1" the Fine Tuning infarmation is connected.
14, Vag +12V retererca for input level shifting circult,
STANDBY

The -2V V5 supply may be reducad to 0V during standby provided that Vg, Vagr and ¥gees are reduced 10 +12V {Vga). The Vg pins must
not be open circuited.

BIAS SUPPLY .
The -2V Vy supply must heve a source impedance of 2.2Kohm or less and be deccupled to Vgg by a 10nF ceramic capacitor.

CONMNECTION DIAGRAM
(4 T
K7 22 o TUNING
VOLTAGE
.33uF 66nF 15nF
*28V O &
FINE 1N4 148
TIME O-
BLOT
12y Ot
14 3
MEM 4956
COARSE ! | I l 7
TUNE
FINE 22K FINE
O— ] Py — TUNING
TUNE YOLTAGE
NO I 01pF
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MEM 2956

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage of any pin with respect to V. pin (3) {except

Veer.t VRer. o Vonand V) .. oo iin . B 01
Voltage on Vger 1, VRer, 2, Voo with

respectto Vgg pin ..o oo e, Vg to +236Y
Voltage on Vg with respect to Vgg pin....ovvivviviiiiiiineiieie o —4 to +03Y
Storage Temperature Range ................ e -40°C to +100°C

Ambient Operating Temperature Range. ., ..

Standard Conditlons (unless otherwise noted)

Vss =0
Vag = +12V © 10%
VoD = Viaee 4 = Vigr 5 = +28 10 +30V

verrerraieni e 0°C 0 +T0°C

*Exeeeding these ratings could cause perma-
nent damage. Functional cperation of thizs de-
vige at these conditions 8 not implied —
operating ranges arg specified below.

Vg = 2V = 10%
T, = +25°C
Characteristic Min. Typ. Max. Units Conditions
Input
Lagic ‘0" -0.2 - +0.3 Volts
Logic 1’ 10 — Vas Volts
Fine Tune Qutput on Resistance
Logic '0° — 100 300 Ohms
Logic 1" - 70 200 Ohms
Tuning Yoltage Qutput on Resistance
Logic 'O - 200 500 Ohms Pin 4 connected to Pin 11
Logic 1’ — 300 700 Ohms R1 = 10KOhm
Output Propogation Delay
Legic ‘0" to Logic 1’ — a0 — n& I -
Logic '1' to Lagic ‘0 — 80 — ns C1 = 100pF
Qutput Switching Time
Logic ‘0" to Logic 1 -— 80 — ne } ~
Logic ‘1" o Logic ‘0" - 70 - ns €1 = 100pF
Supply Currenl
Ve Yoo Yaer 1+ Vagra Vo - 0.2 5 WA, Voo = VRer+ = Vaer2 ~ +28V
Vg = +12V, Vg = -2V,
Pin 4 connected to pin 11; all inputs at Vg
or Vgg
TIMING DIAQRAM
(f{ e
}7
Vin
50% - 50%
td{0-1})
{(C
- L))
0%
Vaur
507
1%
-| Ty [
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ER1400

1400 Bit Electrically Alterable Read Only Memory

FEATURES
PIN CONFIGURATION
® 100 Word x 14 bit organization Standard package Special order package
m Word atterabla 8 LEAD TO-92 8 LEAD TO-8
® 10 years unpowsred data storage
B Write/Erase time 100ms/word
 Single -35 volt supply
B No voltage switching required Botiom View Bottom Viaw
® MOS compatible signal levels

DESCRIPTION

The ER140 is a serial input/output 1400 bit electrically erasable
and reprogrammable ROM. organized as 100 words of 14 bits
each. Data and address are communicated in serial form via a
one-pin bidirectional bus.

Addressing is by two consecutive one-of-ten codes. ; :‘m o 5. Clack
7] B &1
Meode selection is by a 3 bit code appited to C1. C2 and €3, 3 Vgg 7. 62
. : . - . 4%
Data is stored by internal negative writing pulses that selectively GG & €3
tunnel charge into the oxide-nitride interface of the gare insulator
of the 1400 MNOS memary transistors. When the writing voltage
is removed the charge trapped at the interface is manifested as a
nagative shift in the threshold voltage of the sslected mamory
transistors.
BLOCK DIAGRAM
14 BITS DATA REGISTER F
— DATA -
2}
e}
E 1 BUFFER H
N MEMORY
E ARRAY
a DATA FLOW
1] 10014
o
READ
R
£ WRITE oo K——c1
3 DECODE  fm—mm—ecs Cs
ERASE
A LOGH é—————c
o 3
o
R’
E
5
& OECODE ]
cLock |, CLOCK
GEM.
UNITS ADCRESSE

i aITs
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PIN FUNCTIONS

Pin No. Name Function

1 Data in the Accept Addrass and Accept Data mades, this pin is an input
pin for address and data respectively. In the Shift Deta Out mode this
pin is gan output pin designed to drive MOS. In Standby, Read, Erase
and Write, this pin is left floating.

2 Ve Used for testing purposes only. Must be left unconnected
for normal operation.

3 Vas Chip substrate. Normally connected to ground,

4 Vao DC supply. Normally connected to -35 volt supply.

5 Clock 14KHz timing reference. Re&llmd for all operations. May be left at logic
zero when gevige is in standby.

6,748 CGi,.C2 C3 Mode control pins. Their operation is as follows:
€1 G2 G3  Function

o o a Standby - contents of Address and Data Register
remains unchanged. Output buffer is left floating.

o] 1 1 Accept Addrass - Data presented at the {/O pinis shifted
intc the Address Register with each clock pulse.

1 0 o Read - The address word is read from mamory inte the
data register.

1 1] ] Shift Data Qut - The output driver is enabled and the
contents of the Data Register are shifted out one bit
with each clock pulse.

1] 1 o Erase - The word stored at the addressed tocation is
arased to all zeros.

1 1 1 Accept Data - The data register accepts serial data
presented at the I/Q pin. The Address Register
remains unchanged.

1 1 0 Write - The word contained in the Data Reglster is
written into the location designated by the Address
Register.

a 0 1 Mot Used

ELECTRICAL CHARACTERISTICS
Maximum Ratings*
All inputs and autputs
{except Vos ) with respectto Ves «...ooueevenn 0. —20W to +0.3V ‘Exceeding these ratings could cause
Voo withraspectto Ve ... ... oo i e -40V permanant damsge. Functional operation of
Storage temperature {No Data Retention} ... -66°C 0 +150%C this device at these conditions is not
Storage temperature (with Data Retention} implied—operating ranges are specified
OPOFALING ... e it iae e -25" 10+ 75°C betow.
Unpowered ... e e et -B5"Ct0+80°C
Standard Conditions {unless otherwise noted)
Vs = GND
Voo= -35V =+ 8%
Operating Temperaturg (Ta} = 0°C to +70°C
Characteristics Symbol Min Typ"" Max Units
DC CHARACTERISTICS
input logic "1” VIL Vs —15.0 — V-8 Volts
input logie "3" ViIH W10 — Vss+0.3 Volts
Qutput logic "1” VoL - — Vys-12.0 Vaolts
{1 meg. 100 pf load)
Cutput logie 0" VOH Vs-1.0 — Vi +0.3 Vaoits
Power — — 300 mi
AL CHARACTERISTICS
Clock Freguency fd 1.2 140 16.8 KHz
Write time tw 16.0 200 240 ms
Erase e 160 200 240 ms
Rise. fall time tr. tf - - 10 ps
Propagation delay tpw — — 200 Hs
Unpowered non-volatile data storage Ts 10 — —_ Years
Number of erase/write cycles Ny — - 108 -
Number of read accesses between writes Npa 10 — - -

**Typical values are at +25°C and nominal voltages.
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ER1400 E

TIMING DIAGRAMS

ct =ia
cz---—-] ]
’;: ‘
cs—-—-l a
¥ r_l
A o' ]
| : T
]—-———-——20 £LOCK PERIONS 4—{
Fla-1 ACCERT ADDRESS dpipipipipkabpinipinink
1
I
<1 # ¢
T :
c2 ' :' L 0
! I I 1
& ——— ’ ;
|
: : - OK TO CHANGE MODE 1
¥ |[||||[|i]|]||!||||] e — 1 CLOCK CYCLE REQUIRED
| |
=3} —-—I f_ Flg.2 READ
c2
ca
# I
OATA T ’: {
OUT) 1 i Tl
— b oW 1PW | pa—ee
1 I
pe—————— 14 CLOCK PERIODS —
Fia SHIFT DATA OUT daupigipNpipVpipipiypy
13
(o] Y o
i
c2 0
I !1 J_]
ca o 0
1

T

SulalpSnEniplaigEnlinlins Fig.4 ERASE
1

c1 0
' o M
c2 4]
l o [
€3 —— 0
e 1

DATA 3 " g

—in |—~ 25,5 max. ’ 2545 max. —-J [

p———————— 14 CLOCK PERIQDS ———————f

FIe-8 ACCEPT DATA” LU UL
1
(9} ]
1 , I
*Output data changes on the positivegoing cz o
clock edge. Data and address inputz are | " I~ 1
shitted on the nagative-going clock edge. ca 4 o
1 [ 1

r tw 5

Flg.6 WRITE
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AY-3-8203 ER1400
MEM4956

ECONOMEGA 1/16 Channel Digital Tuning System

FEATURES

B 8/12/16 Programs

u 4 Bands

m 10 bit Coarse-Tung

& 4 blt Fine-Tunse

M Men-Volatile Memory without oattery
o Auto or Manual Tuning

DESCRIPTION

The ECONOMEGA ] Digital Tuning system is a two chip voltage
synthesizar. The first chip {AY-5-8203} is an n-channsl control
chip which interfaces the remots control system, memory and
D/A converter. The second chip (ER1400) is a non-voiatile
EAROM memery which stores the tuning and band information
for 16 pragrams. For details on the ER1400 refer to the data shaet
beginning on page 4A-17. For details on the MEMA938 D/A
cohverter circult refer to the datasheet beginning on page 4A-14.

PIN CONFIGURATION
40 LEAD DUAL IN LINE

AY-3-8203
Top View
Vax O] @0 Voo
Dula ;0 2 Band 1 Cutput
cag a Band 2 Curpas
Cig 4 HAna % O tput
[53 Boe -4 [andl 4 Ol
Clack O] & Cousga Tune Dutput
Band 1 Inoput O 7 ] Fir Tirme Siot lapyt Dulput
Band 2 Input ] 2 Fine Tune Ouwput
Band 4 Inpus 7 & » 'j £l Wisual Sutout
Hand 4 I, [ i1 Mitng Cutp

Tuming Giock (]
Fine Tune Lo input O

{ [7 corstert T-me foas gl
Auto 5100 Mpul

Sine Te.ne Oow Irgnl O wal gare Ina.at
Syelem Claok T N.C.
Program Aead Inpat O 5107 Input
Famgras L Iepul O 23 It ey
Froqian Dowe Irpul O A1kt

Loite -~pul (J
rpul Qutpal Selec:
& 12 "B Frogram Select mna

21 lapul Cutuct

& mpultCutoul

Senal Rzmose [nour

SYSTEM DIAGRAM WITH CMOS D/A OPTION
+28Y
+12v O L 4 [®)
ER1400
AY-3-8203 EAROM
CONTROL CHIP
COARSE
MEM TUNING
4956 FINE
Dra | TUUNG
~
w O * /1'\ *
o] O
-2 -2
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PIN FUNCTIONS

Pin Mo. Homa Function

1 Vs Ground

2 Data I/C

3 c3

4 c2 To ER1400 EAROM

5 c1

-] 18KHz

T Bang 1 Input When connected to Y. selects Band 1 and initiates scan.

B Band 2 Input When connected to Vg selects Band 2 and initiates scan.

-] Band 3 Input When connected to Vg Selects Band 3 and indtiates scan.

10 Band 4 Input When connected 1o Vg Selects Band 4 and initiates scan,

1 Tuning Clock Controls speed of coarse and fine tuning, set by external B-C network.
1.28KHz nominal.

12 Fing Tune Up Input When connected to Vg, causes FT to Increment automatically.

13 Fine Tune Down Input Whan connected to Vg causes FT to decrement automatically.

14 Systom Clogk System clock 2.0 MMz nominal set by external R-C network,

15 Program Read Input When connectad to Vg, reads EAROM (includes 20ms anti-bounce delay).

18 Program Up Input Whaen connected to Vgg increments program number by 1. There is a
20msec antibounce delay on this input.

17 Program Down Input When connected to Vgg decrements program number by 1, There is a
20msec antibounce delay on this input.

18 Load Input Whan connected to Vg new data 1s loaded into program number register
from tha program number inputs and the EAROM data is read. When |eft
open tha program number inputs are inhibited.

19 Input/Output Select Whan connacted to Ysg selects input made for 20, 21, 22 3 pins,

20 B8/12/16 Pragram Salect Input Fixes the number of programs that can be zelectad using the Program UP
and DOWN inputs. Open ¢ircuit =12, V=18, V.-=B.

-4 Serial Rernote Input Accapts a train of 0.5msec negative pulses, the number of puises
determines tha pragram number to be salected.

29 29 Input/Output . :

23 21 Input/Output Binary program number input/output. When used as an input accepts data
in pesitiva logic convention. (0000 = prog. 1), When used as an output' the

24 22 |Input/Output data isr;:atic and in positive logic convention. These outputs are TTL

25 23 InputfOutput compatible.

26 Store Input When connected to Vg stores Tuning and Band information in EAROM.

27 N.C.

28 Validate Input Gonfirms valid stop command. Positive for a valid TV signal,

29 Auto Stop Input Initiates Autcstop sequence on a positive going edgs {exceapt in constant
time scan mode).

an Constant Time Scan Input Whan connectad to V5 a constant scan rate of & sec. per Band is selected.
in additich on Band 3 stop is executed on 4 negative adge rather than a
positive edge and the Muting cutput is active low with the same output
specification as Band.

n Muting Output Active high during scan and program change (active low in constant time
ecan- mode)}.

32 Audio Visual Output Goes to logic ‘0" when the last program is selected (8, 12 or 16} and is on
Band 3.

33 Fine Tune Dutput Fine Tuning Information, 4 bits resclution.

3 Fine Tima Stot Input/Qutput Usad by MEM4956 CMOS D/A to combine Coarse and Fine data when
separate FT is not required. Connect 1o Ve when MEM4956 is not used to
invert CT and FT Outputs. The Fine Tune slot is a 2psec pulse repeatod
every 250usec on Band 3, a 10ugec pulse on Bands 2 and 4 and a 30usec
pulse on Band 1.

35 Coarse Tune Qutput Coarge Tuning Information, 10 bits reselution.

as Band 4 Output This cutput goes to logic '0" when Band 4 12 selacted.

a7 Band 3 Qutput This cutput goes to logic '0" when Band 3 is selected.

k] Band 2 Qutput This cutput goes to logic '0" when Bang 2 is salected.

3% Band 1 Qutput This output goes to logic '0" when Band 1 is selected.

40 Veo Positive power supply, +12¥ +10%.
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E ECONOMEGAT

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

*Exceeding these

ratings could cause

Voltage onany pin with respect ta Vegpin .. ... - ~0.3V to +20 Volts permanent damage. Functional operation of
Amblent Operating Temperature Range.......... FClo+70°C this device at these conditions is not
Storage Temperature Range .................. -85°Cto +150°C implied—operating ranges ara  specifiad
below.
Standard Conditions (uniess otherwise noted)
Vigg = OV
Voo = H12V L 10%
System Clock = 2MHz + 7.5%
Parameter Min Typ** Max Units Conditions
Control Inputs
Lagic ‘0 Lavel — —_ 10 Volts
Logic '1' Level 8 — Voo Volts
Resistarce — 100 — KOhm te Voo
Program No Inputs
Logic ‘0 Level — : — 0.5 Valts
Logic “1' Level -] — — Volts
Resistarice - 50 - KOhm 1o Voo
8/16/12 Input
Logic ‘0' Level — — 2.5 Voits
Logic 071 Level - open —
Legic 1" Level 0 — — Volts
Imput Resistance — 100 — KChm
Band, AV, Cuiputs
Logic ‘0" Level — — 2 Volts Igink = BMA
Off Leakage — - 10 A Vew = VYoo
Muting Qutput
Logic 1" Level 6 — — Volts Isource = 2mA
Off Leakage - — 10 wh Note 1.
Program Cutputs
Logic 0" Level — — 0.4 Volts Isink = 1.6mA
Legic 1" Level 8 - — Valts Isource = 10pA
Supply Current
Yoo (+12) — 45 — mA at +25°C
- _ B0 ma, at 13V and +70°C

"*Typical values are at +25°C and nominal voltages.

NOTE: 1. In the gonstant time scan mode, the Muting Output has the same specification as the Band and AV outputs.
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OPERATION

1. Coarse Tune
The coarse tune resolution is 10 bits with a prédominant cutput
ripple at 4KHz.

2. Fine Tune

The fine tune resolution is 4 bits with an output ripple at 15.6KHz.
The fire tune steps twice per second, it does not wrap around or
ovarflow into coarse tune. During scanning it is reset to mid
range.

3. Seanning

The actual tuning rates ara fixed by the Tuning Clock and may he
adjusted over wide limits. Typical figures are shown below,

{a) Normal Mode
Cperation of a band button initiates scarning on the

selected band, the scan ratas are as follows:

Band Scan Time

0.8 sec.
1.6 sBe.
1.6 sec.
8.0 sec.
1.6 sec.

b bd N —

{b) Constant Time Scan Mode

ECONOMEGA T E
4. Auflo Siop and Valldate

In the Normal Mode a stop is executed immediately on a positive
geing input transition. If validate goes positive within 256m Sec
the system stops, if not the scan will restart,

At the end of a band the tuning voltage goes back o zerc and
after a delay of 256mSec scanning restarts, In the Constant Time
Scan mode in Band 3, the stop is executed on & negative going
transition.

5. Manual Operation
In the Normal Mode Stop and Validate can be linked to the Band
Inputs to give full manual control of the tuning oparation.

5. Muting

The Muting output is active fram the time that a Scan is Initiated
until the Validate input goes positive after a Stop command.
When a program change is made the Muting output is activated
for 256mSec.

7. Tuning Procedure

1. Select required program number ( 1 to 16},

2. Press required band butten, scanning commences from the
station currantly tuned, scanning stops at the next station.

3. Fine tune if required.

4. Store Data.

8. Fine Tune Resolution

When the MEMA4956 O/A is used to combine the Coarse and Fine
Data the relationship between Coarse Tune and Fine Tune is as

. - . follows:
Operation of a band button inifiates scanning an the Band 1 1FT step = 7.5 CT steps
selected band. The scan rate is a constant 8 seconds for Band 2, 4 1 FT step = 2.5 OT steps
each band. Band 3 1 FT step = 0.5 CT steps
(2]
SYSTEM DIAGRAM g -
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AY-5-8290 MEM4956

PRELIMINARY INFORMATION

- ECONOMEGA 11720 Channel Digital Tuning System

FEATURES

B 20 Programs

H 4 Bands

m 14 @it Tuning Resalution

B Two digit Channel and Program Display

B Self-Contzined EAROM Memary

W Most System Components Contained in Single 40 Lead DIF.

u Self-Conteined 500KHz oscillator

B Fully Scanned Keyboard Controls and Muitiplexed Display
far Pin Reduction

DESCRIPTION

The AY-5-8230 is & one chip voltage synthesizer for low-cost
television tuning systems. M stores channel and voltage
infarmaticn for twenty programs o a self-contalned non-volatila
memory.

The chip is fabricated in MNOS technology and contains hoth P-
Channel gontrol logic and non-volatile memory within a single
chip.

Channel selection is accomplished by pressing one of 20 single
button pregram selectors or by pressing the PROGRAM WP or
PROGRAM DOWN button. Provision is made for skipping
unuged programs. The clrcuit has the capability of storing and
displaying two digit channel numbers from 01 to 99. A mode
control permits display of the program numbers on the same two
digit readout.

The turing voitage is stored in memory to 14 bits of aceuracy in
all bands. The rate of tuning is varied automatically betwaen
bands in order t¢ equalize the tuning rate over all bands.

Four band outputs are provided. These are automatically
salacted by decading the channel number. The band decoding is

PIN CONFIGURATION
40 LEAD DUAL IN LINE
AY-5-8200
Top View
ka, o1 7 a0p Tem
KB (2 297 Yy,
KBy £ 3 35 [1 Rasel
Ka, 4 ar [l =B
KBy 05 wov
KBy )6 35 417y
WX, 7 340 Flne Shot
WX, 08 330 Coaree Dul
Wxy g 221 Fing Dut
M, []1a 211 Tune Rate
Mitg [ 11 30 6.5MHz RC
2N 12 28 VHF Lock
21 3 auE fand 4
=N 27 Bana 3
20N s 267 Pand 2
2N 1 25[1 Band 1
Strabe IN [ 17 2487 Muta
o g L] 23 Display Mods (Gh/Pr)
BCD OuT i 2 [A1s 2210 Program tho Skip)
@ 20 7 2] BeD OuT

done in & mask programmable ROM according to the
requirements of the particular country.

The digit to analog conversion is done by fittering a duty factor
maodulated waveform. The MEM 4858 CMOS DYA circuit is
racommended as a buffer betwean the AY-5-8290 and the low
pass filtar. For detalls on the MEM 4956 refer to the data sheet
beginning on page 44-14.

e

MEM 4958

CONNECTION DIAGRAM wita
CROM | Nexa CIGIT
A:c AcyR B CRIVE
e e [
P
KEYEOAAD T »
FCIGIT
MATAIL CECODER
’ _l L BANER DISPLAY
TmmTmawbasa: ppTeargeg
A 3-B2A0G
T % LR B LR R

BAMCSE [~

g
—_—

G EGTRORLT

TUMCT

MUTE
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PIN FUNCTIONS

ECONOMEGA I

Pin No. Name Function
1-8 KB1 - KB Six inputs from scanned keyboard matrix,
711 WMX1 - MXs Five outputs for scanning keyboard matrix and for muitipiexing display.
12-16 20-24IN Five bit binary input for remote control Inputs. Compatible with SAA 1025 or
equivalent.
17 Strobe Strobe for remate gontrol inputs.
18-21 RGO Cutputs Drives TTL. BCD to seven seqment decoder driver, Display channel or program
number according to Pin 23.
22 Program (No Skip) A logic "1" on this pin inkibits the automatic skipping of a program if its channe|
number is set 1o “0". It also enables the “store” button.
23 Dispiay Mode Logic "1" causas channel number to be displaved. Logic zero causes program
number to be displayed,
24 Mute Goes to logic ona during program changes.
25-28 Bands 1 through 4 Single ended outputs used to activate tuner band switching, Fungtion Is internally
mask-programmed according to natienal standards.
28 YHF Lock Logle "1" prevents user alteration of data in first 12 programs.
30 0.5MHz R/C Pin for connection of capacitor and resister for setting frequency on on-board clock
to approximately 0.5MHz.
31 Tune Rate Pin for connection of capacitor to determine basic tuning rate.
32 Fine Out Variable guty factor waveform proportional to 4 least significant &its of tuning data.
33 Coarse Out Variable duty factor waveform proportional to 10 most significant bits of tuning data,
34 Fine Slot Strobe used as input to MEM 4858 for combining fing and coarse data into single
waveform,
35 1TV T 1Y
36 Ground
37 -2 1Y
38 Reset Resets program register to Program 1 and retrleves appropriate data from memary.
39 Wi Test pin for testing EAROM volatility.
40 Test Reset Slgnal provided te facilltate test of circuit.
OPERATION

A. Programming the system.

-

T2 ]

. Switch “program™ switch “on.”
. Switch rotary selection to “channsl.”
. Press desired program button.

. Operata the Channal Up/Down switch until desirag
channel number appears in display.

5. Cperate theTuning switch until the desired program

appears.

8. Press "Store.”

¥. Bwitch program switch “off",

B. Selecting a channel
1. Press deaired program button.
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ECONOMEGA I

KEY MATRIX FUNCTIONS

1-20

Pr

Pr
Ch

Ch
Tune

Tune
Store

Single Closure selects corresponding program numbsr and causes channei number to be retrleved and displayed and
activates corresponding band output.

ingrements program sefector upwards and retrieves cha.nnei information each tima, “1” is selacted after “20". If
“Program”” signal (Pin 22) s a zero, programs will be skipped if they have previously been set 1o Channel (",

incraments program selector downwards. “20" is selected after “1°. Rest same as above.

Touching button [ess than 200 ms, increments the channei display upwards one count. Holding button down
ingremants channel display at the rate of 2 counts per secend.

Same as above but increments downward.

Causes tuning voltage to increase while held closed. Tunes at the rate of 1X for first 3 seconds then increases to 3X.
Tune rates in UHF are both 8 times faster than VHF.

Same as above bui tuning voltage decreases.

Closure causes currently selected tuning voltage and channel number to be stored in memory location
caorresponding to currently selected program number.

KBt KBz " KBs KBa KBs KBs
1 2 3 4 5 Bl wmx
7 8 9 10 11 12| mx
13 14 15 16 17 181 mxs

19 20 TR Pri| chfl ©Chi| mu

Tune T{ Tunel| Store MXs

Fig. 1 KEYBOARD MATRIX
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ELECTRICAL CHARACTERISTICS

POWEr BUDDIBS . . ..o iet i iriiiies it s e, +17V T 1V at 15mA
~207 £ 1V at SmA

GND

Clock Rate . ..o iciviiiiiiiieiirriannnns S00KHz (Self contained oscillator)
D/A Convertar Qutput Frequenty ...ooveeurivrenienasirinss Predominantly 2KHz
Display Quipts . ... ..o Drivas TTL Decoder/Driver
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AY-5-8300 AY-5-8311
AY-5-8301 AY-5-8320
AY-5-8310 AY-5-8321

AY-5-8322
AY-5-8324

TV Time/Channel Display Circuits

FEATURES

® Channe! Display 0 to 15 or 1T to 16 or 00 to 99,

® 4 [Jigit Clock Display option.

B Color character on black background or color
character on color backgraund.

® 14 or 24 DIL package.

OPTIONS
Part Number Channel Time
AY-5-8200 0-15 Ne
AY-5-8301 1-16 No
AY-5-B310/11 15 0r00-99 Yes
AY-5-8320/21/22/24 1-16 Yas*

*The AY-5-8320/21/22/24 are capable of either simultaneous or
sapgrate time and channel display and have automatic display
anable.

DESCRIPTION

The AY-5-8300 saries iz a famlly of MOS gircuits designed to
display channal and time information on the screan of a TV set.
The Information is displayed &s color characters on & black or
color background. Channal information is displayed either ag a
gingle charactar 0 to 15 or 112 16 or as a dual character 00 10 89,
Time is provided as a 4 digit hours and minutes display. The
display is positioned at the tap right hand corner or at the bottom
center of the szcrgen; the display may be permarent or
momentary, Any of the AY-5-8300 series excopt the AY-5-8324
may be usad for sithar 525 or 625 line systems; the AY-5-8324 is
tor use with 625 line systams only.

INTERCONNECT DIAGRAM
FOR' TV TIME DISPLAY

LA ERAELE

I lll‘

7

AEBIHAIE0 |

e

P e
Illl T

PIN CONFIGURATION

14 LEAD DUAL !N LINE
AY-5-8200/01
Top View
L4
Vg (+10v) Tt 14 ] Oisplay Enabie
Coior Dulput [} 2 13 |3 1.1MHz Ciock nput
Character Quiput [] 2 2 [0 ne
vartical Bync Imput [ 4 M [ Vgg iENDT
Horizonial Sync Input [] & 0 [0 NG
7 Channet Input [] 6 2 [3 27 Channat Input
2' Channgl input [ 7 & [] 2° Channar Input
24 LEAD DUAL INLINE
AY-5-8310/11
Tap View
N et
Ghannel Display Enable T} @1 24 B Mud tnput
Calgr Culpat [ 2 23 O Strobe Inpul
Character Culput T] 3 22 [J Ciock Display Enable
M3 gt T & 21 [ 1.tMHz Ciock Ingult
Mo 2 loput T 5 el
Mx tinput {J & 18 ) Chenned (hsplay Moge
Vartical Symc Input O 7 8 [ Yoo (GND)
Honzgnlal 8yne input [ B 17 [ vae (+18Y]
2 Clock Input O 2 W O 2 Crannsl Input
2% Cranmsd tnput £ 10 15 [ 27 Chock Input
2 Glock Input ©§ ™ 14 (1 2¢ Channal inpul
2 Channel input [ 12 12 1 2 Clock Input
AY-5-8320/21/22/24
Top view
Tt
Channei Display Enable C] @1 24 [ wix 4 Inpul
Background Cuiput T 2 23 O Strobe Inpul
Charecter Oulput 11 3 22 1 Clock Cisglay Enable
Mx 3 Input [] 4 21 10 1.3WHT Slock input
Mk 2 lnput O 5 20 [ Zeconda Golon inpld
Mx t putl O & 18 [ NG
warlical Sync inpul O] 7 18 [ Vg (GND}
Horizantal Syne Input [ 8 17 0 Vi 118V
#° Clogh input O 2 15 O 2° Channal Input
2" Ghannal Input €} 10 15 b 2* Grock input
2 Clock tnput £F 11 4 [ 22 Channat nput
2° Channel input CF 12 13 O 2% Clock Inpul
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PIN FUNCTIONS

AY-5-8300 m AY-5-8307T m AY-5-8310 & AY-5-8311
AY-5-8320 m AY-5-8321 W AY-5-8322 m AY-5-B324

Functlen

ALL TYPES:
Verticat Sync Input

Haorizontal Sync input
1.1 MHz Clock Input

Channel inputs 20-23

AY-5-8300/M
Display Enable

AY-5-8300/01/10/11
Charactar Qutput
Calor Qutput
AY-5-8210/11
Channel Display Enable
Clock Display Enable
Channe! Dizplay Mode

AY-5-8310/11/20/21/22/24
Clock Inputs 20-23

M 1-Mx4

Strobe Input

AY-5.8320/21/22/24
Character Qutput

Background Quiput
Channel Dispiey Enable

Cicck Display Enable
Seconds Colon Input

Rasets the circuit at the end of each frame. At logic '0" during
vertical flyback.

Activates the line countar, At logic "0 during horizontal fiyback.

Daterminas character pesition and width. Must be synchronized
by harizontal sync pulse to prevent ragged edges on character,

Code Display Dlaplay Dlsplay
2 22 2' 2° | AY-5-8300| AY-5-8301/20/21/22/24 | AY-3-8310/11
0090 0 L] o o
0 001 1 2 1 1
¢ 01 ¢ 2 3 2 2
o 011 3 4 a 3
0 100 4 5 4 4
0 10 1 5 6 5 5
0110 6 7 6 &
0 1 1t 1 7 8 T 7
1 0600 4 8 ® B
100 1 3 10 8 9
1 010 10 11 10 —
10011 11 12 M -
1100 12 13 12 -
1101 13 14 13—
1t 10 14 15 1" -
1111 15 16 5 —

*00-88 MODE.

when taken to togic ‘0", the display s enabled. Ifan RC network |s
connected to this pin, a momentary display can be obtained.

Defines the background border and the character.

Determines the character color. Goes to logic “1' during a
character block.

When taken to logic '0', the channel display is enabled. If an AC
natwork I3 connected to this pin, 2 momentary display can be
obtaingd.

When takan to logic '0', the clock display is enabled,

When at logic 0", the 0-15 channsl mode is selected: logic 1" for
00-99 channel mode. '

Muttiplexed 4 digit BCD clock data inputs such as available from
the AY-5-12034 clock circult.

Multiplex inputs, at togic 1" during multiplex time slot. For the
AY-5-8310/11, whan operating in the §6-99 channel mode, Mx1
and Mx2 time slots are used.

This input must go to & loglc *1" during the middie of each Mx time
siot {0 load the clock data Into the chip.

Defines the character outlines. At logic '1' when displaying a
character,

Defines the background block. At logic “1' when outpuiting
background.

Whaen taken to logic 1°, the channe! display is enabled. The
digplay is automatically enabled when the channel is changed.
Whaen taken to logic “1°, tha clock display is enabied.

This input controls the coton betwesn tha hours and minutes
display. When at logic ‘0¥, tha colon isblanked. lf connected to the
DP output of the AY-5-1203A clock circuit, the colon will flash
onge per second. '
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AY-5-8300 = AY-5-8301 » AY-5-8310 = AY-5-3311
: AY-5-8320 = AY-5-8321 = AY-5-8322 = AY-5-8324

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respect to Ve pin ., |
Ambient Operating ternperature rangse . . . .

Storage temperaturerange. . . . . . . . .

. 403 to—20V
. 0°C to +85°C
—65°C o H150°C

*Exceeding these ratings could cause perma-
nent damage. Functional operation of thesa
devices at these condtions is not implisd
—operating ranges are specified balow.

Standard Conditions (uniess otherwise noted)

Vgg = OV

Vgg = +16V to +19V [AY-6-8300/01/10/20)
Vgg = +11.8Y to +12.6V (AY-5-8311/21)

Vgg = +12.35¥ to +14.0V {AY-5-8322/24)
Operating Tempesature (T,) = 0°C 1o +85°C
Clock Fraguency = 1.1MHzZ + 10% (1.173MHz

+ 10% AY-5-8322/24)

Characteristic Min Typ** Max Units Conditions
Varllcal Sync Input (Nota 1)
Logic ‘'0° a —_ 7 Volig
Logig'¥ Vi —5 — Ve +0.5 Yolts
Risa & Fall Time — —_— 5 ug 108 to 0%

Min slew rate 5V/ usec

Horizontal Sync input
Logic 'Y o] — 7 Volts
Logic 1’ V1.5 —_ Vo +0.3 Volts
Rise & Fall Time — — 1 s 10% to 80%
1.1MHz Clock Input
Logic "0 i] —_ 7 Voits
Logic'1' Vs ~5 — Vas +0.3 Volts
Rise & Fall Time - 300 ns 10% to B0%
Fuise width 250 — ns atlogic 0 and logic 1 levels
Channal inputs {Note 1)
Logic O’ 0 - 7 Voits
Logic 1’ Ve =5 — Va +0.5 Vaolts
Clock Inputs, Multiplex,
Sirobe Inputs
Logic'0 0 - 7 Volts
Logic 1’ Ves —1.5 —_ Ve +0.3 Volts
input Resistance - 20 - Kohm To Vas
Display Ennbie Inpuls
Switch point positive edge Ve =8 _— Waz =5 WVolts
Quitputs
On reslstance _ — 1 Kohm Your = Vus —2V
Off leakage -— —_ 1 wuh Vour = 0¥
Turn ON time - — 200 ns 10-90°% load 25K § 20pF to ground
Powear — —_ 400 mw Vs = +19V

“Typical values are at +25°C and nominal voitages.

NOTE:

1. These inputs are diode clamped to V. Maximum clamp current 50pA.

TIMING DIAGRAMS
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AY-5-8300 = AY-5-8301 = AY-5-8310 s AY-5-8311 E
AY-5.8320 m AY-5-8321 = AY-5-8322 w AY-5-8324

TIMING DIAGRAMS

HORIZONTAL 1 i
BYNC |
¢
\ 1z a 44 45 A6 47 A3 4% 0
¢ it
EHARACTER o i
LINES 1-d0
COwWOR 1] il

I
CHARAGTER 1] I |

1 LINES 5¢-54

COLOR o i

1 | LINES 5558

COLOR a

1

‘—‘—SD

oumcren o B e Y e
1

1 A4
CHARLCTER o I l i | I_l

i

1 LINES 60-84

COLOR v I J L

Flg.2a QUTPUT WAVEFOAMS (AY-5-8300/01/10)
[AY-5-8311 AS ABOVE BUT DMSPLAY STAATS AT LINE 85.)

HORIZONTAL f S
SYNC.

1 2 3 44 45 a6 a7 a8 48 BO
%
CHARACTER 3
LINES 1-4&
BACKGROUND W
CHARACTER 4

LINES 4353

BACKGROUND % J ]_

a9

CHARACTER % I | I ®

a4

LINES Ea—5a .
AACKGAGUND i l | 7

kLl

3
LTHARACTER 5 i 1 i |

LINES 5343 I
BACKGROUND %

Flg.2b OUTPUT WAVEFORMS {(AY-5-8320/21)
{AY-5-8322 AS ABOVE BUT DISPLAY STARTS AT LINE 165.
AY-5-8324 AS ABOVE BUT DISPLAY STARTS AT LINE 220.)
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AY-5-B300 w AY-5-8301 = AY-5-8310 = AY-5-831
E] AY-5-8320 = AY-5-8321 » AY-5-8322 = AY-5-8324

QOPERATION

The display iz posltioned digitally in both the. vertical and
horizontal directions. Tha vertical position is determined by
counting horizontal syne putses {the counting |s Initlated by the
vertical synec puise). The timing relationships are shown in Figs,
2a and 2b. Additionally, for the AY-5-B320/21/22/24, the time
display is positioned 35 lines further down sc that it appears
immediately below the channel display.

In the horizontal direction the display is positioned by counting
pulses from an external 1.1 MHz oscillator which is synchronized
with the harizontal 2ync puise to prevent ragged edges on each
character.

Each character is made up of 15 dots in a 3«3 matrix. With a one
dot border around each charagier a total matrix of 35 dotsin a §x7
format b utillzed. Each dot lasts G.5u'sec in the horizontal
direction and is 5 lines high. This gives a rectangular dot and
characters as shown in Figs. 3a and 3b.

The various channel/Aime display formats are illustrated in Figs.
4, Gand 7. The display positioning on the TV screen is shown in
Figs. Ba and 8b.

In the AY-5-8300¢01/10/11, the character disptay is controlled by
two outputs, Character and Coler. The video channels are
controlled in the folliowing manner:

{a) Black/white disptay
Character Color

0 o Mormal picture

t ] Bizck {luminance channel full off)
] 1 Black

a 1 White

() Black/Yellow display

Character Color Normatl picture

Other color displays are gengrated by suppressing one of two
chrominance channeis.

In the AY-5-8320/21/22/24, one video output defines the
characters and the other a background block, Using these
outputs, a display of any color character on a background of any
colar may be obtained.

The channel data is input on four lines; in the 0—15 or 1—16
channel mode, this information is applied in binary from a diods
encoder attached to the varactor tuning drivers. Binary numbers
greater than 9 are detectad and displayed as a two digit character.

In the clock mods, daia is entered on a 4 line BCD bus
multiplexed into 4 time slotz. A strobe signel occuring in the
middle of each tima slot is used to read the data into the chip.
When the AY-5-1203A clock is used |t can be directly connected
to the AY-5-8310/11/20/21/22/24 with no external components.
The AY-5-8310/11 displays the time with hours and minutes
{Flg.B); the AY-5-8320/21/22/24 displays the time with hours,
minutes and a flaghing colan for seconds (Fig.7).

In the 00-99 channel mode the data is entered as a two digit BCD
numker in Multiplex time slots 1and 2 in the same manner as the
clock formation.

1 Q Black {luminance full off)
1 1 Black {luminance full off and blue suppressed)
0 1 Yellow {luminance full on and blue suppressed)

I2dN5
B18810

Fig. 3a CHARACTER SET
(AY-5-8300/10)

Flg.4 CHANNEL DISPLAY

2345
B1BS0

Flg. 3b CHARACTER SET
{AY-5-8301/11/20/21/22/24)

==

-
|

17 24

|

4.

Fig.5 CHARACTER SIZE
(25/26 INCH SCREEN}
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AY-5-8300 = AY-5-8301 = AY-5-8310 » AY-5-8311 E

AY-5-8320 = AY-5-8321 = AY-5-8322 = AY-5-8324

1943 18:43

Fiy.B TIME DISPLAY (AY-5-8310/11) Fig.7 TIME AMND CHANMEL DISPLAY {AY-5-8320/21/22/24)

| AY-5-8300/01/10

AY-3-8311
//

Flg.8a DISPLAY POSITION-CHANNEL {AY-5-8300/01/10/11} OR TIME {AY-5-8310/11)

AY-5-8320/21
3

AY-5-8322

/

AY-5-8324
/

Fig-8h DISPLAY POSITION—SIMULTANEQUS CHANNEL AND TIME {AY-5-B320.21/22/24)
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AY-5-8300

m AY-5-830t = AY-5-8M0 = AY-5-8311
AY-5-B320 m AY-5-8321 = AY-5-8322 » AY-5-8324

* . g gy
B20K, ¢ 1%

470K
——3—0

DISPLAY 1y w0
ENABLE ‘ * 3 —0 2

14 3 12 11 10 g ] 2,20
= 23M [} BINARY
- 5 GHAMNEL
AY-5-8300 HANTE
., H 3 3 5 ] 7

' ATOK
21
P Ao "

7K
COLOA
DORIVE o -
100 [E 3K [] 100K | 1500F
T 1B0RF |
BCI20A
BCHITA 1823uH
BCI20B ]
-y o]
56K, H K 2.3M []
O ¢ 0 -.I_—
CHARAGTER FRAME  LINE
{BLACK-WHITE] SYNC  SYNG
BRIVE *THE WALUE AND ARRANGEMEN] OF THESE
COMPONENTS OEPENDS QN THE TV USED
Fig.9
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AY-5-8300 w AY-5-8301 = AY-5-8310 =
AY-5-8320 s AY-5-8321 m AY-5-B322 n

AY-5-8211
AY-5-8324

V' 1610 119Y

4 > —oo—

= —a 2 | O— SETHA

SET WY
& o
5 19
AY-5-1203A
— 7 12
« Dand
— 17
- a 1%
Y -
150v
ﬂ . 13 p
8 220K
HORIZ. 5YNG INELT i
0.220F
27K
A7LE
.
- 24 ,—l
274
— 2 2 CLOTK
RACRGROING L P~ — iSPLAY
3 2 04
Van,
U . 21 pmrd
o 20K,
fr— LK
VERT SYRG INFLI™ — [] i 5 20—
: 18 = 4
o AY-5-8320 l
7 18 =
470K s -
U P & O
CHARALTER OUTRLT
T CAT CATHODE 10 B
S > n o oy
2 3
K 13K
Oz
N =
Fig.10 ©
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AY-3-8330

Electronic On-Screen TV Tuning Scale

FEATURES

W Electronic tuning scale for 4 bands.

B Mask programmabie for Band or Channel number display.
m  Mask programmaebie for display position.

B 12¥ operation compatible with G.1. digital tuning systems.

DESCRIPTION

The AY-3-8330 is designed to provide an electronic on-screen
tuning scale for varactor wner TV sets. A horizontal line of
variabla length shows the tuning voitage and a scale is provided
to aid tuning. Four bands are provided, band number or
optignally channel number being dispiayed. Tha band or channel
number display may be mask programmed as desired within the
limitation of 2 blocke of 5+7 dots {see Fig.3). The graticule may
also be programmed as reguired,

PIN FUNCTIONS

Name

Functlon

PIN CONFIGURATION

16 LEAD DUAL IN LINE

Top view

Vo triavy [

Tlock Oecliknpr inpu [
Clock Cesliltor Sutput 2 [
Clock Ougillator Cuiput 1 [
Tuning Yoirege Input [}
Timing Capacitor [}

Timing Aexigtor [

Band 1 Inpul T}

L 2

@ oo R oW oM

7

[ vas oV}

[1 Horizoninl Syne wput
[3 veriicat Sync nput
[ Dhpiry Cuput

1 Display Enahla input
] Bard 4 tnput

] Band 3 gt

L | Band 2 Inpai

Vo

Vss

Harizontal Sync
input

Vartical Sync
nput

Clock input

Clock Qutput 1
Clock Cutput 2

Tuning Yoltage
Input

Timing
CapagHor
Timing
Aesistor

Band 1 Seisct
Input

Band 2 Select
Input

Band 3 Select
Input

Band 4 Salect
Input

Display Qutput
Display Enable
Input

Positive supply (+12¥ ~ 10%)
Ground
Negative sync pulse from TV set

Negative sync puise from TV set

1.1 MHz master clock which flxes display
horizontal position.

Intermediate clock output

Qutput of on-chip osciliator synchronized by
Horizontal Sync. May be used to drive AY-5-
8320 Display Circuit vla a CMOS invertor.
Tuning voltage from Varactor diodes. Length
of tuning bar is proportional to this voitage.
Connect timing capacitor from this pin to
Vas.

Conrect adjustable timing resistor from this
pin to Vgg.

Connect to ¥gz to select required band, aither
channe! number or band number information
will ke displayad.

Fositive going output of video information,
Connect ta Vsg to snabie display

SYSTEM DIAGRAM

A2 ey

BAND 1 D_._.__—”_]
BAND 2 L3 I3

™ TUNING
Dot W H TRGE
I3y
BAND-4 " ]
DiEPLeY 5
ERABLE 2
DisPuT AY-3-6320 ¥4 AR,
ouTEUT v | I SuTh
ERTICAL 14
ETT -]7,',
i A
(Lt ey f
' 3 .y/ ko
*
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ELECTRICAL CHARACTERISTICS

MaxImum Ratings*

‘Exceeding thess

AY-3-8330 E

Voitage arnany pin with respecttogrovndpin ... ... aaen. ~0.3to+20V permanent damage. Functional operation of
Storage temperaturerange .. ........... et -65°Cto+150°C this devica at these conditions is not
Ambientoperating temperaturerange .. ... P PP o] Rl implied—oparating ranges are specified
below.
Standard Conditions {unless otherwise noted)
Voo = +12V = 10%
Ta=0"Cto+70°C
Clogk fraquency = 1.1 MHz
Parameter Min Typ** Max Units Condltlons
Inpute
Logic 0 0 — +4 Volts
Logle 1’ +8 - Vee Volits
Analog Input — +3 Volts
Display Oulput
Logic 'O - — 05 Volts Isink = 1mA
Logic Voo -1 — - Volts I source = ima
Tan, Toff — — 200 nsec
Power Supply Currenl - 10 — mA
“*Typical values are at +25°C and nominal voltages.
L-— ©— - RIRE— ‘h-I
LINE 215 ) ) ’
IME P ——— E q 5 l E
LINE ?5L
CING Zag—
LiNE 770 1 1 1 1 1 | 1 1 §
|2us—bl _’fﬂf
| Flg.2 BAND 2 DISPLAY
l rn
o B
Fig.1 BAND 1 DISPLAY
21 EH Fig.s TYPICAL
CHARACTER FORMATS
1 ] ) i ] 1 1 ] |
Flg.d BAND 3 DISPLAY Fig.4 BAND 4 DISPLAY
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SAA1024

Remote Control System 1/30 Channel Transmitter

FEATURES
& 30 channels. 348.4Hz spacing in the range 34-44KHz. PIN CONFIGURATION
u 9V battery aperation., 16 LEAD DUAL (N LINE
| 4.4336MHz TV orystal master oscillator.
u Touch ar mechanical keyboard, 1 of 5 and 1 of § coding. Top Wiew
- i . o .
Low stangby current drain (15 pA) Oscilstar input (e 1611 Vg tpositive suppty)
Oselllator Cutput [] 2 15 {1 Ultrasonic Oulpul
nputa O 3 w{l ¥pp {mpative supply)
mput 8 [ 4 13 ] InpurL
nput [ 8 1211 InputK
PESCRIPTION Input [ 8 11 inputl
The Transmitter allows the transmission of 20 commands using tnpul B L3 7 00 thau v
30 different ultrasonic frequencies in the range 33945 to 43.990 InputF 1 8 801 mput
KHz. It is desigred for battery operation and uses & low cost TV
crystal as the master osciliator. When inactive the circuit is in a
standby mode having a current drain of less than 15ui. As scon
as g valid input coda is applied the main circuitis powered up and
transmission comMmences.
The code input can be generated by either a mechanical key-
board or 2 touch plate.
TRANSMITTER WITH TOUCHPLATE INPUT
-3V = 4 4 9
27K 100pF == =~
| !
A
ULTRASONIC 16 15 14 13 12 13 10 9
QUTPUT
SAATD24
el 2 3 4 5 & 7 8
I L O I =
10M . l KEY 3
]||——< 4.4336 MHz 47M
39pF 47pF
ove Lo [ere -
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ELECTRICAL CHARACTERISTICS

MaxImum Ratings*

Voltage on any pin with respect to Vs pin . . . . . . . . L ., +0.3 to —12 Volis *Exceeding these ratings could cause

Ouiputeurrent . 0 L 0 Lo 10mA permanent damage. Functional operation of

Storage temperature range. . . . . . . . . . oL L L L —B5°C to H150°C this device at these conditions is not

Ambient operating temperaturerangs . . . . . . . . . . . . . 10°Cto F70°C implied—opserating ranges are specified
beiow,

Standard Conditions {unless otherwise noted)

Ve = OW
Vo =—7 1o —10¥
Operating Temperature (T.) = -10°C to +70°C

Characterlstic Min Typ** Max Units Conditions
i
Cilock Frequency — I 4.4336 — MHz See diagram for exiernal components.
Qutput Frequencies — i See Table —
input logic ‘0" — f — —0.5 W
Input bogic 't -4 ! — — W
Input leakage — ! — 200 nA, at 10" C, ¥Win = — 4V
Output On Resistance — | 500 — 3] 10 Vis, Wour = —1V
Output Off Resistance - 1.5 — K o Voo, Wour = VeortH0.5Y
Standby currant drain — - 15 1A
Cperating current drain — 4.0 — mA
**Tynical values are at +35°C and naminal voltages.
ULTRASONIC FREQUENCIES
Crystal = 4 4336MHz {code in negatlve togic)
Key Frequency A B c D E F G H 1 K L
1 33,945Hz 0 0 0 o 1 o] Ju] 1 0 4] 0
2 34,291 Hz 0 a 1] 0 1 o 0 0 0 o] 1
3 34.838Hz 0 4] o 0 1 9] 1 0 0 @ 0
4 234,984 Hz 0 0 a o 1 o] 0 0 0 1 0
5 35,330 Hz [¢] o o 8] 1 1 0 Q 0 o] 0
6 35,677 Hz 0 o 9] Q 1 "] 0 0 1 o] o
7 36,023Hz 1 0 0 o 1] 1 0] 0 a a 0
8 36,370 Hz 1 ¢ g 0 0 9] 1] 0 1 G 0
a 36,716 Hz 0 1 Q 0 i) 1 1] 0 0 a o
10 37.062Hz Q 1 4] 0 1] s} o 0 1 ] a
11 37,408 Hz r] 1] 1 o 0 ] 0 o} 0 1] o
12 37,755 Hz 1] 0 1 o ¢} 1] 1] 0 1 0 i}
13 38,101 Hz 0 Q 1] 1 a 1 0 0 0 8] s}
14 28,448 Hz a a a 1 0 o 0 l 1 G a
15 38,794 Hz 1 0 0 0 0 1] 1 0 0 0 0
18 39,141 Hz 1 o 1] o] 0 0 0 0 Q 1 0
17 39,487 Hz 0 1 0 0 a 0 1 0 4] 0 §
18 38,833 Hz o 1 o] a 0 1] 0 a 4] 1 0
19 40.180 Hz 1] ol 1 0 Q 4] 1 0 ] ¢ o
20 40,526 Hz 0 0 1 0 s} 1] 0 a 3] 1 0
21 40,872 Hz o 0 0 1 G 1] 1 0 4] ¢ Q
23 41,219Hz [ a o] 1 0 0] 1] 0 0 1 0
23 41,565 Hz 1 0 0 0 o 0 ] 1 1] 0 0
24 41,911 Hz 1 0 [ 9] v} Q i} 0 Q Q 1
25 42,268 Hz [ 1 0 0 a 0 a 1 1] 0 0
26 42,604 Hz 1] 1 o a o 0 o] 0 o] o t
27 42951 Hz a a 1 Q o 1] 1] 1 i} o] 0
28 43,287 Hz 1] a 1 Q o) 0 a 0 [+l o] 1
23 43,643 Hz o] a o 1 a 1] 1] t [¢] 4] 0
30 43,920 Hz 5] 0 o 1 9] o a 0 0 0 1
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SAA1025-01 SAA1025-02

Remote Control System I/30 Channel Receivers

FEATURES

30 Gontrol Channels.

18 TV Channels.

3 Analog Channels.
ON/QOFF Chennel,
Mormallze Control.
Local Contral.

Uses 4.4MHz TV Crystal.

PESCRIPTION

The Receiver has 30 contral channels, each channel being

allocated & separate ultrascnic frequency. Sixteen of the
channels are allocated to selection of TV programs, six are used
to control three analog outputs, one for On/Off, one for
Narmalizing, one for Muting and five are left spare. All channels
are output on a 5 line binary bus. The bus i3 also used as an
input for local centrol.

The enalog channels have 8 pulse width modulated output with
30 posgible values, the time taken to go from maximum to
mintmurn pelng 5.5 seconds. The Normalize button sets the
outputs approximately to their mid-pelnt.

Tha ON/CFF channel toggles every time it is activated, there is a
delay of approximately 0.7 seconds to prevent accidental
operatipn,

PIN CONFIGURATION
16 LEAD DUAL IN LINE

Top View
py
Wi (posilive supply’ !:.1 16 [ Voo fnegative supply)
Votuma oukput 1] 2 15 1] Clock wnput
Brightness output [ 14 O uitrasonic input
Color cutpm [ 4 130 NG
Voo (memaryt [§ S 12 [T input/Oukput A
OnGifoutpm [} 8 M Input/Cutput B
Input/Qutput E O] 7 0[] N
InpuiiOutput © I: 8 4[] Input/Output &

To prevant falss operation the frequency of the ultrasonicinputis
measured in the following manner. As scon as the signal appears
a 23mSec. timer is started, at the end of this pericd the room
reflactions will have died away.

The freduency is then measured for 23mSec. and the appropriate
output activaied. If at any time a signal is received with a period
shorter than 18uSec, or longer than 36:5ec. the receiver is resat.
Out of band and noisy signals are therefore rejected.

ENCODER

ISOLATING
diods

2] _VDD

TOUCH PLATE

|
|
|

O Vg5

Fig1 INPUT/QUTPUT CIRCUIT
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PN FUNCTIONS

SAA1025-01 B SAA025-02

Function

Pin No. Name
1 Vs
16 Voo
5 Voo {rnermory)
15 Ciock input
14 LHirasonic Input
2.3.4 Analog Cutputs
& ONAOFF Qutput
7.8,9 11,12 Input/Output 4, B, C, D, E

Positive supply.

Nagative supply 18Y nominal.

MNegative supply to DvA store, allowing the analog values to be
retained with very low power consumption{Typ. 0.2mA at 10v).
This plri is driven by a 4.4338HMz crystal oscillator. The Input
signal should ba a minimum of 4V peak to peak capacitively
coupled.

The ultrasonic signal should be capacitively coupled and be at
least 300 mV poak to peak. The first incoming pulse triggers a
23.1ms timar and after a delay of this period, two measurements
of the ultrasonic signal are made cver the following two 23.1ms
paricds, If the measurements produce a comparison, an output
pulse 23.1ms long Is generated after a further pause of 46.2ms.
With continucus input signals an output pulse is generated every
184.8ms. During the complete raceiving time the period of the
ulirasenic signal is measured. If itis less than 18xSec ar greater
than 38pSec tha signal is rejected and the receiver is set back to
the start conditions and anew measuring cycle commences. The
input sighals need not be completely accurate for satisfactory
reception. At the lowest fregquency an error of 2-0.51% can be
tolerated and at the highest £0.39%.

These outputs are in the form of a pulse, the mark to space ratio of
which can be changed in 30 steps from 13010 30:1, the repatitian
frequency being 8.99KHz, The mark space ratio is incremented
by one step about 115mSec after the start of an ultrasonic
command, thereafter it is incremented every 184.8mSec. The
outputstage is an open drain MOS transistor which appears as a
1 KQhm (Max.) resistor connected ta Vs when OMN and an open
circuitwhen OFF. At power ON the outputs are normalized to the
following mark space ratios:

Coler Qutput 1815
Brightness Qutput 1813
Vaolume Ouiput 10021

When command 4 {Normalize) is received, Golor and Brightness
are reset 1o their normalized values. Volume is unchanged.
When command 2 {Mute) is received VYolume is turned OFF, a
further command re-enables the output. A delay of approxi-
mately 0.7 seconds 18 buHt in to this control to prevent false
oparation.

When the Volume output is muted, the Yolume Up and Down
commands are blogocked. The Muting is cancelied if either the
Mute command is repeated or an ON command is received.

In the SAA-1025-01 version, this output is toggled ON and OFF
by the reception of command 1. In the SAA-1025-02 version,
command 1 will anly turn the output GFF. The command must be
present for 0.7 sec. At power ON the output is set to the QFF
condition, When in the OFF condition the Analog outputs are
pravented from changing. Also, when OFF, any gne of the 18
channels for salecting TV programs, if present for 0.7 seconds,
will changa this cutput to the ON condition. However, thesa
channals will not awitch the output to OFF. The cutput can also
be switched ON by connhecting pin 6 to Vgg for 10 microseconds.,
Thase pins have the dual function of recelving Input commands
from & local keyboard or touch ptate and for providing output
control signals in response to commands from the transmitter or
the keyhoard. When the receiver is inactive the pins are held to
within 1 Volt of Yss by RT (Fig. 1). if a touch cantact is activated
currant flows through A3 and R2 [Safaty isolating resistors) into
F1 driving the input negative. When the input voltage exceads 4
Volts for at least 10uSec the command is accepted and after a
processing tima of 46.2mSec an output pulse 23.1mSac long is
generated. During the output pulse the output sin iz driven
negative by the gutput transistor. Tha output current is sufficient
to drive TTL. When commands are recelved from both the remcte
transmitter and the local keyboard the local command takes
precedence.
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' SAAT025-01 B SAA1025-02

ELECTRICAL CHARACTERISTICS
Maximum Ratings™

Voltage on any pin with respectto Ve pin . . . . . . . .. L. L +1.3 to -20V
Catput Current. . o . L L L L e e e e e e 1ImaA
Storage Temperature Range . . . . . . . . . . ... .. .. ~85°C to +150"C
Ambient Operating Temparature Rangs . . . . . . . . . . . . -20°C to +70°C

Standard Condltlons (unless otherwise noted)

*Exceeding these ratings could cause
permanent damags. Functional operation ot
this device at these conditions is not
impliad—operating ranges are specified
below.

Vg = OV Fo = 4.4336MHz
Vop =-16.5 to -19.5Y Operating Tempearature (Ta) = -20°C to +70°C
Characteristic O Min | Typ* Max Units Conditions
Clock lnput
Logic 0 +H.3 -— -1 Valtg
Logic ‘1’ —4 - —18.5 Volts
Capacitance -_— — 10 pF
URrasonic lnpul 0.3 - Voo Vp-p capaclty coupled
inputs A-E
Logic ‘0¥ +0.2 — -1 Valts
Logic ‘1 -4 - -19.5 Valts
Cutputs A—E
Laogic Q' — — —0.5 Volts RL=47M to Vs
Logic ‘1 —5.5 - — Volts lout = 1.BmA (Fig.1)
On/Off Output )
Off leakage - - 10 ph Vout=—19.5 Volts
On reslstance — - 1 Kohm Vout = —1V (resistance 1o Vs)
Analog Quiputs
Off leakage — - 10 ph VYout=-19.5 Volts
On reststance - - 1 KOhm Vout = —1V (resistance to Vi)
Cutput frequency — 899 - KHz
Ingrement time per stop b 154.8 - mSec
Memary Supply Current - 02 -— mA Vip(mem) = =10V
Chip Supply Current - 20 — ma

“*Typicai values are at +25°C and nominal voltages.

TYPICAL CHARACTERISTIC CURVE

25 \

NN

mA \
10
MA)K
TYP \
MIN N

NAW

VOLTS

Fig.2 QUTPUT CHARACTERISTICS

0 -2 -4 -6 -B =10
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SAAT025-01 m SAA1025-02

FREQUENCY/CHANNEL ALLOCATIONS

F = Channel Select  Clock frequency 4.4336 MHz  Output in Megative logic Output Code
CH Frequency Hz Channel Funchion A B c D E
1 33,944.85 ON/QFF {-01) or OFF (-02) 1 4] 0 1] Q
2 34.281.21 Mute 1 a 0 Q 1
3 34,637.65 Colar up 0 1 0 1} 4}
4 34,984.02 Normalize 0 1 0 0 h]
5 35,330.40 Color down 1 1 4] s} ¢]
[ 35,876.78 Z1 1 1 0 1] 1
7 36,023.15 Brightness up 0 1} 1 ¢ Q
a 36,369.52 22 3] 0 1 4] 1
g 36,715.91 Brightness down 1 0 1 1} Q
10 37.062.28 Z3 1 0 i 0 1
mn 37.408.66 Volume up ¢ 1 1 [i} [
12 37,755.03 Z4 a 1 1 a 1
13 38,101.44 Volume down 1 1 1 a 0
14 3844779 Z5 1 1 1 a 1
15 38,704.16 F1 ) ] ] ] 1 0
18 38,140.54 F2 1] 3] 0 1 1
17 38,486.92 F3 1 g 0 1 1]
18 3583329 Fd4 1 o a 1 1
19 40,179 67 Fs a 1 0 1 1]
20 40,526.05 F& These 1] 1 0 1 1
21 40,872.42 jard channels 1 1 0 1 0
22 41,218.80 F8 aiso give 1 1 4} 1 1
23 4158518 Fa an ON 4] 1] 1 1 [}
24 41.811.55 F1g command 0 0 1 1 1
26 4225793 F11 1 1] 1 1 0
26 42,804.31 F12 i o 1 1 1
27 42,950 .68 Fi3 a 1 1 1 ]
28 43,207.08 F14 0 1 1 1 1
26 43 643 43 F15 1 1 1 1 0
30 43,882.81 F16 1 1 1 1 1
N 4 RI0Y (AL
ht'] 100K
18BnF SWF s a70F
hL] SE0K
L
inF
.
CAPACITOR ) 110K
WCROPHONME
Na148 l_._.
330pF J300F 3P0pF IB0pF a9 ]
% 19K 12K Co—] i
1 ——oE

ON/TIFF

= -1ay AD—-—J SAAIOES F——=

220k Satk

2 100K b b

|} .
1} Ve
I " v 1
. BI145A =
K j
—t
150pF ). .]_

ANALDG
QUTPUTS

i

: — |

1r

-3
3
&150

E
= -3
4.43MHz 3 ::39|< ]
- e )t _.I_
Fok =
aawT E

F

g. 3. TYPICAL APPLICATION

it
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AY-5-8410  AY-5-8411

PRELIMINARY INFORMATION

Remote Control System 1I/23 Channel Transmitters

FEATURES

B Ultragenlc of Infrared tranamission
& 23 Direct channels of Information
B Direct drive tor 40KHz transducer
= Power consumptlon only during keying of information,
W AY-5-8410 —- |local contro! at recaiver
AY-5-8411 — remota control oparates on 8 battery
W Keyboarg bounce protection built in.
H No external caclilator is required.
B Local transmitier wire-OR'ed to receiver

DESCRIFTION

The AY-5-8410/8411 transmitter provides the electronics to
tranamit 23 channels of infermation. The transmission is in pulse
code modulated form suitable for eithar ultrasonic ar infrared
transmisston. The transmitter wili drive a 40KHz transducer
either directly or via a step-up transformer. WHen any key is
depressad, battery power is applied to the chip; power is removed
at the end of the code sequence following the release of the key.
The requirement for a separate on/off awitch is avoided. The
keyboard is an 8 x 3 matrix as shown on the next page. Key
bounce protection is incorporated. A stable on-chip oscillatar is
alao provided.

if an local keyboard is required, an edditional transmitter chip
<an be usad to encoda the local keyboard and the chip cutput can
be wire-OR'ad with the cutput from the receive transducer
amplifier before baing fed to the recelver chip.

PIN CONFIGURATION
18 LEAD DUAL IN LINE

v, 1™ 187 Key input 8

Koy inpul 4
VDII

MG

.} Kay input B

[ Key input 1

: Key input 7

Qutput 4[] Key input §
Yor ]
Crock by 1
Closk ¢, ]
|

Key outpul 52

Kay ingut 3
Key input 2
Key culpul 51

O Er1re
[ RS I I
&

Kay gutput 53

CONNECTION DIAGRAM

ouTPUT
M

: g - Veo

iy

~—Q Vgs

AY-5-8410/8411

18

.
S

KEYBGARD

MATRIX




PIN FUNCTIONS

Key Lines 51, 82, 53

Thass key lines form part of the key matrix as shown above and
are strobe signals which each go to logic ‘0 in sequence.

Key Inputs K1-K8

Those key lines form part of the key matrix as shown above and
they are connecied to strobe lines 51, 52 or S3 when appropriate
keys are depressed,

Uttrasonlc Outpud

The ultrasonic output |s 2 three state push pull output which goes
to logic 1 between trains of pulse in a data block.

A transducer or step up transformer can be connected betweaen
the ultrascnic output and Vgp.

TRANSMITTER KEY MATRIX

Key
Strobe
52 53 s1
Input
Line
1 Ch 24 16 16
2 9 17 25
3 10 18 26
4 1" 19 27
] 12 20 28
6 13 21 29
T 14 22 30
8 15 23 n

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Yoitage on any pin with respact 1o Vg oo iinienievianansn.

Starage Temperature Tange ... .....oivieviirrrieraennanans

Ambient Operating Tomperature ranga . ... .....c.ccovvereenonn..

Standard Conditlons {unless otherwize noted
Vgg = OV
Vpp = -8V Nominal {AY-5-8411}
=15% Nominal [AY-5-8410)
Qpaerating Temperatute (To) = 0°C to +70°C

. —20V to +0.3V
-65°C to +150°C

AY-5-8410 B AY-5-8411

¢R and pL

These are the oscillator input pins. The chip frequency is not
critical except in so far asis necessary to satisfy the requirements
of the ultrasanic transducers,

The chip may be driven trom an external clock by connecting the
ciock to both ¢R and ¢L. linked together.

Vas

Ov or positive supply.

Voo

Negative supply (nominally 9 volts for the AY-5-8411).

vDll

This pin |8 concerned with automatic cirguit start up and should
be connected to Vgp by a 2.2Mohm resistor.

NOTE:
Channels are the codes that are cutput by the AY-5-8420 receiver.

*Exceeding these ratings could cause perma-
nent darmage. Functional operation of these
deviges at the conditions is not implied -
operating ranges are spacified balow.

0°C to +70°C

Characterisiic Min. Typ" Max. tnHs CondHlions
Inputs

Clocks, Key linges 1-8

Logic & +(.3 — -1 Volts

Logic 1 -3 — Voo Volts

Outputs

Strobes §1, 52, 53 — 2.5 — Kohms Output at -7
Uitrasenic output — 100 — ohms

Supply Current:

Standby Mode — 6 — 77

Tranzmitting Mode — 2 —_ mA Chip atone

*Typical values are at +25°C and nominal volizges.
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AY-5-8420

PRELIMINARY INFORMATION

Remote Control System 11/31-63 Channel Receiver

FEATURES

w Uitrasonic or Infrared reception.

® Up to 31 or 83 channels of information

® On board oscillator — external oscillator optional
| Automatic power on clear

B Local control from wire-OR of tranamitter

M Error detection is contatned

B Cutput provided 1o show informtin balng recelved

DESCRIPTION

Thie AY-5-8420 provides the alctronics to produce an ultrrasonic
or infrared ramote control recelver which, with an appropriate
transmitter, can accept up to 63 channels of infarmation. An on
chip osuillator is provided, the frequency of which iz non critical
{=B86KHz2). The oscillator frequency is set by one external
resistor; an external oscillator can be used if required. Two
outputs are provided to indigate that data has been received and
is ready for use. Automtic internal power-on-glear is provided.
Error chacking bits are transmitted with the code, these are
interrograted by the receiver and prevent it from accepting
incorrect data caused by attenugtion, reflection ar multiple path
propagation effects. If the first received block of data is not
accepted dus to introduced arrors, the receiver logic resets and
attempts to accept the next block. Data blocks are repeatedly
transmitted whenever the transmitter is keyed.

PIN CONFIGURATION
14 LEAD DUAL IN LINE

Top Yiew
g
g (Ground) [ *3 t [0 Clock g
Glock ¢, ]2 1317 LED Gutput
vy -15v) 02 1211 strobe Output
Signal input [ 4 117 o Qutpt
56 Select Inpun [y 5 102 2 output
2 Qutput ] § 87 20 Output
2 pupat )7 211 2 Dutput

FPIN FUNCTIONS

Vss
0 Volts or positive supply.

vDD
Negative supply {15¥ nominal).

Clpck inputs ¢R, $L

The clock frequency is determined by the value of a resistor
connected betwesn $A and ¢L.

#R and ¢L may be connected together and overdriven by an
external clock input.

Signal input

The input shouwld be driven from &n amplifier output stage. The
receiver is insensitive to input frequency except in so far as is
necessary to satisfy the requirements of the transducers.

& local keyboard input can be wire-OR'ed, The frequency issetto
approximalely 68KHz with a single resistor.

5/6 Select Input )

This pin alters the function of the receiver to enable it to accapt
data from either a 5 bit (31 channel) or § kit {63 charnef)
trangmitter. With the pin nat connegted the receiver functions in
the 53 bit mode. With the pin connected to Vgg the receiver
functions in § bit mode.

48-46

ODutputs 20, 21, 22, 28, 24, 25

The six outputs are latchlng outputs which retain the data untli it
is replaced by new input data. The ocutputs are open ended and
clamp to § Volts with no output data present.

The output codes change state midway through the end code
following correct reception of a data block.

Power-on-clear sets the cutputs to an ali anes state when power
Is first applied.

LED

This signal can be used to drive an indicator to show that new
data has been received.

The LED output |8 normally at & Volts and goes apen circuit
simultanegus with the outputs changing. The signal remains in
this state during the time that the transmitter is kayad and the
receiver is recaiving input signals. The signal goes to § volts 32ms
after the input signals cease.

By gating the LED output with a discrate decode of the outputs
1,2,4,8,16,32 a signal is obtained to drive an analog tunction i.e.
volume up. Such a signai would be present only during the time
that the transmitter was keyed.

Strobe
The strobe ocutput is open endad and clamps to 0 Volts.

The clamp is released BDusec after the data on outputs
1,2,4,8,16,32 has changed and is re-applled 60u ses later.



AY-5-8420 E

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respectto Vgg ........... R =20V to +0.3V “Exceeding these ratings could cause parma-
S:ora_ge temnperature range o B5°C to +150°C neni damage. Functional aperation of this
Ambient operating temperature range . ...... ... i i 0" G o +70°C device at these conditions is not implied —

coperating ranges are specified below.
Standard Condltions {unless otherwise noted}
Vg = OV
Vo = ~15V nominal
Operating Temperature (T,) = 0°C to +7¢°C

Charactetistic Min, Typ* Max Units Condltions

Inputs
Clock,
Signal,
/6 Select:
Logic 0 +0.3 — -1 Volis
Legic 1 -3 — Vop Volts
Outputs
A-F,
LED,
STROBE:
Logic 0 sink current —

Gscillator frequency — a5 - kHz

!
3

2V drop

*Typical values are at +25°C and neminal valtages.
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AY-5-8450

Remote Control System /30 Channel Transmitter

FEATURES

W 30 channels 346.4Hz spacing in the range 34-44KHz.

m P-channel 9 battery opertion.

B 4.4335MHz TV crystai master osclliator.

& 5 x & matrix keyboard input.

B Low standby current drain (10pA}, max.

m Compatible with S8A10235, SAATI30, AY-3-8480 and
AY-5-B461 receivers.

DESCRIPTION

The AY-5-8450 allows the transmission of 30 commands using 30
different ultrasonic frequencies in tha range 33945 o
43.920KHz. It is designed for battery operation and uses a low
cost TV orystal as the master oscilator. When inactive the circuit
is in a standby mode having a current drain of tess than 10uA. As
800N as a Key is depressed the main circuit is powered up and
transmission commences.

QUTPUT FREQUENCIES Clock Frequency: 4.4336MHz

PIN CONFIGURATION
16 LEAD DUAL IN LINE

Qaciilaior Input
Qatillator Outpul
X1

Keyboard npuls § X4

Top View

Ky

*

- W om e WP

@

1671 v, qPositive supply)

1511 Uitraganic Oulput

1] Voo (Negative supply)

137 5

2 Y4
H Y3

Kayboard Chutpurs

T v

] N

SAA1025
Key Frequency {Hz) Recelver Command
X1¥1 33244.89 oti/on
X1 ¥2 37062.26 z3
X1Y3 37408.66 Volume Up
X1Y4 A77e5.03 Z4
X1¥5 38101.41 Volume Down
X2 Y1 34291.21 Muts
X2 vz 3844797 75
X2 ¥3 3B704.16 F1
X2 Y4 39140.54 Fo
X2 Y5 39486.92 Fa
X3 Y1 34837.85 Cofor Up
xave 3023329 E4
X3 ¥3 40179.67 F5
X3 Y4 40526.05 s
X3 Y5 4087242 F7
X4 Y1 34984.02 Mormalize
X4 Y2 41218.80 Fa
X4 ¥3 156618 2]
X4 Y4 41911.55 F10
X4 Y5 4225793 Fit
X5 ¥1 35330.40 Color Down
X5 Y2 35676.78 Zi
X5 Y3 3802315 Brightness Up
X5 Y4 4260431 Fi12
X5 Y5 42950.68 F13
X6 Y1 36389.53 z22
X6 Y2 36715.91 Brightness Down
X6 Y3 43207.06 F14
X6 Y4 4364343 F156
X8 Y5 43989.81 F16

CUNNECTION DIAGRAM

-

F

AN 1
Taawsouten
A A
-4
FMH:
arpk Aok
o —[ Al T o

Lt
¥y
Al

¥1
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PIN FUNCTIONS

AY-5-8450

Pin No. Name Functlon
1. Oscillator Input } The Quartz grystzal network is connected to these pins.
2. Oscillater Output
a, X1 )
4. X2 The kays are in the form of an XY matrix.
5. X3 A3 500N as a key closure is detected the chip is powered up and the
8. X4 ¢ Keyboard Inputs keyboard {5 sca:ned at 3KHz. When it has bzen getermins.-dp what key has
7 X5 been preased the appropriate frequency is transmittad. If more than one key
a G is pressed the chip ceases to transmit.
9. ¥1
10, ye
11. Y3 Keyboard Qutputs
12, Y4
13. Y5
14. Voo Negative supply (~8V nom)
15, Ultrasonic output Off until key preszed
16. Vag Fasitive supply {ground)

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respect to Vgg pin

Qutput guirent ... .. .o,

Storage temperature range

Ambient operating temperature range. ..o,

Standard Conditions (unless otherwise noted}

Vgy = OV

Vop = -7 to ~10V

F clock = 4.4336MHz
Ta=0°Cto 70°C

virerranennan, 03 10 -12 Volts

vevraeas 10mA

...... trrrreriate it e aess 8970 f0 +150°C
vrven.~10°C to +70°C

Characterlstic Min. Typ Max. Units Conditions
Clock Frequency — 4.4336 - MHz See the Connection Dizgram for
axternal components
Key Contact Resistanca:
ON - — 100 ]
OFF 1 - —_ M2
Key Capacitance — — 20 pF
Outpul:
On Resistance — _— 800 1) To Vss_ Vot = -1V
Off Resistance — — 3 Wi To Vup, Your = Yoo +0.5V
Standby Current Drain — 5 10 WA
Operating Current Drain - 12 — ma
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AY-5-8460 AY-5-8461

Remote Control System 1lI/16 Channel Receivers

FEATURES
PIN CONFIGURATIONS
w16 Control Channels; 0 to 9, Volume up and down {AY-5-8460}, 18 LEAD DUAL IN LINE
Racail, ON/OFF, Fine Tune up and dawn {AY-5-8461}, AY-5-8460 Top View
channel up end down, ’ N —r
B Qutputs in 325 matrix format for driving Omega. Vgg {positive supply) 7] #1 181 oo
m On chip oscillatar using 4.4338MHz TV Crystal. vome Qutpyt [] 2 +7 [ Clock Input
OM/OFF mputiOutput [ 3 6} Clock Guiput
Vo (] 4 15 [T Ultrasanie fnput
DESCRIPTION b @ e
Recailf Dutput [ 5 14 [T Volume Lip/Down Input
The AY-5-B480/8481 is a 16 cl"!annal ultrasonic remats colntlrol ke output (15 3] KBS Input
racatvar designed to be compatible with the Gl Omega TV digital K8z outout [ 7 2P ker
tuning system. It can be operated by either the AY-5-8450 or the utout L] 7 Input
SAA 1024 remote control transmitters. kB3 output (18 1173 KBS Input
KB4 Output i:| ] 14 [ KBS Ouiput
AY-5-8461 CONNECTION DIAGRAM
AY-5-8481 Top view
_ A
Vs (positive supply) [ #1 18[ ] Vop
19K
1 AGTALL N Fine Tune Down Output [ 2 17 ] Clack input
© —1 oM
ouFruT GFF ONYOFF Input/Cutput [ 3 16| Clock Output
| | [ forr 1) Voo [ 4 16 [] Ultrasanie tput
: [ A | oK % )
Ta ! — i e - L Hecai output [ & 14 [ ] Fine Tune Up Qutpul
KEY:,,?;HD b 2 - J—-—| = FINE TLINE DN KBt Dutput [ & 15 [] KBS Input
DUTP L EGA
oL b I AY-5-B481 coﬂﬁo?gmpf KBz Output [ 7 12 [J KET Input
c'::-g:o R |_|—_|J13 m?c‘p_F_olu.Tmsamc KB Qutput [ 8 11 [] KBE input
| | ] | 1 INPUT
HE? ; KB4 Qutput [] 9 10 ["] KBS Gutpul
e N I
P sanrz | CONTAOL Chie:
/ I i L v
J 4J’uF_r :;QDF
FREQUENCY ALLOCATIONS
AY-5-8460 AY-5-84861
Frequency Hx Funectlon Output Code Frequency Hz Funclion Qutput Code
37 0620 1t KB1/KB8 37 0620 a KB1/KB6
ar 409 Recall — 37 409 Recall —
37 755 On/Of — 37 755 On/Of —
g1 Channel Down KB4/KBS8 38 11 Channat Down KB4/KB8
38 448 1 KB2/KBE 38 448 1 KB2/KBE
38 794 2 KB3/KB& 3B 794 2 KB3/KBE
38140 3 KB4/4B6 39 140 3 KB4/KBB
39 487 Channel Up KB5/KBS 39 487 Channel Up KB5/KB8
39 833 4 KB5/KB6 39 833 4 KB5/KBE
40 180 5 KB1/KEB7 40 180 & KB1/KB7
40) 526 6 KB2/KB7 40 526 6 KB2/KBY
40 872 Velume Down — 40 872 Fine Tune Down —_
41218 B 4 KB3/KB7 41219 7 KA/KB?
41 585 8 KB4/KB7 41 565 g KB4/KB7
41 912 a KBS/KB7 41912 g KBs/KBT
42 258 Volume Up - 42 258 Fine Tune Up —




PIN FUNCTIONS

AY-5-8460 m AY-5-8461

Pln No. Name Functlons
1 Vss Ground
Valume Quiput {AY-5-8480) This cutput i in the form of 2 pulse, the mark of space ratio of which can be
changed in 125 steps from 1:126 1o 126:1, the repetition fregquency being 8.73KHz.
The mark space ratio is incremented by one step about 115mSec after the start of
an ultrasonic command, thereafter it is incremented every 46.2mSec. At powar ON
the output is normallzed to a mark space ratio of £3:684. The output is also
conirolled by pin 14
2 Fine Tune Down Output This output is connected to the corresponding pin on the Omega system, It is at
[AY-5-8461) logic ‘1" for the duration of the ultrasonic command.

3 ON/OFF Output/input This output is toggled ON and OFF by reception of the corresponding ultrasonic
cammand. At power up the cutput is set to the OFF state. When in the OFF state the
Volume output is prevented from changing and the KB outputs are at logic '1’, the
Flpe Tune outputs are at looic ‘0.

The output may be turned ON by connecting it 1o Vs via a 10KOhm resistor for
10us, it may be turned OFF by conngcting it to Vgg . The Llitrasonic command must
be present for at least 0.7 sec. to activate the output.

4 Vea This pin is externally maintained at Vpp +(6V = 5%), to serve as a ground
referenca for logic signala which interface with the Omaga system.

5 Recall Output This output is at logic "0" for the duration of the ultrasonic command.

8 KB Output

7 K82 Output

8 KB3 Output These outputs and inputs are connected to the corresponding pins on the Omega

190 ::g; gﬁ:‘;ﬁ: systam. A 3«5 matrix !ﬂeyboarq may be_ cqnnected to the same pins. Maximum
capacitance between intarsecting matrix lines 20pF,

1 KBE& Output

12 KB? Cutput

13 KB Output

14 Volume Up/Down Input This is a tristate input which provides local control of the Valume Cutput function of

{AY-5-B450} pin 2. Connecting this pin 10 Vo (Vo) via 8 10KOhm resistor causes the mark
space ratic to increment (gacrement). The input must be activated for 23mSec
before the Volume Output beging to changs. This input has priority over any
ultrasorts command.

14 Fine Tune Up Dutput This output is connacted to the corresponding pin on the Omega system. 1 is at

{AY-5-8461) ogic 1" for the duration of the corresponding ultrasonic command.

15 Ultrasenie Input The ultrasonic signa! should be capacitively coupled and be at least 500mV peak
to peak. The first incoming pulse triggers a 23.1ms timer and after a delay of this
period, two measurements of the ultrasonic signal are made over the following
two 23.1ms periads. If the measurements produce a comparison an cutput is
generated after a further pause of 45.2ms. The cutputs are present for the
duration of the ultrasenic command. During the completa receiving time the
pericd of the uitrasonic signal is measured. |f it is less than TBusec or greater than
36usec the signa! is rejected and the receiver is set back to the start condition and
a new measuring cycle commences. The input signals nesd nat be completely
accurate for satlsfactory reception. At the lowest frequency an error of - 0.51%
can be tolerated and at the highest + 0.39%%%.

16 Clock Qutput Thig is the output of the clock cscillator, One side of the crystal is connected to thls
pin.

17 Clock tnput This is the input of the clock oscillator. The other side of the crystal is eonnected
to this pin.

18 Yoo Negative power suppily.
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E AY-5-B4€0 = AY-5-8461

AY-5-8460 CONNECTION DIAGRAM

12y
10K
RECALL
< O
OUTPUT

N
o
OFF
' 100K
VOLUME
—y —L
] =

N/OFF

9 i OUTPUT =
CAY-5-8460
+12
10 l 15 19RF G TRASONIC 10K
8 o JI | 0 INPUT
KB7 © up
! VOLUME
KBE o— o
INPUT
TO KEYBOARD 4 4MH |:”—< _T_DOWN
AND OMEGA AMbz
CONTROL GHip (B! &——— =
KBZ2 Os—rrttrmretterad —_—
K83 o————— 47pF | 39pF
Ke4 gp—mmv----oron
KA5 o— 1 o &
AY-5-8450 ULTRASONIC PREAMP
O H12Y
10nF

EFR-058-40K2
ULTRASONIC
MICROPHONE

A4A-52

A

W

33K

100pF
+—

2N3808

b TO AY-5-8480




ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respect to Ves pin.....ooovin ..
Starage temperature range ............
Ambient operating temperature range

Standard Conditliens (unless otherwise noted)

Vge = OV

Voo =-12V 2 10%

Voo = Vga — (BY + 5%)
F = 4.4336MHZ

T, = 0°C to +70°C

veeee. L3 to ) Volts
. =65°C to +150°C
0°C to +70°C

AY-5-8460 m AY-5-8461

amb

Chevacteristic Min. Typ Max. Unitg Conditlons

Clock Oscillalor Frequency —_ 4.4336 — MHz

Ultrasonlc Input

Sensitivity 500 — 25 myp-p

Impedance 10 - —_ KOhm

Keoyhboard Inputs (KB6-3)

Puli up resistance 200 — - K.Ohm to Vag

Logic 'O —_ - Vsg 8 Volts

Logic ‘1" Ve -1.5 — - Volts

Volume lnput

Increment Lp — — Vss Volts 10KOhm 1o Vg
Increment Down Vsg — - Volts Short to Vg

No Movement -— — — — Cpen Circuit
QMN/QFF Input

ON Vgg -1 - Vg Volts Load 10KOhM to Vgg & 100KONM to Vag
OFF Vag - Vg 0.5 Valts Short 1o Vag
Keyhoard Ouiputs (KB1-5)

Logic '0" Vag — Vgg *0.5 Volts

Logic 1 P - Yoo Volis Load 100KOhm 1o Vg
Recall Output

Logic ‘0’ Vag - Vag t0.5 | Vvolts

Logic 1" Vg -1 _ Ve Volts Load 100KOhm to Vss
Fine Tune Outpuls

Logic ‘0 Vag - Vgg *0.5 Volis

Logic Vs ot _ Ves Volts Load 100KOhm to Vs
Volume Cutput

On Level ez -1 — Vg Volts

off Level Voo - Veg *05 | Volts Load 68KONM 10 Vgg
Puise Fraquency 873 _ - kHz

ON/OFF Output

off Vs — Vo 0.5 Volts 1
on Voo o1 _ Ve Volts Load 100KOhm to Vag
Supply Current - — 25 mA
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PIN FUNCTIONS {Pin numbers In parentheses)

Var (2)
Negative supply input, nominally 0¥{GND).

Sound Output {3)

The hit (32ms pulse/STEHZ tone), boundary reflection (32ms
puise/488Hz tone) and score (32ms pulsa/1 85KHz tone) sounds
are output on this pin.

Yeo (4)
Pasitive supply input.

Ball Angles {5)

This input is laft cpen circuit {Logic “1'} to select two rebeund
angles and connected to Vss (Logic ‘0') to select four rabound
angles. When two angles are seiected they are = 20°, when four
are selected they are = 20® and =40°, Ses Fig. 9.

Ball Output (8}
The ball video signai is cutput on this pin.

Ball Spoed (7)

When this input is left cpan-circuit, low speed is selected (1.3
seconds for ball to traverse tha screen}. When connected to Vas
{Loglc ‘0'}, the high speed option is selected (0.85 seconds for
bail to traverse the screen).

Manusl Serve (8)

This input is connacted to Vas (Logic '0°} for automatic serving.
When left open circuit {Logic *1') the game stops after each score.
The sarve is Indicated by momentarily connacting this input to
ng.

Right Player Output/Lefi Player Qutput {$,10)
The videa signals tor tha right and laft players are output on
separate ping,

AY-3-8500 = AY-3-8500-1

Right Bat Input/Lefl Bat {input (11,12)

An R-C netwerk connected to each of these inputs contrels the
vertical positlon of the bats. Use a 10K resistor in series with each
pot.

Bat Slze {13)

This input iz left open clrcuit {Logic '1') to select large bats and
eonnected to Vgg [Logic "0} to salect smail bats. For a 197 TV,
screen, large bats are 1.9" and small bats are 0.85" high.

Syne Qutput (16)

The T.¥. vertical and horizontal sync signals are output an this
pin. See Fig. 10.

Clock Input {17)
The 2MHz master timing clock is input to this pin. The exact
fregquency is 2.012160 = 1%,

Rifle Game 1, Rifle Game 2, Tennls, Soccer, Squash, Practice (18
thru 23)

Thesa inputs are normally ieft open circuit {Logic 1"} and are
connected te Vsg (Logic ‘0') 1o select the desired game.

Score and Field Qutpul (24)

The score and field video signal is output on this pin.

Reset (25}

This input is connected momentarily to Vss (Logic ‘') ta raset the
score counters and start a new game. Normally left open circuit.
8Shot Input {26)

This input is driven by a positive pulse output of a monostable to
indicate a “shot”,

Hit Input {27}

This input is driven by & positive pulse output of a monostable
which is triggered by the shot input if the targetis on the sights of
tha rifle.

NOTE: The "Shot” and “Hit" inputs have on-chip pull-gown resistars to Ves. All other Inputs (except the "Bat"” Inputs) have on-chip pull-

up resistars to Voo,

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage onany pin with respecttoVggpin ......oooilal vieeeae e~ 30 H12Y *Exceeding these ratings could cause perma-
Storage TemperatureRange .............. PR o] L1 ¥ nent damage. Functional operation of these
Ambient Operating Temperature Range................... PR i o3 1 R g devices at these conditions is not Implied —
operating ranges are specified balow.
Standard Conditlons {uniess otherwise noted)
Voo = +6 to +7V
Vss = OV
Operating Temperature (Tx) = 0°C to +40°C
Charscteristics
at 25° C and Vec = +6 Yolis Min Typ Max Unlts Conditlons

Clock Input Maximum clock source impedance

Frequency 199 zm 202 MHz of 1K to Vg or Vg

Legic '0° a —_ 0.5 Volts

Logic “f' Veoo-2 — Veo Voits

Pulse Width — Pos. — 200 - ns

Pulse Width -~ Neg. — 200 — ns

Capacitance - t0 —_ pF ViN =0V, F= 1MHz

Leakage — 100 — LA

Control Inputs Max. contact resistance of 1K to Vgg

Logic ‘0’ 0 _ 05 Volts )

Logic ‘1* Vpo-2 — Voo Yolts

Input Impedance — 1.0 - M Ohms | Pull up to Vg

Rifle Input — t.0 — M Ohms Fult down to Ve

Quiputsa

Logic 'O’ - - 10 Voit T'out = 0.5mA

Logic 1’ Vep2 — - Volts Tout = B.1ma&

Power Supply Current — 40 80 ma at Vi, = +8.5V
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AY-3-8500 m AY-3-8500-1 E

v M {12,

J, T Forward
it
‘4..‘. -
- i .,
»
-
[
‘C
-
-
[ ]

Goalkeeper

Soccer

The “soccer” type game is shown in Figure 2. With this gameé each
participant has e ‘goalkeeper’ and a ‘forward’. The fayout is such
that the ‘goalkeeper’ is in his normal position and the “forward’ is
positioned in the opponent's half of the playing area.

When the game starts, the ball will appear travelling from one
goai line towards the other side. If the opponent's forward can
intercept the ball, {Figure 2a), he can 'shoot’ it back towards the
gaal. if the ball is missed it will travel to the octher half of the
playing area and the first team’s forward witt have the cpportunity

Flg.2a Re'urn of “Goal Save”

of intercepting the ball and redirecting it forward at a new gngle
according to the 'player” section which is used (Figure 2b). If the
ball is 'saved’ by the 'goalkeeper' or it reflects back from the eng
boundary, the same forward will have the opportunity to inter-
cept the outcoming ball end divert it back towards the ‘goal’.
A ‘score’ is made in the "soccer” game by 'shooting' the ball
through the defined goal area. The scoring and game control is
done automatically as for the tennis game. The same audio
signals are used to add atmosphere to the game.

11

Fig.2b “Shooting” Forward
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AY-3-8500 W' AY-3-8500-1 | B}

Flg.5

Rifle Game No. 1

This game is illustrated in Fig. 5. It has a large target which
bounces randomiy about the screen. A photacell in the rifle is
aimad at the target. When the trigger is pulled, the shot countar is
incremented and, If thae rifle Is on targat, the hit counter s Incre-
mented, a hit noise is generated and the target is blankad for a
short paricd. After 15 shots the score appears but the game can
atii continue withaut additlonal scoring.

Rifle Game No. 2

In this game Illustrated in Fig. §, the ball traverses the screen from
left to right under control of the manual serve bution. Ctharwise
the game is as described for Rifle Game No. 1.
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' AY-3-8500 B AY-3-8500-1

!

28 @™ 2 M 20 18 18

THIS INPUT CONNECTION (S USED
ONLY WHEN RIFLE 1S USED.

L
mechancal® 1K
TRIGGER

\LENS :
\ I
= | i~ [FroTC
A i

Fig.?7 RIFLE INTERFACE

Vo

TRIGGER
PULSE TO
FiN 26

enGe |6 L

3
TRIGGER
5| ss

¥ (4098 QR
14528CL)

Veo

15K

1.0uf
Isl_' 14
POS.
EDGE

| TRIGGER |
85

Y1 Ta0s8 OR
14528CL)

NOTE: Aim rltfe at score on TV and adjusi 1 mag pot. 1or max, voltage on pin 120f the 4098 ata B 1t distance,
The Voitage at pin 12 should be D when thera ja no light on the TV screen,

20pt

I

Fig.8 VHF MODULATOR

Voo
- 3
62K
rd 30pt
I I B I RF
43K out
10pf IN914
>
1% 1.6K 754
- VIQEOQ 90uH A0uH
005uF (FROM >
I SYSTEM
DIAGRAM) I ‘This modulator is used in the lab for test

purpases and may not possess the long tarm
stability or meet FCO requirements for
home use.

Horlzonial Verlical
Slow + 58 2 angles = 1 line
4 angles 3 lines
Fast + 1us 2 angles = 2 lines
4 angles + § lines

Fig.? ANGULAR MOTION
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AY-3-8500 = AY-3-8500-1 E

Hiv F!ETF!ACE-—.-I r-—
825 | 525
[

LINE | LINE | TT T ™ s
STD. | 8TD. & 135 485 56 0
—— | 145 495 | {64]
— !
|
|
! -
| | H v
| BAT j 0.8us | 14/%28 lines
BALL I| 1.0us 5 hnes
TARGET | 25us 14 linea
I . i
FIELD | 0.5us 2 lines f
535 LINE |
SLORE ¢ Sius 20 lings
525 LiNE |
SCORE |5.Dj_|s M linas

SOUASH
287 el 197 it | BAT 1
| 1
' —D-H'G—jps '
i ]
FIAITE e 292233 B T P ——— |

DASHED FIELD LINES NOT DRAWN TO SCALE.
M 4 P — —— —— —— e o ——
RETRACE NOTES: t s = 2 CLOGK PULSES INPUT ON AIN 17
T nz =l e 1H = 1 HORIZONTAL SCAN OR 128 CLOCK PULSES {Bdus)

1 GOMFPLETE FRAME: 525 LINE STD: 128~282 = 33,538 CLOCKS! 625 LIME STD: 120312 = 38,538 CLOCKS.

Fig.10 LOCATION OF DATA CUTPUT PULSES

1€.8 mSEC {525 LINE 5T0)
20.0 mSEC (625 LINE 5T0}

266 18
Fadps
* ‘52551.!'_:,""E " 1625 LINE STD)

}

1 Ll
PIN 18
SYNG o —] | apus

L]

T.5pg

FIN 24
FIELD, 5CORE

|
—t
e a2 _% RISE TIME DEPENDS ON RC
4]

—-1 |-<— BANSEC.

1
PINS 9,10 B SpSEC
BAT OUTPUT 1a 3R 28 PLILAES
PR

Gdys l-— 5 PULSES

, |
PIN & | | | I | w1p550
BALL QUTPUT
a d
|
|

FIM 3
SOUND

i
S00Hz ar
1 KHz ar
2 KHz

132mses PLILSES)

Fig.11 TIMING DIAGRAM
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FOUR PLAYER CONFIGURATION

Wwith this option, the basic two player tennis game can be
expanded to true four player doubles. Each player Is capeble of
playing the full width of the court.

A variation of this option allows for athree player handicap game
with two players against one.

svNe x HEDM0T 1 COMH3 oA
PN o——AAh— B F34013
15 CK a
—{ o a
R LEFT
- T bAT
T o
RIGHT
01 Bar
#.4 BIAYERS O = A
L
= LEFT RIGHT
——
Ve
}
4 PLAYER L L
SONTROLE £ Y < -
< 4 2 <&
+ 3 1 11 5 _1
Lol
CD4016 5 -
a—1
a ] H 10 -
T——3 A+
- N
Fig.13
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AY-3-8500 u AY-2-8500-1 E

RANDOM BALL SPEED/RANDOM ANGLES

To enhance the axcitement and challenge of the various games,
this pption provides random variations of the ball speed and

random changes in the ball rebound angle as the games are
being played.

AANDOM SPEED
1.3 OR 0.65 SECONDS

o-\ RANDOM
L)

ANGLE

'r: REBOUND

Soccer
SCORE %WC 04001
PIN 24
[+}
MANUAL
FAST/SLOW
SQUND
PING O
A [ [ [ (-O—O FINT
—{ cx a cK Ql—cx Q cK o ] oK [+ RANDOM
1 SPEED
[ [+] o [+] o a a] =] o a
| l | 5 [_ 5 ]_ 5 _l 5
_L RANDOM
— 0 ANGLE
FIN G
BALL
PiNg O
KOO0
MANLAL
2-4 ANGLES
Fig.15
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AY-3-8500 W AY-3-8500-1

BLACK AND WHITE BATS/GRAY BACKGROUND

This optign provides an added factor for player team recognition.
The field or court Is produced as a gray background with the bats
in black and white. This option is particularly helpfui for the
squash game where the players are positioned close together. .

Flg.16a

= g

Flig.17b

AY.3-A500/8500-1 CIRCLIT
SCORE AND FIELD 24

BALL e)—I

RIGHT BAT 0 v

w4072

w {a |w |

B

LEFT BAT 107

101

sinu To
A 3 MODLLATOR
FICS.8)

BYNC

_ji |
P
a

|

|

|

—_———

T k-

= 1
= 14} .

THE ABCYE SIRCUIT 1§ USED A% AN ALTERNATIVE TO THAT SHOWN ON THE SYSTEM DIAGRAM.
Flg. 18 GRAY BACKGROUND
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AY-3-8500 ® AY-3-8500-1 E

Veo
i‘_" AY-2-B500-1
NG |1 28 | NG
b Vag {Ground) |2 27 LHIL Input AIFLE
Sound Dulput {3 26 [ Bhot Input I CIRGLNT
= Vee {4 25 | Resel lnput P .
v,
oc Bali Angles 15 24| Secore and Field Quiput — % g; I J—
Ball Qutput |6 23 | Practice i- O1uF
o Eiall Spoed | 7 #2 | Sguash i
H 2 Manual Serve [B 21 [ Soceer J L
— Rignt Player Dutput |9 20 Tanniz - -
r— Laft Player Output | 10 18 | Aifls Game 2
| g Righi Bat Input | 11 18{ Alfie Gama 1
ALk Laft Pat input |12 17| Ciock {nput
[ Bat Size (13 16| Syne Output
R 1Y I AT ’—‘{ NG |14 18] NG
:;[ I = = J:‘ =
1 Ball| 16
[ Vss Yideo In
= z Frefd| 18
LP vidax In Video In
3 RF ¥ideo In Sync In L.l
I-15pF 4 2.0asmHz ) 13
Veo Out
AY-3-B515-1 12
NG Sguash
357 MHz Socoer Ik
Hue Adjust Tennig [ 10
50K 9
v Video Out Practice
) 1K To Modutatar
Flg. 18 AY-3-3500-1 FULL COLOR IMPLEMENTATION USING AY-3-§515-1 COLOR
CONVERTER CIRCUSY (SEE PAGE 4B-23)
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AY-3-8550 AY-3-8550-1

Ball & Paddle TA

FEATURES
¥ Fyl! COLOR Operation {see page 4B-22)
m 6 Selactable Games - Tennis, socoer, squagh, practice PIN CONFIGURATION
and two ritle shooting games. 28 LEAD DUAL IN LINE
B B25 Line {AY-3-8550} and 525 Lina [(AY-3-8550-1) versiona.
B Selectable horlzontal mothon.
& Special Composite outputs for color coding, players and
score, ball and boundaries. Top View
[ ] Automa?lc Scoring Horizonte! Motion Select input CJ@1 28 |1 Compasite Pictus Data
W Score display on T.V. Screen, 0 to 15, Vs (@round) O 2 27 [3 Hit Inpu
B Selectable Bat Size. Sound Qutput C 3 26 |3 Shet input
B Selectakle Angles. voo (] 4 25 [ Resat Input
| Selectable Ball Spaed. Bail Angles T 5 24 |7 Fiehd Output
B Automatic or Manual Ball Service \Whila/Black But Setect Tf 6 23 [ Practics
® Aoalism Sounds. Ball Spoed { 7 22 [ Squash
m  Shooting Forwards in Soccer Game. Fight :::"‘:’::’:x E ; 22; S :::";
m  Visually defined area for all Ball Games. Left Playar Qutput ] 10 - 19 [ Rifls Game 2
B Score color-coded to player. Right Bet Varticat Input ] 11 12 [ Fifles Game 1
m  Ball output coded to player in Squash. Latt Bat Yactical Input ] 12 17 B Glock Inpu
8 Practice geme scoras both hits and misses. Bat Size [ 13 16 [ Syne Ouiput
u  Composite picture data on ong pin, and individual video Right Bat Horlzomal Input ] 14 15 [0 Lof Bat Harizontal Input
signaizs for color.
u  Fin compatible with AY-3-8500/8500-1,
DESCRIPTION -
The AY-3-8550 and AY-3-8550-1 gircuits have been designed to The cirguit is intended to be battery powered and a minimum
provide a TV 'games’ function which gives active entertainment number of external components are required to complete the
using a standard domestic television receiver. system. & systam diagram is shown belovy,
SYSTEM DIAGRAM
COMPOSITE
PIGTUF:E DATA SYNG
2MHE OSC.
Voo
[ GAME SELECT J_ kit Tla) 1K
/ . o— = DNBZEE
TooF FEpF
GIRGUT o /y g T T
FIG? _Ei' $ K+ o ], ]
. Al o i s 1 o ooy
N Zs 28 s 100K % 1m0k Fiook ook 3K
|+ 713 AY-3-A530r 85501 [ L
5 1 14 SMK 2K 210K & 10K
2w 1 l
16K
2MaEs i
T_( }_J A BIO—  B2O-- 231 33 L
o2F 1 1 1 1 pF pF HF uF
Ven ’ ) ) ol e NORMALLY ALTERNATE
L CLOSED 2MHz OS50,
FEET_D WHITE! RIGHT LEFT
BLACK PLAYER PLAYER
BaT QUTFUT  QUFRLT |
SELECT
- " ; |
SEE FIA. 12 FOR B/W IMPLEMER TATION;
SEEFIG. 14 FOR COLOR FIMPLEMENTATECIN, |
! 3 B B
{_?r i}
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PIN FUNCTIONS

Hordzontal Motion Salect (1) When connected to Vgg (LogicT').
the horizontal motion controls are enabled. Open circuit fixes
paddies at basslines for vertical motion anly.

Va5 (2} Megative supply input, neminally O¥V(GND).

Sound Quiput {3) The hit (32ms pulse/STEHZ tone), boundary
retlection {32ms pulse/488Hz tone) and scare {32ms
pulse/1.95KHz tons} sounds are output on this pin.

Voo {4) Positive supply input.

Bail Anglea (5} This input is teft open circuit {Logic 17 to select
two rebound angles and connected to Vgg [Logic '0") to select
four rebound angles. When two angles are selected they are
* 20°, when four are selected they are = 20° and = 40°. Ses
Fig. 9.

White/Black Bail Select {8) Connaction to Voo (Logic '1') inverts
the right player output far black right player. This input is pulled
to Vss so this circuit may be used in AY-3-8500/8500-1 sockets,

Ball Speed {7) Whean this input is ieft cpen-clrcuit, low speed is
selectad {1.3 saconds for ball to traverse the screen}). When
connacted 10 Vgg (Logic ‘0%, the high speed option is selected
{0.85 seconds for ball to traverss the screan),

Manual Berve (8) This input is connected to Vzs {Logic ‘07 for
automatic serving. When left open circuit {Logic '1') the game
stops after each score. The serve is indicated by momentarily
connecting the input 1o Vgg.

Right Player Quiput/Leit Player Qutput (9,10} Mormally positive
going video signals representing the right hand player (paddie,
score, and whan playing Squash, the ballwhen it is the right hand
player's turn to hit) and the left hand player (paddie, score, and
ball — except that In Sguash the ball is output only when it is the
left hand player's turr to hit). When connected to Vaa, the output
is negativa gaing with the "off” state at V.

AY-3-8550 R AY-3-8550-1

Alghl bat Vartical Input/Lefl Bat Verlical Input (11,12} An R-C
network connected to each of these inputs controls the vertical
posltion of the bats, Use a 10K resistor in series with each pot.

Bat Skze (13} This input Is left apan clrcuit {Logic “1'} to select
large bats and connacted to Vg (Logic ‘0 to select small bats.
For a 19" T.¥. screen, largs bats are 1.9" and small bats are 0.65"
high,

Aight Bat Horizonlal Inpul/Left Bat Maorlzantal input {14,115}
An B-C network connected ta each of these inputs controls the
herizontal position of the bats. Use a 10K resisior in series with
each pot.

Sync Cutput {16) The T.V. vertica! and horizontal sync signals
are output on this pin. Sync must always be one of the zignals
incluged in the composite video to the modulater. See Fig. 10,

Clock Input {17) The 2MHz master timing clock is input to this
pin. The exact frequency is 2.012160 = 1%.

Rilie Game 1, Rifle Game 2, Tennis, Soccer, Squash, Practice (18
thre 23} These inputs are normally left open girguit {Logic *17)
and arg conngcted 1o Vg {Logic ‘07 to select the desired game.

Field Output (24) The field video signal is cutput on thig pin.

Resgel (26) This input is connected momentarily to Vss {Logic 'O}
to reget the score counters and start a new game. Nermally |eft
open circuit,

Shot Input {26} Thisinputis driven by a positive pulse output by a
moanostable to indicate a “shot”,

Hit Input (27) This input is driven by a positive pulse cutputofa
monostable which is triggarsd by the shotinput if the targetis on
the sights of the rifte.

Compaaile Piclure Data (28) This positive goirng output is the
sum of the picture data for the bats, ball, field and score and can
be used in ligw of the data on pins 9, 10 and 24, This signal and
Sync are the only signals required for black and white operation
(see Fig, 12).,

NOTE: The “Shot" and "Hit” inputs have an-chip puli-down resistors to Vgg. Alt other inputs {except the "Bat” inputs) have on-chip pull-

up registors to Ve,

ELECTRICAL CHARACTERISTICS (PRELIMINARY INFORMATION)

Maximum Ratings”

Voliage on any pin with respectto¥gepin ..o -0.310+12v *Exceeding these ratings could cause perma-
Storage Temperature Range . -20°Cto+70° C nent damage. Functionat operation of these
Ambient Operating Temperature Bange ... ......coieeveniiinanes 0°Cto+40°C devices at these conditions is not implied —
operating ranges are specified below,
Standard Conditions (unless otherwise noted}
Voo = +B o +7V
Ve = OV
Operating Temperature {T,) = 0°C to +40°C
Characteristics
at 25°C and Vcc = +6 Volia Min Typ Max Units Conditions

Clock input Maximum clock source impadancs

Frequency 1.99 20 203 MHz of 1K {0 Ve 0r Vg,

Lagic 'O o — 05 Vaolts

Logic ‘1 Voo-2 - Voo Volts

Pulse Width — Pos. - 200 - ns

Puise Width — Neg. — 300 — ns

Capacitarice — 10 — pF ¥y = OV, F = 1MHz

Leakage - 100 — HA

Control lnputs Max. contact resistance of 1K to Vgq

Logie 'O a — 0.5 Volts

Logic '1° Ver-2 - VYoo Wolts

input Impedance - 10 — M Ohms Pull up to Ver

Rifle input — 1.0 — M Ohms Full down to Yee

Qutputs

Laogic ‘0 — — 1.0 Volt Lout = 0.5mA

Lagic '"1° Vo2 — — Voits Tout = .1mA

Power Supply Current — . 40 60 mA at Vo = 8.5V
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Tennis

With the tennis game the picture on the telovision screen would
be simllar to Figure 1 with one ‘bat’ per side, a top and bottom
boundary and a center net. The individual scores are counted
and displayed automatically in the position shown. The detail of
the game will depand upon the selection of the options. Con-
sidering the situation where small bats are used and all angles,
after the reset has been applied, the scores wil be 0, 0and the bail
will serve arbitrarily to one side at one of the angles. i the ball hits
the top or bottom boundary it will assume the angla of reflaction
ahd continue in play. The player being served must controt hig
bat to imersect the path of tha ball. When a ‘hit' is detected by the
logic, the section of the bat which made the hit is used to deter-
mine the naw angle of the ball,

To expand on this, all ‘bats’ or ‘players’ are divided logically into
four adjacent sectlons of equal length, When using the four angle
option itis the quarter of bat which actusily hits which defines the
new diraction for the ball.

4B-16

The diraction does not depand upon the previous angle of
incidence. With the two angle option the top and bottomn pairg of
the bats are summed together and only the two shallower angles
are used to prograrm the new direction for the ball,

When horizontal motion is selectad, the players are restricted ta
the proper side of the net.

The ball wil! than traverse towards the other player, reflecting
from the top or bottom as necessary until the other player makes
his ‘hit'. This action is repeated untll one player misses the bail.
The circuitry then detects a 'score' and automaticalfy increments
the correct score counter and updates the score dispiay. The ball
will then serve automatically towards the side which had just
missad. This sequance is repeated until a score of 15is reached
by one side, whereupon the game is stopped. The ball will sthl
bounce around but no further 'hits' or ‘scores’ can be made. While
the game is in progress, three audic tones are output by the
ircuit te indicate top and bottomn reflections, bat hits and scores.



AY-3-8550 ® AY-3-8550-1 E

b |

6.
—

/Forwa rd

I2
1

v ?

Goalkaepar

Soccer

The ‘soccer' typa game is shown in Figure 2, With this geme sach
participant has a ‘goalkeeper’ and a forward’. The layout is such
that the ‘goalkesper’ iz in his normal position and the “forward’
can be positioned in any part of the playing area.

When the game starts, the ball will appear travelting from one
goal line towards the other side. i the opponent's forward can
intercept the ball, (Figure 2a), he can “shoot' it back towards the
goal, {f the ball is missed it will travel to the other half of the
playing area and the firgttearm's forward will have the opportunity

Fig.2a Retum of "Goal Save"

of intercepting the ball and redirecting it forward at a new angle
according to the ‘player’ section which is used, (Figure 2a). if the
ball Is ‘saved' by the ‘goalkeeper’ or it reflects back from the end
boundary, the same forward will have the opportunity to inter-
cept the outcoming ball and divert it back towards the ‘goal’
A ‘zcorg' is made in the ‘soccer’ game by ‘'shooting' the ball
through the defined geal area, The scoring and game control is
done automatically as for the tennis game. The same audic
signals are used to add atmosphere to the game.

i

Fig.2b “Shooting™ Forward
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Squash

This game is illustrated in Fig. 3. There are two players who
aiternataly hit the ball into the court. The right hand player is the
one that hits first; It is then the left hand player's turn. Each player
is enabled alternately to ansure that the proper sequence of play
ig foHowed. The ball is colored 1o the color of the bat of the next
player who's to hit the ball. :

Practice

Thls game is similar to squash axcept that there is only one
player. See Fig. 4. The left scare counts missas; the right score
counts hits. The game ends when either 15 misses ocgur or when
15 consecutlve hits are made without a miss. The right scora is
reset if it is not 15 and a miss ocours.

48-18
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Flg.5

Rifle Game No. 1

This game is illustrated in Fig. 5. It has a large target which
bounces randomly about the screen. A phetocell in the rifle is
aimed at the target. When the triggeris pulled, the shoicounteris
incremented and, if the rifle is on target, the hit counter is
incrarmentad, a hit noise is generated and the targat is blanked for
a short pericd. After 15 shots tha score appears but thegame can
still continue without additional scoring.

Rifle Game No. 2

In this game, illustrated in Fig. 6, the ball traversas tha screen
from left to right under control of the manual serve button, Other-
wise the gamse is as described for Rifle Game No. 1.
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\LE NS
Sa

—h—\
/{\
//

&
51K 4
MECHANICAL 4

= TRIGGER

—— AN

PHOTO
DARLING-
TON

Veo

10K

POS. 8 101
EDGE | 8 2 n
TRIGGER
et TO PIN 27

Voo
10K
33t
TRIGGER
1 3] PULSETO
PIN 28
FOS.
3| epge |8 L
TRIGGER
5] ss
% (4098 OR
14528GL)
Vo
15K
1.0uf
14 HIT
PULSE

5.5,

A{407 )

n
" {

Flg.7 RIFLE INTERFACE

4098 OR

145280L)

NOTE: Aim rifle atscore on TV and adjust T meg pol. for max. valtage on pin 12of the 4098 ata 6t distance.
The Voltage at pln 12 should be O whan Thare is ho light on the TV scraen.

Voo
8.2K
30pf
- RF
ouT
10pf INO14
1K 16K 754
VIDED 90uH 90uH
{FROM o o
SYSTEM

DIAGRAM)

I This modulator is used in the lab for test

20pt

il

purposes and may not passess the long term
stability or meet FCC requirements for
home use.

Fig.8 VHF MODULATOR

Haorlzantal Vertical
Slow - Bus 2 angles + 1 line
4 angles + 3 lines
Fast s 2 angles + 2 lines
4 angles — 5 lines

Flg.9 ANGULAR MOTION
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AY-3-8550 B AY-3-B550-1

H|v HETHACE—-—]
825 | 525
LINE ' LINE | T [ [ T T T b ops
8T0. | 5TD D 13.5 25 290 34 38.6 40.5 48.5 o
| 145 4.0 | 315 495 184}
P P DU i l
A4A3 —— 4349 — * |
| |
| |
R — | |
| | H ¥
| | BAT 0.5us | 14728 lines
| BALL 1008 5 lines
| TARGET 2.5us8 14 lines
| FIELD D.5ps 2 fines
| 525 LINE
| SCORE 5.0u8 20 lines
| 825 LINE
. SCORE AT A0 Nnes
- . SALIASH
S+ - T
1 BA 1
1 ] *Positions as shown when
‘—I]“_’-S‘-‘“’ 1 hgrizental motion is not
1 seleated,
274275 w—tem 237 733 ------------J

RETRACE

T R e

DAZHED FIELD LINES NOT DHAWN 10 SCALE

_L M e B —— e - ————— —

MNOTES: 1 us = 2 CLOCK PULSES INPUT ON PIN 17
1H = | HORMZONTAL SCAN OR 128 CLOCK PULSES tGdpst

1 GOMPLETE FRAME: 525 LINE STD: 128=262 = 33,536 CLOCKS; 625 LINE STD: 128212 = 38,936 CLOCKS.

Fig.10 LOCATION OF DATA OUTPUT PULSES

16,6 mSEC (525 LINE STD}

20.0 mSEC {625 LINE 5TO}

2583
‘ 384us
—=y (525 LINE
ST (625 LINE STO}
9 . 4 . {5
PIN 18
EYNG —— e dys
o Rl
1 i
PIN 24 senaen YT 0.5us
FIELD 1

PINS 11121415
BAT INFUTS

PINS 4, 10
BAT QUTPLIT

AISE TIME DEPEMDS ON RC.

--| t--— BAUSEC,

—-—-|--l-- O.5pREC
| | l | | | (L JE
+¥ 4F

14 OF 28 PULSES

FING 9,10
BaLl OUTPUTS

—-1 sdps ‘-—— 5 PULSES
1uSEC

I 0 i

PIN 3
SOUND

5004z or
1 KHzor

A

2 KHz
| (a2meat PULSES)

1
Flg.11 TIMING DIAGRAM

—_t—t
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PICTURE DATA

COMPOSITE 27K
{PIN 28}
001 p—-— 10
1 MODULATOR
SYNC 27K
(PIN 18)

Fig. 12 BLACK AND WHITE IMPLEMENTATION
USING COMPOSITE PICTURE DATA SIGNAL
{(White Bats)

GRAY o 3y,
SELECT =6
2702

RIGHT
PLAYER

1.0K

LEFT AAA 4
FLAYER

2708

FIELD O———AAA——8

SYNG TO MODULATOR

Fig. 13 BLACK AND WHITE IMPLEMENTATICON
USING INDIVIDUAL PLAYER SIGNALS
{Black and White Bals/Gray Background)

Vea

I‘_ Howizontal ARa
Moticn Salect input {1 28 (NG
Vg 1Ground) |2 27 | Hit Ingut FIFLE
— Sousd Cutput |3 26 | Bhat Lnput i CIRCLIT
= Voo |4 25 | Resat Input —
¥ Ball Angles {5 74 | Boare and Fiald Cuipul —— i * 1 J—
Ball Guipul |6 #3 | Praciice |> DuF
Fall Spaed [T 22 | Squash l
10K 10Ki Manual Sarve | B 21 | Bocaar . L
Right Player Cuiput |8 20 | Tennis - -
= Len Player Oulput {10 75 [ Altis Gema £
100K & Aight Bt Vert Input |11 1E [ Aifte dame 1
ke Lefl Bt Vert Input | +2 17 | Clock Input
Bet Siza 143 4B Byne Dutput
Right Bat Horlz. In |14 75 | Leit Bal Horiz. In—

3
l_"*-‘
l_-‘*--_
F—_F_

. —

100K
.
100K ¢
S20pF | 8200F !

Bal| 16
[ Vas wzea ln [
= 2 i Fiald | 15 =
T1 usn s
= = 1 fre viec 10 Sy 1n A2
15pF s, 2 0d5MHz | 13
i R
- AY3-515-1 [
NG uash
Mg 11
9.8TMHz Socoer
Vo | lopF .
Hua Adjust Tannis s
SO S s g
v Wrdieo Qut Praciica
v
1%

To Modulator

Fig. 14 AY-3-8650-1 FULL COLOR IMPLEMENTATION USING AY-3-8515-1
COLOR CONVERTER CIRCUIT (SEE PAGE 48-23)
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AY-3-8515-1

PRELIMINARY INFORMATION

Color Converter 1

DESCRIPTION

The AY-3-8515-1 is a single N-Channel MOS circuit which
accepts the video outputs of the AY-3-8500-1 and AY-3-8550-1
game circuits and converts the black and white signals to a single
color composite video output. The colors of tha background and
paddle cutputs are selectively changed directly by the game
select inputs, The circuit also provides, as an cutput, a 2.040MHz
clock for the game chip.

OPERATION

The AY-3-8515-1 provides a color composite video signal with
color burst envelope and sync for input to the RF modulator of 2
TV game.

Bync: The gync input from the AY-3-8500-1 or AY-3-8550-1 is
reconstructed in the color circuit and provides both front and
back porchs to insure correct operation in color TV cirguits.
Color Burat: A coler burst signal, containing ten gycles of the
3.579MHz color reference, is supplied after sync. The color phase
of the burst is internally selected by the game select inputs with
respect to the phases of the background, right player and laft
player so that different colors may be rendered for each game.
This coler changs may be affectsd with no external components
for ball and paddie games and only requires the addition of two
diodes when target games are also selected.

The golor burst is followed by an appraopriate blanking interval so
the TV et will not lock on to the background phase.

Video Inputs: Four video inputs are provided on the AY-3-8515-1,
These are: field and score, left player, right player and ball. When
operated with the AY-3-B5530-1, the ball input should be
grounded,

Video Qutput: After syne, color burst and bianking, the video
consistg of background, field and score, right player, left player
and kall. The ball output is aiways white. In the absence of other
signals, the background is output.

The color outputs are:

Grounded
Select Back- Right Left
Input ground Fleld Player Player
1 Tennis Green Yellow Orange | Magenta
2 Soccer Blue Cyan Cyan Yellow
Elue Green

3 Squash Brown Magenta Blug Cyan
Graen

4 Practica Cyan Green Yellow Brown

Green

Colors may be adjusted for system variations by the chip hue
control which varies the phase delay of the color outputs.

For games incarporating rifie, select input 3 may be connected
by diodes to the squash select and practice select Inputs of the
game circuit, and select input 4 may be connected by diodes to
the two ritle inputs.

Luminesence Levels: The |luminesence levels of the warious
signals in the compaosite video output have bean selected to
provide black and white compatiblity. The field and left player
slgnals are set to near white levels, the rightto near black, and the
background is set at 2 mid level to show gray.

Figure 1 shows the typical composite video wavaform from the
circuit.

PIN CONFIGURATION
16 LEAD DUAL IN LINE

Ton wlew
—
Ve L] "' 16 [ Ball viges in
LPviean |2 15[ Faela Vides In
RP Video In | 4 147 Sync In
Vez 4 13} 2.045MHz Out
NG 16 17[C Sguash
3.5TMHzZ .:i 5 117, Sneoer
Hue Adjust E 7 107 Tennis
Videg Qut L 30 Practige
CONNECTION DIAGRAM
Ve VideETl!: HE— PN ey
= PN —2 1P Yideo In Vid;if:g 15 (Pin 24y
(PIN 9 — 2 RP vidso In Sync In 2 (PIN 16)
35RF 3 2.045%11! RERTr
NG Squash 12— ipiN 22)
A.5TMHz Soeear A [PIN 21)
Hug Adjus] Teneia |18 oy oy
8} vdes ouw Practica |2 (PIN 23)

MOTE AY-3-8500 1/855C 1 FIlG shown in paranthasee.

SR RALK- HT

VIDES Rala LEFT > i
| | (Y] | 1SSORE| rﬁ:.uun| ALEYES

oo
an -
)| iiRa-

UR
2 6 oezLEs
LTS ‘"H
27 I

Aup SYNT

Flg. 1 COMPOSITE VIDEQ QUTPUT

In order to assure the correct video levels, a 1K variable
potentiometer should be used to adjust the cutput to.a maximum
of 4 volts and a minimum of 2 volts.

CLOCK INPUT

The AY-3-8515-1 oparated directly from a 2.579MHz crystal
input. A variable capacitor with a range of 3 to 15 pF should ke
used to tune the crystal,

CLOCK OUTPUT
The AY-3-8515-1 generates a low impendance 2. 045WMHz clock to
directly drive the game chip without external components,

4B-23



AY-3-8600  AY-3-8600-1

Ball & Paddle 1L

FEATURES

® Fuil COLOR Operation {see page 4B8-32)

& Eight selectable games — tennis, hockey, soccer, squash,
practice, gridball, basketball and basketball practtce.

PIN CONFIGURATION

28 |LEAD DUAL IN LINE

® 525 Line (AY-2-8600) and 525 Line (AY-3-B600-1} versions.
B T.V. raster generator
® Color or biack and white operation TopView
® Two axis player motion I P .
® Automatic on-screen scoring, 0-15 s;:.S: 97 h 3 Sowet ::::;
& End of game indication {flashing score) A 2051 Select Input 2
B FRealistic ball sarvice and scoring Color Burst T4 251 Straba 1
w  Score color keyed o player Background LT % 24 7 Strowe 2
#  Independent player selectable bat size for handicapping Boundares 56 #0 Sprote 3
®  Fast ball speed inhibit Lett video 157 227 Do nat conneat
" ooy ;. i i A M A | 1]
® Five segment bats giving = 40°, = 20°, and horizontal asm':f'(‘;::i: E . b RT;Lf‘;rSI::' i
B Sound outputs for hit, rebound and score Left Horeontal In [ 16 105 Leh B Size
®  Shooting forwards in hockey and soccer et verhoal in 0] 11 105 Aeset
DESCR'PT'ON Left Serva ] 12 17 7 Aight Sérve
Svund Cutpue T] 13 1B Mo
The AY-3-8600 and AY-3-8800-1 clrcuits have been designed to Right Horizontal In ] 14 15 [ Rkghl Vartical In
provida a TV ‘game’ function which gives active entertainment
using a standard color or black and white domestic television
receiver,
The circuit is intended to be battery powered and a minimum
number of external components are required to complete the
system. A system diagram s shown below.
Vor
SYSTEM DIAGRAM
h
L
s
<
!
—r
Yoo U N %
= 3.579MHz = Yer
. SOUMND
— 5 |> GAME Ly
t | SELEGT H
2 AY
3 RH
NE COLOR BURST SERVE 1 Ve
— A ——] SYNC 3ERVE 2 3 ] > &
$—AAA——{ RIGHT PLAYER SIZE 1 S| QK[ gioK] Lok
Rl
""cc—‘\N\f———'VW—E LEFT PLAYER 5IZE 2 |
—1 BLANKING RESET Lroow| Lrookl  Ligak)  frook
R L
VAN BOWNDARY BALL SPEED | | g s 3 3
e BKGND VYss l
N s (3] b 37 ke f2] s
vIDEO {uT SwF

TG MCOULATOR
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PIN FUNCTIONS

Power
Yoo positive supply input
Vss negative {substrate) supply input

Control inputs

Right player vertical control
Right player horizontal control
Left player vertical cantrol
Left player harizontal controt
Right player serve

Left player serve

Right player bat gize

Left player bat size

High spesd ball inhibit
Game resat

The game i reset with scores set to Zero and ball returned to the
service position by momentarily connecting the reset input to
Vas-

Bat size can be selected as alther 15 or 30 limes in height
individually for handicapping purposes. Connection of the bat
size input to Vss setects small hat.

Bat position is set by a variable resistor and capacitor connectad
as shown in the System Diagram. A 10K ohm resistor must be
placed in sarigs with the potentiometer,

Game Select inputs/Oultpirts
Strobe 1
Strobe 2
Strobe 3
Select Input 1
Satect {nput 2
Balect Input 3

Game selaction is made by the interconnection of cne of the
output strokes, STR 1, STA 2, or STR 3 with one of the three input
selection lines SEL 1, SEL 2, or SEL 3.

OPERATION

Ball Motlon

In 2l games, the bal starts at slow speed. if the high speed mode
has bean selected the bali with switch to high speed after 7
congecutive hits by the players without a goal being sgared.

The bats will be sagmented into 5 zones, each zone defining a
different rebound angle. The zones listed from top of bat 1o
bottom are nominally 40° up, 20° up, herizental, 20° down, 40°
down. A ball passing through a forward from behind will have its
angle influenced as above, but not its left/right direction.

AY-3-8600 ® AY-3-8500-1 E

The game selections are defined as:

STR 1/SEL 1 Tennis

5TR 1/5EL 2 Haotkey

STA 1/SEL 3 Squash

8TR 2/SEL 1 Fractice

STR 2/5EL 2 Gridball

STR 2/§EL 3 Boccer

STR 3/5EL 1 Basketball

5TR ¥/SEL 2 Basketball Practice

Vides Outputs

Right bat, scare and balt
Left bat, score and ball
Boundaries

Background

Sync

Blanking

Calor burst locator

All signals are present in the circuit to generate a composite
video signal with syng, color burst, and tlanking. This single
videg signal provides the input 1o the game BF modulator,
Viden outputs are provided for each of the two player bats and
their scores, the houndaries, beckground, sync and blanking. As
shown in the System Diagram, the ratio of the particutar autput
resistor with A2 sets the luminance level.

In addition to the abova outputs, & color burst iocator output is
provided for use where extarnal color generation Is desired. The
signal ipcates the posgition in the waveform behind the sync
pulse.

Clock Input — 3.579MHz

Scoring

All two player games will terminate when one player has 15 points
at which tims the score will flash and the bats have no further
effect on the ball.

Sound

Tone of approximately 500Hz, 1Kz and 2KHZ will be output for a
nominal peried of 32msecs for ball hits wall, ball hits bat and
score. The output is capable of directing driving 100 chm
speakers.
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Tennis

This game uses a playing area as shown in Fig. 1. Each player can
anly move around his side of the court, The game wili start when
the player whose turn it |s to serve, depreszes his service button,
The service will automatically change every five points scored. At
service the ball will move away from the service point with a
random angla but always toward the net.
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Hockey

This game uses & playing araa as shown inFig. 2. The forwards on
both sides have freedom to move over the entire playing area.
The goal keepers will be locked in the horizontal axis in front of
their respective goals but wil move Inthe vertical axig in the same
manner as the forwards,

The game starts when both players have depressed their service
puttons. The ball will move away from the face off paint with a
randomly selected angle in either direction.
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Soccer

This game uses a playing area as shown in Fig. 3. The motion of
the players is as inthe hockey game. The game will start when the
loser of the previous goal depresses his service button, The ball
will move away from the kickoff point with a randomly sefected
angle but always towards the goa! of the winner of the previcus
goal.
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Flg.4

Squash

| ettt 0 T 0 0 B 0 0 0 0 0 JF _ 1 |

This game Lses a playing area as shown in Fig. 4. Each player can
move over the whole court. The game will start when the player
whose service it is, depresses his service button. The ball moves
off with arandem angle toward the front wall. The colar of the ball
will change to the color code of the next player to hit the ball.
Should the wrong player intercept or be hit by the ball it will be
considered a fault. Points will only be given if won on playears
own service, Points won on opponants serve will only cause a

service change.

Practice

This game is a single player squash {See Fig. 5). The right score
counts the number of successive hits in the current game (to a
maximum of 15], the left score the number of volleys played.

4B-28



E AY-3-8600 B AY-3-8600-1

- - e e - . _—-ﬁn--

Gridball

This game yses a playing area as shown in Fig, 6. Each player has
three s&ts of vertically moving barriers to block the ball from
approaching his end and apaning in the barrters to pertit the ball
to advance toward the opponent's end. The game starts when
both playars have depressed thelr service buttons. The ball
moves away from the face off polnt with a random angls In aither
direction.
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Basketball

The basketball games use the closed playing srea as shown in
Fig. 7. The players must defiect the ball and cause it to enter the
top of the goal to score. The game starts when both players
depress the service buttors. The bali moves from the serve point
with a random angle in elther direction.

Basketbail
Practice

Basketball practice is a one player game which utilizes only the
teft basket as shown In Fig. 8. The right counter displays the
number of hits the player makes without scoring while the left
counter shows the number of baskets made. Play starts when the
right sarve button is depressed.
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Fig. 8. BLACK AND WHITE IMPLEMENTATION USING INDIVIDUAL PLAYER SIGNALS
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Fig. 10 A¥-3-8600-1 FULL COLOR IMPLEMENTATION USING AY-2-8615-1 COLOR

CONVERTER CIRCINT {SEF PAGE 4B-33)
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AY-3-8615-1

PRELIMINARY INFORMATION

Color Converter 11

DESCRIPTION
The AY-3-B615-1 is a single N-Channel MOS gircuit which PIN CONFIGURATION
accapts the video outputs of the AY-3-8600-1 game circuit and 28 LEAD DUAL IN LINE
converts the black and whita signals to a single color composite
video output. The ¢olers of the background and paddle outputs
are selectively changed directty by the game select matrix. The Top View
circuit also provides, as an output, & buffered 3.579MHz clock for w - Py S,
- -9
the game chip. Crystal Raturn (42 271 No
Crystal In 02 26 [0 MO
Hue Admust 4 25 NC
Video Outpul 3 5 240 NE
OPERATION 2.578MHz Out [ 6 29[ M
The AY-3-8615-1 provides a color composite video signal with Right Yideo In %? 20 Ve
burst lope and sync ferinput to the RF modulator of a Let wes In 21 Test-e nar comnett
color burst envelop ¥ p Boundaries in [ 8 20 [ Strobe 3
TV game. Backgraund In [J 10 18 [ Strote 2
$ync: The sync input from the A¥-3-8600-1 is reconstructed in Calor Burst In [} #1 18 [ Strabe 1
the color circuit and provides bath front and back porches to Blanking In () +2 770 Select 3
- - . . N Sync In [ 3 16 [ Select &
insure correct operation in color TV circuits. NG [ 14 150 Seleet 1
Color Burst: A colar burst signal, containing ten cycels of the
3.578MHz color reference is supplied after sync. The color phase
of the burst is internally shifted by the game matrix inputs with
respect 1o the phases of the background, right player and left
player so that different colors may be rendered for each game.
This ¢elor change may be affected with no external components,
The color burst is followed by an appropriate blanking intervaiec
the TV set will not fock on to the background phase.
Video Inpuwis: Six video inputs are provided on the AY-3-8615-1,
These are; field, background, color burst locator, left player, right Grounded
player and blanking. Select Back- ] Right :T“
Video Qutput: After sync, color burst and blanking, the video Input ground Field Player ayer
consists of background, field, scores, right player, left ptayerand 1. Tennis,
hall. Soccer Groen YeHaw Orange | Magenta
Colors may be adjusted for system variations by the chip hue 2. Gridball, Blue Cyan Cyan Yallow
control which varies the phase delay of the color ouiputs. Hocksy Blue Green
Luminesanca Lewels: The luminesence levels of the various 3. Squash, Brown Magenta Blue Cyan
signals in the composite video output have been selected to Basketball2 Green
provide black and white compatibility, The field and left player 4. Practice, Cyan
signals are set to near white levels, tharight to near black, and the Basketballl| Green Gireen Yallow Brown
background is set at 2 mid tevel to show gray.
Figure 1 shows the typical composite video waveform from the
cireuit.
In order io assure the correct video levels, a 1K variable
potentiometer shouid be used to adjust the cutput to a maximum
of 4 Wolts and a minimum of 2 Voits.
2aLL LEST 1E_C ALK Aonel
MASE _-.‘u.'El'|F|F| iGI»ICJIII\.J F_hvER

CLOCK INPUT

The AY-3-8615-1 nperated directly from a 3.579MMHz crystal '
input. A variabte capacitor with a range of 3 to 15 pF should be +ar
used to tune the crystal. - i\\\'

4 !

el e

CLOCK QUTRUT
The AY-3-8815-1 generates a low impedance 3.579MHMz clock to
diractly drive the game chip without external components.

Fig. T GOMPOSITE VIDEOQ QUTPUT
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BattleI

FEATURES

Two independently controliable tanks

Tank explosion and sounds when hit &y shell or mine
Exploding mines

Shail firing and burst video end sound

Three forward and reversea tank speeds

32 rotational angles

Fixed terrain barriers

Realistic tank scunds

Automatic on-screen scoring

Scoras color keyed to player

625 Line (AY-3-B700) and 525 Line {AY-3-8700-1} Versions

DESCRIPTION
Tha AY-3-BT0Q/8700-1 circuit is a “tank battie game” and has

PIN CONFIGURATION
2g LEAD DUAL IN LINE

Top View

Vag

Right Player Video | 2
Left Player Videa ] 3
Tank 1 Btrobe ] 4

Left Track Forward 7] 5
Right Track Fowward Z) G
T

]

9

[irrile

1

Right Treck Aeverse |
Left Track Reverss [

267 Background

#7 1] ianking

26 [ Explasion Envalope
2510 Gunltirg Envelops
Z4 17 Tank 2 Strobe

23 [1 Tank 2 Motar Sound
22 [ Beating Squeak
210 Tank 1 Moter Sound

been designed for two players where each piaysr has a Fire G;" In 13 P E’I‘P".‘:’I“’“;j oﬁs‘mfz" Hoiss
completely steerable tank with forward and revarse speed faama :::: E :? :g g T:—D::m L‘;nnem )
control and a firing button. Antl-tank barricades and mines arein Teer O 12 v syne
the battlefield to retard each tank's progress while under battle D nat Gonmeet | @t O 13 +6 [1 Calar Burst Lozater
conditions. Tha object of the game is to score as many hits on the Test [ 14 5 1 Yoq
enemy tank as possible, The first ptayer to reach 31 hits ends
gama. The circuit is designed to be used with standand domestic
television receivers, The AY-3-8700/8700-1 is manufacturedina
28 pin dual-in-line package and can be used in battery systems
with & minlmum number of componants to provide a complete
game.
SYSTEM DIAGRAM
Voo
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A rd ouT
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1 | L)
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PIN FUNCTIONS

Sound Duiputs

Tank 1 motor

Tank 2 motor

Bearing and track squeak
Explosion envelope

Gun fire envelope

Explosion and gun fire noise

Fower Inpt

Vee bositive voltags
Wgg substrate (negative) voltage

Conlrol Inputs and Quiputs

Left track forward
Left track raverse
Right track forward
Right track reverse
Fire gun

Control strobe 1
Control strobe 2
Game reset

Video outputs

Right player tank, shell, shell burst, score and mines.
Left player tank, shell, shell burst, score and lixed Barrlers.

Birnking
Background

Sync

Color burst locetor

Clock Input
4.08MHz clock input

AY-3-8700 ® AY-3-8700-1 E

YIDEO SIGNAL OUTPUT

Al signals are presert in the circuit to gerarate a composita
vldeo sighal with a waveform which includes composite blanking
and color burst envelope. This simple video signal provides the
input ta the game RF modulator.

The luminance levels are set by the ratios of the resistors shown
in the System Diagram. This output configuration provides
maximum flexibility to the use who can set, at hig option, aither a
positive or negative sync.

Five cutputs are provided; sync, right pleyer, left player, back-
rrund and blanking. Tha right piayer output includaes the tank

nbol, right player score, shells fired by the right tank, shel
-r&t from right tank shelis and mines. The left player output
inciudes the left tank, left player score, shells fired by the left
tank, lafe tank shell bursts and fixed barriers.

It is recommended that one tank be displayed in white, one in
black, and the background in gray.

The blanking and back outputs are shown connected to a singte
resistor since the modulation level is approximately the same for
both.

In agdition to the praceding five outputs, a color burst locator is
provided ta enable users who wish to provide a color background
to locate the color burst envelope at the carrect waveform
posttton after the sync output.

CLOCK 4.09MHz
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Battle T

DISPLAY SYMBOLS AND CONTROL
TANKS

Control — The tanks are controlled by connecting the appro-
priate strobe outputs to the track Inputs. Forward motion is
achieved when both the right and left track forward inputs are
connectad o the strobe. On connection, the tank will advance in
low speed. If the connaction is held, the medium speed will select
after one half second. After anotner one second of connection,
high gpeed is selected. Breaking the connection when any spesd
is achiaved will cause the tank to remaln at the selected speed.
The contrals should each be single pole double throw canter off
momentary switch.

The tank can be made to go through the three reverse speeds at
one second intervals by connection of the left and right reverse
track inputs to the appropriate strobe output. Tank rotation in a
clockwise (right turn) direction is caused by connection of the
left forward and right reverse track inputs to the strobe while
counterclockwlge {left turn) direction is caused by connection of
the left reverse and right forward track inputs to the strobe. The
tanks are able to turn while either in forward or revarse speed and
rotate whan stationary.

Tank Detalls

Definition and resoiution &4 bits (B=B) or 8/100
of TV screen width

Orientations 32
Direction of travel and

firing angles 32
Forward speeds 3
Reverge speeds 3

48-36

SHELLS

Fiting -—— connection of the gun fire input to a strobe output with a
SPST normally opan pushbutton switch causes the firing of a
tank gun and release of a projectile. The firing rate is approxi-
mately onoe every four seconds and the refire requires refeasa of
the button and redepression. Depression made during the four
second interfiring time are ignored by the circuit.

When a shell is in {light, the rotation of the tank will cause the
shell to follow & curved trajectory in the direction of tank rotation.
Range — the range of a shali is approximately 2/3 of the serean
igngth or width dependent on firing angls,

Size — the shell is & 2x2 bit dot.

BATTLEFIELD BARRIERS

Fixed Terrain Barriers — a minimum of twelve pseudorandom
fixed terrain barrers are on the battlefield to both impede the
prograss of the tanks and provide pratection from shealls. When
coming in contact with a barrier, the tank stops and cannot be
restarted for two seconds. The operator must then reverse his
direction ar turn the tank to clear the barrier before procaeding.
Mines — six mines are distributed on the battlefield. Hitting a
mine with a tank causes the tank to explode and become
atattonary with [ts gun inactive for a pericd of 2 to 4 seconds, The
mire then vanishes for the duration of battie. A mine being hit
scores & hit tor the enemy tank.

Barrier Sizes — barriers and mines are 4x4 bit square minimum
size,



EXPLOSIONS (VIDED)
Shell Bursts — sheli burst patterns are produced when a shell s
at end of range or when the shell makes contact with & barrier.

Tark Explosions — a tank will expiode and fragment when a tank
hits 8 mina or is struck by a shelt.

SCORING

Separate scores, color coded to tha tank, are indicated for each
player. A player's score is incremented when his tank scores a hit

SOUND QUTPUT

GENERAL

Tha sound owiputs produced by the circuit are low freguency
typical of those agsociated with heavy equipment motars and of
explosions. it is recommended that the sound be reproduced
through the TV set or in a {arge speaker so the fuli richness of the
sound ¢an add the proper atmosphere to the game.

ENGINE SQUND

Outputs are provided for the engine sound assoctated with each
tank. Four motor frequencies are provided; threa for the three
gpeed ranges and one for stationary condition. A typical sound
circult for filtering each output is shown in the System Diagram.

AY-3-8700 m AY-3-8700-1

on his opponent's tank or the opponent's tank hits a mine. The
game ends when either player scores 31 points.

RESET

The game is resst by mementarily connecting Reset input to Wi
through an SPST pushbutton. On reset, the scores arecleared to
zerg, mines replaged and the tanks reset to the upper left and
lower right cornars in the stationary condition.

GUN FIRE SOUND

Gun fire sounds are produced mixing the noise autput with the
fire gutput. The tire gutput should be filtered and mixed with the
nolse output as shown in the System Diagram.

SHELL BURST AND TANK EXPLOSION SOUNDS

Shell burst sounds are produced when a shel! reaches the end of
its range or hits a barrier. Tank explosion sounds are produced
when a tank hits a mine or is siruck by a shell. These sounds are
generated by filtering the hitoutput which is an opendrain FET to
V'n and using the filtered cutput to gate the noise output. A typical
circuit is shown in the System Diagram,
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GIMINI

 GIMINI Programmable Game Set

FEATURES

B Uzer game design capability

B Up to aight player oparation

u Up to eight moving screen objacts controlled by user
W 54 seloctabie moving objects

B Up to 240 selectable backyground objects

W 64 text gymbols

& Movable background field

& Six colors plus black and white

DESCRIPTION

The GIMINI Cassette Programmable Game Set is a multichlp set
~ which can accept different program chips, programmed by the
user to provide an unlimifed number of games including
aggression gemes, ball and paddle games, gambling games,
recing games, etc. The set consists of a CP1610 microprocasser,
© 20K AOM game program chips, a standard television interface
chip and a 16K ROM grephics storage chip. In addition the user
will have to provide five 256x4 bit RAM clrcuits.
The games can accept up to eight player inputs, and the set is
designed for operation in color or blzek and white with standard
domestic television receivers,

SYSTEM COMPONENTS

CP1610 Microprocessor: The CP1610 is a variznt of the General
Instrument CP160{ microprocessor and is designed for game
cperation. The chip is a 16 bit utitlzing elght general purpose
ragisters for fast and efficient processing of all game data. The
processor oparates only when picture data is not being pre-
santed and controls the addregses in both the program 20K ROM
and the scratchpad memoery according to the game rules.

20K AOM (R0O-3-20480): The program ROM is organized as 2048
%10 kit and contains all game rules. Because the setis organized
on a data bus princlple, additional ROM for more complex games
may be added, or ROM may be interchanged to provide & user
selectable game format. The unit also stores all symbol tocatiens,
color and velocity and direction data.

RAM: Up to five (5) 256 » 4 bit RAMS are required in the system.
These are standard units with a 320 nanosecond access time.
STIC (AY-3-8900/8900-1): The STIC (Standerd Television
Interface Chip} provides the video signals including sync and
blanking in a non-interiaced pattern for the TV deriving its output
from graphlcs data specified by the microprocessor and
obtained from the graphics ACM. The unit is functional oniy
during picture time and obtains new graphics data between
picture lines. The video cutput will consist of the glx colars, black,
whitae, sync, blanking and color burst. In addition, the STIC wiil
provide an audio output signal far most game sounds.
Graphles ROM (AQ.3-9316A}. The 16K graphics ROM wi!
contaln & series 8 = B dot matrices for a targe variety of game
syn;:bols: composite background sections to complete field
outlines and 64 alpha-numeric characters, Special graphic
symbols may be specified by the user for inclusion in custom
Processors.

HOST PROCESSOR

P8R

a0

! GRAFHICS PROCESSOR

\l s ADDRESS

L)
q 20K ACM —— Ew
(2045 > 10
ey
ENABLE
16
ADDRESS

—_ et

DATA
1 ;
GRAPHICE
ATV CHARACTER
15K ACHM
‘ P 3 12048 = 8)
l #a, Pz
TV KCLA
BUSRAD
TCI
BUIR
1 E
1

SYSTEM BLOCK DIAGRAM
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SYSTEM DESCRIPTION

The Gimini Programmakie Game Set consists of three major sub
syatems (refer to the System Block Diagram):
1. The hos| processor consisting of:
{a) C.P.U. {CP1&10
{B) Systam Instruction ROM {RO-3-204B80)
2, Random ¥ Isting of:
{a) 256 — 12 bit words
(k] 256 — B bit words
3. The graphics p Isting of:
{a) STIC, Standard Television Interface Chip
{AY-3-8900/8900-1)
(b} Graphics RCH (RO-3-93164)
Tha hast processor, via the system instruction AOM, executes a
fixed program using a speacific area of RAM for variables and a
second area for graphics instructions. The graphics instruction
area is common tg the graphics processor,
The graphics processar, using the comman RAM area, fatches
data from RAM, decodes it and fetches from the graphics ROM
the picture to be displayed and displays it on the screen at the
required position.

TYPICAL OPERATION

1. System on.

2. Current game library displayed. {Automatic switch on routine,
ROM programmed).

3. User presses salect input. (Host processor segking external
branch.)

4, if game has subset selection i.e., 1,2,3 or 4 player modes, new
library displayed).

5. The host processor computes the start-game-picture
instructions and writes to commen RAM,; it also computes
the gtart condition of variables involved in the strategy of the
game or motion constants. This setup could, insomea games,
take several picture frames. Therefore, the TV picture is
prasanted as a single color wash. (This may be substituted
with a kalidoscope affect if the tims for sat ug is more than
one second.)

6. When the host processor gives contro! to the graphics pro-
cesgor, the first TV piocture will be drawn using the following
sequance of eventz. The first two lines before the active
picture, up to 40 — 8 bit words will be fetched, This includes
the fallowing data:

(&) the individual x and y coordinates of the top left hand
cotnar of 8§ moving objacts, their location in graphics
library, their color, visibility, and orlentation {facing, left,
right, up and down};

(b} border coior;

{c) background color,

{d) background offset in x, y from the top left hand corner of
the active picture,

hd

At the end ¢f the last two lines before the active picture, the
tirst 8 horizontal points of each of the eight moving objects
will be fetchad from the graphics ROM and loaded into the
scrateh pad in the graphics processor.

GIMINI PROGRAMMABLE E

During the drawn picture time any interacticns of shapes ara
recorded, Then, at the end of the picture time, they are made
available to the host processor for decoding of the picture status,
For the gystem to operate, each 1/60 sec is divided up into five
time stots which relate closely to the timing and synchronizing of
the TV.

Time Slot 1: A time slightly greater than the TV frame blanking;
approximately 4.5 ms |s dedicated to host procassor. (This time
can be increased by the host processor on a frame stealing
basis]. _
Time Stot 2: Active-picture-time consisting of 45us of each 63.5
us line for 192 lines.

Time Slot 3: A time slightly greater than the line-blanking-time,
17.8us, which is used by the graphics processor for procassing
the moving object data.

Time Slot 4: Consisting of the last two lines before the active
picture when the graphics processor fetches the instructions
fram RAM of all the next-moving-objsct data into its internal
scratch pad area.

Time Slot §: The firat two lines after the active picture when the
interaction data and the picture status is availabple for the host
ProcEssor.

8. The graphics processor will then bagin the active picture
subrouting, “draw card”™ — mave. At this time, beginning at
address ‘000" in the 12 bit RAM area, each RAM address is
fetched in sequence (20 per line). (Each address contains a
secondary address for the graphics ROM pius an instruction
on how to use the data contained in that address). Each 20
consectiva RAM location are re-addressed on 16 lines in
each picture frame. This results in the picture requiring enly
240 words to describe the entiré screen (in BAM} whils using
the graphicz ROM to detail the point by point detail in any
ane of the 240 “background card locations”.

9. At the end of sach active picture line the next (if required)
pictura dots of the moving objects are fetched from ROM and
loaded to the graphics processor scrateh pad,

10, Cards and moving objects are output simultaneously by the
graphics processor. If, however, there is a conflict, moving
objocts have priority-write, This feature is the basis of
interaction racording, i.e., object ¢coincidence indicates an
interaction to be decoded by the host processor,

11. By the end of the picture, all interaction possibilities would
have been recorded. The graphics mstructin detector can
record all of the 67,108,869 possible moving object
interactions. Additionally, there are 16,384 ways the moving
objects can interact with the background abjects. These are
also recarded.

The interaction structurs i3 such that either shape, color,
vertical position, horizontal position, or right angle position
interaction can be detected and acted upon.

12, The host processer regains control at the end of the active
picture and re-computes the outcoms of the last action and
what new action is reguired dus to the picture interactions
and change in the user controls,
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Bilack Jack (z pLAYERS)

The Black Jack game is a one or two player gams where the
players are attempting to “beat the house™ by drawing a higher
card hand than the bank without exceeding a count of 21. The
game determines the winning hands and increments or
decrements the bankrolis of the players as a result of the
outcoms of the hand.

The game approximates Las Vegas rutes in that (a) the “houge”
will always draw a card it it has 16 or fewer points and will stand
on 17 ormore, {b) draws are standoifs and bets are not won ar -
lost, (c) cards are dealt from a four deck “shoe" and {d) Black
Jack pays 3to 2.

Completion of bet entry by the players initiaie the deal which
consists of two cards being dealt face up to the players and cne
face up and one face down to the “house”™. The symbol H, asking
i the player desires ahit, or the symbaol O for double are shown on
the screen in the position previously occupied by the S Symbol . D
orily appears |f tha playar has a 100r 11 showing. If the first player
wishes to double, he depresses his yes button when D symbaol
appears. A singlé card is then dealt and the next player or bank
completes his draw sequence. Depression of the no button
causes the H symbol with a question mark to be displayed. One
card will be dealt on each depression of the yes button until
either: {1) Five cards have been drawn, {2) The player depresses
the no button, or (3} Mora than 21 points have been drawn. At that
time piay is torned over to the second player, if any, who repeats
the player one sequence.

Whan the players have drawn their final cards, the “house”
competes its draw. Should the housa have 16 or fewar polnts, it
will always draw an adgitional card. A count of 17 or more by the
“house” will complsete the draw ard cause an evaiuation of the
hands.

48-40

Those players with a card count greater than that of the house but
not aver 21, wll! have their bankrolls ingremented by the amouint
of their bet or two times their bet should they have doubied. The
bankroll count flashes indicating a winning hand. Players who
axcesd 21 or have less than the house have their bankrolls
decremented by the amount of their bet or two times the bet in the
event of a double. Players matching the house have no action
taken on their bankraolis.

The game ends on deptession of the game reset buiton.

Y

airzic H B
HITT?

Flg.2 :
Black Jack (1 pLAYER)
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Fig.3

Draw Poker (2 rLaveRs)

previously described and the hand is evaluated after the new
cards have been dealt. ’

The draw poker game is for one of two players who play against
the house or against each other.

tn two player operation, the piayers are deal! five cards face up
after an automatic anta of §5 and a shuffie, The players may then
evaluate their hands end raise the pot, if they desire. The raise is
accomplished by the opening player, that is the one with the
question mark next to his bet symbuol, depressing his yes button.
A raise of §5 is achiaved each dapression of the yes button. When
the desired raise has been reached, the raiser depresses his no
button and a quastion mark appears at the second player's bet
line. It the second player desires to call or raise, he depresses his
yes button once which causes his bet to agual the first player's
ket A §5 raise (3 made for each successziva deprassion of the yes
button. Depression of the no button after matching the originat
raiser is a call. If the second player does net match a raise and
depressas his no button he concedes the hand and the raiser
wing no further action.

The raige and betting continue untll ane of the players call. Atthat
time, an indicator moves between the opposing player's cards,
dwelling in each position for two seconds. The players wishing to
discard one or-more cards, sacratly depress their ves buttons
whan the marker is in position. When the marker has moved past
alf the cards, the cards are discarded and new cards are dealt to
replace the discards. The hands are then evaluated by the gams,
and the winning hand is awarded the loser's bet. The winner's
bankroll count wil then flash.

Whan a single player |s playing the gama, he is dealt five cards
after the shuffle as inthe two player game. The object of the game
is to achieve the best poker hand, and odds are paid on the $5 bet
in refation to ihe value of the hand as noted below. Discard is as

Hand ¥alue  Payout Hand Value Payout
Royal Flush $500 Straight $20
Straight Flush  $250 Three of a Kind $16
FourofaKind $125 Two Pair $10
Full House $40 One Pair (Jacks orbetter} EvO!
Fiush $25 Ali othar hands Lose

oPt

BF =545
BET=10
DRRAWE

HAHHE

Braw Poker (1 pLAYER)
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Acey/Deucy
{2 PLAYERS)

Tha Acey/Deucy game iz for one or two players whera the players
use a combination of skill and luck to maximiza their bankrolls,
Shuffle and bankroll entry are accomplished in the same manner
as for Black Jack.

The game Is played with two cards dealt from a single dock face
up to each player. The object of the game is to draw a card which
is between but not equal to either of the two cards dealt,

KDl
307
Acey/Deucy
{1 PLAYER)
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War

{2 PLAYERS)

The war game s a variation of the children’s card game and is
played with four decks. Each player it dealt five cards face down,
After the deal, an indicator moves sequentlally betwesn the two
rows of cards and the players choose tha card to be turned over
by depression of the yes button as the appropriate card is
markad. When both players have selected their cards, the cards
are shown face up. The player having the higher card wins two
wins two points and the exposed cards are removed from the
screen and replaced with two new face-down cards, In the event

War
{1 PLAYER)

that both cards match, Wat, the players select two new cargds in
an attempt to win the trick. The winner in a War situation is
awarded 12 points and the éxposed cards play B additional cards
are ramoved from the remalning deck. The game ends when all
208 cards are used. The winning score will then flash,

Whan only ené person is playlng against the game, card salection
by the player causes both the player’s card and the game's card in
that position to be exposed.
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Fig.1

Combat Squares

The object of Cambat Squares is {0 maneuver the sguara into
such g position that a missile can be launched against the
opponent's square. Each hit scoras one point and 31 points ends
the game. To further complicate the game, barriers are placed
randamly over the playing area to provide protection from
opponent's missiles and impede the maneuverability of the
players. The missiles can be directed 1o follow curved paths, as
they are directed by the turn controls,

Figures 1 shows a typlcal playing area,
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Racing Sguares

This game requires both players to manauver thelr squares
around the course as shown in Figure 2. Each complete circuit of
tha course sgores five paints, However, if the player is not skillful
in the driving of his square, his oppenent scores one point each
time the player hits the wall.
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Fig.3

Shooting Squares

Tha Shooting Squares gama is a target game where the players
have their squares fixed as shown in Figure 3 and fire their
missiles at the targets moving overhead. The targets move at
various speeds and dirsctions requiring constant adjustment of

time and direction of fire. Thirty one hits by either playerends the
game.
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Juggle I

The game combines timing and judgment as the players launch
missiles against each other in an atempt to have the missile hita
wall or gbstacie while on the opponent’s half of tha playing arsa.
The players have control of the missiles on their side of the
playing area which they are able to steer inaright or left direction
with their controllers,

Play beging when both players have depressed their five buttons
which launch simultaneous missiles from the player's squares.
The players then guide the missiles past the obstacles to the
oppanent's half of the playing area, whers the cpponent gains
control of the incomlng missila. The player must then turn the
migsile to return it to his opponent. Each match ends when both
missiles have collided with fixed objects and the players starta
néw match. The game ends whan 31 points hava been scorad by
gither player.
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Fig.5

Juggle I

There is aleo a single missile version of the Juggle gama where
the player who was last scored against, launches the missile
againat his opponent.
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Volleybalt
The V‘olleyball game uses the closed playing area shown above. serving scores a point.
The players must hit the ball over the net to the opposing player. Ball travel approximates & parabolic path, and the distance of
Failure fo hit the ball, er hitting tha ball against any wall is travel is direcily related to the angle of the hit. High angle hits
considered a foul. result in shorter horizantal traval than the low angle hits.
The game scoring |s identical to the real game in that a foul by the A score of 15 points by either player ends the game.

server only results in loss of service and a fou! made when not

Flg.1a High Angle Fig-1 Foul
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4B-50

Protection

In this game, the player must protect the goal area of thelr sides
of the net io prevent the bail from dropping through the goal
apening. The ball may be played off of all surfaces and shots may
rebound from tha net or back wall. The game starts when the
player who was last scored against depresses his serve button.
The ball will then travel with a random angle to the opposing
ptayer who must return the ball before it falis through the goal
area. Play continues until ane of the players migsez the ball and it
goes through the goal.

The game ands at 15 points.
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Hazard

Tha Hazard game is one of 5Kill and luck where the object of the
game is to keep from hitting the Ball Into the goal opening which
i& in constant and random motion around the boundary area.
Should the ball go through the moving goal, the player having hit
the ball is at fault and |oses the point. It is therefare incumbent on
the players to anticipate the location of the goal and hit the ball at

the proper point on the bat to angle the ball so that it will hita
boundary. After a goal is made, the hall is naxt served by the
player receiving the last point.

The game ands on a score of 15 points by either player.

Fig.3a Polint Lost
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Fig.1

Roadrace

The Rcadrace tests tha skil and reaction time of cne or two
pisyers who try to race down a “road"” filled with traffic without
colliding with any of the cars they are passing.

On game reset, the cars stant accalarating and passing the slowar
tratfic as they accelerate, Stearing is controlled to the left orright
by the corresponding motion of the joystick. Acceleration

continuas until ore of the vehicles collides with a slower car at
which time the game and the score |s displayed. Aftar five
seconds, the score disappears and the race cars rasule their
acceleration.

The geme ends when either player has had 15 coliisions.

Flg.1a On Colilslon, gams stops and number of collisions by
ench player is shown.
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Barricade

The object of Barricade is to keep a constant velugity track,
steerable in the vertical or horizontai direction, moving without
crossing itself or a track made by the opponent. Skill and
strategic playing are required for if sithar player intergects his
own track or the track of his opponent, the track stops, a new
track beging at the oright. and a point is scored for the opponent,

A score of thrae for either player terminates the game.
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Submarine
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Survival at sea is the objective of the submarine game with the
surface fleet trying to depth charge the submarine and the sub-
marine trying equally hard to torpedo the surface ships. The
surfage commandar has a {leet of cargo and capital ships which
ke must protect with his destroyer. The destroyers are capable of
dropping depth charges to stop and destroy the submarine and
this ship can move left and right to fire. The other surface ships
automatically move across the screen at variaus speeds to elude
the sub. Ezach hit on the submaring counts for two points.

Tha submarine commander moves his submarine left and right at
the hottorm of the screen. His mission is to destroy cargo and
capital ships as well as the destroyer. Each hit on a cargo ship
counts for che point, a capital ship hit counts for two points and a
destroyer hit, for five points.

Score are individually displayed and 31 points wins the game.
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Dogfight

The Dogfight Game locks two aircraft in aerial combat. The
planes are controllable in both speed and direction by elther one
or two players whose objective is to destroy the other’s aircraft
with gut fire, Paints for shooting down the other player are tallied
by an on-screen counter and points are also scored when a
playar is hit by the ring of anticraft fire surrounding the playing
arga. The first player to score 31 is the victor and terminates play.
Whan anly one player is using the game, the other aircraft flies
continuously with it's gun firing. The player must carefully
approach the aircraft and shoot it down without being hit himself,
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PAGE
TYPE NUMBER NUMBER

P-CHANNEL MEMPDS =2
ENHANCEMENT MEMB07 ac-4
MODE MEMB17 4C-6
3N1B3 ac7
MEMB50C ac-0

DUAL P-CHANNEL MEMSS$C ac-10
ENHANCEMENT
MODE

MEM54 4c-12
MEMB55 4c-12
N-CHANNEL MEMS62 4C-14
ENHANGEMENT MEMZ1Y 3C-16
MODE INITT 4c-18
MEMSS7 4c-22
NCHANNE MEMG16 4C-24
DEPLETIOI‘:I- MEME36 4C-28
MODE MEMESS 4C-32
MEMET( 4C-34
MEME80 4C-35

MOSFET TRANSISTORS

MICRO

ELECTRONICS



MEM 806  MEM 806A

P-Channel Enhancement Mode MOSFETS

FEATURES APPLICATIONS

= High breakdown voitage = Low level chapper

s Law input and drain ta gate application
capacitance = Low level detector

» High "“off" resistance = Sampla and hold circuit

* Very high ratic of “off" to “'on” = Analog switching
resistance * Multiplexers

» Normally off and zero offset ) » Dperationai amplifiers
voltage

MAXIMUM RATINGS (T, = 25°C, unless otherwise specified)

MEM B06/MEM 806A

Drain to Source Voltage. ... ... —40V
Drain to Gete Voitage... ... . ... e —40Y
Gate to Source Vaitage ... ... L =40V

Transient Gate to Source Voltage
Storage Temperature ... . ..
Operating Temperature

Total Dissipation at

. £125V
-85°C to +150°C
.. ~65°C to +150°C

25°C Case Temperafure ... B00mW
Total Dissipation at
25°C Ambiant Temperature ... ... 300mwW

ELECTRICAL CHARACTERISTICS
{Ta = 25°C, unless otherwise specified — body grounded)

MEMBOS MEMEOSA
BYMBOL | CHARACTERISTIC MIN. | MAX. | MIN. | MAX. | UNITS | CONDA
Vam Gate Source Cutoff Yoltage -20|-55 20| 55 Yolts | Ve: = Yo,
Io =10 uA
Ve = OV
Joss Drrain Leakage Current -1.0 -0.10 nA | Vo =—20¥,
Ves = ¥is = OV
s Source Leakaga Current -10 010} nA | Ve =20,
Vo = Yoo = OV
lew Gats Leakege Current -3.0 ~1.0 pA | Ve = —20V,
Yo =V = OV
Iopy Orain Current =50 -5.0 mA | Ve = Yo =
—158V
BV¥ou Drain-Saurce Braakdown —an —40 Voits | lo=—10zA,
Ves = Vi = OV
B¥ss Source-Drain Breakdawn ~4G —40 Yolts | 1.=-10 44,
Vee =V =0V
Rogen Drain o Source on Resistance 300 aco chrng § Ves =—15Y,
I = 100G A
¥n Transadmittance 2000 2000 pmhosf Vo= —20V,
f= 1KHz,
It = 10ma
o Gate to Source Capacitance 20 20 PF ] You= —10W,
lo= 10mA
Cw Drain to Scurce Capacitanca 0.3 04 pF | Yo =—10¢,
o = 10mA
Coi fate to Oraln Capacitgnce 15 1.5 pF | Ves=—10¥,
I = 10mA

BOTTOM VIEW
Nete: Al dimensions n inches,

TERMINAL DIAGRAM
Lead
1. Drain
2. Gate
3. Substrate |Casel
4. Source

2
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TYPICAL CHARACTERISTIC CURVES
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MEM 807 MEM 307A

P-Channel Enchancement Mode MOSFETS

FEATURES APPLICATIONS

» High breakdown voltage » Low level chopper

« Low input and gate to drain application
capacitance * Analog switching

» High drain to source off * Sample and hold circuit
resistance = Multiplexers

« Very high ratio of “off” to “on” « Audio amplifier
resistance « Dperational amplifiers

« Normally off with 2zero gate
voltage

= Zener protective diode

MAXIMUM RATINGS (T, = 25°C, unless otherwise specified)
MEM BO7/MEM BQTA

Drain to Source Voltage..... [T —40V

Drain to Gate Voltage e —40¥

Gate to Source VYoltage ... ... ... .40V

Transient Gaie to Source Yoltage. ... ... .. +125Y

Storage Temperature ... .. ... ....... ......~B5"C fo +150°C
Operating Temperature . ... . ... ... ... ..~B5°C to +150°C
Tatal Dissipation at

25°C Case Temperature ... ... ... ... .. . A00mYY

Total Dissipation at
25°C Ambient Temperature ... ...

ELECTRICAL CHARACTERISTIC

(T4 = 25°C, unless otherwise specified — body grounded)

MEMBOT" MEMEOTA
HYMBGL] CHARACTERISTIC MiN. 1 MAX MIN, | MAX,
Wesin Gate Source Cutofi Voltage —'é? ~5.5 —-2.0 | 55
Toss Drain Leakege Current -1.0 —0.10
lams Source Leakage Currant —-14q -0.1%
loss Gate Leakage Current -0.20 -005] na [ves— 20V,
Woz = Ve = OV
[T Drain Currant ~5.0 —5.0 mA | Ves = Vs =
—15v
Bios Crain-Source Breakdown -4 —40 Yalts {lo = —10 xA.
W = Wis = OV
B Sourca.Draln Ersakdown —40 —4 Volts |15 = —10 ph,
Voo = ¥io ™ OY
B¥eis Gate to Source Breakdown -4 —40 Yolts | 1o =~ 10 ph,
Voo~ Wi = OV
Rigout Drain to Source on Resistence 300 300 ghms | ¥es = 15V,
la = 100 wA
¥u Transadmittance 2000 2000 amhoz | Ve = —20V,
f= 1KHz,
lo: = 10mA
Ca Gate to Source Cepacitance 2.0 2.0 pF | Va = —10¥,
e = 10mA
Cu Draln to Source Capacitance 0.3 0.3 pF | Vo= —10¥,
I = 10mA
Co Gote to Drain CapacHance L5 1.5 pF | Vis= —10¥,
. Ia = 10mA

4C-4

HOTTOM VIEW
Mote: Al dimensions in inchas.

TERMINAL DIAGRAM
Lead

1. Prain

2. Gate

3. Substrate {Case}
4. Source

2

(] | o)




MEM 307 = MEM 807A

TYPICAL CHARACTERISTIC CURVYES

TRANSFER CHARACTERISTICS 2

DRAIN TO SOURCE RESISTANCE vs. GATE VOLTAGE

Vg [WALTSI 2ot -
- 4o s -3 -0 =io o nag
Vag 1A
L] 1aos - -
=1 -

Woiow LOHMS)

dvwp 97 -

0 =2 -4 -6 -8 -0 -1z -4 -6 -iE -20
¥gs WWOLTS|

FORWARD TRANSCONDUCTANCE vs. DRAIN CURRENT

Eele el

soco

100G

e

¥pg Lt

THRESHOLD VOLYAGE, v5. SUBSTRATE BIAS

-# -t -6 =% =4 =F§ -2 -1 L)

TURN-ON CHARACTERISTICS

J Ngy * Vpg LVOLFE!
[ " -1Q -3 -8 -7 -& -1 -4 -3 -2 ) Q
i) |
TS 2
a0 #
4
canl . .o 0 .

v & L3
. LI -
14 i ® [

- - - -m B 3
» : r B
.. ! .0
: X
_ By, %0
L4 s
- - -1a0
» "w
B e
Vg 1 LV u
o P 7]

e, trasrnant <angrvds the right to make changes st any time In order 1o improve perfor mans sad suegly sha bail produet paambia.

Gimnerah INATYu At Shn MOt BIWmE sy resganibility lor ane corcuns shown . or reprasan: That 1hay ara fega from pagene snirngomant.
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MEM §17

P-Channel Enhancement Mode MOSFET

FEATURES

® High breakdown voliage

® Low input and drain to gate capacitance
* High "ofi” resistance

# VYery high ratic of "off” to “on" resistance
® Normally off and zero offset voltage I

APPLICATIONS

Low level chopper application
Low level detector

Sample and hold circuit
Anglog switching
Muitiplexers
Operatlonal amplifiers
Smoke Detector

MAXIMUM RATINGS

Drain to Source Vohage 45V

Drain to Gate Volage... 45V

Gale ta Source VOHAEE .. e e + 200V
Storage Temperature 50°C to 180°C

Operating Temperature ... 50°C to 125°C
Total Dissipation at 25°C Case Temperature

Total Disslpation at 25°C Ambient TeMperature.......c.cveevnnncies 225mW

45",

ELECTRICAL CHARACTERISTICS Body Connectsd To Source,
Bottom View

SYMEOL CHARACTERIGTIES CORDITIONS WHN | TYP | MAX | UNITS Nets: A dimangions in inches.
¥, Gale-to-Sourca Wog = —20% Ipg = —10uA —25 — —55 ¥
B8 [t Threshald Yoliage o m
| Dram Leakage Voe = —20% YWpe =0V - - -3 nA
088 Corrent % ] TERAMINAL DIAGRAM
lepy Soutce Leakaga Yep = —20Y Wapn = OV - — ] nA
s Cuergnt S0 68 Lead
i Gate Leakage Voo = —23W Vpg =0V - - —1 A .
ass Current E bs 1. Drain
BVpss Drain Areakdown tpg — ~10nA, Vgg = — IV -35 | —45 | — ¥ 2. Gate
Yoitaqa 3. Substrate |Casa)
BVgo Gate, - Vg =0 £200 | £225 | - ¥
Mads Braakdown Voltage 4. Sourca
10 tomp Drain Gurrent Vs = Vpg = — OV -3 | -2 - ma
Ap far) Orain-lo-Saurce Vgs = —15V Ipg = —1mA - | - || a
on reslsiance
Y Ferward Transadmitiance Vg = Yog =~ —10W oo | 2000 | - |umbos
i Total Gate Vg ™ - —idv — 15 & pF
= Inpyt Capacitance IG=§ tMI—?E | d l 3
[, Total Orain Ygg = Vpg = —10¢ ~ | 25 5 pF
Dutpul Gapacitance | = {MHTL
4 Reverse Trangler Wpg o = =104 - 1.2 25 pF
5 Capacitance i = Ihll'?zs
Ags Voltage Gain Wpg - 15% R ~ 1K iSource) - 08 - - 4
As Gourca Followar H? Tom gate to ground) =
199 ghms

406



3N181

3N182

3N183

P-Channel Enhancement Mode MOSFETS

FEATURES

» One Watt Power Dissipation
» Low Drain-Source "ON’' Resistance
u 1Q1? Ohms Input Resistance
m [ntegrated Zener Protects the Gate
= Normally “'OFF" with Zero Gate Voltage

» Square Law Transfer Characteristics

» High Ratio of "QFF"’ to “ON" Resistance

APPLICATIONS

u Designed Primarily for Medium Power
Switching and Chopper Applications

® Serigs and Shunt Choppers

= Analog Switch
= Multiplexers

= | aw Impedance Device Driver

MAXIMUM RATINGS (T, = 25°C, uniess otherwise specified)

BOTTOM VIEW
Nete: Alf dimensions in inches.

3N1B1 3N1B2 3N183
Drain—Source Voltage —30V —30v —25V
Drain—Gate Voltage —30v —30v —28v
Gate Current (Forward
Directian far Zengr 0.1mA 0.1mA 0.1mA
Clamp)
Gate Currant {Reverse
Direction for Zener 1.0mA 1.0mA 1.0mA
Clamp)
Drain Current 100mA 100mA 100mA
Storage Temperature | --65°C to 4-200°C | —65°C to 4-200°C | —65°C to +-200°C
Operating Temperature | -65°C to -1 150°C | —65°C to 4 150°C | —65°C to +150°C
Total Dissipati
25°C Caiipraehﬁ;.at 1Low 10w 10w
Total Dissipation at
255C Arbiont Temp. 300mwW 300mwW 300mw
Derating Factor 2.Amw/eg 2.4mW/°0 2.4mwW/°C

TERMINAL DIAGRAM

Lead
1. Drain
2. Gate
3. Substrate |Case}
4. Source

2

I 0/_' 3

4C-T



3N181 & 3N182 ® 3N183

ELECTRICAL CHARACTERISTICS (T, = 25°C, unless otherwise specified — body greunded)

INigl 3N182 183
SYMBOL | DC CHARACTERISTICS MIN |WMAX I MIN | MAX | MIN |MAX | UNITS | CONDITIONS
Varmg Threshold Voltage 30(40{25[%50] 20|60 | volits Vos = — 10V, lp = —10gA
Pusy Drain Leakage Current — |05 | —} 25| — |10.0| nA Vior = —20V, Vs == W
loss Drain Leakage Current — |100) —=[15.0 — |25.0]| pA Vos = —20V, Vs = OV, Tu = 180°C
bsos Source Leakage Current — |10 | «—| 8O | ~ |10.0] nA Vo = —20V, Veou = OV
Tae Gate Forward Current — |250 | — {500 | — |[1000] pA Ver = —20QV, Voo = OV
lee Gate Forward Current — |50 | —|100| — [25.0] A Vas = —20¥, Yos = OV, To = 150°C
BVoss Drain Breakdown VoKage 30| — | 30| —| 25 | — | Volts lo = —LOpA, Vos = OV
BV Source Breakdown Voltage 30— 130 | 28| — | Vot Is = —10xA, Vo = OV
Yesr Gate to Source Forward :
Yoltage 30— | 30| ~ | 258 | — | Volts e = —10uA, Vo = O¥
Ipom Drain Current 0 | — | 40 — | 256 | — | mA Vo = Vag == — 15V
Rosiom Drain-Source on Resistance | — | 45| — | 80 | — | 75 ; Ohms { Vas = —15¥, You = OV, I = 0.1mA
Yosion Drain-Source on Voltage — |225] — | 300 — |375 | mV Ve = —20V, Ib = 0.5maA
3N181 3N182 3N183
SYMBOL | AC CHARACTERISTICS MIN |MAX (MIN | MAX |MIN [MAX | UNITS CONDITIONS
¥y Forward Transadmittance 8000 | — |8000{ — |BODD| — | emhos | Wos = --15V, lo = 25mA, f = 1kHz
Cin Input Capacitance — | 25| ] 25| ~~ | 30| pF Wos = — 15V, Va: = OV, f = 1MHz
Cu Oraln ta Source Capacitance | — 10.065| — |0.075] -— 1 Q.1 | pF Vos = — 15V, Va: = OV, f = 1MHz
Caa Gate to Drain Capacitance —|80| —| 10| — } 12| pF Wi = OV, Vas = OV, f = 1MHZ
tagen) Turn-On Delay Time — | 30 —| 35| — | 40| ns
t Rise Time — |30 —| 35| — | 40| ns R = R: == 3.7K Ohms
Latern Tum-Qff Dalay Time — | B0 —| 95| — | B5 | ns See Circult Diagram Balow
t Fall Time — |180 | — | 180 | — |180 | ns
DRAIN TO SCURCE RESISTANCE DARAIN CURRENT wi GATE VYOLTAGE
¥s GATE VOLTAGE TRANSFER CHARACTERISTICS
80 -] o< o et e g eee g e oy 200 e
no* e 180 -~
: [ ! 5 :
Ip =hI00UA ; _
wwoi-H _,-Li_s:.gic__________: [
freeem 140 -
i i '
i, : 7. TSN SRS SN AN Y AN R
£s)
z «
f- i 0 _
= . H
i 1 ' i
'3 ; i
- agt i
: \ ._.___,E Boi, - ' i . __..J;.___... .j
\_\\\%aa_ 205___ IST A A R [__
e | i ' ; : ;
FR S s | plwticdl I P 4
20 .28 =30 Q F) 10 15 20 25

¥gs VOLTS ~gg VOLTS
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3N181 ® 3N1i182 s 3N183 E

SWITCHING CIRCUIT FOR P-CHANNEL ENHANCEMENT

—

4

GENERATOR ‘..l-. tg OFF
1o v 44 % IO@S
" P+ 1008 "

DUTY CYCLE < 2%
BENERATOR SOURCE
IMPEDANCE = SO0

DRAIN (OR SOURCE) CURRENT vs TEMPERATURE CHARACTERISTIC CURVE
Vgg [VOLTS)
10,000 — — ..‘.....r..w_l,__._.']o___ﬂl.._.. e .. o
R S I
[ Tsi-20 T | ek LI S e
Yag 40V ; i
5 100 ..
x k-
o . /’ 1
15 - 1 i
£ o A
€ =3 I
5 - - ;
¥ 1 e ’/; :
- T i :
5
=z = Rt '
Z e !
=]
-
il :
[Ny — 1 '
o= [ ] o5 105 128 45150 168
TEMPERATURE *C
SERIES CHOPPER
{or MULTIPLEX CELL}) SHUNT CHOPPER
o Your DRAIN CURRENT vs
DRAM-TC-SOURCE VOLTAGE
R
s .
. T, <J2s*¢ -y
| -
3t i /S,///
= | !
= 2-_ ! J -
H | Ay
i i !
RANGE OF TYPICAL VALUES 3 i |1
L !
"] |
L™ O to — 25V Square Wave 20Hz to 100kHz © & —1 gl et i
Vi tozgx Em:ﬂ A.C. or D.C. Signat -2 ;
" -3 Ao e
Voun Chopped Qutput . | :
S—— -4 H
Wz ] i
R 1K to 1M s Idﬁ' L !
~200 100 © 108 200
Rem 501 to 1M You V)
R LOKD to 10M8
R 1K to 1MG
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MEM 550
MEM 551

MEM 550C
MEM 551C

Dual P-Channel Enhancement Mode MOSFETS

FEATURES

1012 ohms input resistance (MEM 550 Series)
1015 phms input resigtance (MEM 551 Serias)

Integrated zaner glamp protects the gate (MEM 550 Series)

Mormally off with zero gate voltage
Square Law transfer charactaristics

APPLICATIONS

Analog switches

Serigs and shunt choppers
Operationat amplifiers
Logic chrouils

Linzar RF amplifiers
Multiplexers

MAXIMUM RATINGS

Drain to Source Voltage...
Source to Drain Voltage.
Gate to Source Voltage .
Gate to Drain Yoltage ...

Gate Currert [Forward Diraction for

Very high input mpadance ampliflers (MEM 551 Series)

Zener Clamp}
Drain’ Current

Storage Temperature

Qperating Junction Temperatura ...

Total Dissipation at 25°C Case
Temperature

MEM 550 | MEM 551 | MEM 550C [MEM 551C

— 30V - 30V -~ 25V - 25V

- 30V —~ 30V —-25Y -~ 25V

— 30V =30V — 25V — 25V

— 30V —30v —25Y — 25V
+{+1mA — +0.1mA —

— 25mA each side — 256mA &ach side
—50 To 150°C —50 To 125°C
~50 7o 125°C ~50 To 100°C

325mW each side

Total Disslipation at 28°C Ambient

Tamperature

112mW each side

250mW each side

85mW sach side

ELECTRICAL CHARACTERISTICS (for each side — body grounded)

Actugl Size

TO-77
2l o
—as HEE DA, o

Bottom View
Note: All dimnsions in inches

MEM 550 MEM 550C
MEM 551 MEM 551C
SYMBOL CHARACTERSTIC CONDITIDNES MiN | TYF 'MAX | MIN | TYP | MAX | LNITS
YesT Gate Source Thresheld 1
Yoltage Vog = ¥pg lg = —10ud -1 - -8 | -3 - -& Y
Inss Dran Lgakage Current Vag = — 20V Vg = OV — | -0 |- - - | =1 | na
lang Source Leakage Current | Vag = —20¥ Vgg = O¥ - |2y -] - — | -1 na
MEM 550 - | -0 -1 - - -
s Gate Leakage Current :ﬁ:: W] v :E: 221[}1(‘, : : __1 : _13 _'_4 pA
MEMSIC | — - - - - | -4
Inigal Deain Current Vgg = ¥pg — —10% =15 =5 | — |15 5 ] — ma
BY¥pen Orain-Spgice Breakdown | Iy = —10ph Yoz = OV =M -8 - 25 | -50 | - )
B¥spg Seurce-Orain Breakdown | lg = —10uA Vg =0V =i -8 | — =25 | =50 ) - ¥
B¥qss Gate tn Spurce Breakdown | 1ge = —10pA ¥pg=W | -3 ) 80 | — |-28 |50 | - Y
¥is Transadmittance 1kMz, ¥gg = Vpg = — 10V { 500 - - B} - — | umho
Cas Gate to Source
Capacitance Wgg = Ypg — —10¥ - 1 — - - 4 pF
Cro Gate o Drain Capacitance| Ygg = Ypg — —10v - [ — - - 4 oF
Cgs Orain o Seurce
Capatitance Vgg = ¥pg — —10W - (015 | — - - 1.2 pF
B8 tan Drain te Source on
Rasistance Vg = — 154 Ypg =~ O - nt | — - — 400 | ohms
¥igi#¥esz Transadmittance Ratia Vpg = —10Wigg — 250ua | 08 - L Y - 114 my
Vigg1-¥gsz | Gate Voliage Bitterential | Vpg = — 100 ipg = 250ud | — 7G| 200 - T E 00 | my

TERMINAL DIAGRAM

Lead
1. Drain 1 5. Gaie 2
2. Source 1 €. Source 2
3. Gate 1 7. Drain 2
4. Substrate {(Body! &, Cpen
MEM 550 ¢ MEM 550C
1 5
2 L]
) o--ljor““-—o 4
B
MEM 551 b MEM 551G

4C-10




MEM S50 N MEM S550C m MEM 551 m MEM 551C

TYPICAL CHARACTERISTIC CURVES
MEM 550 / MEM 551

DRAIN CHARACTERISTICS AT 126°C DRAIN CHARACTERISTICS AT 25°C DRAIN CHARACTERISTICS AT —70°C
Vos (VOLTS) ¥y (VOLTS) Vos (YOLTS)
...’z_o —io 9, ';2__9 —~in 2 —rg___ —i oo
K = — b — =%
- —6 L] -5
- .—.—_‘___...‘r -7 ——ﬂ '_.——-;‘-— 4
11 ‘A o~ T -8 J —_
L] é | A—+—T"1 ¥ | g I — i E
—— ~ -2 - 128 2 £
] L A | bt
L 1] 1
-—-l..= -
. -5 wn il 11,
DRAIM CHARACTERISTICS AT 25'C TURN-ON CHARACTERISTICS AT 25°C TURN.ON CHARACTERISTICS
¥os (YOLTS) Vg = g5 (VOLTS) Was = Vyr (WOLTS)
.y -a5 a, —zo _in o —10 —= Gy
= ° ] 1285
Yol 5 I 1] T=}arg
o) //‘: —as S / o g 25 __E_
A - / = [
A 7
o ? i
1 —10 —10 —5

MEM 550C / MEM 551C

DRAIN CHARACTERISTICS AT 25°C TURN-ON CHARACTERISTICS AT 25°'C DRAIN CHARACTERISTICS AT 25°C
Vs (YOLTS) Vs = Voo (VOLTS) Vo {VOLTS)
ory ~kb L) - — a - -1 a
paaf? | —4—11 ]
M P .-" o 141
< ﬂ; ] i s
/ / i 1]
2 AV H 0l = i
LT * = T = =
= Ji L]
A ra/ {
/] £k {
4 ! !

SMALL SIGNAL EQUIVALENT CIRCUIT FOR EACH SIDE
{Conditions: Vi35 = Vpg = 10V)

lo =3mA
Cou
TYFICAL
GATE i} DRAIN MO CAMALTENISTID NALUE umiTs
Dlodas | All diodes are tq ba considesed pevfecl dipdes
X BEDY I Gate t&;‘w:g laakage resistance and dinde o ahrig
— . e -1 A ieal reEriatance
b i G T "‘C) wg  Cer N fre3 T Dynamic drsin sesistance 18 Kishmg |
Bata to source cRpaCHancE 11 pF
= Gate to draim capacitance 1.1 pF [
=1 Drain to wource capacitance 218 pF
SOURCE SOURCE Y | Focward i 1400 smhg

4C-11%



MEM 954 Series
MEM 955 Series

Dual P-Channel Enhancement Mode MOSFETS

FEATURES

Normaily off with zero gate voltage

Square law transfer characteristics

Tight Vas match

Low temperature coefficient of A Ves

Specified for audia noise

Low leakage currents

108 OHMS input resistance (MEM 955 Saries)

102 OHMS input resistence (MEM 954 Serles)

Integrated zener clamp protects the gate {MEM 954 Series)

APPLICATIONS

Vary high input impedance amplifiers
Saries and shunt choppers
Operationa! ampllfiers

Smoke detectors

Cryogenic amplifiers

Multiplexers

Anzlog switches

MAXIMUM RATINGS (T, = 25°C, unless otherwlse specified)

Drain to source YOMBE . ... . e e e e -35V
SOUrce 10 drain VOMADE ... ve i it it e e i -35v
Gate 1o source voltaga

Gate to drain voltage ...........
GBS CUITBNT L. ittt i it e et
(Fwd. direction for zener clamp) (MEM 954 Serles)

L0 T oW =50 mA each side
Storage tempPerature .. .. o i e e e -50°C to +150°C
Operating junction temperature .............oiiiiiiinan, 5070 to +125°C

Total dissipation at 25°C case temperatwre ...
Total dgissipation at 25°C ambient temparature

300 mW each slde
112 mW each side

4512

Bottom view of B lead header
Note: All dimenslons in inches

TERMINAL DIAGRAM

Lead
1.

. Source 1

. Gate 1

. Substrate {Body)

mNme b wN

Drain 1

Gate 2

. Source 2
. Drain 2

Open

MEM ©54 Serles | MEM 955 Series




MEM 954 m MEM954A w MEM 9548 m
MEM 855 ® MEM 9554 & MEM 9558

ELECTRICAL CHARACTERISTICS (T, = 25°C, unless otherwise specified - body grounded)

Symbol Characteristics MEM Min. | Typ. LMax. Units Test Conditions
BWVpes Drair-Source Breakdown I =35 I ¥ Voo =W W = 0¥ 1— — 10pe A
' p A A A
B¥ype Source-Dram Breakdown -3 | Vo] V= OV V=0V, Ip=- L0pA
. e e et EEE R T
BV Gale-Saurce Breakdawn ~-’-1J | ¥ L Vi =V =0, 1= — 10u A i
L T D e B T e e ]
! . |
Gate-Source Threshold | | . y
¥sim —20) =35 50 Voo V=g fp=—10uA |
Vaoltage ! i i
—_ —_— — e e— __{ RS o g
Dram To Source 954 Senes I Voo=—15Y, ¥po=0V )
Rosiom _ o juse | £% | % ¥ :
On Resistance 955 Senes i =01 mA
Forward j Vgg= — 10, Iy =500z,
Yo _ 700 | 1400 | pmho |0 v
Transadmittance L Wy =0, F=1.0 hHz
ot Transadmittance J Ly 1OV, | o500
i Ratio . 09 DR G
P Ving=W (=10 iz
1
Equivalent Input | oo Ve=—10V, [;=500kuA,
Exy . 700
Hoise Yoltage i NCH [ Yge =W, F=100Hz, BW=1Hz
T T ]
E Equivalent lnput | s i ny Ypg=— 10V, ;=500 4,
" Noise Voltage ! HE | y=OV, (= 1.0 kHz, BW==1 Hz
| v Leakane Gurrnt 954, 9544, 955, 9554 0 1o
pss \ ran Leakage Curren - =t - Vo — 20, YoV = OV
: 9548. 9558 05 130
H I
I S Leakags " 954, 9944, 935, 9554 LU ] .'
05 ourge Leakage Curren ©onA Vgp=—20V, ¥pp=Vpp=0¥
9548, 9558 05| i
954 03 30 E j
e et S Sl T N Vom0 Yo YoV
3547, 9548 03 | .o ! 5 B
less Gate Leakage Current |
955, 9554 02|20
T pA Vo= — 40V, V=Y =Y
9558 02 | 18] & B0
. f_ e P ——
454, 955 75|
]
Gate ¥oltage I Voo — 1OV, 1=500x A,
[Vors Ve | T 9544, 9554 2% | mv % v
Differential . Vi =0V
9548, 3558 1 ]
AoV Gate Voltage 954, 955 150 1
AoV | Differeniial o | Vos=—109. 1,=500u A,
AT Temp. Caetf 9544, 3554 50 TR Vo OV
T,=25°C, T,=100°C 9548, 9558 25




MEM 562 MEM 562C

N-Channel Enhancement Mode MOSFETS
FEATURES

+ 10" shms input resistance
= MNormally off with zerp gate voltage
» Square Law transfer characteristics
» lLow insertion loss

* Low input and output capacitance
APPLICATIONS

+ Logic circuits

Switches

Choppers

Multipiexers

Audic/RF Amplifigr, Oscillatars
Operatiartal Amplifiers

LRI I

MAXIMUM RATINGS MEM 562 MEM 562C
{Ta = 25°C unless otherwise specified) L
Drain to Source Yolage. ... . . +20 Volts +20 Valts
Gate to Source Voltage. 110 Vaits £10 Volts TO-72
Gate to Drain Voltage . .30 Valis +30 Volts
Drain Currently ... Limited by Disgipation Limited by Drssmatlon .240
Storage Termmperature ... .—65 to 150°C —50 1o 1256°C 205 DIA
Operating Junction Temperature . .. —&5 to 125°C =50 to 100°C lgiom.
Tota!l Dissipation /e
@ 25°C Ambient Temperature .., ... 225mw 175 mwW
@ 25°C Case Temperature..... . . . E50mwW 500 mw
Derate Linearly From..................cccooee. T.= 25°C {0 125°C
@ 2.25mw/°C
T. == 25%C to 125°C
@ 6.5mwW/°C
ELECTRICAL CHARACTERISTICS
{Ta:= 25°C, uniess otherwise specified — body grounded)
048
028
MEM 562 MEM S62C B view
Sywbol|  Characterishic Min 1] Max Min ™ Max | Units Conditlons .
Vo :na | Gate to Source a5t | 15 a0 ! 050 | 15 40 ] ¥ [Meo= Yy b= H10u8 Note: Alf dimensions in inches.
Threshold Yoltage
Ipss Drain Leakage Current| — — 10 —_ -_ 12 nd ¥ = 1OV, Ve = O TERMINAL DIAGRAM
lszs Gate Leahage Curresd | — - 10 — — 160 pA [¥ss = F10W, Vo, = DV
B¥oss Yain Broakdows M| — | = @m | = ] = ¥ ke L0 Ve =¥ LEAD
.4 D:aing:o Source 150 300 180 350 | ohms | ¥ + 10V, lo== O0.1enk 1. Saurce
D5 10w -— — = L'
! on Resistence = " 2. Gate
I vaw | Drafn Gurrent 5 15 — 50 1% — mA IV = Ve = DY 3. Drain
Yo |Forwsrd we | = 1 = | 000 | = | = | mnasft = 10¥, 1= 2m4, £ = Lkt 4. Substrate, case
Transadmittance
€. [Total Gete Input — 30 4 — s 50 OF Voo = OV, Voo = +10¥. 1 = 1 MHz
Capacitance
=8 Ental I%rain Qutput — 30 40 — an 50 pF e == OF, Voo = +10¥, 1 = T MH2 b
A0aCITANCE
-9 Giate ko Orain - 03 1.5 _ 04 bE PF {¥eu = OV, ¥oi = OV, [ =1 MHz 2 Q ll +—Ol4
Capacitance
ta Turn on Delay Time — — 55 — —— 55 NS |See Figera 1
1 Rlsa Time a— - 13 — — 75 nE fSee Figure 1
to | Tumutt Time — |~ || — | — [ 10} a8 [sesFiguee 1 |

4014




MEM 562 | MEM 562C E

1p (mA)

DRAIN CURRENT vs GATE VOLTAGE
TRANSFER CHARACTERISTICS

b+ I

80

40

20

SR—

3 4’5 6 78 9 o
Vgs (VOLTS)

Fig. 1 SWITCHING TEST SET
MEM 562/MEM 582C

[
Yyoft nimt.

A iofa
TSt

¥gp LAMHOS)

FORWARD TRANSADMITTANCE
vs DRAIN CURRENT

son -
ang
309
]
&
]
£
&
200
g
ag .
O
Vagis OV ¢ -
FREGQ:=1kHZ | .

DRAIN TC SOQURCE RESISTANCE
vs GATE VOLTAGE

R B ERG . aeees

a5

[ 1 2 o »
W¥anlvOLT 5}

R
Iy tmad
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MEM 711

N-Channel Enhancement Mode MOSFET

FEATURES

® Moneclithic Gate Protection Diede
® Low Feed-Through Capacitance

® Low ON Resistance

@ Normally OFF with Zero Gate Drive

APPLICATIONS

# High Speed Analog Switches
® Linear Amplifiers

® Series-Shunt Choppers

® Synchronous Detectors

* Level Shifters

#® High input Impedance Buffers

PESCRIPTION

The MEM 711 is an N-channel, Enhancement Mode, Metal Oxide Semiconduc-
tor Fleld Effect Transistor, protected from excessive Input voltages by a
monalithic zener diode between gate and substrate, This MOSFET features a
low threshold limit of 1.5 volts making possible direct drive from low voltage
TTL logic levels. The low ON resistance and low feed-through capacitance
make the MEM 711 ideally suited for high speed analog switching.

MAXIMUM RATINGS (T, = 25°C, uniess otherwise specified)

Orain to Source Voltage . ........................ Vhg cvcvivrinnriniio 25 Volts
Gate to Source Voltage . ...................... .. Vas -ooariniianin .. 30 Volts
Gate to'DrainVollage ........................... VED covermrein e 30 Volts
Storage Temperature. . ... .. i e e e e e — 85 ta 150°C
Ciperating Junclion Temperature .. ... ... v iiiiornieniinnnies —65 to 150°C

Total Dissipation @ 25°C Ambient Temperature
@ 25°C Case Temparalure . . ..., ...ovovvriner e erniaans

4C-18

TO-72
230
TO?-D"" 195
:178 DI
I
L2180 050
170
t }
i y::u:ﬂ—*‘ a0 b
o1y |] [] ¥ MIN.
016 /{l 4+
021
a

o

036 '\,
048
FE]
Botton view

Nate: All dimeansions in nches.

TERMINAL DIAGRAM

LEAD

1. Source

2, Gate

3. Drain

4, Substrate, case

; :




ELECTRICAL CHARACTERISTICS (T4 = 25°C, unless otherwise specified — body grounded)

Symbaol

Yas )

loss
lgss

BYneg

BVisg
Ros 1oni

In e

Yis
Ciss
Coss
Cya
L fani
tr

Y oy

i

MEM 711 -

i C haractenstlc

G ate-to-Source
Threshold Voltage

frrain Leakage Current
Gate Leakage Current

Drain Breakdown
Yoltage

Gale Breakdown
Voltage

Drain-to-Scurce
on Resistance

Drain Current

Forward
Trangadmittance

Total Gate Input
Capacitance

Total Drain Output
Capacitance

Gate-Crain
Capacitance

Turn on Delay Time
Rise Time

Turnoff Delay Time

Fall Time

. Conditions Min Typ Max | Units

I

| Vps = F10VIp = +104A Vgg = OV 0.50 - 15 v

- i i

! ! H

| Vog = +10V.Vgg = OV, Vgg = OV - 0 - 1w ! nA
Vas = P10V Vg = OV, Vgg = OV - - 10 nA

| 1

g ~: +10uA, Vgg =0V, ¥gg = OV 25 - - i v
lg = +10pA Vg = Vgg = QV 30 - - v
Vgs = H10V g = 01mA - — 100 ohms
Vo =0¥
Vpg =Vgg = + 10V, Vgg = OV 10 - - mh
Vo = +10V. 15 = 2mA, f = 1kHz 1000 - — P
Vg ~ OV
Vgs =0V Vo = +10V f = 1 MHz - — 8.0 £
Vg = OV 4
Vs = OV, Vpg = + 10V, 1= 1 MHz - - 50 pF
Vpg = OV
Vag = OV, Vg = OV.f = 1 MHz - - 10 pF
Vps = OV
Voo = 10¥ - - 3 ns
Iniom = 10mA - — 5 ns
Vasion = 10V > See Figure 1 - - a0 ns
Vasom = OV - - 80 J ns

SWITCHING TEST CIRCUIT

CHQNNEL

Hagn
T,
PULSE
GEN ot
0%
4 |
e
BENERATOR- |
=y |-BnSEC ] 410K
PULSE WIOTH  1DOuSEC e
DUTY CYCLE 2%
Agen 80 OHMS
DSCILLOSCOPE!
[N | nSEC
Rin 107 OHMS
tip 1.5pF
Loan:
RL 1K OHME
=8 TeF INCLUDING SCOPE INFUT €
Yop 10¥DC

’——— PULSE WIDTH —-.[
|

NPUT
CHANNEL &

GUTPUT
CHANNEL B

0%

T
50 %
10%

Hin i‘-—

1y OFF)

- Y

VaglON e 10 VOLTS

Vg [OFF 1 DWOLTS

10 VOLTS

O YOLTS
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SN175 3N176  3N177

N-Channel Enhancement Mode MOSFETS

FEATURES

» Low Thresheld Volfage

= Low Input and Gate to Drain
Capacitance

= 101 Ohms input Resistance \’ ‘
= Normally ""OFF" with Zero Gate Voltage

m Square Law Transfer Characteristics :

» High Ratio of “OFF" to “ON"' Resistance ‘

APPLICATIONS

i
I
" Desighed Primarily for Low Power (o
Switching and Chopper Applications -

= Complementary to P-Channel
Enhancement MTOS

u Series and Shunt Choppers
= Analog Switch

= Multipiexers

= Audio Amplifier

® Operational Amplifiers

MAXIMUM RATINGS (T, = 25°C unless otherwise specified)

3Ni75 AN176 3N177

Drain—Source Yoltage +30V +25¥ +-20v
Drain—Gate Yaltage +30V 425V +207
Forward Gate—

Source Voltage +35v +30v +20v
Reverse Gate—

Source Voltage —35v —30v —20v BOTTOM VIEW
Drain Current 50mA 50mA 50mA Mote: All dimensicns In Inches.

Storage Temperature

Operating Temperature

Tatal Dissipation at

—E5°C to +200°C
—65°C to +150°C

—65°C to +200°C
—EB5°C to +150°C

—65°C to +-200°C
—65°C to +150°C

TERMINAL DIAGRAM

2E°C Case Temp. B50mw 650mw 650mwW LEAD
Total Dissipation at
28°C Ambient Temp. 225mw 225mwW 225mw 1. Source
Derating Factor L.8mw/°C 1.BmwW/°C LB8mW/*C 2, Gate
3. Drain
4. Bulk (Casa)

4C-18
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3N175 m 3Ni176 m 3N177

ELECTRICAL CHARACTERISTICS (T, = 25°C, unless otherwise specified — body grounded)

3N175 3IN176 3N177

SYMBOL Do CHARAGTERISTICS MIN | MAX | MIN | MAX | MIN | MAX | UNITS l__IE!ON[‘.‘ITIGINS
Yot Threshold Voitage 1026 |10 25| 1.0 | 3.5 | volts Voo = 10V, 1o = +10pA
Tbgs Drain Leakage Current — B0 —} 10| —| 26| nA Vor == L 10V, Vs = OV
lpss Drain Leakage Current —i 15| —! 15| — | 25| aA Vos == L 10V, Vas = OV, Ta = 150°C
fs0n Source Leakage Current — 10| —| 20| — | 50| nA Vi == +10V, Ve = OV
{SNI}'S Wy = 1 35V
fess Gate Leakage Current — 1200 | — 1200 | — | 200 | pA 3N176 Vo = F 30V Vo =0V
3N177 Vo= 120V
INL?E Vo = 135V
lgss Gate Forward Current — 100 ] — [ 500 | — 1000 | nA {3N1?6 Vo = 430V Ve — 0¥, Ta = 150°C
IN1FT Vo, = 420V
Fojomy Drain Current 20 — ¢ 15| ~ 101 — | mA Wi = Vas = + 10V
Rusion) Orain-Source on Resistange | — | 200 | — 1300 | — | BOC [ Ohms | Voo + 20V, Vs = 0, o = C.1mA
Vosjon Drain-Source on Voltage — 440 | — | 660 | — |1100 | mVY Ve = 10V, b == 2.2mA
BVose Crain Breakdown Yoltage 35| — | 30| — | 20} — | volts Jo = +10uA, Vas = OV
BV Source Breakdown Voliage 35| — | — 201 — | Valts Is = 4+ 102A, Yoo = OV

3IN175 3N176 3N177
SYMBOL| AC CHARACTERISTICS MIN [ MAX | MIN | MAX | MIN { MAX | UNITS | CONIITIONS
Ys Forward Transadmittance 12000 — {1000 — | 700 | — | pmhos | Wes == + 15V, == 2mA, f = 1kHz
Ci Input Capacitance — 50| —| 8O — | 7.0 | pF VYo = 15V, Vay = OV, f = 1IMHz
Ca Drain to Source — 10t — |25 — 05 | pF Ves = 1BV, Ve == OV, f = LMHz
?é‘:“) Gate to Drain Capacitance — 105 —[ 05| — 1075 pF Vos = OV, Vs = OV, f = 1MHz
Latpom) Turn-On Delay Time — 1 25| — ] 30| —] 35| ns
t, Rise Time — 1 30| —j 35} —1 40 | ns R = R: = 4.5K ohms
Lajatty Turn-Ctf Delay Tima — | 50| —] 55| —1 60 | ns See Circuit Diagram Below
t Fall Time - 1650 | — 1150 | — 1150 | ns

SWITCHING CIRCIHT FOR N-CHANNEL ENHANCEMENT

Yoo +10V
+i0Y 20%

INPUT |
PULSE H
R2 !

>— DSCILLOSCOPE

tr = 1008 e 4g0FF =y
GENERATDR /i Rin = 1070 .‘
tr = tf =I0nS N TEpF ty b=
AW ¥ I0MS Cin = T.50 T
DUTY CYCLE = 2% son

GENERATOR SOURCE
IMPECANCE = 5040 =

4519



2N175 ® 3N178 @ 3N177

DRAIN CURRENT vs GATE YOLTAGE DRAIN TO SOURCE RESISTANCE
TRANSFER CHARACTERISTICS vs GATE YOLTAGE

e R.mulvsv“ e a
©ap v oo

Ty + REC

¥t ¥

Vag +VOLTH Voa VOLTS
DRAIN (OR SOURCE)} CURRENT CHARACTERISTIC CURVE
¥s TEMPERATURE
190000 7 E = = Vg s+ 10ML” 1
T 2L |
- Y T
< 10,000 = e % /!
- - T +0v
Wa
S Woolk = [ [
E 1,000 o P 12 ]
8 ] -’:‘ / 1 L
w ] = | £ ]
] L +BY
E g 1 £ a 4 / // ’/'
o o s L
: /, C T // // l "
§ o R r/ AT beay T :
el V//,J/#— b et
- ——— TR
1o - sl e —
26 a8 L1 & 16 128 ¥B 50 1ee @ hd 4 1z 18 20
TEMPERATURE *C Vpy VOLTH
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AN175 & 3N176

SERIES CHOPPER SHUNT CHOPPER

{or MULTIPLEX CELL}
:]—_ R
B | A 0 Vaur
o Vour
1L
- 3
*s Rgen g R Rg Roen
Vin VaEN Yin YaEn
RANGE OF TYPICAL VALUES
Veen 0 to +15Y Square Wave 20Hz to 100kHz
—0.5¥ (Max) .
Vin + 10V (Max} A.C. or DLE. Signal
Vour Chopped Output
R 1IKG to 1MD
Reen 504 to 1ML
R 10KQ to 10M2
R 1K to 1M

DRAIN CURRENT vs
DRAIN-TO-80URCE VOLTAGE

i P v -Q}V
2.0;--u1 4 + . /
L L
i ! ' . 7
7 10 L /;/
: : ! . ! i
NERNNEE -
=5 uE
a - ’ T | I|
5_”_,/%/ : N
Z74ABR NN
o
v oV 1 i i
I S A
~ OO =100 0 100 200
Vag ImVl




MEM 557

N-Channel Depletion Mcde MOSFET

FEATURES APPLICATIONS

e 10" ohms input resistance « TV Tuners

® Low 3.4 order distortion & FM Tuners

# High pain — low noise through YHF range # IF Amplifiers

» Low feedback capacitance Q.32 pF typ. & 55B Amplifiers

* Square law response #» Wideband Amplifiers

® High Frequency Analog Switching

MAXIMUM RATINGS (T, = 25°C, unless otherwise specifiad)

Drain-ta-Source woltage, Vos.. ... ... ... .. 20V
Gate-to-Saurce valtage, Yes.. .. ... .. ... .. . +30
Gate-to-Drain voitage, Vos. e . =30V
Drain Current, e .. .. . . e Limited by Dissipation
Storage Temperature .. . . ... .. . —Bbto +150°C
Operating Junction Temperature P L —B5 to +150°C
Total Dissipation at 25°C Case Temperature . .. 300 mw
Total Diesipation at 25°C Ambient Ternperature . . 150 mw
at 100°C Ambignt Temperature .. . 150 mw

Derate Linearly fram 100°C 1o 150°C 2t 3 mW.f"C

ELECTRICAL CHARACTERISTICS
{Ta = 25°C, uniess otherwise specified — body grounded)

Symbal | Characteristics Min. | Typ. | Max. | Units | Canditicns
BWosx Breakdown voltage 20 — — ¥ Voo — —4¥, lpb = 100gA
drain to source
tass Gate Leskage Current — — 0.10 nA ¥as = £10¥
Ip {pff} Drain to Source —_ —_ i wh Vog .= 15V, Yoy == —4.0V
Leakage Current
loss Tero signat Gate 3.0 — 30 mA Vos = +15Y, Yoe = OV
voltage drain current
Y ioff) 1 Gate-Source Cotoff —03 ) =20 |44 ¥ Vou — 4+ 15V, Iy = 100pA
Voitage . .
T Smal-signal, short —bas [ 501 pF | Ve— 415V, b — lomar, Note: All dimensions in inches.
circuit gate No. 1-to- f = 44 MHz
source capacitance TERMINAL DIAGRAM
Cous Small-signal, short — 20 —_ il3 Yo = +15Y, Iz = 10mA*,
circuit drainto-source f a 44 MHz i LE':‘D
i 1. Drain
Coue SmaH-signal, short - 032 — oF Vas == +15\" ls — 10mA*,
circuit reverse f—1M 2. Source
transfer capacitance 3. Gate
Gis Forward trans. 8000 | 10000 — | pmhos | ¥os == 415V, [, = 10mA*
- ! ! 4, Substrate
conductance = 1kHz and case
Ga Power gain for 18 18 — [} Yos = +15V, Yo5 == L7V, 2
measurements tircuits f == 200 MHz, Rs == 27002
NF Noise Figure** — 25 40 4B Vos == 15V, Vus = L7V,
f — 200 MHZ, R - 27002
[ - Brain to Source Yoo = 0¥ 3
on resistance — 200 300 Q Jo == D.ImA
*¥eis Dias is adjusted for the reguired current. 3

**Input circuit adjusted for minimum noise figure,
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MEM 557 E

POWER GAIN TEST JIG @ 200MHz FOR
MEM 557 WITH NEUTRALIZING

17T

il

~ RFC
33pF galu

_;) { 0oopr

A‘NA 0
162K Vop-igv

1

C. =15 to 20 Pf Trimmer (Arco-Elinenco #400)
Cis ot s = 0.9 to ¥ Pf Trimmer (Arco-Elmenco #402)
L = 5 Turns #22 Wire 4~ Dia. & 14" Spacing

Li =4 Turns #22 Wire 14" Dia. & 14" Spacing

POWER GAIN vs DRAIN CURRENT NOISE FIGURE vs DRAIN CURRENT

commtn Rautce Mhise fauic

iy s
BIEMT ITERPERATIINE £Ta} s f2aee
i "1 FREQUERAY i1 - 20 W

H A

i

VBGE YL TRGE Ivhel® 4104
ST T v

FOVER Rl ddngl- 00

MOUSE PRI AnT |- 0
L
!
- _.._s.._
0
i
t

E] 3 3
BN SURNENT (Zp0-mi

DRAIN CURRENT ITpl-ma
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MEM 616 MEM 617 MEM 618

N-Channel Depletion Mode Dual-Gate MOSFETS

FEATURES

+ Rlonolithic Gate-Protection Diodes

* Low Feedback Capacitance

* High Gain—Low Noise 3t VHF

* Revarse AGEC Capabifity

* Linear Mixers— Low Cross-Modulation Distortion
+ Dual-Gate Cascode Operation

APPLICATIONS

TV Tuner RF Amplifiers and Mixars
FM Tuner RE Amplifiers and Mixers
IF Amplifiers

Synchronous Detectors

Wide Band RF Amplifiers

DESCRIPTION

ine MEM 816 { MEM 817 f/ MEM 618 are N-channel, Deplation-
Mode, Dual-Gate Metal Oxide Semiconductor transistors. They are
protected from excessive input voltages by monalithic back-to-back
diodes between gates and source,

Tha MEM 616 is intended for use in WVHF amplifiers, The low feed
back capacitance permits stable high gain without the use of neutral-
izatian,

The MEM 817 is intended for use in VHF mixers in television tuners
whers minimized crossmodulation, and inter-modutation distortion
and tow noise operation are required,

The MER €13 is intended for use in tuned high frequency amplifiers
such as TV IF, The low fesdback capacitance permits high single
stage gain and stability without neutralization.

Bottom view

TERMINAL DIAGRAM

1. DRAIN

2. GATE 2

3. GATE

4. SOURCE/SUBSTRATE

G2
D
G1
s

4C-24



MAXIMUM RATINGS (T4 = 25°C, uniess otherwise specified)

DRAIN-BOURCE VOLTAGE, YDSs. ... .........
PRAIN-GATE MO, 1 VOLTAGE, VDG1
DRAIN-GATE NO. 2 VOLTAGE, Vog2
GATE NO. 1--SOURCE VOLTAGE, VG1S .. ...

MEM 616 & MEMOB17 ®m MEM 618

GATE NO. 2-SOURCE VOLTAGE, YG28.. . ..........

ORAIN CURRENTID .. .. ..

TRANSISTOR DISSIPATION, PT AT 25¢

ABOVE 25°C, DERATE LINERALY

LEAD TEMPERATURE DISTANCE 1/32 FROM THE SEATEQ SURFACE FOR 10 SECONDS

STORACE TEMPERATURE RANGE ........

ELECTRICAL CHARACTERISTICS: (T4 = 25°C unless octherwise specified)

ov o —BE°C to HITEC

WMEM 616 MEM E17 MEM 518
SYMBOL  CHARACTERISTICS TEST CONBITIONS MIN TYP MAX|MIN TYF MAX|MIN TYP MAX|UNITS
BVnsgs Drain-Source Breakdown Voltage Ip=100pA, Vgig=VEag —4V |26 - - 20 - - 20 - - volts
BVg1gg Gate 1-Source Breskdown Voltage| Igyg=10us, Vpg=Vgas=0V t60 - — |80 -— - |60 -— — | wvois
BVGoss Gate 2-Source Breskdown Voltage| I525=10uA, Vog=Vg =0V 60 — — |80 - - |z8D0 - — | volts
Yi1s{oif)  Gate 1—Source Cutof Voltage Ip=B0uA, Vog=1BY, Vgos=4V | — 15 -— -1.0 - - 15 — |woits
VEasiaffl  Gate 2—Source Cutoff Voltage 1=50u4, Vpg=1BV, Vg15=0ov | — - 40 - - -0 - - —A0| valts
Ings Gate 2—Voltage Drain Currant Vps=18Y, Va1s=0V, Vazs=av[s0? - 30 [207 -~ 15 307 - 20 |ma
Ig1ss Gate 1—Leakage Current Vais=taV, Vgog=vVps=ov - - B0 - -~ B0 - - 50 |nA
lGoss Gate 2—Leakage Current Vgos=t4v, vg1s=Vos=0v - -~ &0 - - 50 - — B0 fnA
Cres Reverse Transfer Capacitance Vog=+16V, Vigog=+4V,
fp=10mA, i=1.0MHz 005 .02 03 - - — |00 0z 03 |pF
Ciss Input Capacitance Yog=t15Y, Vgog=+4V, 40 54 GO -~ B0 - - BA - | pF
Coss Output Capacitance Vog=+15Y, Vgag +4V, - 22 - - 25 - - 25 - | pF
Tige {nput Resistance Vpg=+15Y, Vgag=+4V, - 70 - - B&W - - 1Bk - |a
Togs Quiput Aesistance Vg +15Y, Vgag=+4V, - 12 - - 17 - - 18 — | k&2
[¥gs] Magnitude of Fivd Trensadmittance| Vog=+15V, Ygag=+4V, 12 18 - ~ 44 - [10 4 — | mrmha
L angle of Fyad Tronsadmittance Vpg=+16V, V5og=+4Y, see - -85 - - - - — =136 - | degree
1Y el Magnitude of Rev Transadmittance | Vpg=+18V, Vgag=t4V, notes| — 30 - - - - - BB — | wmho
ars Angle of Rev Transadmittance Vog=+15V, Vgog=+4V, 4,56 - 30 - - - - - @ — | degree
MAG Maximurm Available Power Gain Vps=t18V, Vgpg=+4V, - A - - 1732 — - - |[dB
Gps Fower Gain Vps=+15¥, Vgog=+aV, LI - e ~ - |dB
MLUG Maxfmurn Usable Power Gain Vps=t1BY, Vgag=+aV, - - - - - - - 3% - a8
N.F. Moise Figure Vpg=t1BV, Vgag=t4V, — 35 45 - - - - - — 1d8
NOTES:

1, See Figura 3,

kR

. Unneutralized maximum utable gain for ona stage (sae¢ Figure 3),
. MEM 616 (RF AMP) Ip=10m#, f=200MHz,

- MEM 618 OF AMP) ID=EmA, {=44MHz.

3
4
& MEM 517 (MIXER) V315=0.1V, f=200MHz/8480 Hz.
&
-

. In additlan o the standard ranpge of 1DsS, the following | DS ranges ars avaflable:

. Signal and local oscillater voltages, both are applied on Gate 1 with injection level agual to BOOMY FEMS {see Figure 2},

Suggested
|bss Range Source Aesistor Suggasted Higsing
Davica {ma) Calor Coda {ohms) {volts)

MEM&16 513 Black Dot 160 ViE)=+1.5
A.F. Amplitier 11.22 Blua Dot i 180 VG5 +a.0

20-30 Fead Dot | 290

1

WEMET? 26 Biack Dot 100 V@t = +0.5
Mlixer 715 Biue Dot 1ap VEz=+1.5
MEMBI1B 39 Black Dot 2706 VG = +1.0
ILF, amplifiar 7-14 Blue Dot 270 VGzsw +4.0

12-20 Red Dot 270

4C-25
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MEM 616 & MEMG17 ® MEM 618

Fig. 1 — 200MHz POWER GAIN/NOQISE FIGURE TEST CIRCUIT

SHIELD
200 MHz ] 9
FMPUT
FROM 5034
SOURCE
LI aropF
2pF jécz
47K SI0K 2270K 270
J-__ — =)

1D00RF |

AGC
+6.4 WD

FOR MAXIMUM GAIN
LI 4T NI BARE COPPER WIHE 316" DiAM. FORM, 1/2" LONG TAP &T 3T ERGM COLG END.
Lz T WO, IE 144" DIAM, FORM, 172" LONG TAP AT 2/4T FROM COLC ENO.
Cl 0.4 TO 7pF {4RCO 4001},
C203 1.3 TO BpF VARIABLE.
Gé  IDOCRF BUTTON YYPE CAPACITOR,

Fig. 2 — 200MHz TO 44MHz MIXER TEST CIRCUWHT

48 MH2
OUTFUT
500 LOAD
LI
200 MHZ
Smy
FROM SO0
SOURCE
+
15¥OC
244 MHz ol =
FROM_ 8011
Ty soURCE ADUUSTED -4
FOR 500my =
1 ON GATE MO
LI 3T NQ.IG BARE COPFER WIRE ON 58" CORE, 1/2” LONG TP AT 3/4T FROM COLD END.
TI PRIMGRY 10T ND.32 COTTON COVERED COFPER WIRE CLOSE WOUND ON /8" FORM.
SECONDARY 1T NO 32 ENAMELED COPPER WIRE ADJUSTED FOR |6 TO | TURNS RATIO.
Flg. 3 — 34MHz POWER GAIN/NOISE FIGURE TEST CIRCLNT
ABE
INBUT
ouTPUT
a4 MKz 3.opF 5000
INPUT (O34T LOAD
504 SOURCE T
7 L
— L -
100%
L1 F4T NG.32 COTTON COVERED COFPER WIRE CLOSE WOUND ON /4" DiaM. FORM.

LZ 7T NO.16 BARE COPPER WIRE ON 1/2" FORM, 727 LONG.
() DRAIN TAP 2-2T FROM COLD END.
(2) LOAD TaP 04T FROM COLD END.

AT-26




MEM G616 m MEMEI7 = MEM 618

Flg. 4 — 105MHz POWER GAIN/NOISE FIGURE TEST CIRCUIT

+i5vpe
¢ ouTPUT
el 500
105 WH
A 24K2 LoAD
SOURCE
[ )
= 100 pF
e e
- o
9,I|(i <
10K 1000pF 100K
L. note)
= N +
15 V0
LI &7 NC.13 BARE COPRER WIRE ON 5/15° DIAM. CORE, 1/2" LONG T&P aT 4-1/2T.
Cy2I78pF Ry =ISK AT ICOWHZ, MOUNTEC.
L2z  SAME AS LI, BUT #q=30K MOUNTED.
CLC4 08 TD T.OPF TRIMMER.
G203} AIR VORIABLE CAPACITOR 20pF MAX,
HOTEI: AQUUST 10K POT. FOR 6mA Lp.
Fig. 5 — 105MHz to 10.7MMHz CONVERSION GAIN TEST
CIRCUIT (PRODUCT MIXER)
+13vDe
115.7 MHZ
Ay, roR 10.7 MHZ
N G2 ?I;ITTOP LéTO.F.l
501 SOURCE A

105 MME
SOIL SOURCE

Ll &T ND, I8 BARE COFFER WIRE ON /8" DIAM. CORE, |F2" LONG TAPR AT 2T FROM COLD END.
L2 4T NO.|18 BARE COPPER WIRE ON %7167 BHAM, CORE, 387 LONG TP AT IT FROM £COLD END.
TH Qpr6? AT [BTMHZ, NI/NEAIT.
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MEM 636 MEM 637 MEM 638

N-Channel Depletion Mode Dual-Gate MOSFETS

FEATURES

* Monalithic Gate-Protection Dindes

* Low Feedback Capacitance

* High Gain— Low Noise at VHF

* Revarse AGC Capability

* Linaar Mixars— Low Cross-Modulation Distortion
= Dual-Gate Cascocke Operation

APPLICATIONS

TV Tuner RF Amplitiers and WMixers
FM Tuner RF Amplifiers and Mixers
IF Amplifiers

Synchronous Detectors

Wide Band RF Amplifiers

DESCRIPTION

The MEM B3S/MEM 637/MEM 538 are N-channel, Deplation-Mode,
Dual-Gate Metal Oxide Ssmicanducter fisld-effect transistors. Thay
are protected from excessive lnpot voltages by manglithle back-to-
back diodes between gates and source,

The MEM 836 is intended tor use in VHF amplifiers. The low
feadback capacitance permits stakle high cain without the use of
neutralization.

The MEM 537 is intended for use in WHF mixers whers minlmized
crges-radulation, and inter-modulation distortion and low nolse
pperatian ars requirad,

Tha MEM G38 I3 intended for use in tuned high freguency ampliflers
such as TV IF. The low faedback capacitence parmits high sinpgle
stage gain and stability withaut neutralization,

4C-28
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£
G2 2}
030 TYP. 160
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f
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TOP VIEW
[.mo YR [ ~ ;
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L

SIDE VIEW

LEADS CAN BE PREFGRMED TQ CUSTOMER SPECIFICATION.

TERMINAL DIAGRAM
1. 5OUACE
2. DRAIN
A.GATE2
4, GATE




MEM G636 m MEM&37 m MEM 638

MAXIMUM RATINGS (T, = 25°C, uniess otherwise specified)

BRAIN-SOURCE WOLTAGE, VS, . . o ottt et it it e ettt e et e e e e, 25V
DRAIN-GATE NO. T VOLTAGE, V0T . ottt ittt e e e e e e e et e 25Y
DRAIN-GATE NO. 2 VOLTAGE, VDG L. . . ittt it e i e e e e e et e 25V
GATE NO. 1-S0URCE VOLTAGE, YG18 . oLt i it ittt e e s Hy
GATE NO. 2-S0URCE WOLTAGE, V28 . ... ittt ettt it et e e e et e et e e By
DRAIN CURRENT DD L oL o i e e e e e e BOmMA
TRANSISTOR DISSIPATION, Po AT 255 L. . et e o e e e P 350

ABOVE 25°, DERATE LINE AR LY o ot ittt ettt ettt ettt e et e e e e e et e e et 2AmN/C
LEAD TEMPERATURE DISTANCE 1/32 FROM THE SEATED SURFACE FOR10SECONDS . ..o vt i e iieaas 265°C
STORAGE TEMPERATURE RANGE . .. ittt it ittt e e i e e e anann e i —65°C 10 +176°C

ELECTRICAL CHARACTERISTICS (T, = 25°C, unless otherwise specified — body grounded)

MEM 626 MEM 637 WMEM B38

SYMBCL  CHARACTERIBTICS TEST CONDITIONS MIN TYP MAX|MIN TYP MAX[MIN TYP MAX|UNITS
BV psgs Drain-Source Breakdown Voliage | Ip=100ud, V515=Vgog=—-4V | 20 - - |20 - - |20 W
BVG1ss Gate 1—Source Breakdown Voltage] 1G15=10uA, Vpg=Vgeg GV g0 — - |80 - - 5.0 - -
BVGoss Gote 2—Source Breakdown Voltage| lGgag=10uA, Vg~V 1g=0v tgo - - |fe0 - - |60 - - v
VG1Stot) Gate 1-Source Cutoff Voltage Ip=50uf, Vpg=15%, Vigag=4v | - L -0 - - -15 - W
VG 25i06)  Gate 2—Source Cutof Voltage ID=80uA, Vpe=18V, Vo152 0¥ | — - —40| - - 400 - - A0l v
ipsg Gate 2—Voltage Drain Current Vps=15Y, Vgig=0V, Vgzs=av a0’ 30 |zo7 20 307 - = ma,
G185 Gate 1—Leakage Current Vo1g-tav, Vapg=vpg=0v : - 50 : - &0 - : 50 | nA
G288 Gate 2— Leakage Current Vazs-t4Y, V15=Wpg=0V - 50 - 50 - - 50 | nA
Crss Revarse Transfer Capacitence Vg 15V, Vgas=+4V,

Ip 10mA, f=1.0MHz 005 07 03 - - 008 02 03 |pF
Ciss Input Capacitance VDg “+15V, VGog=t4V, 40 54 &0 6.0 - - 51 — | wF
Cong Quiput Capacitance Vog=+18Y, Vaog +4V, - 22 - - 25 - - 25 - leF
L Input Resistance Vpg=+15Y, Vgag=+aV, — 790 -- — B} - - 15k - 111
Toss Output Resistance Vog-+ 16V, Ngag=+av, - 2,00 - - 17 - - 13 kil
el Magmitude of Fund Transadmitiance | Vog=+15V, Vgag=+4V, 12 18 - - a4 _ 0 14 - | mmhe
] Angte of Fyed Tranzadmittance Vpg=+16V, ¥gag=+4V, lsee - —Ef§ - - . — - —138 - aeg.
h'rs| Magnitude of Rev Transadrmuttance | Vps=+ 15V, Ygeg=+4V, |notes | — 30 — - — - 5.5 - xmiho
drs Angle of Aev Transadmirtance Vs +15Y, Vgog=+4v, [4.56 - 30 - - - - B0 - | deq
Ge Canversion Fowar Gain Vog -+1BY, Ygog-+4y, - - 18 - - - dB

Fig. 2 206MHz, Fig. 5§ 105MHz

Gps Power Gain — 200MH:z [ 12 21 - - - - - |ae
Gps Powar Gain — 105MHz Fig, 4 - 27 - - — - - - . di
MUG  Maximum Usable Power Gain 84MHMz | Fig a _ —_ —_ - _ — - ap3 . dE
N.F. Moise Figura — 200MHz Fig. ¥ .. 25 a3 _ _ _ _ . _ 48

NOTES:
1. 5a¢ Figure .
2, Signei and local cscillator voltages, both are applled on Gate 1 with injection lave! coual 1o SIMY BMS (ses Figure 2},
3. Unnautralized max imum usable gain far one stape (see Figure 2}
4. MEM 636 (AF AMP] 1D=10mA, =200MHz.
5, MEM 637 (MIXER) VG15=0.1V, f=200MHz/4dM Mz,
£, MEME38 [IF AMP) ID=5mA, =44MHz.
7. In addition 1o the standard range of 1055, the followlng 1DSS ranpes ara availabile:
8. Forward conversion transconductance.

Suggested
0SS Range Source Resistor Suggested Biasing
Davice {mA] Crodor Cade (52 vl

MEM 535 413 Yellow Dot 150 Vel = +1.8
A.F. Amplifier 11-22 Blua Dot 180 VGIS~ +a.0

20-30 Red Dot 200
MEM 637 2-8 veltow Dot 100 WG < F08
Mixer 612 Blug Do 150 Wz = t1.5

1G-20 Fed Dot
MEM 638 3.9 ¥allaw Dot 270 V@1 =+1.0
I.F. Amplifiar 7-14 Blue Dot 270 VG28= +4.0

12-20 Fed Dot 270
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MEM 636 ® MEM E37 m MEM 638

Fly. 1 — 200MHz POWER GAIN/NOISE FIGURE TEST CHRCUIT

SHIELD
200 MHzZ Gl £

Faoﬁ"&ﬂw |
TUT
SGURCE 1000pF ‘/ﬂ-

N e 1
ez S

zpF

>4y

1000pF l‘j-

— +—
AGC 8Y¥DC
+6.4 ¥ -
FOR MAXIMUM GAIN
L1 4T N6 BARE COFPER WIRE 3/16" DIAM. FORM, L/2” LONG TAP 4T 3T FROW COLD END.
L2 AT NOLIG 174" DIAM, FORM, 1/27LONG TAP AT 3/47 FROM COLD END.
Cl 0.4 TO YpF LARCD 400),
€23 1.3 TQ SpF VARIABLE,
¢4 1Q00pF BUTYON TYRE CAPACITOR,

FIG. 2 — 200MHz TO 44MHz MIXER TEST CIRCUIT

01—1:
. 44 MHE
I 15K ouTPer
SO0 pF b 5041 LOAD
It
43
by 100K L
200 MHZ WA
Smy h
FROM 5010 EpF ZLEK 100K
SOURCE <
a +
15D
256 MHZ -
FROM 500 °
SOURCE ADUUSTED L
FOR S00mY =
L ON GATE NO. |
L1 3T MO.IG BARE COPPER WIRE DN BAG" CORE, 172" LONG TAP AT 34T FROM COLD END.
TI PRIMARY 10T NO.32 COTTON COVERED COPPER WIRE CLOSE WOUND ON 4™ FORM,
SECOMDARY 1T N0,32 ENAMELED COPPER wIRE ADJUSTED FOR 16 TO | TURNS RATIO,
Fig. 3 — 24MHz POWER GAIN/NCISE FIGURE TEST CIRCUIT
ABE
INFUT
12K
= OUTPUT
a4 MHZ 3'&:': :E L | O
INPUT (Od—cp ~ LEAD
500 SOURCE \ 7
;I-.BpF :
A Li 10K =

1
1t
1
it

Ll 147 HD.32 COTTON COVERED COFPER WIRE CLOSE WOUND ON 1747 DIAM, FORM.
L2 7T NO.i5 BARE COPPER WIRE QN 172" FORM, 172" LONG,

(1) DRAIN Ta® 2-W2T FROM COLD ENO.

(Z)LOAD TAP AT FROM COLD END.




MEM 636 m MEME37 m MEM 638 E

Flg. 4 — 105MHz POWER GAIN/NOISE FIGURE TEST CIRCUIT

+i5vDC
QUTPUT

135 MHZ san
SOURLE

211k LOAD

1000 pF |
b
A

oK

10K 1000PF

+
15 %0

9

1

Ll 6T NG.18 BAKE COPPER WIRE ON 5/1&" DIAM. GORE, 172" LGNG TAP AT 4-1/27.
Cy=17.8pF fy=I15K AT I0OMH2Z, MOUNTED.

[ SAME AS L1, BUT Ry=30K MOUNTED.
CLEd4 09 TO Z0pF TRIMMER.

CZ.C3 AIR YARIABLE CAPACLTOR 20pF MAX,
NOTEI: ADJUST 10K POT, FOR 6ma Ig-

Fig. 5§ — 105MHz TO 10.7MHz CONVERSION GAIN
TEST CIACUIT (PRODUCT MIXER)

+15 ¥DC
115,7 MHZ
25 pf p
ADL FOR 50K S
THOMY > 10.7 MHz

OUTPUT

ON 62
2051 SOURCE IN!’O B0

1085 MHE
SE SOURCE

LI BT N0.I8 BARE COPPER WIRE ON 8467 DIAM. CORE, /2" LONG TAF AT 2T FROM COLD END.
L2 4T NO.I8 BARE COPPER WIRE ON %/16" DIAM, CORE, 378" LONG TAP AT IT FROM COLD ENC.
Tl Qg E7 AT [DTMHZ, NIFNZ~IT.
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MEM 655

N-Channel Depletion Mode MOSFET

FEATURES

& Back-to-Back Zener Clamp to protect gate
® Low 3rd order distortion

# High gain-low noise through VHF range

# Low feedback cepacitance 0.32 pF typ.

& Square law response

APPLICATIONS

& TV Tuners
& FM Tuners
& IF Amglifiers

& 538 Amplitiers
& Wideband Amplifiers
# High Froguency Analog Switching

TO-72

MAXIMUM RATINGS:

Drain-to-Sourca voltage + 20
Gate-to-Zource voltage +6.0V

Drain-to-Gate voltage +30to —8.0V

Drain Gurrant Limited by Dissipation
Storage Temperaturz —&5 to +150°C
Qperating Junction Temparatura ~£5 to +150°C

Total Dissipation at 25°C Case Temperature .......
Total Dissipation at 26°C Amblent Temperature..

at 100°C Amblent Tamperature...
Derate Linearly from 100°C to 150°C at 3 myW/°C

ELECTRICAL CHARACTERISTICS

Symbol Ch beristl Condltions Min | Typ | Max | Units
E¥nsx Braakdown voltage Vgg = —4.0VIp = 100uA R0 - - v
drain io aource
BYes Breakdawn voltege Vpg = OV, 1g=100pnA +60; — - v Bottom View
gate to sowce
lass Gate Leakage Gurrent Vgg = %40V - = {:100] na Note: All dimenslons in inches.
19 oty Drainto Source Vpg = +16V,Vgg= —40V - - 00| wA
Leakage Currant
Ipss Zero signal Gate ¥pg = +15V, Vgg = OV 1.0 | 40 200 | mA
vollaga drain currant
¥ ol Gate-Source Cutoff Vpg = + 15V, by = 100uA w | =10 |-40| V¥ TERMINAL DIAGRAM
Veoltage .
Clan Sma!l-signal, short Vpg = +15¥, Ip = 10mA*, — | 40 |70 | oF Lead
circuit input { = 44 MHz
capacitance 1. Drain
[+ Small-gignal, ahorl Vpg = +15¥, 15 = Sma, —jz20 | - {pF
o clrouit ogtpnt capagitance | f 2344 MHz p 2. Source
Crge Small-gignel, short Vpg ™ +15Y.1g = 5mA*, - 0.32 - pF 3. Gate
girculi reverag tranafer f="1.0MHz
capacitance 4. Substrate and case
Gy Forward Vpg = +18V, I = SmA™, 6000 (10000 | —  umhos
tranacontuctance f=1.0kH2
Gy Powar gain (Sea Flg. 1 Vop = +18V, 13 | 22 - dB
for measursment cirguit) I = 100 MHz, Ry = 2701
NF Noisa Figurs ** (See Fig. 1 | Ypp ™= +18Y, - 25 4.5 de
for measuremarnt cirguity | = 100 MHz, &, = 2700
g ont Draln to Source on Vag = +60, - 30 |00 N
resigtanca Ip0.1mA

*¥g5 blasis adjusted for the required current.
*"Input circult adjusted %o¢ mirimum nolsa flgure.
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MEM 655

=1

Fig. 1 — POWER GAIN TEST JIG @ 100MHz WITH NEUTRALIZING

Cs

~
e

K¥—o
Ca =

L 162K 0 VDD = 18V

-T__- L, = 10 turns of number 22 wire, diameter of coill = 125 inch
- Lz = Btums of number 22 wira, dlameter of coil = .25inch
C = 1.6 — 20 pF {Arco Elmenco # 400)
C,& Cy= 8107 pF (Arco Eimanca #402)
C,8 Cg= Sio 7 pF (Arco Elmenco #402)

POWER GAIN IG .} ~ 6B

TYPICAL CHARACTERISTIC CURVES

POWER GAIN vs. DRAIN CURRENT

NQISE FIGURE vs. DRAIN CURRENT

. COMMON SOURCE NOISE FYGLURE
- = INPUT SIGNAL TO GATE
AMBEMENT TEMPERATLRE (F ¢ ~ 25°C
FREQLENGY {f = 100 MHz

ORAIN-FO-S0LRCE VOLTAGE tWagl — + 15V
GATE-TO-SOURGE YOLTAGE Vo5l VARIED

1 L

24 & 1
! ! 1
| ! |
22 ; } ] 5t -
] __,-—-—_-
! [p— | 9
20 "] T e
. 2 \
I o L
| g - g 3 ——
/| | COMMON S0URGE POWER GAIN u
‘5| 4 T INPLT SIGNAL T GATE ]
/ | AMBIENT TEMPERATURE T, ~ 25°C =]
: ! FAEQUENCY i = 100 Mtz z
1l _j DAAIN.TO-SOURCE VOLTAGE t¥qe) = + 15% ) —
! / ; | GATE-TO-SOURCE YOLTAGE (Vp gl VARIED |
1
AL ] .
o 2 3 4 ) 5 B [ 9 w0 Q 1 2

DRAIN CURRENT (g} —ma

|

!

i
3 q E] -3 F B k]
DRAIN CUARENT fiph ~mA
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MEM 670

N-Channeil Depletion Mode Silicon MOSFET

FEATURES

B Femtoamp Gats Leakage

% 1015 Ohms Input Rasistance

B High Transient Gata Voltage Capability
B Narrow Ingg Range

B Low Input Capacitance

A Excellant Stabllity

APPLICATIONS

Srnoke Datectore
Memary Modules
Elgctramatars
Alarm Systems

DESCRIPTION

Tha MEM 670 is an N-chgnne!, Deplatian Mode, Metal Oxica
Semiconductor Fisld Effsct Transistor. This MOSFET éxhlbits
vary |ow gate Ileakage, extremelty high Input resistance, and [s
capable of handling very high gate to source voltage translents.

Thase Teatures, with an ¥, make the
MEM 670 idealiy suited for srnoke detector applications.

BOTTOM VIEW
Neta: all dimensions in inchas.

LEAD CONFIGURATION

1~ DRAIN

2 - S5QURCE

3 - SUBSTRATE AND CASE
4 - GATE




MAXIMUM RATINGS (T, = 25°C)

PRAIN-SOURCE VOLTAGE, Vg - - o i eaan oot et b et e e e EmEEa E e e [ L s
DRAIN-GATE VOLTAGE, Vg

GATE-SOURCE VOLTAGE, Vas PR PP
DAAIN CURRENT. Ip oo v v inarnnen - A . «se.. Limited by Dissipation
STORAGE TEMPERATURE AANGE ........ e e s —68°C to +160°%¢
OFERATING TEMPERATURE RANGE ... ... .........- e ma e _6B7C ta +128°C
POWER DISSIPATION [TC=25°C} ................................................................ P . 300 mw

FOWER DISSIFATION [TA=250C‘ . b aramam e iaiaa e PR Ceeaiaa 150 mw
ELECTRICAL CHARACTERISTICS (¥, = 256°C, unless otherwise specified}
EYMAGL CH&RACTERISTICS TEST CONDITIONS MiN TYP MaX [ UNITS
VIERISDY DRaINSOURCE BREAKDOWN Vpg=—24V. Ip=10ua, Vyg=0 20 45 - wolts
Vo506 GATE-SOURCE CUTOFF VOLTAGE Vpg=t15Y, Ig=104A 0.3 —25 | —4.0 | voits
IB{et) DRAIN CUTOFF CURRENT Vpg=+1BV, Vgg=—aV, Vg-0 - 0.5 16§ na
Igss GATE LEAKAGE CURRENT V=10V, Vpg=Vy5=0 - 01 10 | ea
i FORWARD TRANSFER ADMITTANCE Vpget15V, Ip=2ma, Vyg=0 - 2000 [ — | umho
Cigg® INPUT CAPACITANCE Vopg=+158V, lg=10ma, f=1MHz — 2.0 50 pf
Chgg* QUTPUT CAPACITANCE Yoge+r18V, Igp=10ma ., f=1MHz - 2.0 5.0 pF
Crges REVERSE TRANSFER CAPACITANCE Vog=t18V, Ip=10mA, f=TMHz — 0.3 FF
Ipss ZERQ GATE VOLTAGE DRAIN CURAENT] Vpg=+15V, ¥gg=Vyg=0 :

COLOR CODE — NQNE 0.5 - 2.2 ma

COLCOR CODE — BLACK OOT 1.8 - 5.0 mA

NOTES: * V55 ADJUSTED FOR (g = 10ma
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MEM €80 MEMN 681 MEM 682

N-Channel Depletion Mode Dual-Gate MOSFETS

FEATURES

- M lithic Gate-Pr ion Driocdas

Low Feedback Capacitance

High Gain—Low Moisa at VHF

Raversa AGC Capability

Lineat Mixers—Low Cross-Moduiation Distortion
Dual-Gate Cascoede Operation

APPLICATIONS

TV Tuner RF Amptifiers and Mixars
FtA Tuner RF Amplifiers and Mixers
IF Amplifiers

Synchronouws Detectors

Wide Band RF Amglifiers

DESCRIPTION

The MEM 680/MEM 681/MEM 882 are M-charnngl, Depletion-Mode,
Cuat-Gate Metal Oxide Samicanductor fisld-etfect transistors. They
are protectad from excessiva input voltages by monolithic back-to-
back diodes betweean gates and spurce,

Tha RAER EBD | Intendad for ues in YWHF ampliFiers, The tow
feedback capacitence permits stable high galn without 1the use of
newtralization.

The MEM BE1 is Intended for use in WHF mixars where minimized
cross-madulation, and intar-modulation distortion and low noise
operation are required,

The MEM 632 js intanded for use in tuned high frequency amplifiers
sucth ms TV |F. The [pw feedback capacitance permits high singte
stage gein and stability witheut neutralization.

4C-38

PLANE

Aottom view

TERMINAL DIAGRAM

1. DRAIN
2. GATE 2
3.GATE 1
4, SCURCE/SUBSTRATE
G2
D
_ G1
)




MEM G880 ® MEMGES81 m MEM 682
MAXIMUM RATINGS (T, = 25°C, unless otherwise specified)

BT p~25°C UNLESS OTHERWISE SPECIFIED
DRAIN-SOURCE VOLTAGE, YDS. ... ... . ...........oviinn.
DRAIN-GATE NO, 1 VOLTAGE, YDG1 .. ...
DRAMN-GATE NO, 2 VOLTAGE, YOGZ ...ttt et et ae e tee e e e
GATE NO. 1-SOURCE VOLTAGE, ¥G18
GATE NOD. 2-SOURCE VOLTAGE, YG25
DRAIN CURRENT DD oottt et et e e e e e e e e e
TRANSISTOR DISSIPATION, PT AT 28°C
ABOVE 25°C, BERATE LINEARLY
LEAD TEMPERATURE DISTANCE 1/37 FROM THE SEATED SURFACE FOR10SECONDS ... .. ... ... .. ... .. ... oo 266C
STORAGE TEMPERATILIRE RANGE . ... .. ... it in e r e i mnas s st tr inaratran et s ma et s re e oeaan - B5°C 10 +175°

ELECTRICAL CHARACTERISTICS (T, = 25°C, unless otherwise specified — body grounded)

MEN 680 MER 681 MEM 682

SYMBOL  CHARACTERISTICS TEST CONDITIONS MING TYP MAXIMING TYP MAX|MIN TYP MAX|UNITS
BVpss Drain-Source Breakdown Yoltage | 10=100uA, VG 15=Vgag=--4v |20 - - lzo - - |20 - — | ¥
BVG1ss Gate 1—Source Breakdown Voltage| [515=10uA, Vog=Vgag-0V 50 - - |60 - - |80 - - |
BYGogs Gate 2—Source Breakdown Voltage] 1G25=100A, Vg=Yg15=0V 15 — — |*60 - 60 - - IV
VYGisloffy Gate T~Source Cutoff Voltage Ip=B0uA, VpE=15Y, Vgog<d¥ | — —156 - - 1o . - 15 - v
Vgzsioff) Gate 2—Source Cutoff Voltage Ip=B0uA, Vog=15Y, Vg1s=0v | - -4.0] - - =40 - - -40 v
Ipss Gate 2—Valtage Drain Current Yps5=15V, Vg1g=0V, Vgog=4y ‘LD? - 30 207 _— 20 307 20 ma,
1155 Gate 1—Leakage Current Va1s=H4v, Vgos=Vog=0v - - B0 - - &0 - - B0 A
1G25s Gate 2— Leakage Current Ygag=tdY, Vgg=vog=0v - - B0 - - B0 - - H jna
Cras Reverse Transter Capacitance Vog=+16V, Vog-+4V,

Ip10mA, f=T.0MHz 0gs 02 .03 - - 005 02 .03 | pF
Cisa tnput Capatitance VogTH1BY, Vgog=+4V, 40 44 60 | - 60 - - 81 - 'pF
Cogx Output Capacitence VOE=t15Y, Vpg=+dy, - 2z - - 25 - - 25 — tpF
Tiag Inpuy Resistance Vps=+18V. Voag=+4v, - 790 - - &# - - 15k . il
Tosg Output Resistance Vhg=+15V, Vgag=+dv, - 200 - - 17 - - 18 - (3¢
fosl Magnitude of Fwd Transadmittance | Vg=+ 15V, Vgog=+ta¥ 12 18 - - d.4a - 10 14 . mmha
] Angte of Fyed Transadmittance Vpg=+15V, Vgog=+4v | see - —55 - - - - — 138 - deq.
¥l Megnitude of Rev Transadmittance | Vs=+ 15V, Wgog=+aV.  notes | — 30 - - - - - bS5 - smha
:1H] Angle of Rev Transadmittance Vos*+15V, Vooe=+tav | 456 | - - - - - - - 80 - deg.
G Coaversion Power Gain Vopg=t16V, Vgeg=+aV, - - - 18 - - - - dg

Fig 2 200MHz, Fig. 5 105MHz

GRE  power Gain — 206MH2 Fig. 1 19 21 - I e T
CGP%  pawer Gain — 105MHz Fig. 4 - 27 -t - - - - _ s
MUG  Maximum Usable Power Gein — 44MHz | Fig. 3 — - — - — — — 302 daB
N.F. Maise Figure — 200MHz Fig. 1 - 25 33| - - - - . _ dB

NOTES:
1. 5ae Figure 1.
2. Signal and local pecitlator voltages, bath are applied on Gate 1 with Injection lavel equal to S00MY RMS (see Figure 2},
3, Unneutralized maximum usahla gain foi one stage (sas Flgure 3).
4, MEM 680 (RF AMPY IG=10mA, fa200MKz.
5. MEM 881 {(MIXER) VG15~0.1V, =200MHz/44MHz.
8. MEM 682 {IF AMP) Ip=bma,, f=44MHz.
7. In addition to the standard ranga of 1DSs, the following | DSS ranges sra available:
A, Forward conversion transagnductance.

Suggestad
1055 Range Sourca Rasistgr Suggestad Biating
Cevice tmal Color Coda ¥ {vy

MEM 680 413 Yellow Dot 1ED VGt = +i.E
R.F. Amplifier 11-22 Blus Dot 120 ¥G25= +4.0

2030 Red Dot 200
MEM 6831 .E ¥aliow Dot 100 WGt = t0.6
Rlxer 512 Blus Dot 100 Vaa=+1.5

10-20 Aed Dot
MEM 682 3.9 Yallow Cot 270 W1 =+1.0
I.F. AmpHfiar 7.14 Biua Dot 275 V525= +4.0

12.20 Red Dot 270
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MEM ¢80 = MEM 681 = MEM 682

Flg. 1 — 200MHz POWER GAIN/NOISE FIGURE TEST CIRCUIT
SHIELD
200 MHZ ch
INPUT =
FROM 50.&? 7*{ !
30URCE H

2pF

1C000aF |

oo +
levne

AGC
+65.4 wDL -
FOR MAXIMUM GAIN

LI 4T WO 16 BARE COPPER WIRE 3/18" CIAM. FORM, 142" LONG TAP AT 3T FROM COL0
LE 4T NG.IE 174" DIAM. FORM, 1/27 1 0NG TAP AT 3/4T FROM COLD END.

Gl 0.4 TO TpF (ARCO 400],
G20 L3 T SpF VARIABLE.
1D00pF BUTTON TWPE CAPACITUR,

c4
Fig. 2 — 200MHz TO 44MHz MIXER TEST CIRCUIT
.oi—tr_ 44Nz
= J z 54 K OUTPUT
SO0 pF S0 LOAD
'
17 1L
v . 190Gk =
200 MHZ e
Amv .
FROM 500 5pF Z 16K 100K
SOURCE j
L — - 0+
! 243 MMz _lavoe
FROM 80T
?suuﬁcf ADJUSTED L
FOR BOOmY =
L ON GATE NG, |

3T NOLIE BARE COPPER WIRE OM SA6" LORE, 172" LONG TAP AT 3/8T FROM COLD END.

Lr
Tl RRIMARY 0T NO.32 COTTON COVERED COFPER WIRE CLOSE WOUND ON 178" FORM,
SECONDARY 1T WO 32 ENAMELED CUPPER WIRE ADJUSTED FOR 16 T | TURNS RATIO.

Fig. 3 — 44MHz POWER GAIN/NOISE FIGURE TEST CIRCUIT

AGC
INPUT

CUTPUT
94 MHZ fleg 0
INPUT LOAD

SO0 SOURCE

LF 14T NO.32 COTTON COVERED COPPER WIRE CLOSE WOUND ON /4" DIAM. FORM

ia TT NO.IE BARE COPPER WIRE ON 172" FORM, 1727 LONG.

(T DRAIM TAR 2-1/2T FROM COLD ENO.
{Z) LoAU TAP D.4T FROM COLD END.
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MEM 680 ® MEM 651 m MEM 682

Flg. 4 — 105MHz POWER GAIN/NQISE FIGURE TEST CIRCWT
+185vEC
¢ 0T
[
10% MMz
500 210K LoAD
SOURCE
[N]
- 1000 pF
2 | 1o6ope
= M
9-"‘i 100 C)
0K 1000pF 100K
= +
[LR"{xlv}
LI 6T NO.I8 BARE COPPER WIRE ON /16" DIAM. CORE, /2" LONG TAP AT 4-u2f.
CrI7.BpF Rys 15K AT IOGMHZ, MOUNTE
L2 SAME A3 L1, BUT Ay+30K MOLNTED.
CILC4 0.8 TO T.0pF TRIMMER.
C2,03 AIR VARIABLE CAPACITOR Z20pF MAY. .
MOTE |: ADJUYST 10K POT, FOR SmA I
Fig. 5 — 105MHz TO 10.7MHz CONVERSION GAIN
TEST CIRCUIT {PRODUCT MiXER)
+15VDC
115.7 MHZ
ADL FOR s pF moxé
Paan E: 10.7 MHZ
ON G2 o e autegt,
- 1T 0
5002 SOURCE — o
) ] o
= ! ‘—~—-1 ==
20K _J_ |
L2 ot ol L am
o 2, T T
105 MHZ _ispF
500 SOURCE @“‘ T THIMMER = =+ | =
_JT_ = 220K l
- b *lsvec
75K =01 Q-
Ll 6T HC.1B BARE COPVER WIRE ON S/6" DIAM. CORE, 172" LONG T&P AT 2T FROM COLD END.
Lz 4T NO.I8 BARE COPPER WIRE ON 5418~ CIAM. CORE, 3/8" LONG TAP AT IT FROM COLD END.
Ti Gg=67 4T ID.TMHZI, NISNE>IT,
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FUNCTION

DESCRIPTION

PART
NUMBER

PAGE
NUMBER

MASTER |
FREQUENCY
GENERATOR/S |
TOP QCTAVE |
GEMERATOR i

Generates a complete colave
af musical trequencies

AY-1-0212

5-3

AY-1-0212A

§-3

AY-3-0214

b6

AY-3-0215

5-6

AY-3-0216

5-B

LATCHING
NETWORK

Establishes priority level of 13
laich inputs/gutputs

AY-1-1313

5-8

RAHYTHM |
GENERATOR |

Generates § rhythms, grives 8
instruments.

AY-5-1315

3=10

CHORD
GENERATOR |

" Produces majar. rmingr. 7t

chords, walk:ng bass

. AY-S-137A

5-12

PIANG
KEYBODARD

Electrorically simulates piano
cperation and saund.

AY-1-1320

4 stage

5 stage

AY-1-5057

I"av-1-6721/5

FREGLUENCY
CHYIDERS

G stage

AY-1-6721/6

AY-1-1006

AY-1-2006

T stage

AY-1-5050

AY-1-1007B

2T
Coumer/Divider

AY-9-1000

MUSIC

MICRO

ELECTRONICS
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AY-1-0212 AY-1-0212A

Master Frequency Generator/Top Octave Generator

FEATURES
m Wide Input Frequency Range: PIN CONFIGURATION
1) AY-1-D212—250KHz to 1.5MHz 16 LEAD DUAL iN LINE
2} AY-1-0212A—250KHz to 2. 5MHz
§  lLow Impedance Push-Pull Qutputs
m  Full Musical Scale in One Chip
B Zener Frotected Input Top Wiew
o
DESCRIPTION vis (Jet s []-aze
tnpunig [ 2 15 [1+4n2
The Master Frequency Generator/Top Qctave Generator is e !
P . N . +451 ] 14 []+368
digital tone generator which produces, from a single input
frequency, a full octave of twelve frequencies on twelve separate s ] 4 13 [+2am
output terminals, 3]s 12 []+284
The M.F.G./T.0.G. consists of twelve divider circuits which divide a6 n []+26a
the input by an exact integer to produce a chromatic scale of 253 7 19 [ Voo
twaive notes. When used in conjunction with an oscillator and *zsad a Y ul”
o . N L
irequency dividers, a system may be configured which generates
all the frequencies required by an electronic music synthesizer.
The AY-1-0212 operates with input frequencies of upto 1.5MHz.
A premium device designated AY-1-0212A operates up to
2.5MHz.
BLOCK DIAGRAM
> fo = 239
> fo + 253
— fo + 268
fo - 284
> fo — 301
fa = 319
fo
IN
fo -~ 338
——3 fo = 358
fo = ave
fo + 402
> fo + 426
> fo < 45]

]




- AY-1-0212 = AY-1-0212A

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Al Pin Voltages with raspect to Vss
Storage Temperature

cevedarsirranenienes 98 C 10 ¥150°C

... =30V to +0.3V

*Exceeding these ratings could cause
permanent damage. Functional operation of

Operating Temperaturs {Ta) «........... veesn PG {0 70RO these davices at thesa conditions is not
. implied--operating ra ar ocified
Standard Conditlons {unless otherwise nated) L:l‘:,\:: Opérating ranges are specili
Vigs = GND
See Fig.1 for Voo and Vg Opsrating Voltages
Characterisiic Min Typ** Max Units Condiilons
DC CHARACTERISTICS
Input Leakage - - 10 uA at 27y
input Posltive Lavel +0.3 - ~2.0 Volts
Input Negative Level —10.0 — Voo Volts
Cutput on Impadange to Voo - — 3500 Ohims
Cutput on Impedance to Vi -_— — 3500 Ohms See Note 1
ign Supply Current — - 16 mA
ipp Supply Current — — 20 mA
AC CHARACTERISTICS
AY-1-D212 input Fraguency g 25 — 1.5 MHz See Fig.3
AY-1-0212A Input
Frequency fa .25 - 25 MHz
input Capacitance — 5 10 pF 1 MHz
Input Positive Level Width  tp A3 - -— HS AY-1-0212
Input Negative Leval Width tn 33 - —_ pe AY-1-0212
input Positive Level Width .2 - - s AY-1-02124
Input Negative Level Width t, 2 — — 48 AY-1-02124
Cutput Rise Time tr —_ 1 — fr n¢ load
Quiput Fall Time ke — 4 — FT: neo load
** Typical values are at +25° G and nominai voltages.
NOTE:
1. Qutput impedance measurements are made with 1.0V across
the device to be measured with 17K Ohrmn load to —6V.
~18 : .
I Vas i
b
- = >
P a STANDARD CONDITIONS > AT0N :
[WITHIN THiE AREA} 1
= / 1
INPUT 1
_;3 ﬂ_ FREG 27K |
-1z 1o |
¥oo -l
Vg
-l oo ]9
-23  -24 -28 -26 -2 -28 -2%
Vag (VOLTS)

Flg.1 OPERAYTING YOLTAGES

Fig2 TYPICAL INPUT BUFFER (IF REGUIRED)

&4




AY-1-0212 = AY-1-0212A

TYPICAL CHARACTERISTIC CURVE

3MHZ

2MHz
- v
[*)
E 1 MHZ —
3 —
& 7
™
=S
[N
§ //

A
100 KHZ
24 25 28 27

Vg VOLTAGE

Fig.3  TYPICAL FREQUENCY V3. ¥ VOLTAGE QPERATION

TIMING DIAGRAMS
o weur LY, LTI, FLILS

N | 201 INPUT CYCLES | 200 WNPUT CYCLES |
fa=402 "
1heyT outPut | L H

i _ ] o 2 gypiens NPuT JJ_I_I_L,,J"L_I"LH_I'L,J"I_IU
QUTRUT E an DIVIEION 1160 INPUT CYCLES | 169 INFUT CYCLES |
: . . % fo-213
- |..., . t 1y ouTRUT J““_n_:-'T_I___sz.___._J'
H
n v THE DIVISION NUMBER
TYPICAL APFLICATION
S FREQ. HNOTE
- N

l > BAEH.ZHD Gy FREQ. DIVIDERS e, —=uCo
| Tans 1l HI By FREG. DIVIDERS By ___BHp

> TAERTHI A"y FREQ. DIVIDERS - S Y AN

TR4ZI HZ Ay FREQ. DIVIDERS Ap oo Bg

> GE445HZ Gf% FREQ. DIVIDERS 6% ___ 6%
I

————3 B2EI6 HZ Gp FREQ. DIVIDERS €7, wanmBo

—|> 581tz iz F% FREG, DIVIDERS B ___Fh,
S8865 HZ Fg FREQ_ CIVIDERS Fr, ~=Fp
52770 Hz Eg FREG, DIVIDERS €7, ~—Eo

—» 4975.1 B2 D% FREQ. IVIDERS oY% 0%
i > 4E048HZ Oy FREQ, DIVIDERT Dy _—_Dg
JI 44346 HZ €% FREQ. DIVIDERS e %

I
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AY-3-0214
AY-3-0215
AY-3-0216

Master Frequency Generator/Top Octave Generator

FEATURES
RATION
B Wide input frequency range: 100 KHz to 4.5 MHz PIN CONFIGURA
| Single power supply 16 LEAD DUAL INLINE
m  Full musical scale on one chip AY-3-0214
m Low impedance push-pult outputs Top View
m Zener protected Input, veo et~ 1 a2
B AY-3-024; 12 outputs — 50% Duty Cycle (Highest accuracy) Inputta O 2 8 aze
m AY-3-0215 13 ouiputs — 50% Duty Cycle _ *
W AY-3-0216 13 outputs — 30% Duty Cycle wargsfle  aaf] s
. a3 ] 4 13 [ 4359
DESCRIPTION =330 ] 5 12 [ +ap2
O 1[0 + 285
The General Instrumert M.F.G./T.0.G. is a digital tone generator 7 10 [ vge
which produces, from a single input frequency, 12 ar 13 semitone +rse ] 8 97 we
outputs fully spanning the equal tempered scale. When used in
conjunction with an oscillator and frequency dividers such asthe
Gl AY-1-1007B, a system maybe configured which generates all 16 LEAD DUAL IN LINE
the frequencies raquired by an electronic music synthesizer. AY-2-0215/AY-3-0216
Top View
Wt
Yoo Clwt 16 [ 478
Inputto CJ 2 15 [B+239
vee [ 2 14 [ +283
=4510) 4 13 []+268
426 12 [J+284
wapz] 6 1[0 a0t
g7 w0 [+ 319
raee] 8 9 [ +33e
BLOCK DIAGRAMS E_‘
LI > fo + ava
fo = 427 fo + 239
g + 254 fo + 253
> fo - 269 » fo + 268
1 4~ 285 fo + 284
e fo = 202 U Loy fo + 301
b fo = 320 % fo =~ 3%
fo fo
N | ) IN
————> to + 339 (~———w fo + 338
[ fa -+ 359 1:} fo = 358
fo =+ SHO.5 ta =373
fo - 403 fo = 402
» fo -+ 452.5 » fo + 426
» fo = 4795 3 fo = 451
AY-3-0214 AY.3-0215/AY-3-0218
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AY-2-0214 m AY-3-0215 m AY-3-0216 E

ELECTRICAL CHARACTERISTICS

Maximum Ratinga* “Exceading thesa ratings could cause

permanent damage. Functional operation of
Voltage on any pin with respect to Veg .......... . 20 to -0.3 these devices at thesa conditions is not
Storage Temperature ..... e ..-55°C to +150°C implied—operating ranges are spacified
Operating Temperature (Ta) .....occovviiianen. oG ip +50° ¢ balow.

Standard Condlitions (unless otherwise noted)

0°C £ TA £50°C
Vag = 0.0V
Vo = +10V 1o +16V

Characterintic Min Typ*" Max Unlts Conditions

Clock Input

Low 00 - 0.8 v

High Ver —3.0 Ve Voo v

Frequency 100 - 4500 KHz

Rise Time — - 30 ns 4.5 MHz

Fall Time — - 30 ns 4.5MHz

Gty Cycle 40 50 80 U

Capacitance — — 10 pF
Quiipute

High Vo156 hd Voo W 0.25 ma

Low .0 — 0.5 W Q.7 mA

Fall Time — - 25 ps 20K & 500 pFto 16Y

Rige Time — — 25 iz 20K & 500 pFto Vs when Ve =16V

Duty Cycle — 50 —_ o AY-3-0214/5

—_ 30 — % AY-3-0216

Supply current — - 120 mA 18Y, 4.5 MHz, 26°C

**Typical values are at +25°C and nominal voltages.

TIMING DIAGRAMS

202 202 202 202 [ 202 201 202 201
Clocks Clocks Clocks GClocks _ ] Clocks | Clocks Clocks Clocks
Fia1 TYPICAL EVEN DIVISOR N = 454 Fla2 TYPICAL ODD DIVISOR N~ 402
227 226 226 228 [ 240 240 240 238
Clocks Clachs Clacks Clocks Claocks Clocks Clocks Clochks
Fg.3 TYPICAL EVEN PLUS 0.5 DIVISOR N = 4525 ;I—n.a TYPICAL ODD PLUS BEDIVISOR N = 4T85

TYPICAL APPLICATIONS

e AF&9 .29 Hy

- CI0 16740.T8 H2 (-] BT3B 40

3] 18807.28 L.L} 1561210

=21
¥ ov

>

5y 8 |4919.88 & 4§ 1492T.ID

AT 1408000 A5 140ds.la

G 49 i3268,00 [E:| {:EZ[ ﬁ ﬁ E E 63 [5200.60

i — GY 12%43.24 ¥ W I c% 284080
2 x
g g

L [ F 9 (844.48 < F x4y 1185570

FB  Ih?s.2o [§z| ﬁ E E ﬁ F¥ 17490

Es 1085128 x B9 lo3smi

DA% B95E.22 D8 983140

# DS 538T.04 08 BEBE.7Q

> G 4% BRET.G0 Cad ABT0.20

AY-30214 . AY-3-0215/AY-3-0216
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AY-1-1313

Priority Latching Network

FEATURES

B lLow Power Consumption
8 Two or more units may be connected in tandem

DESCRIPTION

The AY-1-1313 Priority Latching Network is a LS| subsystem
designed for use in slectronic organ keyboard and pedal latching
circuhts. When any combination of one or more “switch” inputs is
connected to logic "1” the cutput swltch corresponding to the
highast priority, or lowest number, input will close, connecting
the selected frequancy 1o the output frequency bus. The ocutput
switch will remain closed even if the Input switch Is released, and
will remain closed unti a new input switch closure occurs,

PIN CONFIGURATION
40 LEAD DUAL IN LINE

Toi View
3 ¥
Switch 6 CJ# 1 40 [ switeh 8
Bwitch 5 ] 2 2 [ Switch B
swichs O 2 38 3 Swheh B
Swilcha [ 4 37 O Switeh 10
Swich2 [ 5 26 {1 Switeh 11
Switen 1 O 6 35 {1 Switeh 12
Ground O] 7 34 [ switch 13
VBDE 8 3 A nc
Fraguancy Oul T 9 32 0 wc
Pricrity [N ] 10 3t [ Priority Out
Inhinit Qut 11 30 3 Inhitit In

NE O 12 28 O Vaa

MG 13 28 1 N.C.

NG O 14 27 O Frequancy 13
Fraquancy 1 [ 15 26 [7 Frequency 12
Fraguency 2 ] 16 25 [ Fraquancy 11
Fraguancy 3 . 17 24 [ Fraquency 10
Fraguancy 4 [ 18 2 [ Frequancy 9
Frequency 5 [ 19 22 [ Fraguency &
Frequancy & 20 21 E Fraguency 7

BLOCK DHAGRAM

SWITCH |MPLTS

[T

PRIGRITY SELECTOR
AND LATCH

NERERRNEREN]

DUTPUT SWITCHES

[TTTTTTTTTITTT

FREQUENDY INPUTH

PRICRITY I — = PRIORITY Cu¥

INRIBI? 15 ——f = INHIBIT OUT

f—3» FREGUENCY QUT

LOGIC DIAGRAM

PAIORITY
ouT

SWITCH
=]

INHIBIT
h

SWITCH
u

FREGUENLY
. _.._._|| < )

o FREQUENCTY
11

FREQUENEY
[ e

:FRED%ENC\‘

(FREOIf[NCY

PRIORITY
]

IHHIBT
aur

Il-"
H

FREQUENCY
our
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ELECTRICAL CHARACTERISTICS
Maximum Ratings*

All Pin Voltages with respect toVeg ... ...l
557G o H180°C

Storage Temperatura

~30V to +0.3V

AY-1-1313

*Exceeding thesa ratings could cause
permanent damage. Functional operation of

Operating Temparature (Ta) ..ooovvoenonnns -20°C tg +70°C this device at these conditions is not
) implied—operating ranges are specified
Standard Conditions (unless otharwise noted} below.
VDD =-1281V
Vap = 2715V
Vss = GND
Characteristic Min Typ™" Max Unis Conditions
PC CHARACTERISTICS
S\nlntrfh Inpuis Irpgedance 15 — a0 Ko Massurad 1o
Pricrity and Inhibit Inputs Ground
Impedance 1 — - MO
Input Logic “0" — — -2 Yolts
Input Logic *1” -2 e — Wolts
Output Logic “0" - — -2 Volts _
Qutput Logic *1" -9 — — Volts I Ru= 47K ta Voo
Freq ¥ Cutput Switch
impedance — “ON" — — 20 KL
“OFF” 3 — — M
lou Supply Current — - 8 mA
16 Supply Cutrrent — - 1 mA
“*Typical values are at +25°C and nominal voltages.
TYPICAL APPLICATION
Tgergn
-2

6 —o'o—si
o ®os2
a—orTo {53
3—oou—54
2}—er®o—|{56
| —o®o—5s
40— o—ls7
29 —o"o—{s8
38 fmmer T 58
o s
35— Tomlsl |
= 35—oTo—|5i2
—CV'O-— 513

S

RN CRRRED
pRiy ]
ay-l-
BLEQ s 1130 —ij|

FREQUENLY
QurTPuT

For multiple unit operation, the Priority
Cutput of the higher pricrity unit is
connected to the Priority Input of the
lower, and the Inhibit input of the
higher priority unit is connacted to the
Inhibit Qutput of the lower. The Priority
and Inhibit Inputs must be grounded
when not in use,

9



AY-5-1315

Rhythm Generator

FEATURES

&  Drives B instruments

| 32 beat long patiern

m & rhythm selections

& Internal osclllatar

u Mask programmeble rhythm pattern and pattern length
m Automatic reset for easy chord coupling

DESCRIPTION

The AY-5-1315 is a P-Channel MOS IC specifically designed for
the Rhythm and Porcussion section of an Electronlc Organ and
for Automatic Rhythmers. It contains all the ilogic circuits
necessary o generate six sets of rhythm patterns driving eight
instruments. The automatic reset feature allows it, when coupled
with the chord section of the organ, to start on the downbeat
every time a new chord |s played. Selecting muttipie patterns wilf
result in a combination of the patterns selected. Tempo is
externally adjustable from slower than largo to faster than presto.
Far added stability of the internar tempo osciliator a < 32circuitis
provided. If an external tempe oscillator ks used this circuit could
be mask programmed out of the counter decoder chain. For
added flexibility the cutput buffers could be mask programmed
for alther 100% or 50% duty eycle. The AY-5-1315 may be
operated alone or in conjunction with the AY-5-1317A ¢hord
generator.

PIN CONFIGURATION
18 LEAD DUAL INLINE

Top View
vas e ~ 18 [J oo
osc qul [ 2 17 [ Pmtam Setacilon &
oscin[g3 16 [] Paitem Setactlon 5
Cuti [ 4 15 [T Paltern Sabsclion 4
otz s 14 [] Pattern Sehection 3
owmsle 13 7] Pattern Salection 2
om4(] 7 12 ':] Paitem Salection 7
omEl] 8 n[Joutd
oue]e Ioacut?

A separate publication,

“A¥-5-1315 Custom Coding

Information™, available from GI Sales Offices, describes the
punched card and truth table format for custom programming of

the AY-5-1315 memory.

BLOCK DIAGRAM

R/C NETWORK
f L osg 1]y 0sC "
D8RG INFUT < .
i
Voo RHYTHM ADDRESS
FATTERN ROM -l-——l COUNTER/
S5 Ymant DECODER
PATTERN PATTERN RESET
SELFGT SELECT
INFUTS CONTROL
PUT
Lai oo 3 DuTRUTS

TYPICAL APPLICATION
™ wok .33
L W
RHYTHM 1g —,
szlifﬁzicgs \"Dnr\"i‘ IS DT C8C 1N I
WL P

ANY KEY

DOWN i—/‘Jﬂ RiSE

.

%
b5 1% s A¥E 1318 - KXK

ouT 1

ouT 2

T T TT

T DAUM
L VOICHE
" CIRCUITS
LT
T
TOUEH
= CHORED ,_A_‘i L]
SHITCH outs
W 1]
CUTE  OUT7 guTs
n [}
£
TOTEMPG T GHORD
LIGHT VOICING
IHCUITS
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ELECTRICAL CHARACTERISTICS
Maximum Ratings*

Vealtage on any pin with respectto Vss ......... -20% to ~0.3Y
Storage Temperature ... ... ....... .. -B5°C 1o 415040
Operating Temperature (Ta}l ....ovviinen . -25°C 1o +70°C

Standard Conditions {unless otherwise noted)
Vsas = D Wolts, Vop = -12to 18

AY-5-1315

"Exgeading these ratings could cause permanent damage.
Functional operation of this device at these conditions is
not implied—operating ranges arg specified below.

Characteristlc Min Typ*” Max Units Conditions
Clock input
Freg, oc 100/1000 100K Hz with =32 cirguit in
0o 37300 100K Hz with no +32 circuit
Logic Q' Youn—4.0 — Ve v
Logic 1’ +0.3 — —1.0 v
Internal asc. freq, — 10041000 — Hz Set by external resistor & capacitor
Rhythm selecl Inputs
Logic 0’ Vo—4 — Voo W
Rhythm select Inpuls
Logle 3" +0.3 - 10 v
Rtiythm select Inpul
Impadance 10 - — KChm Pulled to Vo
Instrumant & osc. output
Logic '0" (Note 1) Vin—8.0 e Voo 4.0 v with internal puli ups to Vo,
{ingtrument outputs only) supply-
ing 0.1 mA
Instrument & ose. output
Legic '1 — — —1.0 v Sinking 1.0 mA
Power — — 300 mw Ven = 15 valls

“*Typical values are at +35°C and nominal voltages.

NOTE: 1. Qpen ended devices have a minimuwm impedance of 500K ohm to GND when in the off condition.

OPERATION

The AY-8-1315 Rhythm Generator contains an interna! osciliater,
a clock generator circuit, a 5-bit synchronous resetable
counter/decader, and a ROM that drives 8 instruments and the
reset circuit. By selecting one of the 6 available rhythm patterns,
the appropriate section of the BOM is enabled.

It no pattern is selected the reset circuit iz activated which stops
the internal oscillater, inhibits the output drivers and resets the
counter to count 1. When a selection is made, the outputs are
enablad which brings out the program as stored ip count 1- the
down beat program.

The oscillator frequency determines the tempo of the rhythm
pattern generated. The clock generator generates a 2 phase clock
#1 and 2. If the internai divide by 32 option iz selected &1 ison for
tha first 16 count and %2 is an between count 17 and 32, thus
producing two non pverlaping clocks. If the divide by 32 circuitis

programmed ¢ut, the circuit #1 and &2 will be directly refated ta
the ON (logic 1) and OFF {logic ) time at the clock generator
input as provided by an external oscillator. The ©2 clock drives
the 5 bit counter/decoder which sequantially turns on one of the
32 tines of the ROM.

Oin the &1 clock, the program aut of the BOM is transferred to the
output thus eliminating decoding spikes at the output. If the
autput of the ROM is a "1’ the proper instrument will e turned on,
The autput drivers are programmed either for 100% duty cycle or
50% duty eycle. When programmed for 100% duty cycle the
output turned on will remain on for an entirgd 1202 cycle. If the
next bit in the pragram is a "1" again, the output will remain on for
the next cycle without going io zero betwsen oycies. When
programmed for 50% duty cycle the output will be on during &1
only and return to zere during ¢2.




AY-5-131TA

Chord Generator

FEATURES
= ROOT, 3rd. 5th, 7th Chord Elements PIN CONFIGURATION
» Additional cutput for special effects 40 LEAD DUAL IN LINE
m Sustain capabllity
B Top key priority -
® Self-contained oscillator circuit ——.._T,.—Qp o
# Operated with single pole, single throw switch matrix Yeg 2 a0 ICE
Voo O 2 3 Hos
[ =] s o4
DESCRIPTICHN asc ] 4 3 T8
HES O] & ® o2
i i [ m|
The AY-5-13174 is & P-Channel MOS G which accepts twelve msF:| d : ;i M :‘%S
basic frequencies (one fuil octave) and cutputs the notes zd | 43 [0 7 sel
necaesary to form Major, Minor and Seventh chords. This is the RIC) & 32 [0 7th Output
only known standard chord generater IC that performs these Rﬂg 0 21 [ Roat
functions, The chord elements (ROOT, 3ra, 4th, Sth, §th, and 7th} REO 0 g :‘; outout
can be multiplexed internally to perform special effects such as F:’E :2 :: 5 5"n 0:‘::t
walking bass, rhythm arpegio, alternating bags, etc. The AY-5- 2 0] 14 27 1 B
1317A will pperate in conjunction with and, through the KEY F3 s 6 [0 B2
DOWN cutput, synchronize a rhythm generator such as the Fal] 16 25 B3
General Instrument AY-5-1315, The AY-53-1317A has a keyhoard FEg? = 2 E‘Q
- N . . . i F& T 1B 2= AR
priority system with the C Major chord having the highest priority. e = BFw
Fa ] 20 N [CFR
BLOCK DIAGRAM
ROW  EveoarD
DORIVERS [
v RESET  SUSTAIN MATRIX
b 6 COLUMN INPUT
KEYHBOARD MINOR SELECT
sCa 0% CONTROL KEYROARD BCAN
LG Logic 7TH SELECT
@ l SELECTION
ANY KEY DOWN 12 FREQUENCY
DUTPUT Pty CHORD MUX. INPLTS
EMABLE
SPECIAL f
EFFECT -#——] SELECTOR
OUTPUT:
EPECIAL CHORD
EFFECTS —u= ELEMENTS
MUK OUTRUTS
3]
CONTROL
LINES
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PIN FUNCTIONS

AY-5-1317A

PinNo. Name (Symbol} Functlan

1 Ground (Vss) Ground

2 Fower Supply (V) Negative Supply

3,36-40 | Columninputs (Cl-C8) Caolumit inputs from Keyboard Matrix

4 Oscillator Input {QSC) R/C network carnection for keyboard scan oscillatar

5 Reset{RES) A logic 't (ground) will reset the keyboard scanner, and the
memorized key

& Minor Select {m Sel) A Ground on this line changes the 3rd output from Major 1@
Minor

7-12 Row Cutputs {R1-RE} Row putputs to Keyboard Matrix

12-24 Frequancy Inputs (F1-F12) These are the input lines for the 12 frequencies (one fuli
octave B thruC) used to generate the chords,

26-27 Control Inputs (B3-B1} These 3 lines will be internally latched and decoded to salect
gither the RQOT, 3rd, 4th, 5th, 6th, or Tih frequancy as the
special effect output.

B1 B2 B3  Selection

¢ 0 0 Mo change from last selection.
] 1] 1 RCoOT

] 1 0 5th

a 1 1 3rd

1 1 1 Tth

1 1 ] 4th

1 [ 1 Bth

28 Sth Qutput (3th) Thisline will cutput the 5th frequency element of the setected
chord.

29 3rd Qutput (3rd) This line will putput the 3rd frequency element of the selected
chord. Minor 3rd will be provided if a Minor ehord is selected.
Major 3rd will be provided if a Major or fth chord are selected.

30 Any Key Down {AK) This line goes to a logic 1" whenever a chord selection key is
depressed.

31 Root Output {Root) This Hine will output the ROOT frequency element of the
selacted chord,

32 7th Output {7th) This ling will putput the 7th frequancy slement of the selected
chordif a2 7th chord is selected otherwise the outputis logic 'T
(voltage).

323 7th Select {7 Sel} A ground an this line turns the 7th output on.

a4 Special Effect Output (MO This line will output one of the six frequency elements as
programmed by the control lines B1- B3. The Tth chord ele-
ment frequency will be provided independently of the chord
salection.

35 Sustain (SUS) A logic '1" on this tina will activate the memaory circuit which
memotizes the last key played.

TRUTH TABLE FOR SPECIAL EFFECT QUTPUT
FREQUENCY QUTPUTS
Sglggtri?)n Root 3rd Minor 3rd Major 4th 5th 6th Tth
C C {+2 o# (+2) E (+3) F (+2} G (3 & (=2 Al (+2)
c# C#1{:2) E (+2) Fo(+2) F#{=2) G#{+2) AF (+2) B (=2
D D (=29 F (=2 Féi+2) | G (=2 A (=3 B {+2) G
o¥ D# (2 | Fes2 | G (=2 | GE(EZ | AR(=D | C (51 | CH(+1
E E {+2) G (+2) GH*(:2) A (+2) B {+2) CF {1} D (+1
F Fo(+2) GHE (2 A {22 A#(+2) c (=1 0o o{+1 oD#(:1)
4 F# {4 PR B# (-4 B {+4} CE(+2 D# {+2) E {:3)
G G (=4 AK (+4) B (-4} c (+d o {(+2) E (12 F (=2
G G# (+4) B [+4) C (+2) CHi=2) D#(+2) F (=2) F#{+2)
A A L=d) Co(:? CH (=D oI E:Y E (=2} F# (=2 G (T2
AR AR (=d) C#[+2y D (=2 D#{+2) F (2 G (=2 GH{+2)
B B (=4 D (=& D¥ (+2) E (+2) F# {2} GF 2y A {(+B)
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AY-5-1317A

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voowithrespectto Ve . . . . . . . . . . . . —20V to +0.3V *Excoeding these ratings could cause parma-
Logic Input Voltages with respecttoVs . . . . . . . —20V to +H0.3v nent damaga. Functional operation of this
Storage Temperature . . . . . . . . . .. ... —B5°C to +160°C device at these conditions is not implied
Operating Temperature (Ta). . . . . . . . .. . .. S to+70°C —aoparating ranges are specified below.
Standard Conditlons (unless otherwise noted)
Vop = =15V 3V
Vas = OV (substrate voltage)
Operating Termparature [T,) =+25°C
Characterlstic Sym Min Typ*" Max Condilone
Inpul Logic Levels
Logic Q VIL Voo — —B.5
l.ogic1 ViH 1.0 - +0.3V
Input Capacitance CIN — — i pfF
Note Outputs
Logic 0 Rerr 180K — —
Logic 1 B - - 50001
Row Drivers Cutpul Impedance — 'J"_’SCI {1 — Voo = —15V
Control Input 10K £} — 100K 1}
Keyboard Row Input impedance 24K0 - 100K
Keyboard Scan Frequency —_ 25KHz - 500 pF, 750K ¥m, = —15%
“*Typical values are at +25°C and nominal voltages,
STANDARD INTERCONNECTION FOR A 3x12 KEf MATRIX
W0, SELED
%6 RESET ’::: AOGT 4R S1H “;t'.ifpml.? y naLtLuI:
35[ 5 20 kY 29 za| 32| 4] 27| 25| 15] 1
1
o e
|—-——-12- Va3 16 :u
WD 17 c
L 18 e FROY
: | AY-5-1317A W _ Frcoucicy
T :
11 ) af
12 a
= oY
24 -
(D) a7 % 3% 40 E
c c# n o# E F = [ A AR 4
e AV I N I R H S U -+ L .
R [ S U R Rt T [ 4| | L
s F i & udihs P wlln o-_?wTﬂIm 10.‘10..], R DF
- 4 < - R [ €1 . [ (N IR R I
roo«l—oo—-l—o 0-11-0041—004?0-410410—4 To-qTho SEVENTH
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AY-5-1317A [ G|
STANDARD INTERCONNECTION FOR A SINGLE : ROW KEYBOARD
WITH SEPARATE KEY FOR MINOR AND SEVENTH
3&| 5 ol n| 2] =m| 35 34
SUS  RES. ANY ROOT aAD 5TH  FTH MUK 12
a ——
ose. KEY ouTi2 ™ n#
5 :
T 7o
V5SS l—
L] FROM
|72 ew
AY-5-131TA o FREQUENCY
P = F DIVIDERS
VDB td
11 =7 0f
PRI
1z ¥
—a 24
36 37 38 38 40 3 & 33 MA SELECT
2?]26 25
B1 BZ B3
o o 4
TN, N
c c¥p o¥e F AW B
MINOR 7TH
SELECT SELECT
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AY-1-1320

Piano Keyboard Circuit

FEATURES

m 12 keys per package
B Loudness proportional to key press velocity
| Sustain input to give loud pedal operation

DESCRIPTION

The electronic piano chip when used in conjunction with
standard divider circuits will make an instrument closely
resembling a pizno in operation and sound. The chip tsarranged
s0 that the loudness of the notes is proportional to the velocity of
the keys as in an acoustical instrument. Additionally the notes are
arranged 1o dle away at 2 realistic rate. A sustain inpulis provided
so that the operation of the loud pedal can be emulated.

PIN CONFIGURATION

40 LEAD DUAL IN

Vg (GNDT T
Key 11 Inpaut [
gl 11
(SR

Curpet 8
o

Key £ Inpur
Dutpul S
G148
LE-RLENE
gt 1
L) P
Dt 1

nnoonnoEonn

e

ci1
Heslae lpel O
Bias ivput
Kay 1 apt [

LINE

Ton Viva

%

o ke @

fra)

40 [ kev 9 Input

39 [0 Kuy 10 Input
38 [dKev 17 Inpul
37 [ Cutout 17
B [ S
da [ ot * 9
da 0 S1A0

37 OOl &

32 O

g1 [ Aev & Inowt
30 O Cuioat €
20 [l

@6 [ Kev G Input
¢ O Grput &
25 [
[Tl 7
HE W g

23 O Hee 2 1npal
3¢ [ Key 4 Incul
2" [dKey 3 1npul

ELECTRONIC PIANO BLOCK DIAGRAM

MASTER TONE
GENERATOR
AY-1-0212
LT voiens
FILTERS
12 FIVE STAGE DIVIDERS
AY-1-5050 — Low |
ar
AY-1-1007B
MID
12 NOTE KEYER 12 NOTE KEYER 12 NOTE KEYER 12 NOTE KEYER 12 NOTE KEYER
AY-1-1320 AY-1-1320 AY-1-1320 AY-1-1320 AY-1-1320 B
L HIGH —%
¥
T
5 QCTAVE KEYBOARD POWER
AMP
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AY-1-1320 E

PIN FUNCTIONS

Name Function
Vss Positive supply
Vee Negative supply {-25 to -29V)
Vaies Bias aupply to keying circuit { -27¥ nominal}
Sustain When a logic “1" the outputs are damped with a time canstant of 180msec. when the key is
releaged. This input simulates the setion of the loud pedal in a piano.
Key Inputs (1-12) These inputs are switchad from logic ‘0 to legic '1" by a break before make change over

switch, During the transit the input is held at an intermediate logic level. The transit time
determines the initial output leval.

GC1{1-12) The capacitor C1 connectad to this pin establishes the key velocity time constant. 0.5uF
gives a time gonstant of 18msec.
Output [1-12) This output provides an exponentially decaying DC level proportional to the amplitude of

the desired note, The capacitor G2 determines the damper time ¢onstant. The resistor R1
together with G2 determines the undamped decay time constant. The DC ievel is chopped
by external frequency dividers to generate the note.

OPERATION

In the rest condition with the key up capacitor C1 is charged to The DC voltage on C2 is chopped via R1 and the divider circuit
-12 Volts. When the key is depressed C1is firstdisconnected and and the resulting sguare wave is fed to the voicing circuits and
it starts to discharge through the 38KOhm resistor with a time amplifiars. C2 slowly discharges through R1 to give the required
constant of 18msec. At the end of the key travel the final voltage exponential decay of note ampiitude. When the key is released
oh C1is transferred to the gate of T3 via T2, This causes C2tobe the 50K damping resistor is optionally connected across C2 to
charged to Vo1 + 4 Volts, The taster the key depression the larger damp the notes with a 110msec. time constant.

the initial voltage on C2 and the louder the note.

-
|
|
|
: EIAS1§—"__ET1 T '--__| T3
| : T T _+C_1UTP|JT Tglc 5
o e AAN o ——AAA = YOICIN
. : r— # [ T 71 T CIRCUITS
| I 1 50K | | egi-mtmie |
| 1 |
: | | g { ]' FROM
| 39K 390K 1 DIVIDERS
. : ‘ — |
| : : BIAS 2 : I
: 4 [
| | -
! C1I|o_5j_|F: poGR|22uF
Ji ko ey bt
— |
A ), |
| |
I—‘_V\_;_‘ |
} |
] !
KEY |
LA ! |
: 7 |
' |
. |
SUbTAINTL _I
—E— e e e e e e e e i e —— e —— an

Fig.1 KEY CIRCUIT SCHEMATIC
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AY-1-1320

ELECTRICAL CHARACYERISTICS

Maximum Ratings"

Voltage on any pin with respect to Vgg IR - .- oo vev i, 0.3 10 -30 Vo
Storage Temperature Range .. ............... bevaes virenrea =857 CtO+150°G
Amblent Operating Temperature Range. ....... P PE T PRI i o3 (R i1 g o]

Standard Condltions (unless otharwise noted)
Vg = -25 to -29 Voits

*Excaeding these ranges could cause
permanent damage. Functional cperation of
this. device at these conditions is not
implied—operating ranges are specified
below.

Vgg = OV
Vaias 1 = Yga
Operating Temperature (T,] = 0°C to +70°C
Characteristics Min. Typ™™ Max Unils Condltions
Key Input Logic *1" -24 — -2¢ Volts Key up
Key Input Logic ‘0" +0a — -1 Vaits Key down
Kay velocity time constamt - 18 — ms C1 = 0.5uF {Nate 1}
Cutput peak amplitude - a — Velts p-p {Mote 2)
Output decay time constant - 286-2486 - ms See Table 1
Damper time constant - 110 — ms C2=22uF
Dynamic range - 30 - dB
Power Supply Current .. — 3 - mA
Taiag - 3 - mA

“*Typical values ara at +25°C and nominal voltages.

Note 1. Tha key transit time determines the initial amplitude of the note. The longer the time the softer the note. |f the transit time
is 18ms the amplitude wilt be approximately 37% of maxitoum. Capacitor C1 determines the time constant.

Note 2. This Is the amplitude that would be obtained If the key transit time was zaro.

Table 1 .~ TYPICAL COMPONENT VALUES/DECAY TIME
C2 = 2.2 uF Square wave chopper

Octave A1 R2 Decay Time
KOhm KQhm msec.

C7-Ceh

2093-1108Hz 68 470 286

CB-Ch#

1046.4-564.2Hz 120 470 484

CH-Ca#

523.2-277.1Hz 220 470 825

Ca-Ca#

261.6-1238.6Hz 330 470 1155

C3-C2¥

130.8-69.3Hz 680 470 1880

co-c1#

65.4-43.6Hz 1000 470 2486
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AY-1-1320 E

YOLTS

W
g BiAs 1 ‘
G1 WOLTAGE
-8B \
-6 \\
p =g o= QT VOLTAGE
) | ' o
! ] ™~
[ ) \F“'--.
. ansﬂ_ :
1 ]
L
o 70 20 30 40 & ®ow
* + msec

START CF FINISH OF
KEY TRAVEL KEY TRAVEL

Fig.3 KEY YELOCITY WAVEFORMS

VYOLTS

\%’UT VOLTAGE
WITHOUT/
C1 VOLTAGE I S DAMPING

KEY
DOWN

100 200 300 400 500 GBI 700

msac
KEY UP

Fig.4 QUTPUT ENVELOPE DECAY WAVEFORM
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AY-1-5050 AY-1-6721/5
AY-1-5051 AY-1-6721/6

4-5-6-7 Stage Frequency Dividers

FEATURES

DG to 1 MHz operating frequency range.

Diode protection on all inputs.

Low output Impedance in both states,

Cholee of configurations:

1) AY-1-5050;  7-Stage Frequency Divider, 3+2+1+1
2) AY-1-5051:  4-Stage Frequecy Divicer, 2+1+1

3) AY-1-6721/5: B-Stage Frequancy Divider, 3+2

4} AY-1-B721/6: 6-Stage Freguency Divider, 3+2+1

" DESCHIPTION

The AY-1-5050, AY-1-5051, AY-1-6721/5 and the AY-1-6721/Gare
constructed on monelithic sllicon chipg using MTQS (Metal-
Thick-Oxide-Silicon} P-Channel Enhancement Mode Field
Effect Transistors. All girguits can be driven from a sine or square
wave input. The diffarent typas afl have the same specifications
and are fully compatible with one another.

BLOCK DIAGRAMS

IMA QUT &, ouT Az QT b

AN by LAY
R

JiPY . n n

v v vy

L:] OLTEy OUT By NG ©UTS IND QUT R

AY-1-5050

LS LT &g LUl ey
t T

i ¥

L) oJT 3 N autc

AY-1-5051

A QUT Ay OUT &y out ay

o .1
G-

[-+]

W %7

NB OUT Ay OuT By
AY-1-8721/5

WA GUT A auTa;  OUT A
-]
" 7

INB  OUTE,  OUTE NG QuUTC

AY-1-6721/6

PIN CONFIGURATIONS

14 LEAD DUAL INLINE
AY-1-5050

Tap View
R
GND Cat 14 Qg
Ina [ 2 1 [Jine
Qutas [ 3 12 [0 owe:
Qutaz ] 4 1 [ outB:
outdy [ 5 w[Jmng
o6 ¢ [Jomc
D17 4 [ voo
10 LEAD
AY-1-5051 Bottam Vigw
1 0ua & InG
2 OutA: 7 Oui
3 Ing & Vge
4 ThB 9 Vap
5 GND o inA
10 LEAD
AY-1-6721/5
1 GHD £ Inh
2 OBy 7 Ourh,
3 OB B Duth,
4 InB 9 Qi by
5 Voo 0 Voo
12 |LEAD
AY-1-EB721/6

ol RN T
Q
=
e
@
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AY-1-5050 = AY-1-5051 m AY-1-6721/5 = AY-1-8721/8 -

ELECTRICAL CHARACTERISTICS

MaxImum Ratings*

Drain Yoltage
GateVoltage. . . . . . . .
Data Input Voltage . . . . |
Storage Tamperature

Operating Temperature {T.).

.................. —30V to +0.3Y
.................. —30V to +0.3V *Exceeding thesa ratings could cause perma-
.................. ~30¥ 10 +0.3¢ nent damage. Functional operation of thess

—55°C to +150°C
0°C o +70°C

devices at these condltlons is not implied
—operating ranges are specifled below.

Standard Conditlons (unless otherwise noted)

Vo = —13V +1V Ci.=10pF
Von = —37V 11V Operating Temperature {T.) = +25°C
Ry = 1M Ghm
Characterlstics Min, Typ** Max Uinite Conditions
Data Input
Logic "0" level - — ~2 v
Logic “1" level -1 - — v
Data Input operating freq. DC - 1 MHz Sine or sguare wave
Data lnput Pulse width
—"0" lavel 300 d - ns
— "1" level 300 - — ng
Input Leakage - - 5 uA Vo= —20VDG
Output Parameters
Logic "0" leval - - -1 v
Logic "1 levsl =11 — —_ Y
Drive Capabllity
— 0" level - -1 -1.5 W Sirking current = 0.6 mA
— 1" gvel -11 - — v RL =100 K
—"1" level -B - — v R =10 KQ
Data cutput Rise and Fall times — 06 - uE
Current Drain
laa — 3 - mA Vau=—27V
I - e -

“Typical values ars at +25°C
and nominal valtages.

e \J’Inn is only used for the push-puil outputs thersfore lup 15 squal to the sum of load currents.
This separate Voo enables tremulant to be intreduced in the slectronie organ application,

TIMING DIAGRAM

L [ L
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AY-1-1006 AY-1-20086

Six Stage Frequency Dividers

FEATURES

Sine or Square Wave Input

Low impedance Push-Pull Outputs
5lx Divider Stages:

3-2-1 {AY-1-1006)

2-2-1-1 (AY-1-2008)

DESCRIPTION

The AY-1-1006 and AY-1-2006 are monoiithic fraquency divider
circuits which utitize MOS technolegy, Each consists of six flip-
flops arranged either 3-2-1 {AY-1-1006) or 2-2-1-1 (AY-1-2006)
and diffused into a single silicon substrate. Each circuit can be
drivan from a sine or square wave input. Each output is a low
impedance push-pull output which s capable of driving external
circuitry as well as other flip-fiops.

APPLICATION

I )
FFTFEET =
-

HESSTEH BE (WK,

PIN CONFIGURATIONS

14 LEAD DUAL IN LINE
AY-1-1006

Tip View

=

Yoo
Triggear 3
Inpul 3
Trigger ¥
lnput 2
Input 1

L T,

Voo

14 LEAD DUAL IN LINE
AY-1-2006 ’

[ Qutput 3.=4
] gt 3502
{0 outpur 2+ 2
1 Cutput 1,+8
[ futput 1.4
[ Dutput 152

[ Vas

Top View

Was C]@! ™ 14 [ Output 1+4
input 1 [ 2 12 [ ouput 157
Input 2 [ & 2 [ output 2,+2
Input 4 [7] 4 1 Output 4.2 2

ne [ s L] Cutplt 24
Input 3 [ & 9 [ output 3,2

von O 7 [

BLOCK DIAGRAMS

—D——‘g TRIGGER 2

[0 QUTPUT 3,+-2

INPUIT 3 g“"‘l'—‘D_' >—‘—10‘1 QUTPLIT &5~ 4
>—|—? TRIGGER 2

INPUT 2 0 D I ‘)—--—-‘QZOLJTPUT FES

>——g QUTPLT 1,22

>——‘°DOL|TPUT 1,=-4

woorr st T AT 5 Sovmr o

AY-1-1008

INPUT 4 (27—

= QUTPUT 1 2
11

— DUTRUT 1 - 4
14

INPUT 20__‘:]——-—D——gouwu-r 2+2
3

INELIT 4o _D_. _,,...,_._..5 S mOUTRUT 4 2
4

INPUT 3 gt
B

foumay LIUTPLT 3, 2 4
10

I—o9 QUTPUT 3,= 7

AY-1-2006
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

AY-1-1006 = AY-1-2006 -

All Pin Volages with respectto Vs ... ..., =30V to +0.3Y "Exceeding these ratings could cause
Storage Temperature ... oL -55°C ta +150°C permanent damage. Functional operation of
Operating Temperature {Ta) ..o 0°C to +70°C these devices at these conditions is not
implied—operating ranges are specified
Standard Conditions (unless otherwise notad) below.
14 < Vpp <CH0.AY Wag = -2712V Wy = GND
Characieristic Min Typ™” Max Units Caonditiona
DC CHARACTERISTICS
Input Leakage — — 1 A Win= 20V
Input Positive Lavel - — -20 Volts
Input Negative Level -8.0 — - Wolts
Output Positive Level — — -1.0 Valts Voo =27V, Vop = —12Y
Output Negative Level -10.0 — — Yolts =27V, Voo = - 12V
| Supply Current — _ 10.0 A Voo =—28Y
B.C. Noise Immunity {Note 2) 1.0 — — Volts
AC CHARACTERISTICS
tnput Repetition Rate DG — 50 KMz
Input Capacitance — — 5 pF Vis =0V

**Typical values are at +25°C and nominal voltages.

NOTES:
1. Qutputs may be momentarily grounded {individually}
without damage to the device,
2. 0.C. noise immunity |3 defined as foltows:
“" gtate N.). = Vs "1 — Ve "1 = {—10] —[-8] = 2V
“0" gtate NLL =Win “0" — Vi "0" = [-2] - [-1] =1V

3. Vou not used internally, Used for output negative supply only.
4. Qutputs change on the negative transition of the respective
inputs.

TIMING DIAGRAMS

HOITIT

CUTRL= =3 “1 — [_..__-—..|_ CUTF 120 I | . I 1
UL LT AR

SUThT 2.-2 m_l_ OLTRUTZ #2 —L___,_]_]_
LU i p RN

JJTRUT A -2 i1 AUTRUTI+2 | I_| 1

LALLM L
J S [ U SN B U

N NS Ny N
SR UV S PR gy D SNy B

AUTRUT .~ e m__

LU

QUTPUT 4. -2 u—l_
AY-1-1006 AY-1-2006

CIRCUIT TEST CONFIGURATIONS
oo Voo Vo
_i K _‘
Wout Vaut

_i 10k 205 _| M 20pf

BUFFER OUTPUT TEST LOAD

TRIGGER QUTPUT TEST LOAD
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AY-1-1007B

7-Stage Frequency Divider

FEATURES

Sirte or Square Wave Input

Low Inpadance Push-Pull Outputs
Seven Divider Stages
Fower-On-Reset

OESCRIPTION

The AY-1-1007B is a monelithic frequency divider circuit which
utilizes MOS technology. The divider circuit consists of seven
flip-flops arranged in a 3-2-1-1 configuration end diffused Intoa
single silicon substrate. The circuit can be driven from a sine pr
sguare wave Input. Each flip-flop has a low impedance push-pull
output which is capatile of driving axternal circuitry as well as
othar {lip-flops.

PIN CONFIGURATION
14 LEAD DUAL IN LINE

Top View
ves (@1 - 14 7] Output #7
Vaa O] 2 13 [ tnput #4
Vo [ 3 12 ] Dutput #8
Inpulﬁla 3 1 [ Qutput ¥5
oupmt #1115 10 [ input #3
Quipm #2{] 8 8 [T Cutput #4
Outpul #23[J 7 & [Jinput #2

TYPICAL APFLICATIONS

n S
DEC e !
- a— 1
!Ir' "'Z-E"At la L'-'laI‘r‘:sz 7Y TS
[ RESISTOR NETWORK A
3TAIRSTER
QUTRLUT

BLOCK DIAGRAM

ouT?z

ouT™
5 5
N out®s
4 T
IN*2 our %
8 Y
out*s
1
1n*3 out”e
10 12

1N out*r
13 14

GIRCUIT TEST CONFIGURATION

=]
“—= INPUT NUMBERS 1,238 [-IOV t I ]

REFER TQ TIMING DIAGRAM FOR
OUTPUT PHASE AND FREQUENCY
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

All Pin Woltages with respeci to Vag ....
Storage Temperature .........oo0vvuvns
Operating Temperature {Ta) ... ........

Standard Condiions {unless otherwise noted)

-30V to +0.3V
-55°C to +150°C
0°C to +70°C

*Exceeding these ratings could cause permanent damage,
Functional operation of this device at these conditions is
notimplied—operating ranges are specified below,

-1d =2 Vpp =€ +03V  Wpg =BTV 2V Wgs = GND
Characteristics Min Typ** Max Units Conditlons
DG CHARACTERISTICS
Input Leakage — — 1 A Wi = —20V
Input Positivie Level — — —2.0 Yolts
Input Negative Level -9.0 —_ — Volts
QOutput Positive Level - — -10 Volts Voe = —27V, Voo = —12V,
Cutput Negative Levet S 1.8 - — Volts Voo = -27W, Voo = —12Y,
Ing Supply Current - _ 14.0 M Voo = —28Y,
.. Notge Immunity {(Mote 2) +1.0 — — Yolts
AC CHARACTERISTICS
Input Repetition Rata DG — 50 KHz
{nput Capacitance — — 5 pF Wi =W

“*Typical velues are at +25°C and nominal voltages.

Motes:

1. Outputs may be momentarily grounded findividually} without

damage to the device,

2. D.C. noise immunity i defined as follows:

3. Voo not used internally. Used for gutput negative supply anty.

4. Typical output impedance o Vs or Voo i81.2K ohms,

“1" state N.I. = Voo “1" — Vi "1 = [-10] —[-8] = T¥
0" state NLb == Vix "0 —Vour “0° = (—2} —[~1] = ¥

TYPICAL TIMING DIAGRAM

wet o L L LT LTI
ateyt 1 T [T _ [ 1
oot ¢ | [T T 1

tureyr 3 L ]

INPUT 2 -
QUTPUT o

weput 3 ] [T LI
ovteut 5 T | [T | L
I S I e T

INFUT 4
QUTPUT 7
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AY-9-1000

PRELIMINARY INFORMATION

2'¢ I2L Frequency Divider

FEATURES

u  Crystal oscillator fnput

m  AC oscillator input

& 3ine or square wave input

& Divide by 216 215, 212 311 3w, or 27
| TTL interface capabillty

DESCRIPTION

The AY-9-1000 fs a monclithic frequency divider that uses
General instrument’s bipolar logic. This logic uses an lon-
implanted integrated injaction technigque, which allows
operation in environments normally too hostile for average MOS
technology. High spead low power oparation and TTL interface
capabliity are also provided using this technigue.

The AY-2-1000 inverter inputs are intended for uss as a crystat
esGillator/amplifier; however, they may be used as & normal logic
Inverter if desired.

PIN CONFIGURATION
18 LEAD BDUAL IN LINE

Top View
Ground w3 - 16 [ But 1
owzl] 2 15 [ Me
NG 3 14 NG
Injector ,: 4 13 dou
n1ig) ] & 12 [ felect 5
in1ig e LM ILENT
Inzi 7 0 [ir 38
nzig[] 8 9 [ Selact 2

BLOCK DIAGRAM

© ©

IN1 iN 3

0—1

N SF2 . SF 3 o
| 2 HGATEH w2 HGATE 2

iN 2 SELECT

T
IN 3 SELEC ouT 2
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ELECTRICAL CHARACTERISTICS
Maximum Ratings*

Open Collactor Voltage (Wand ... ..o v ivvireiones. . T.0Volts
Supply Current {log) ......... e e e SOOMA
input Current . ... ... L ) 1.
Storage Tempaeraturs ................cc..uen -55° Cta+150°C

STANDARD CONDITIONS (unless otherwise noted)

AY-9-1000

‘Exceeding these ratings could cause
permanant damage. Functional operation of
this device at these conditions is ot
implied--gperating ranges are specified
below,

Yoo = 5V (Mote 1) Ri = 100052 (Resistor from Vg to injection Input Piny
Ta=25°C Open Collector Outputs tied to Vg via 2400 chm Resistors.

Characieriatic Symbol Min Typ™ Max Uinlis Conditions

Supply Current {Note 2) - — 15.0 - ma,
High Level Output Yolage Von 4.8 — 6.0 v
Low Leve! Output Voltage

(It = 2.0mA) Vor — Q.2 0.4 v
High Leve! nput Voitage Vin — 0.7 - v
Low Lavel Input Voltage Vy — 0.4 - v
High Leve! tnput Current

(Vin = 750mV) Iin — 50 100 pa

““Typicat values are at +25° C and nominal voltages.

1. Normal device voltage is about 750mY. Operation i3 a function of the current through a resistor from V.. to injection pin, The

cutputs are open collector devicas.,

2. L~ is a function of the programming resistor Ri.
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AY-9-1000

INPUT CHARACTERISTICS (at +25°C)

800 92
700 Ll
o0
&00
Bg
500
maA 88
400
00 el
206 &
TYPIGAL
OPERATING
FOINT Bz
100
>
0

] 200 400

m

600 800 1000

Fig.1 INPUT CURRENT vs INPUT ¥YOLTAGE

my
-10 -5

| . DO NOT EXCEED

-10

-20

m#é,

Fig.2 REVERSE BREAKDOWN

B0

INJECTOR CHARACTERISTICS (at +25°C)

loaimA)

an

8.0

7.0

6.0

50

4.0

3.0

2.0

w2
e

a
600 EiLt

Voo (my)

800 800

Fig.3 INJECTOR CURRENT vz. INJECTOR VOLTAGE
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AY-9-1000 E

fy- - 3932160 KHz

§ 2.4K 2.4K 2.4K § 2.4K
—— 22pF
1.920KHz
30pF —— 1K
1 16 —o0 G0OHz
100K
—"A— 2 15 —0
3 14 —©
XTL 4 13 }—o—4#—0 B0Hz
“]E o— 5 12 +—0
o— 6 1 —0
—0— 7 10 o
o— 8 a

Fig. 4 — TYPICAL APPLICATION {60Hz CLOCK)
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FUNCTION

DESCRIPTION

NUMBER

PAGE
NUMBER

CLOCK
TIMER

24 hour programmable repeat-
able on/off time switch with
4 digit clock,

AY-5-1230

§-2

AY-5-1231

6-2

AY-5-1232

6-2

AY-5-1233

6-2

COQKER

Apptiance timer with clock.
Full egntral of “start” tirme,
"stop” time, or "duration.”

AY-5-1250

&6

AY-5-1251

COINBGY
GIRCUIT

A coin memory/credit agcumu-
lator far use in cam-operated
equipment

A¥-1-8622

§-10

IONIZATION
SMOKE
DETECTOR

Complete ionization smoke
detactor cirguitry in a single
CMOS LS

MEM4982

APPLIANCES/SECURITY

MICRO

ELECTRONICS




AY-5-1230 AY-5-1231
AY-5-1232 AY-5-1233

Clock / Appliance Timers
FEATURES

4 Digit Clogk.

Drives 7 segment Flucrescent Cisplays.
Programmable switch on and switch off times,
Repeating or non-repeating operation,

Dimming controd.

Power on reset, remains reset until time is set,
Foolpreof switch on/off setting, If switch off time not
programmed output stays an for 10 minutes only.
Non multiplexed set inputs for tow radiated noise.
Indication of st alarm state.
AY-5-1230/1232/1233:,50Hz Input, 24 hour oparation.
AY-5-1231; 50/80Hz input, 12/24 haur operation.

DESCRIPTION

The AY-5-1230 Series Clock/Appliance Timers are circuits
designed to provide a four digit clock display and automatic
an/off switching of a TV or other appliance at any desired time. A
typical application would be the use of an AY-5-1230 Serles
circuit with Gl's AY-5-8320 TV Time/Channet Display circuit to
provide a clock display and automatic on and off switching of the
TV at any desired tirme.

PIN CONFIGURATION
28 LEAD DUAL IN LINE

AY-5-1230/1232/1233 Toe View _
VesrGO) @1 280 BRI e
Set oM himesSet OFF Time O 2 27 [ BCO:T Sagmant
Repest Input [ 2 28 [ Voo
Set ON Output [ 4 L n bl —
Set OFF Quinut [] 5 24 [ &N/OFF Input
ik Input 0 & 23 [T Multipiox O¢Hater
Set Hours Input [ 7 22 [ Switch Qutput
St Minutas Inpur [ @ 21 [ M1 Dutput
W (Display Supplyl O] 8 20 01 MX 2 Cutput
Seq & Dutpur O W 18 [ ¥ 3 Dutput
Seq. F Gutpt [ 1 18 [ MY 4 Cuipat
Zeg. B QuipassSiehe Ot ) 12 17 [ Color Qutpat
Seg. O Cibputg? Qut [ 13 16 [} Seg. A Cutputia® Qut
Seg. C OutputE Gut O 14 15 [7 Seg. B Culput:2® Out
40 LEAD DUAL IN LINE
AY-5-1231 Tag Wurw
Vg iGN e Inhitit Input
12724 Hour Select Input [ 2 SelFAun 1nput
Set OM time/Zst OFF tima inpul [ 2 BCOVT Segment Inpust
RAepsed input ] 4 VYo
On Sat Qutput (] 5 M.C.
OH Set Output O & Gancel tnput
NGO W Reset Input
MG & QM/OFF Input
MO @ B ultiplax. Oscillator
SOB0HZ Select Impul O 10 Ewitch Crutput
Clock Input (11 MG,
Sat Haurs Input {7 17 PM Cutput
Set Mhnutes Inpu T 13 M 1 Output
Wy IDeeplay Supphet 14 WX 2 Cutput
Begmani G Ouwiput O 15 M.
Sagment F Oulput 7] 16 MG
Sagrient § Cutput:Strate Out O] 17 My 3 Qutpud
Segment D QUpUtE® thin 7] 16 MX 4 Dutpul
Segment L Onpute® Gt [ 9 Colon Qutput
Saqineat H Chitpusd Ot o a0 Segmant A CutputE® Gut

BLOCK DIAGRAM
SET ON TIME/
SET OFF TIME  3ET ON SET OFF #kk  ON/OFF
INFUT RUTEUT QUTPUT  REPEAT CANGEL NPT Vs Voo
b Y A Y
ON/ORF SWITCH [ SWITGH
MEMORY A % SWITGH QUTPUT
DiaIT |« MULTIPLEX OSCILLATER
et >t LDGIC KX — N
MINUTES TIME SET =
SET LOGIG YiL
HOURS INHIBIT+%
HON RS SEG.A-G/BCD &
QIOER MINUTES SEGMENT STROBE OUTPUTS
OGIC
Lome DECODE v =3 COLON QUTPUT
i _[ [ = Fh OUTPUTS
50/60Hz CLOCK 1224 HOUR oo seament | SONLY OM AV-E12S1
SELECT# NPUT SELECT* SELECT SET/RUN ON AY-5-1232
*EFEESET O AY-5-1233
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PIN FUNCTIONS

AY-5-1230 W AY-5-1231
AY-5-1232 = AY-5-1233

L1

AY-5-1230 | AY-5-1231 | AY-5-1232 | AY-5-1233
Pin. No. | _Pin No. Pin No. Pin No. Name Functl
1. 1. 1. 1. Vg Positive Supply
2 3 2 2. Set ON time/ When taken to logic '0" the ON time is displayed and the Set
Set OFF time input| hours and Set minutes inputs operate the ON time counter.

When taken to logic 1" the OFF time is displayed and the Set
hqurs and Set minutes inputs cperate the OFF time counter.
When left open circuit the time s displayed. When either Set
ON or Set OFF is activated the Switch legic is set and the
switch cutput will operate at the sat times,

3. 4. 3 3. Hepeat Input When connected to logic ‘0 the Switch output comes onevary
24 hours. When left open cirguit the Switch output comes on
only once after which the Switch logic is reset. The switch
logic can be set again by pressing Set ON and Set OFF.

4. 5 4. 4, Set ON Quiput This output goes to fpgic ‘0 when an ON time hes been sat. It

: returns to 1" when the switch logic has timed out or has been
cangelled.

5. -3 5 5. Set OFF Qutput This output goes to logic ‘0" when an OFF time has been set. It
returns to ‘1" when the switch logic has timed out or has been
cancellad,

8. 11. 6. B, Clock Input The timing clock is nput tothis pin. Hysterlsls is provided so
that the input waveform is not critical.

7. 12, 7. 7. Set Hours (nput Whan this input ts taken to logic '0" the hours counter is
advanced twice per second.

8. 13 -} [N Set Minytes Input | When this input is taken to logic '0" the minutes counter is
advanced twice per secend. During setting the minutes coun-
ter does not overflow into the hours counter.

9. 14, 9. 9, Vo (Display The an chip pull down rasistors provided for each high voitage

Supply) output are connected to this pin. When driving fluorescent
display this pin is connected to -32 Volts.
10-16 15-21 10-16 10-18 \7 Segment High voltage outputs capable of driving fluarescent displays
1 Cutputs directly. At logic ¥ to display. They have on-chip pull down
resistors to V.
13-16 18-21 13-16 13-16 BCO Quiputs It the BCD mode the time data is output on these pins.

7. 23, 17, 17. Coion Qutput This high voltage output is anabled on MX3 time and flashes
once per second,

18-21 23,24 18- 18-21 MX4-MX1 Outputs | These ocutputs are switched to logic ‘0" successively to selsct
a¥.08 the digits, MX4is 10s hours, MX1is unitsmins. Theraare 5 time
slots the fHth being blank. These outputs are high voltage and

have on-chip pull down resistors to V.

22, 31. 22, 22. Switch Output This putput goes to logic '0 when the ON time is reached and
returns to logic 1" when the QFF time is reached. If an QFF
fime has not been programmed the cutput will return to logic
‘1" ten minutes after the ON time has been reached. The output
will sink 30mA.

23, 32 23 23, Multiplex Not used normally, An external capacitor can be connegted to

Osciliator reduce the mux fraquency, or an external clock can be applied
If required.

24. 33 24 24, ON/OFF Input When this input is taken to loegic 0 the switeh output is
afternately turned ON and OFF. This Input has antibounce
logic to prevent maloparation,

25. 35 25. - Cancel Input When this input 1z taken to loegic '0° the Switch logic Is reset
and the Switch output turned off.

28. a7. 28, 26, Voo Negative supply 15V nom. {11-18V}

7. 38. 27. 27 BCD/7 Segment When this input is wired to logic ‘0" BCD operation results.

Select

28. 40, —_ - {nhibit Input When this input is taken to logic ‘¢ display outputs are
switched off. This Input can be used for display dimming.

— 2. — — 12/24 Hour Select | When connected to Vgg selects 12 hour operation.

—_— 10 — - 50/60Hz Select When connected to Vgg selects B0Hz operation.

— 29, — — P Output This output is on during the PM period. 1t is a high voltage
autput enabled at MX4 time slot.

— 39 28, — Set/Aun Input When taken to logic '1', the clock is stopped and the
seconds counter is reset to zero,

— 34 - 25 Feset Input When taken ta logic 0, this input resets either the clock, the
“on” time, or the "off" time, depending on the state of the
Sat ON and Set OFF inputs.

NOTE:

1. Ad inputs have a pull down resistor to Voo,
2. At power-on the chip is reset but the clock does not start to count until elther the set hours or set minutes button

has been preszed.




AY-5-1230 W AY-5-1231
AY-5-1232 W AY-5-1233

ELECTRICAL CHARACTERISTICS
Maximum Ratings*

Voltage on any pin {except display pins)

with respectto Vs pin, . . . . . . . . . Lo
Voltage on display pins with respecttoVsspin. . . . . . . . .

Operating femperaturarange . . . . . . ., .. . .. ..

. 3 to 20V
. 0.3 to ~35V

0*C to +70°0

*Exceading these ratings could cause
permanent damage. Functional operation of
this device at these conditions is not

Storage temperatureranga. . . . . . . . . . .. ... -850 to +150°C impiied—operating ranges are spacified
below.
Standard Conditions {unless otherwise notad)
Vi =0V
Voo =—11 lo 19V
Vi = -31to 33V
Operating Temperature {T4) =0°C to +70°C
Characleristics Min Typ*" Max Units Conditlons
Clock Input
Fregquency — 50/60 — Hz 50Hz only on AY-5-1230/1232/1233.
Logic '0v +0.5 - -2 Volts Mote 1
Logic “1' =10 — -19 Volts
Multiplex Clock Frequency — 100 — KHz Note 2
Cantrol Inputs
Logic 't +0.3 - -1.5 Voits
Logle*f' —6 — -19 Yolts
Pull p Resistance — 200 — Kohm 10 Wasnr
Segment Oulput :
Logie ' — — —2 Velts IoUt — 2mA,
Logic'1’ - — 10 MA Vour =—35V
Mx Qulpuls
Logic'r - - -2 Volts lout = BmA
Lagic 'T’ - - 10 MA Yoo = —35Y
Puil Up Resistance - 200 - Kohm o WL
Switch Output
Legic ' — — -2 Volts Toserr = 30MA
Legic ‘1 — — 10 A VYor = —18Y
Set ON, OFF Qutpuis:
Logic ‘0 - — -2 Volts lowr =2mA,
Laogic ‘1 — - 10 A Vour — —18V
Power - 350 — ki

**Typical values are at +25°C and nominal voltages.

NOTE:

1. The clock input may be taken positive provided that tha current is limited to 10014

2.This resuits in a muitiplex rate of 5KHz.

§-4



AY-5-1230 = AY-5-1231
AY-5-1232 = AY-5-1233
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Fig.2 AY-5-1231 CONNECTION DIAGRAM
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AY-5-1250 AY-5-1251

PRELIMINARY INFORMATION

Cooker Timers

FEATURES

u 12/24 Hour Clock

1 3 Timing Functions: Start, Stop, Duration.

M Separate “minute minder” function

& AY-5-1250: Daily repeat mode for central heating
control.

B AY-5-1251: Temperature programming
capability.

w Three high current timed outputs.

DESCRIPTION

The AY-5-1250/1251 are designed to be incorporated indomestic
cookers/stoves, n addition to the thres timing functions for
autamatic cooking the cirguit includes a count-down timer
{Minute Minder). Control of an oven temperature for 2 of the
autputs s also provided.

Both clocks and automatic timer controls can use 12 ar 24 hour
systems. but when the 12 hour mode a F.M. key is provided to
enable the controls to be set more than 12 hours ahead.

AY-5-1250 KEYBOARD FUNCTIONS

{a) 12/24 Wiring selectable option. PM indicator
hout when In 12 hours,

[t} S0/60HZ Wiring selectable option,

{c} Separate (i} 4 digit display - whan minute minder
Minute selegted then required period is shown in the
Minder time window.

Dizplay (ii) Mirute minder display is continuously
shown on a separste 3 digit display.

(d} Tima A wiring selectabls function.

Switch 1. {i} When time buttons depressed then digits
advanced at 2Hz.

{ii) Digits advance at 2Hz for 4 counts and then
at BHz.

{e) Time A wiring selectable function,

Switch 2. (i) On selecting an automatic timed function
that function remains displayed for 5 secs
following release of the select key or incra-
ment time keys.

(fi) Function remains displayed unth another
time function is selected.

{f} Repeat Wiring selectable function.

Mode (fy GCooker applicatfon ~ alf automatic
register memaories revert to zero after time
period complete.

(i) Gentral Heating application. Outputs
activated each 24 hour period.

{0} Auto/ A wiring selectable function,
Manual {i} When automatic time controls are set then
Switch automatic cooking |s set immed ately the

ALTO lamp lights.

[ii} In this mode the automatic timea controls
are set but the AUTO lights are not illuminated
{except to flash to indicate error conditions

in time setting) until the Auta/Manual Switch
is depressed.

66

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Mot yet dabned,

AY-5-1251 KEYBOARD FUNCTIONS

(a)12/24 A Koy position to be permanently wired to
hour select 24 hour operation and |eft open
circuit for 12 hour operation.

(b} 50/80Mz. A wirlng selectabile option.
{ClSeparaty A wiring selsctable functian.
Minute (i) 4 digit display - when minute minder
Minder selecied then required period is
Display shawn in the time window, for §
seconds.

{if) When minute minder selected tha ra-
quired period is entered into an ag-
ditional 3 digit display and remains
urninated.

{d) Mumber A push butten keyboard with the numbers
Keyboard (-9, a PM key for 12 hour system, and a clear

key. (it oven temperature control is possible
then the temperature setting could be either
lingar on a potentiometer or digital

through the keyboard, having first de-
pressed a temperature key).



OPERATION

On initial switch-on al! registers are set 1o zero and any display
selected reads a single ‘0" in the A.H. position. No output is in the
AUTO mode.

Fallowing any AL ling failure the initial condition is re-
established. Provision of a capacitor in the power supply circuit
will enakle the chip to remain active during AC line transients.

If the external standby oscillator is connected then true time is
maintained from battery operatian {though not displayed) during
power failure. Time maemories are also stored. On resumption of
the main power a lamp s )it to indicate that a failure has occured.
The standby oscillator is of acceptable accuracy fram passive
components (2 minutes per day),

Time Display

A 4 digit display of time in either 12 or 24 hour made as selected.
An LED is provided to indicate PM times whan in the 12 hour
mode (this could be incorporated in the display).

When the 'Set time' key is depressed the display is blanked, and
tha calon commences te flash at 1Hz. The time is entared through
the keyboard commenging with the hours. Digits are displayed
from the RHS; in this manner lsading zeros remain suppressed,
A sacond depression of the *Set Time' key causes the colon to be
iluminated constantly and the clock to operats from the mains
supply. The imternal ‘seconds’ register starts to operate from the
0 state.

In the event of & false time being entered (more than 23 hours or
58 minutes) the polon continues to flash and huzzer sounds at
1Hz, modulation. The clock fails to start. False entries can be
deleted by depression of the ‘clear key'.

Automatic Output Control

Two outputs {3 on the AY-5-1251) are under the control of the
automatic timer, The controls arc “Set Start Time”, "Sat Stop
Time” and “Set Cook Duration™, although on any manufacturers
modal only 2 of the 3 are necessary.

Two keys can be used for each controlled cutput, or alternatively
one pair of keys with a 2 {or 3} position switch to direct the
infaormation to the relevant chip input can be ysed.

(a) SETTING

Set Start Time When depressed this Key immediately lights up
and the time display colen commances to flash. The display
shows the previously set Start Time if a cooking peried s
incomplets, or a single ‘0" on the RHS if no pericd is underway, A
"Start Time' is fixed with the same Set Keys. To set a time
commencing with 0 hours it is necessary to give a single
depression to the Sat Hours kay {tounting commences with 0} to
illuminate the hours digit.

If Time Switch 2 is in the static pasition then the display reads the
“Start Time" until anether function iz selected, otherwise it
reverts to Real Time and a constant colon 5 secs. after releasing
the Set Time, Set Hours or Set Minutes key.

The relevant AUTC lamp lights after this 5 seconds if a Cook
Duration or Stop Time has been previously set. Automatic
Couking is set. (See note Paragraph 2g).

Set Cock Dwration Functions as the 'Set Start Time® switch,
except the Cook Duration switch is illuminated. The relevant
AUTQ lamp lights if a Stop Time or Start Time has been

AY-5-1250 m AY-5-1251

praviously set, although the AUTO lamp flashes and automaiic
cooking is not set if the cook duration is greater than the period
between the real time and selected Stop Tima.

To enter a Cook Duration of less than one hour it is only
necessary to use the 'Set Minutes' button,

Set Sfop Time Functions as the 'Set Start Time' switch, except
‘Stop Time' Switch is lluminated,

The relgvant ALTO lamp lights

If & cook duratipn has been selected which is greater than the
period between the real time and the selected stop time then the
AUTO lamp flashes and automatic cooking is not set.

{b) USE

Fully Automatic: The time controls are set and the oven
temperature selected. When the real time reaches the Start Tima
selected (o the Stop Time less the Cook Duration) the relevant
output is activated and lights the ON tamp. At the conclusion of
cooking both the ALITO and the ON lamps are extinguished and
the relevant timing registers revert to 0. The audio output gives a
1Hz cycle for 10 secs.

Where tha Auto/Manual button is includad then cocking can ke
terminated at any time by the momentary depression of this
switch, which will also cancel the AUTQO lamp.
Semi-Automatic: The 'Stop Time' is set and oven temperature
selected. Coocking continues until the Stop Time is reached,
when the AUTO and OM lamps are extinguished and the Stop
Time register reverts to zero. The audio output gives a 1Hz cycle
far 10 secs.

Manual: Qperation is simply through the oven temperature select
switch.

INFORMATION RECALL

Times selected for automatic operation can be displayed for 5
seconds by depression of the appropriate key.

if the Cook Duration is interrogated during cooking then the time
remaining before completion is displayed.

MINUTE MINDER (Short Term Alarm}

Depression of the ‘Minute Minder' key flluminates that key and
displays the contents of the MM register. The display coton
flashes.

Time is entered from the keyhoard - any increment of 1 minute is
accepted from 1 minute to 8 hours 59 minutes,

5 sacs. following the last entry key the colon ceases to flash and
the countdown commaences (oroaviding ne false time has baen
entered - greater than 9 hours or 58 minutes. Use of the clear key
will delete a false entry). tis important that the countdown starts
immediately iclowing this & secs. period rathar than to couple
the MM register to that tor true time for in this latter case an errar
of up to 52 secs. can oceur and seriously distort short periods.
For modals with a separate MM display the tims remaining to the
end of the s=lected period is continuously shown. For single
display models this time can be displayed by depressing the MM
key and remnains for 5 secs, following release of this key.

On complation af the selected period the audio cutput gives a
continuous tone for 1 minute. This tane can be cancelled by
deptressing the MM key,

The minuts minder selting can be cancelled at any time by
depressing the MM key foilowad by the clear key,




AY-5-1250 m AY-5-1251

CENTRAL HEATING OPERATION with the AY-5-1250:
For this application an additional cutput is provided which is the
composite signal of the two timed autputs in order to minimize
external peripheral circuitry.

The Repeat mode is selected to enable the two timed periods to
remain stored and operate every 24 hours.

On/Ott Conlrol

This is a bistable action switch which changes the start of the
composite signal cutput switch. If the output ware OFF then this
switch tumsg it ON until the next Stop Time; if it were ON then it
bacomes switched OFF until the next Start Time.

Further depression again changes the state.

Setting Start and Stog times is achieved In pracisaly the sama
manner as previously described.

Cancel

Cance! buttens are provided for each output which, when
depressed, axtinguish the relevant AUTC lamp and inhibit the
output signal even though the Start and Stop times remaln in

memory. The ouiput can be restored by depressing the Startand
Stop time keys, whereupon the ALUTC lamp lights up.

ELECTRICAL CHARACTERISTICS

VOO e eeeeeieanenn U i veea. BV
Operating temperafure TANGE .. .o.vvie e vierraarara..., D0 1 70°C
Clock INput ... i e e a e BUOHZ or BDHZ
Internal Muitiplex Clock Tequency ........o.veeuennn, 100KH2

Display outputs . Suitabls to drive LED displays up 1o 0.5" high. Segments are driven diractly.

Flugrescent compatipiiity.

Timed outpuis........ e bae s ca e e 3 timed outputs are provided with 30mA drive capability to operate a
triac or relay.
Audio OutPUL .. L. e e, Continuous tone for 30 secs. on completion of minute minder pericd. 1Hz

cycle for 10 secs. on completion of automatic cooking period.
Tang TKHz — nominged.
Keyboard ............. erierecrairesecaranraar ... Keybounce protection and two key lockout provided.
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AY-5-1250 = AY-5-1251 E

| 795 TiME DisPLAY

-l
MINUTE MINDER DISPLAY [OPTIONAL)

D TO SET TIME D SET HOURS
MINUTE
MINDER ® D TO SET MINUTE MINDER [: SET MINUTES
SET
oRta | o/pTE Qi
I D D TO SET "STOP TIME"
O/P* FOR
CENTRAL . .
CENTRAL I:] I D D TQ SET "DURATION I:l MANLIAL/ALTO [OPTIONAL)
OPERATIONS
D l D D TO SET "START TIME"
_— BUZZER
S —

® [ ® ® AUTO SET

® l ® ® QP OM (DRIVEN FROM TRIAC/HELAY QFFY) TP - QUTPUT

D | D D CANCEL, OPERATES WHEN IN REPEAT MODE FOR

I CENTRAL
HEATING

i D ON/OFE /P, OPERATES WHEN iN REPEAT MODE | APPLICATION

Flg. 1 TYPICAL AY-5-125¢ CONTROLS FOR INCREMENTAL INPUT COOKER TIMER

TIME DISPLAY

MINUTE MINDCER DISPLAY {OFTICNAL)

NUMWEBER
KEYEQARD
*C/*F BET TEMP 18
41516
TO SET TIME 11213
0 G| TO CANCEL INCORRECT ENTRY
MINUTE ] S
MINDER TO SET MINUTE MINDER
SET

. {FOR 12 HOUR SYSTEMS)
/P O/P'2 O/P'3

D TO SET “5TOP TIME" E AUTO/MANMUAL (OPTIONAL)

[ [0 [ voserowmmon
\ BUZZER
D [:l D TO SET "START TIME"

® ® ® AUTO SET QP = OUTPUT
® ® ® ©/P" DN {DRIVEN FROM TRIAC/RELAY OUTPUT)

Fig. 2 TYPICAL AY-5-1251 CONTROLS FOR FULL KEYBOARD COOKER TIME
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AY-1-8622

Coinbox Circuit

FEATURES
] . PIN CONFIGURATION
B 53 Credit Capacity 40 LEAD DUAL IN LINE
o 2 Special Selection Options _
m 7 Different Coin Inputs Ton View
¥ £asy Price or Program Change Wag Powrr Supply O] #1 40 [0 Unit Price Gentrol P3
B "Make Selectlon” Control P2 Lnit Price Gantra O 2 3% [ Selectlon Enable 2
® input Nofse Rejection on Chip o1 :1 U”"C";';_‘z g"":“’: *3 2? g z::e‘:::"" :”32:3:
® On Chip Clock Osciliator anus Gradt Bontra sotion Enaois
On Chip Gio s B2 Bonus Credit Cantrot [ 6 36 [1 Soisctlen Enable 5
©3 Coin Ipput [ 8 A% {] Salection Enabla &
APPLICATIONS Master Reset []7 341 Selection Enatle 7
M Arcade Equipment Yoo Supply []8 33 [0 Sedection Enable 1
i A 2 Coin Input [} A2[] Caunter Emply
® Vending Machines .
"G ) Devi €1 Coin Input T 10 310 Program Select Outputl 52
aming Devices ) Test Pont 0] 11 A0{] Program Seleet Output 51
¥ Programmable Counters and Timers Reclrewste = 12 261 Clook Capasitor
R4 Bonus Aggister Outprt 13 2# 1] Clock Capacitor
DESCRIPTION R2 Benus Ragister Outpul ) 14 27 [0 Clock Aesistar
. . . A2 Bonue Registar Cutput 15 2B G1 Cradit | t
Tha General Instrument AY-1-8622 is a single monolithic P- 4 g raar neut
N R1 Bonus Reglster Qutput 18 25 Program Setect input PS1
chanr]el MOS/LSI Chip designead for u@asagreditaccumulator Yoz Supply Oh 17 247 Pragram Select Inpit PS2
] coln-opsrateld equipment. The chip requires only a power @7 Credit Input [ 18 231 G2 Credlt Input
supply and a coin acceptor to complete the cash register section. GA Credn Input [] 19 22 [0 G3 Grodlt Input
Coin inputs allow 7 different coin or paper denominations to be GE Credil Ihput [ 20 210 G4 Credit Input
used. Both credit and bonus price are easily changed in the fieid.
Two special selection opticns may be pragrammead.
BLOCK DHAGRAM
GO P2 R iy B B2 panus
ENGODER COUNTER COUNTER
CaIN
INPUT
Gl == M PROGRAMMABLE
BURST
cz » FLLSE =M 123,45
03 ———d  GENERATOR
COUNTER
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’ UF M
S5E1 — MEMOHY [ — A e —
I
SEZ €—— CLOCK % ——=a
SE3 €| UEC. i
ar PECODER ‘ R U
4 ] DRIVER 5 e
oy S— \—— UP/DOWN COUNTER MASTER
SEG €£— e RESET
BET ——— — %V
SELECT ——0\Vpp
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PROGRAMMING THE AY-1-8622

The AY-1-85622 has been designed for the maximum versatility
compat|ble with one package. The user can program the device
to operate with different currencies and with different pricing or
cradlt structures.

Currency Programming

C1, C2, and C3formthe 3 coin inputs, with weighting as indicated
under the pin function section of this data sheat. if, forexampie, a
nickle (5%) is chosen as one unit, a dime {10°} woutd have a welight
of two units, a quarter (25°) a weight of five units, eic. In this case,
the user wouid program his cain acceptor to produce 217 at ©1
when a5 pieceis deposited, 217 at C2 when a dime is deposited,
and a "1” at C3 when a 25* piece is deposited.

Pricing Structure Programming

Pricing structure consists of three controllable uptions: Unit
Frice Control, Bonus Credit Conirol, and Frogram Select
Cantrol. The first two of these control how many play credits the
customer recalves for his coin deposits. Program Selact Control
determines how many play credits are used by his varlous play
optlons.

Unit Price Contrel is through inputs P, P2, and P3. If, for
example, 5¢ is one unit, and 10¢ is one play, P2 would be tied to
legic“i". I 25¢ is one play, the P1, P2, and P3 would all be tied to
“a".

In meny applications it is desirable to present the customer with
an incentive for depositing additional money to receive “bonus”
plays. For example, two plays for 25¢, five plays for 50¢. This
option is controfled by the Bonus Credit Control.

o

Bonus Credit Contral, is derived through inputs B1 and B2, in
conjuction with the Program Control Matrix. Unlike the unit price
contral section which drives the credit accumulator directly, the
Bonus Credit Control drives a shift register whose outputs, R1
through R4, farm part of the Fregram Contrel Matrix. 81 and B2
contrai how many units are required to increment the shift
register. The firat bonus ptaces a"0" nntoR1, the second moves it
to R2, ete.

Control Matrix

The Controf Matrix consists of three sections: 81 and 52 form the
Program Selsct Outputs, G1 through G7 form the inputs to the
Credit Accumulator, and R1 through R4 are the Bonus Register
Outputs. The Credit Accumulator, a 6 bit up/down counter, is
autematically placed in the "up” count mode when acoin inputis
made, and a "down" count mode when a selection is made.
Although single selections and unit price inputs are fad directly
into the counter, spacial play options and bonus credits arg
entered through the matrix, A "0" on G1 places 1 credit/dabitinto
the countar, a “0” on G2 places 2 cradits/dabits into the counter,
etc.

Typical Example

In the typical application shown gne unit is 5*. P1, P2, P3, B1 and
B2 are tied to "0”. As a resuit, there is one play for 25* from the
Init Price Controd, and one bonus for 25% By tying R1 1o G1, the
bonus gives a bonus play for 25%, resulting in a iotal of two plays
for 25%. B2 s tied to G2, 5o that the deposit of an sdditional 25¢
results in three additional plays, or a total of fives plays for 50

TYPICAL APPLICATION

. " {JEFOSIT MORE
GAMES REMAINING MONEY
1 = 2 PLAYS - 25¢
—@—0<} 5 PLAYS - 50°
g 7 PLAYS . 757
| 11 PLAYS - $1.00
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v
“MORE THAN 3" —
L SPECIAL
. . :D—) GAME
SPECIAL GAME - ENABLE
A0 |23 |sG |3y 48 a0 34 A3 (A2 |41 oo (20 |34
1 P4 SE2 SE31SE4 SEb SEGSETSET GE 37 43 [+ a7 72K PLAY
L P—1¥s2 ] e ENABLE
P L
E I 1G0T
EIFS pe |28 AN
f peg 24 & | {TO RELAY ETC)
F—E1 T
- azb i
) 22
3 a ,
RESET Li (21
Vzz 02 G1 TP AC R4 R3 A2 A1 Voo (37 (6 [35 'LUCH
a L] 9 |‘.2 14 14 g e |17 18 19 (2o -
100t R )
COm 1008 = ! ==
ACGEPTOR W . i e ol e - .
| §
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fuNIT =5 01 oo 0 ! ; h
- | 1
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OPERATION

Coin inputs are encoded into a series of pulses by the coin
encoder, Thase pulses are fed into the unit price control divider,
controlled by P1, P2 and P3, and into the bonus credit control
divider, controlled by B1 and B2, The cutput fram the unit price
control divider goss to the & bit memory. The output from the
bonus credit control clocks a 4 Git shift register. The first honus
credlt places a “0” into A1, the second moves the “0" ta RZ etc.

PIN FUNCTIONS

The memory, a 6 hit up/down counter, is placed Into an “up
count mode when ¢oin inputs are made, end a “down” count
mode when selections aré made. Input to it comes from the unit
price control and from a pulse genarator controlied by G1-G7.
81, 82, R1-R4 and G1-G7 form the program control matrix and
are interconnected by the user to allow the programming of the
numbar of credits triggered by bonuses and debits triggered by
selections.

Pin No, Name Symbol Dascription
1 Vss Power Supply Vag Graund

2,340 Unit Price Controls F2,F1,F3 P1, P2, P3 determine the price in units per credit by the foliowing Matrix:
F3 P2 Pt Units pat credit
0 0 1 1
0 1 o 2
1 0 0 3
0 1 1 )
0 0 0 5

4.5 Bonus Credlt Controls B1,B2 B1, B2 determine the number of units needad to increment the bonus shift
register one place as follows:

B2 =] Units per hanus Credit
1 1 1

Q 1 2

1 a 4

a 0 5

69,10 Coin Inputs C3,62,C1 C1, G2, C3 are coin inputs. Inputs are weighted as follows:

c3 c2 © Welght

0 0] 0 ne Input

0 0 1 1 unit

0 1 44 2 units

0 1 1 4 units

1 0 0 5 units

1 1 1 8 units

1 0 1 10 units

1 1 aQ 20 units

7 Master Reset MR All counters and registers are resst by a logic "1

8 Yaa Supply Vag =27 Voit supply

1 Test Point TP For Testing only. Do not make externai connections to this Pin.

12 Recirculate RC Logic “1" on Pin12 locks the bonus shift register after it reaches tha 4 bonus
credit level. Logic “0” on Pin 12 aHows shift register to re-cycle from the
fourth level to the first.

13,14 Bonhus Register Outputs R4,R3, The bonus register cutputs indicate the status of the borus
15,18 R2.R1 register as follows:
R4 R3 A2 3¢} Bonus Credits
1 1 1 1] 1
1 1 5} 1 2
1 1] 1 1 3
Q 1 i 1 4
17 Voo Supply Voo =12 Volt supply
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PIN FUNCTIONS {continued)

AY-1-8622

Pin No. Mame Symbol Pascription
18 7 Credit Input G7 )
19 6 Cradit Input G6 A “G" level input on a gredit input enters the respective number of credits inte
20 5 Credit Input G5 the credit accumulat‘or. These inputs are internally clocked by the coin inputs
and program seiect inputs, and are for program ¢ontrol matrix use only.
21 4 Credit Input G4 Credits are added when the coln input is addressed and are subtracted when
22 3 Credit Input G3 program select inputs are anakied.
23 2 Credit Input &2
28 1 Credit Input <}
24,25 Program Select Inputs F52,PS1 | These inputs cancel credits as follows:
P52 PS1 Reault
1 1 No Cencellation
1 0 Single Credit
cancellation
0 1 Cption 1 seiected
1] 0 Optlon 2 selected
Selection of option + or 2 results in program sealect cutputs being triggered.
This ailows user selection of the number of credits cancelled by both options.
27 Cleck Resistor
o8 Clock Capacitor A 800 pF capacitor between Ping 28 and 29, and a 724 rasistor between Pins
27 and 29 glve a nominal system frequency of 8.2KHz.
20 Clock Capacitor
30,31 Program Selest Qutputs 51,52 Program control matrix outputs. Output states are as follows:
52 51 Option
0 1 Qption 1 selected
1 0 Optign 2 selected
Single credit select is imernally connected to Gl
32 Counter Empty CE This Pin is at logic 1" until at teast one credt is in the credit counter,
33 Selection Enatile 1 SE1 4
44 Selection Enable 7 aE7 The _Se!ection Enable autputs indicate the number of credits in the
credit counter as follows:
35 Selection Enable 6 SEB SET SE6 SE5 SEa SE3 SE2 SE1 Credlts
1 1 1 1 1 1 [¢] i
36 Selection Enable 5 SES 1 1 1 1 1 a a 2
{ 1 1 1 1 0 0 a 3
37 Selection Enable 4 SE4 1 1 1 0 0 o] a 4
1 1 a o] 0 Q a 5
38 Selection Enable 3 SE3 1 0 0 o o 0 0 [
1] a o] a Q 1] a 7 or more
39 Saelection Enable 2 5E2 )
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

All Pin VOIlages With respect 10 Vg +« -« +een v eeenseeneeenenenins -30V to +0.3¥ Excesding these ratings could causs parm-

anent damage. Functionat operation of this

gtoragi? Te‘lr.nperature e, P —55“? to +153:C device at these conditions is nat implied —
perating Temparature . ................. e -20°C to +70°C opsrating ranges are specifled balow.
Standard Conditlons
Vag = -27 1.0V
Vpp =-12 1.0V
Vss =0
Characteristlc Min. Typ Max Units Condition
All Inputa
Logic 1" ~8.0 - =300 Volts
Logic 0" 03 — -20 Volts
Input Impedance 20 - 100, Ks
Program Control Outputs
R1, R2, A3, R4, 51, 82 — — — —_
Logic "1” Vpo-0.5 — - Volts 100K R ta Yop
Logic 0" — — -2.0 Voits 0.5mA
Select Dulputs
CE, SET to SEV —
Logic "1” Vpp-0.8 - -~ Volts 100pA
Logic 0" — - -4.0 Yolts 2.0mA
Coln Input Rapetition Rate — — lt] Hz
Coin and Program Select
Date Haold Time 20 — — msec 6.2KHz Clock
Clock Frequency 100 — 50 KHz
Power Consumplion — 250 400 mW
NOTES:

Clock Freguency: Tha clock frequency is detarmined by tha values of an external timing capacitor and aresistor connected to Pin 29.
An BOOpF capacitor and 72K resistor will produce a clock frequency of 6.2KHz.

Master Reset: All counters and registers are reset to zerc by a logic “1" on Pin 7.

Bonus Recireulate: Logic 1 on Pin 12locks the bonus register after itreaches the 4th bonus level. Logic “0” allows the 4 bonus levels to
ke continuously repeated,

Test Lead: Pin 11 is internalfy tied to Ypp. No external connections should ke made to this Pin,

INPUT & QUTPUT MOS STRUCTURES

LINIT PRICE CONTROL PROGRAM SELECT, COIN INPUTS BONUS CREDIT, COUNTER EMPTY
BONUS CREDIT CONTROL CREDIT INPUTS PROGAAM SELECT SELECTION ENABLE
RESET, RECIRCULATE INPUTS DUTPLUTS QUTPUTS
¥,
55 Voo
; Vag
Veg
Vs

14



MEM 4962

lonization Smoke Detector

FEATURES

B On-Chip Input MOSFET (Typ. 10% §2 to 140°F}
m Stand-By Current Drain 10pA

B Low Battery Warning Beap

M 14-Pin DIP Pag¢kage

B On-Chip Output Driver

m Designed to Meet LIL 217

PIN CONFIGURATION
14 LEAD DUAL IN LINE

Chamber tnput {]

NG

Theashald Vollage Input [
CAMOS Cupur ]

Harn Drivar [

Voo {+¥e Erd of Supply}
High Comparatoe laput
Timing Aesistar

Low Comparatar tnpul

Relerznce Yaltage

OPERATION Wee (<Ve Ena of Supply) [ Timing Capacitor
Dutpul Levet Detector input [] Levat Dtacior Cutpul
Op. Mode Input Ose C/Moa | N-Ch FET

Stand-by Vi € Vg, Viu < Vg Oisabled | Low [Off
Alarm Vi Ve, Vi < Vs Disabled j High |On
Low Battery | Wy < W3, V41 > Via Enablad Pulsa® |Pulsed On LEVEL DETECTOR
k?;:n?atlery Vi Va, Vo Vis Enablad High 1On Voo -¥: Qutput @ Pin 8

— =02V Low

x;l;::;g Ll?am::::jdbu;ya;!gle of 1:1500 and nemtinal <01V High
BLOCK DIAGRAM
" B

14 1 13 12

L

VOLTAGE

COMPARATOR OSGILLATOR
VOLTAGE

COMPARATOR TRIGGER

HORN
DRIVER

LEVEL
DETECTOR
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MEM 4962

ELECTRICAL CHARACTERISTICS

Maximum Ratings*
WD+« e et e e e e e e e e e e . AUTOREURIURI |-\

*Exceeding these ratings could cause

Avg. Cutrent lop ........ coas 120mA permanent damage. Functional operation of
Operating Temperaturs . .. =30 to 85°C this devige at these conditions {s not Implied
Storaga Temperature ..., -30 to 100°C - operating ranges are specitied below.
Standard Condllions {unless otherwise noted}
Ta=25°C
R = 9.1M 2 (5%}
G = .56pF
Functional Pin
Block Charscteristic Mo, Min TYp Max Uinlis Conditions
Input Leakage Current | 1 — - 1 BA Pin 1 @ 12.8v, Others @ GND
Voltage fin 1 Brepkdown 1 a0 _ _ Volts Other Pins @ GND
Comparator Voltage
Commen Mode 1.3
Input Range g | 95 — [ Yo | VOIts | Voo-Ves =810 13V
Input Offset 1.3 EVIRE
Voltage 1118 — - 50 mv VopVes = 11V
Tri 13 V. =6
rigger Voltage 1113 .01 o1 0.15 Yolts Vnn Vs =6 13V
: - 20 _— 50 Sec Low Battery condition
Period
Vpp-Vgg = 7.5-11¥
Duty Cycle — {1000 | —  [1m000 | — Vgp-Vss = 7.5-11V
05C. Capacitor [ 85 —_ 150 nA Low Battery Cond., Current meter
Charging Current @ Pin 9 and Vo, Vop—Ves = 7.5-11V
Capacitor Dis- 8 125 — 300 uA Low Battery Gond., Current meter
Charging Current @ Pin 2 and Ves, Voo-Ves = 7.5-11V
C/MOS Sourcing 4 5 — — ma 1% Q toad Pin 4 and Vss, Alarm
Output Currant Gandition, Vpp-Vgg = 7.5V
Davices :
Qpen-Drain N-Ch, 5 240 - - mA 25 0 load Pin 5 and Vo, Alarm
FET Sinking Cumrent Condition, Ypp-Vgg = 7.5V
Stand-by Current — — 4/7 &/10 HA Stand-by Condition, Vgp-Veg =812V
Complete — -
Chip Low Battery — _ 5/9 7415 uh Low Battery Condition, Excluding
Mote Current pulse content, Vop-¥eg = 7.5/11V
Raf. Yolt. Ref. Voltage 10 0.8 12 18 Volts VogVes = 7511V
Level Detector Bias Current 7 03 2.5/3.3 [ 3.3/5.0 LA Voo-Veg = 8112V
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MEM 4952
TYPICAL APPLICATIONS

MEM 4952
LT ) e \Tl : TI[ ]
TERA-GHM
RESISTOR .
OR
REFERENGE DE HORN
CHAMBER
51011
SENSING
CHAMBER +—
= 1aviv
—-—-—-
= S I -
a1MR
h“\f\."v————ll o +
= R ST
14 |1a| |121 |1-|i ]10[ [gi Ial
MEM 4562
L1_J |2l |3I |4[ |5| !s, I?l
— 1177 BY
TERA-OHM TS
RESISTOR > =
OR
AEFERENCE i
CHAMBER DC HORN
s
BENSING _L
CHAMBER swa h
—— zvav
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PART PAGE
FUNCTICN DESCRIPTIOMN NUMBER NUMBER "
AY-5-5100 TA-2
4 AY-5-3106 TA-2
' MPLUSH BUTTON
TELEPHONE Converts push button input E. _
DraLLER ta rotary dial pulsas AY-5-9110 A2
CIRCLNT
AY-5-9118 TA-2
AY-5-0120 TA-2
REPERTORY Stores ten telephone
DIALLER numbers AY-5-8200 7A-0
COINBOX Controls tha pperation of
CIRCINT a standard pay telephane. AY-5-9300 7A-15
AY-3-9400 TA-16
DUAL TONE
MULTL- Generates DTMF/tone
FREQUENGY telephone frequencies AY-3-9401 TA-16
GEMNERATOR .
AY-3-9410 TA-16 y
G MOS CLOCK Genarates 2-phase clocks &
GEMNERATOR from a single power supply. AY-5-9500 TA-19
MULTI- Detecls and converts
FREQUENCY DTMF/tone telephone gy 74.22
RECEIVER frequencies.

MICRO

ELECTRONICS

TELECONMMUNICATIONS




AY-5-9100
AY-5-9106 AY-5-9110
AY-5-8118 AY-5-9120

Pusgh Button Telephone Dialler Circuits

FEATURES

20 Digit Storage

# Selectable dialling rate

# Selectable mark/space ratio

B Selectable Inter-Digit Fause (except AY-5-9118]
B Dynamic circuitry — low power consumption

& Re-dla! of lagt number {except AY-5-9118)

& Access Pauvse Facility {except AY-5-9118}

m Companion Repertory Dialier chip {AY-5-8200)

DESCRIPTION

The AY-5-8100 Series Push Button Dialler provides all of the
logic required to convert 2 push button input to a series of pulses
suitakle for simulating a telephene diat, Pulse repetition rate,
intardigital pause, and mark-space ratio are all programmable.
Qutputs are provided for ling pulsing and muting. An “inhibit
input” is provided to allow storage of one number of up to 20
digits. An "Access pause’ capability is provided to allow
automatic operetion with a PBX or WATS line system. The low
power consumption enables line-powered opergtion ina PBX or

PIN CONFIGURATION

18 LEAD DUAL-IN-LINE

Re-dial Qutput [
Access Pause Dulput [T
Resat [

Muling Jutput [
Kayboard Sirobe [

Gl ]

cz 7

ca]

Topiew
c——
. 18 [] I.D.P. Balect
z 17 [] eIt Input
k3 16 [7] Strobe Cutput
e 15 [] Mark/Space Salact
5 14 [ Lite Sutput
i3 13 [ Gialling Aata Control
7 127 g3
] 110 @t
G4 :{9 107 v

14 LEAD DUAL-IN-LINE
AY-5-8118

Stroba output —

AY-5-9100/9106/9110/9120

Tiop Wiew
RN

| Keyboard Strobe

T Masing auipur

0P Select [ ] ¢ 21 Aesat
similar system. An AY-5-9100 Series circuit may be operated
alons or in conjuction with the AY-5-8200 repertary dialler.
B B3 Vs
QUTEUT LINE
LOGIC DUTPLT
[ . - |
FRoM ©2 > RN SECONDARY 10P | lclDP
XEYBOAR NPyt | ! L CoGI ~ SELECT
EVBOARD 3> oS gEn sl DIVIDER LoGIC SELE
C4>+ veriFiEr

|——{ #CCESS PAUSE REGISTER |

I REGISTER
KETHOARD ANTI-
>~ BOUNCE
STROBE ouNe

CONTROL LOQGIC

RESET
INHIBIT

MARK /SPACE
1 < SELECT

INPUT = T T

v ¥ v !
MUTING STROBE REDIALs ACCESS
PAUSE

FR{MARY RIALLING RATE
DIVIDER CONTROL «
+* *Nol avellghly on AY-5-8118,

TA-2




PIN FUNCTIONS

AY-5-9100 m AY-5-9106 m AY-5-9110

AY-5-9118 m AY-5-9120

AY-5-9100 AY-5-9100
AY-5-87106 AY-5-0108
AY-5.9110 AY-5-0110
AY-5-8120]| AY-5-0118' AY-5-9120|AY-5-9118
Fln No. | Pin No. | Name/Descripion Pir No. | Pin No. Name/Description
1 - Re-Dial Oulput {except AY-5-9118); A 14 4 Line Dutpid A logic "0” on this output
lagle 0" at this gutput indicates that iz a line pulse “mark"” or "break.”
redial mode has been selected. 15 5 Mark/Space Select The mark to space
2 — Access Pause Ouiput (except ratio is contralled by this input as
AY-3-9118): A logic “0" at this outputin- follows:
dicates that an access pause is required.
3 8 Resst: A logic “0" on this input clears ai '"g;“ Mﬁ;k S%%"e
shift registers and resats all counters. 03 50 50
Aeset should be applied after power on ;
1o clear the device. oael e B
4 8 !{Hutlng QU’I_put: The muting outpytgoas These ratlos are exact and do not de-
o logle "0” whanever data s being pand on clock frequency
entered or transmitted. it raturns to % 6 Strobe Output This outpt:lt goes to
logic "1" when the access pause gutput logic "0 t indicate that a digit is being
turns on and when transmissicn s aut-pulsed
complete, _ y
s | 10 | apbomd stahes s s tho common ” Il et except A ST
signal from atl the keys. A logic "0 : i |
on this input indicates that either the in- Ruiing and to place the device in re-
hibit input or G1-G4 are to be read. i
8-9 11-14 C1-C4 (except no access pauss on ThPT keyboard strobe rmust be taken to
AY-5-9118): These are the keyboard !ogic “¥' at any time the inhibit input
data inputs. They are encoded as is strot?ed. except when an Access
follows to allow simple interface with a Fause is being signalled.
standard push hutton (2-0f-7) This input normally operates as a
keyboard. “toggie flip-flop”. If it is taken to a logic
[AY-E 510675108 “1" any time other than when an access
AY-5-9410/0116|  AY-5-8120 pause is being signalled, the ¢lroult will
Digit |Impulaws |C1]C2( 03[ C4 [C1]C2[03]| 04 lock into the redial mode and the redial 7A
; ; o0 ; M ; “’ cutput will go to togic “0”. The chip will
3 3 1 {1 ]el1|171]ele rarmain in the re-dial mode until this
4 4 1N IREENERR IR Input is teken to logic "1 again.
- - M M R It the chip is cleared before inhibit is
7 H pl1|1]|1|1]|o]o]0 togoled, digits entered are accepted,
g g g 1 ; f1-‘ g 1 1‘ E, but cut-pulsing does not commence
M w [111elslal1ls]d until the Inhibit is re-strobed. If a
Access number is being ocutpulsed when tha in-
Pause | — ojef1f1jel o]0 hibit is strobed, dialling ceases until the
10 1 Vss inhibit Is re-strobed. If the inhibit is
11 2 &1 strobed when a dialling seguence |s
12 3 3 completed, the redial cutput goes to
13 — Dialling Rate Control {Fixed at 10 p.p.s. logic “0" and the number is stored. Re-
oh AY-5-8118) This input controls the ¥ strobing the Inhibit starts the dailing
line pulsing frequency es follows, (See sequence.
Note 1}: When an access pause is signziied, this
Input Line Pulse Rate input na langer operates as a toggle,
L3 600 p.ps. but rather as a gate, with a legic 1"
@3 20 p.p.s. inhibiting further out-pulsing.
Wag 10 p.p.s. 18 7 1.D.P. Select This input contrals the
inter-digitai-pause as follows: (See
Note 1):
TYPICAL APPLICATION
IDP: AY-5-3100/3106/9120
- Input
cowon e 10p.p.a. 20p.p.a. 800p.pa
e e 3 1
! [‘_", b vss 3333: iggﬂi 163?383?5
Ve oy el o it 1HIBms S00ms 1853
1 N H:.V_L 4
HEERE: 1 b | ¥ .
PR adas - Lopun DP: AY-5-9110 “!g-:zm
'L | l_ﬁ ol 10p.ps | 20p.pe. | BOOP.ps. Aopps. |
k : 1 ¢3 | 700ms { 350ms ( t1.68ms | FDOma
L wner ¥gg | 900ms | 45(ms 15ms 300ms
il BXIms | 4D0ma | 13.33ms | B00ms

=
AL RELETE 1y, @M
AETERIS WHET IS EEIT WEIT

[T an
VSHFARTOR e gy
b

A pre-digital pause egual in [ength to
the inter-digital pause precedes the
first digit o eny number.

NOTE 1: Line Puise
specified with an 18KHz clock frequency.

Freguency and Inter-Digital Pause are

TA-3



AY-5-9100 = AY-5-92i06 ® AY-5.-3110
AY-5-9118 m AY-5-9120

OPERATION

The 4 pit code from the keyboeard arrives on inputs C1-C4 of the
Push Button Dialler. A flfth input from the keyhoard, the Key-
board Strobe, is also required. In its quiescent state the five
inputs are at logic 1 {-volish. A logle 0.on the Keyboard Strobe
input indicates to the input citcuitry that it is to read the data on
G1-C4, thus allowing 111 as an ailowable code from the
keyboard.

When a digit key is depressed the logic detects the 1-0 transition
on the Keyboard Strobe input. When this occurs a timer with a
mirimum count time of 8.5 msec, is started. If the commaon input
is removed before this pericd has efapsed, the counter will be
reset to its starting state. |f the Keyboard Strobe input is stabite far
at least 8.5 msec. the code is fed to the code verifier and
converter,

If the code is invalid, it is ignored. |f valid it |s converied to the
proper BCD code and written into recircufating shift registers Ai-
R4, If an access pause is decoded, it is written into the access
pause register.

Simultanscus with the data being written inte R1-R4, the muting
output goes to logic "0”, to disconnect the transmission circuitry,
When all digits that have besn keyed inta the circuit haye been
dialled out the muting output returns to logic "1".

During dielling if an access pause is required, the muting cutput
will reconnact the transmission clrcuitry 50 that the caller can
tisten for the dial tone and ensure himself that the system is
functioning correctly.

The digit store has a capacity of 20 digits. The numbers are read
non destructively atlowlng radial.

Four 21 bit reglsters hold the number in BCD format; the
number is stored in paraliel. A fifth register holds a marker bit
i{Signified as A} showing the first number entered. This fifth
register has a gated 22nd bit allowing the marker bit (A} to be
‘slipped’ backwards one bit with respect to the number. Gating
ensures that all numbers are sequentially entered, the first align-
ing itself with the marker &, When the first number is to be loaded
into the counter, A is decoded in its 21st position and the parallel
enable signal reads the firat digit into the counter. Gating is
enabled to allow A to be shifted through the 22nd bit of the
marker store, 8o aligning (tself with the next numberto be dialled
out. When & is decoded at the 21st bit and no number is in the
stared digit register, A ramains aligned inthis state untl 'redial’ is
depressed and the marker store goes into its 22nd bit mode until
A aligng with the first digit.

Gating ensures that only 20 digits are enterad into A1-4. One
empty state at least is required to indicate to the system that a
number is complete.

TIMING DIAGRAMS

Fig.1 Clock Waveforms
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AY-5-9100 AY-5-94120
ELECTRICAL CHARACTERISTICS
Maximum Ratings~
Input Yoltages {with respect 1o Ve . —20V to —0.3Y

TExceeding these ratings could cause
permanent damage, Functiona! operation of
this device ar these conditions is not
implied —operating ranges are specifisd

Sturage temperature. . . . .
Operating temperature . . .

685" C to +150°C
-25°C to +70°C

Standard Conditions {unless otherwise noted)

=V Ta— -25°C to r70°C below.
Negative logic conventions are followed for this data sheet.
Characteristic Sym Min Typ**{ Max Units Conditions

Clocks (seefig. 1)

Logic1 Vi —-135 — -16.5 W

Logic'D’ Vibu +0.3 -10 Vv Match clocks within 0.5V

Frequency f 10 18 3q KHz See Mote 2

Capacitance Ca — a0 150 pF Each clock input, Vo = OV, = 1MMz

Rise Time tr A — B i3

Fall Time ts 1 — 4 us

Leakage 1) e — — 30 JTES Y= 165 T.=+80°C

Pulse Width | 5 - 40 HE

Puise Separation e ) — 40 us

Al Chatputs (Mote 3)

Om Resistance (Logic'0') Row - — 1 KLY Woap=—1vaolt

Off Leakage (Logic'1'} I — - 10 I Vo —— 1N . T.=25"C

Line Output (See Fig.3)

Strobe-Line Delay ta — — 3 ms TA

Line-Strobe Delay 1, 33 — — ms MARK/SPACE — B8 2/3 33173
{teincreasess for other
MARKSPACE RATIOS)

Muting Oulput (See Fig 3, 4)

Line-Muting Detay by 33 — — ms MARK/SPACE = 66 2/3 331/3
(tmincreases for other
MARK/SFACE RATIOS)

All Inputs (Except Reset)

Logic 1’ 'S —4.0 — —18.45 ¥

Logic 't¥ Wi ~0.3 — -1.0 1Y

Leakage bre — — 1 uh W= =165, Ta— 250

Rize and Fall Time b b - — 1G us

Capacitance C: — — 5 pF Vi— OV, F=1MHz

Keyboard Strobe Input (3ee Fig 2}

Pulse Width i i0 — ms Effective only when RESET input is
atLogic 1

Reset input (Soc Fig.2)

Logic1' Vin —4.0 — —-16.5 Y

Logic “0° Vin +0.3 — -1.0 v

Leakage I -~ — 1 pA Vin= 165 T.=25C

Capacitarce G — — 5 pF Vin =0V, [ — 1MHz

Fall Time the K| - 100 7]

Delay Time to 3 — — ms After clocks reach full amplitude

Pawer — -- 0.8 2 i Yen = 16.5V

** Typical values are at ~25° C ang nominal voltages.

NOTES: 2 Ling Pulse Rate depends upon fraquency of clock input. Standard clock frequency is 18KHz.
3. Qutputs require external pull-down resistors (47 K typical),

ACCESS PAUSE OPERATION TYPICAL OUTPUT INTERFACE
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AY-5-9106 EPEOIFIDATIONS

ELECTRICAL CHARACTERISTICS
Maximum Ratings*

Input Voltages {with respectto V) . . . . . . -20¥ 1o 403V *Exceeding these ratings could cause
Storage temperature. . . . . . L .. ... —65°C to H150°C permanent damage. Functional operation of
Operating temperature . . . . . . . . . . . —25°Cto +70°C this device at these conditions Iz not
Standard Conditions {unless otherwise noted) implied—operating ranges are specitied
Vi =0V Ta = +254C. below.
Megative logic conventions are followead for this data sheet.
Characlerlstic Sym Min Typ*+| Max Units Condltiona
Clocks {(see Fig.1)
Logic™1' V. -4.0 — -8.5 v
Logic'Q’ Vibu +0.3 — -0.2 v Match clocks within 0.05V
Frequency f 8 9 20 KHz See Note 2
Capacilance Ce — a0 120 pF Each clock lnput, Vé= 0V, f=1MHz
Rise Time tr .1 — 8 us
Fall Time t A — 4 1%}
Leakage e - — 10 BA W= -8.5V, Ty = +80°C
Pulse Width tehew 5 — 40 B
Pulse Separation Ty 5 — 40 S
All Outputs (Mote 3)
Output Current {Logic '07} om 0.1 — — mA Von=-1volt
(Off Leakage (Lagic'1') IL — — 10 re Vo= -BSVY T, = 25°C
Line Quiput {See Fig. 3)
Strobe-Line Dalay {Nota 4) 1 — — 6 ms
Line-Strobe Delay (Note 4) t, 66 — — ms MARK/SPACE =66 2/3—-331/3
([loincreases ior other
MARK/SPACE RATIOS)
Muting Dutpul (Ses Fig.3, 4)
Line-Muting Dalay (Note 4) tm 68 — - ms MARK/SPACE = 66 2/3-331/3
{tmincreases for other
MARK/SFACE RATIOS)
Al Inputs (Except Pasat)
Logic 1" ' -2.0 — -3.5 ¥
Logic'0r Wi +0.3 — 0.z v
Leakage [I¥ - — 1 nh Vi = -B.5, Ty = 26°C
Rise and Fall Time te, 4 — — 10 us
Capacitance ] — — 5 pF V=0V, F=1MHz
Keyhoard $trobe Input {See Fig.2}
Pulse Width (Note 4) | F— 20 — — ms Effective only when RESET input is
at Legic ‘1
Aeset Inpul {See Fig.2)
Logic'1' Vi -2.0 — -85 Y
Logic Q' Vo +H.3 — 0.2 v
Leakage [ — — 1 i Win = -85, T, = 25°C
Capacitance Cr — — 5 pF Vin=0V, f = 1MHz
Fall Time try — — 100 s
Delay Time (Note 4} i B — — ms After clocks reash full amplitude
Power — — 012 - kil V= 8.5V, { = 9KHz
— — 0.24 — mw Ve=85Y, f = 18KHz

“*Typical values are at +25°C and nominal voltages.

NOTES: 2. Line Pulse Rate depends upon frequency of clock input, Standard clock frequency is 9KHz
3. Outputs require external pull-down resistors (47K 2 typical).
4, Thess times will be halved for 18KHz ocperation.

ACCESS PAUSE OPERATION TYPICAL OUTPUT INTERFACE
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AY-5-9110

ELECTRICAL CHARACTERISTICS
Maximum Ralings®

Input Voltages {with respectto Vst . . . . . . —20V to +0.3V "Exceeding these ratings could cause
Storage termperature. . . . . . .. . —B5°Cio+a80¢C permanent damage. Functional operation of
Operating temperature . . . . . . . . . . -258°C to +70°C this device at these conditions s not

implied--operating ranges are specified

Standgard Conditions {unless otherwise noted)

Vi = OV T, = +25°C below.
Megative logic conventions are followed for this data sheet.
Characteristic Sym Min Typ*| Max Units Conditions
Clochs {see Fig.1)
Logic'T’ Vb ~10 -13 -18.5 v
Logic's’ Wene +,3 — —1.0 ¥ Match clocks wilthin 0.5V
Frequency f 10 1B 30 KHz See Note 2
Capacitance Cg — o 150 pf Eachclock input, ¥a =0, f=1WHz
Rige Time tr 1 — ] 7]
Fall Time tr 1 — 4 us
Leakage %] — — 30 #A Var—-16.5. T, - +B0"C
FulsewWidth tdrw 5 — 40 HE
Pulse Separation taprs 5 — 40 us
Ali Dutputs (Note 3)
Qutput Current {Logic '07) lon 0.25 — — mA Vo ——1volt
Off Leakage (Logic'17} L — — 10 I8 Vi ——10¥. T —=25°C
Line Qutput (See Fig.3)
Strobe-Line Delay te — — 3 ms
Line-Strobe Delay tg 33 -— - ms MARK/SPACE =66 2/3 331/3

{tsincreases for other
MARK/SFACERATIOS)
Muting Cutpul (See Fig.3, 4}
Line-Muting Delay tm 33 — — ms MARK/SPALE = 66 2/3- 33143
{tmincreases for other
MARK/SPACE RATIOS)

All inputs {Except Reset)

Logic'1' Vit -4.0 — —165 Y

Logic ‘0’ Vi +0.3 — 1.0 v

Leakage iR — — 1 ph V= -165 T,=25°C

Rise and Fall Tims te, 1 — — 10 It}

Capacitance o] — — 5 pF Vi =0V, F=1MHz

Keyhoard Sirobe Input (See Fig.2)

Pulse Width bepw 10 — — ms Effective only when RESET input is
at Logic 'V’

Aesel Inpul {See Fig.2)

Logic 1" W, —4.0 - -16.5 W

Logic '0° Vi +0.3 — 0.5 W

Leakage I — — 1 s Vin=—16.5T. = 25°C

Capacitance Ct — — 5 pF yin =0, f = 1MHz

Fall Time trt 3 — 100 us

Delay Time s 3 - — ms After clocks reach full amplitude

Power — —_ 0.7 2 miy Vg — 185V

** Typical values are at +25°C and nominal voltages.
MOITES: 2. Line Pulse Rate depends upon frequency of clock input, Standard clock frequency is 18 KHz.
3. Outputs reguire external pull-down resistors (47K & typical).

ACCESS PAUSE OPERATION TYPICAL OUTPUT INTERFACE
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AY-5-9118

ELECTRICAL CHARACTERISTICS
Maximum Ratings”

fnput Voltages (with respectto Ve - . 0 0 =20 to +0.3Y “Exceeding these ratings could cause
Storage temperature. . . . . ... .. . BB"Cto+150°C permanent damage. Functional operation of
Operating \emperature.. . . . . . L. S25TC o +T0C this device at these conditions is not
Standard Conditions {unless otherwise noted) L";lil\:fd_c}peratmg fanges are specified
Ve =0V Ta = -25°C t0 +70*C )
Negative logic conventions are followed for this data sheey.
Characteristic Symi Min Typ*| Max Units Cenditions

Clocks {seeFig.1)

Logic't' Ve -3.8 — -8.35 v

Logic'd' Wby +0.3 - -0.2 v Match cincks within 0.5V

Frequency f 15 18 21 KHz See Note 2

Capacitance Cah - 80 150 pF Each clock input, Vo~ OV, = TMMz

Rize Time 1, 1 — 8 us

Fall Time tf A — 4 ]

Leakage br.g - 10 1y Vg— -85 T.=+80"C

Pulse Width e 10 — 40 uE

Pulse Separation tebes 5 — 40 “s

All Quiputs [MNote 3)

Qutput Current {Lagic '07) Iy, 0.1 — 1A Vou— 1volt

Off Leakage {Logic'17) W - - 1a uA War = BT, =250

Line Output (See Fi13.3}

Strobe-Line Delay ty — — 3 ms

Line-Sirobie Delay [ 33 ms MARK/SPACE =66 2/3--331/3
{loingcreases foy other
MARK/SPACE RATIOS)
Muting Qutpui (Sec Fig.3, 4)
Line-Muting Dolay t 23 — : ms MARK/SPACE = 66 2/3--331/3
{tmincreases for other
MARK/GPACE RATIOS)

All Inpuis {Exceapt Reset)

Logic '1° Yo -2.0 - -85 W

Logic Q' Yoo -0.3 — 0.2 W

Leakaye I - 1 fre W= —16.5, T, = 25%C

Rise and Fall Time [ - — 10 uS

Capacitance G - — 5 = Vo= OW, F = 1MHz

Keyboard Strobe Input {See Fig.2)

Puise Width terw 10 - - LT Effective only whan RESET input is
at Logic ‘1

Reset Inpul {See Fig.2)

Logic'1’ Vi -2.0 - -8.5 v

Lagic ' Vin +3.3 — -0.2 Y

Leakage u .- 1 ) Vin =-8.5Y, T, = 25°C

Capacitance Ci — — 5 pF Vin= 0V, f= 1MHz

Fall Time tht 3 — 100 L]

Delay Time to 3 - ma After clocks reach full amplitude

Power —- — 0.24 — mid Vo — BEY

"r Typical values are at * 25°C and nominal vidtages.
NOTES. 2. Line Puise Rate depands upon frequency of clogk input. Standard clock frequency is 18 KHz.
3. Gutputs require external pull-down resistors (47K Q2 typical).

TYPICAL OUTPLUT INTERFACE
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AY-5-9200

Repertory Dialler

FEATURES

® Stores 10 x 22 digit telephone numbers, including

ACTess pauses,

Devicas can be 'stacked’ to give a store expandable in blocks
of 10 numbers,

Operates in conjunction with the AY-5-8100
Push-Button Dialler.

Single or Dual Keyboard operation.

|nterfaces to standard MF Tone Dialler Keyboards.
Applications in Repertory Diallers and Security Systems.
Wwill operate MF Tone Diallers such as the AY-3-8400.
Low power consumption, typically 2.25mw.

DESCRIPTION

The AY-5-8200 i3 a 10 number store designed to work in cenjunc-
tion with the A¥-5-8100 Push Button Telephone circuit to farm a
Repartory Diallar, sach of the 10 numbers containing up to 22
digits or access pauses,

The kayboard, AY-5-8100 and as many AY-5-9200's as required
arg all connected to a 4 line data bus. Numbers for dirgct dialling
are reuted to the AY-5-8100, numbers 1o be stored go straight to
the AY-5-8200. Numbers that are being retrieved are transmitted
from the AY-5-8200 to the AY-5-8100 while control outputs from
the AY-5-8200 determine the routing of the data,

The system may operate either with a single 12 button keyboard,
which is usad for hoth address and digit entry, or with separate

PIN CONFIGURATION
16 LEAD QUAL IN LINE

fop Ve
o
oz w1 16 ] G
w0z 15 [0 Gy
o3 R wla, Data Inpussditputs

Aatrieva Input + 13 [0 Gy

Contrel Logic Enslle Input L 2 Gommon Key Outpul

TCammen Key Input [] & 1 [ Power-0n Reset Input

Store Input L] 7 10 [7] Address Keyboard DHeable Cutput
Chip Selact Input [ 2 9 [7] ©ugn Keybaoard Disable Qutput

address and digit keyboards. Single keyboard operation would
normally be employed in a 1¢ number Repertory Dialiing tefe-
phone. Dual keyboard operation is usual for 10 to 100 number
Repertory Diallers,

Thea AY-5-8200 may also be ussd in MF tone dialling systems, the
output data rate being diractly compatible.

Four phase logic iz used o achigve minimum power consump-
tion, the cirgults being manufactured using the MYNS P-channel
nitride MOS process,

BLOCK DIAGRAM

DECADE

STORE
RETRIEVE CONTROL || “4ano
LoGIC TIMING
ENABLE o—

HGIT KEY DISABLE o—1
ADDRESS KEY DISABLE o

o Veg

_________ [=—=c B
_________ — 83

STORAGE

REGISTERS

13 22-BIT 5LOTS

_________ —a RESET
_________ —=o CHIP SELECT

QUTRUT  iNFUT

COMMON COMMON  DATA IW/OUT
KEY KEY
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AY-5-9200

Function

This is the ground and substrate connection and is used as a
reference for all the electrical parameters,

These inputs form the two supply clocks, and alisrnate negative-
gaing pulses are required. These are described in the Electrical
Characteristics and fig. 1. Any deviation from the nominal 18KHz
wlill result In & praportional modification of the on-chip timings.

The retrigve input must be taken to a logic 1" for at loast 10ms to
indicate when a retrleve operation is to be performed. Anti-
bounca logicis provided on this input.

This input must be taken to a logic "1 for the duration of any
store or retrieve operation. The control fagic is reset when the
input returns to logic '0". Anti-bounce is provided for this input.
This input is taken from the commen contact on all keyboards. A
' to T transition will indicate a key closure. Anti-bounce is
provided to snsure only & single depression is read.

Thiginput mustbe taken to alagic'1' forthe duration of any store
operation. Anti-bounce logic is provided for both logic
transitions.

When at legic '0° all inputs and outputs {except for Common Key
input and output} are inhibited. [t may be permanently wired to
fogic 1" If only ona AY-5-8200 is used in the system.

The ¢lgit keyboard must be disabled while information is being
transfarrad from the Store chip to the Push Button Diatler during
a Retrieve operation. This cutput goses to a logic '0' during this
period. In a single keyboard system this cutput is the one to be
uged,

The address keyboard is to be disabled, both during a Retrieve
operation when information is being transferred between chips
and during the Store aperation after an address has been allo-
cated, until the Store operatlon is finished. This output goes to a
logic '0' during these periods,

An initial reset is required for clearing the chip when power is
initially applied. This input must be held at a logic ‘0" initially,
going to a legic *1' to activate the chips.

This cutput is fed directly to the Common Key input of the
associated AY-5-9100 Pysh Buytton Dialler and goes to aiogic '0°
1o indicate a valid code signal. 1t controls the routing of data into
the AY-5-9100. {Ses Function Description for further details )

Data InputyOuiputs. These four lings arg connectad {0 the sys-
tem. Address and dialled digitinformation is input on these pins
and dialling information is fed out from these pina to the Push-
Button Diafler. The standard keyboard code accepted by the
AY-5-8200 is shown below. When outputting information, the
output is normally at alogic*1' and goes to a iogic QY for a dtata bit.

Pin.No. MName
t Vss
2-3 Clocks ¢1,93
4 Retrigve Input
5 Control Logic Enable Input
4] Common Key Input
7 Store (nput
8 Chip Select Input
9 Digit Keyooard Disagle Output
10 Address Keyboard Disable Qutput
11 Power-On-Reset Input
12 Common Key Output
18-16 C, G G C,
NQTE:

Chip Select, Ratrieve, Cantrol Loglc Enable and an address can
all be applied simultanecusly to the Store Chlp. Also Store and
Control Logic Enable signals can be appiied simultanepusly,

KEYBOARD CODE
Digit No. of impulses Code

[+ [+ C, [+

1 1 1 1 1 1

2 2 1 1 1 4]

3 a 1 1 8] 1

4 4 1 5] 1 1

5 3 1 a 1 0

B -] 1 o) o 1

7 7 Q 1 1 1

8 ] o 1 1 a

a ] 2 1 0 1

V] 10 1 1 0 a
Acocess Pause 0 0 1 t
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FUNCTION DESCRIPTION

The tollowing description applies to a Push Button Repertory
Dialler using the AY-5-9100 and AY-5-9200 circuits. The system
provides normal push button telephone facilities with access
pause and redialiing, together with a rapertory dialling store
expandable in blocks of 10 numbars.

The AY-5-9100 is a standard Pueh Button Dialler ¢ircuit with
notmal dialling and redialling facilities. it also bas the capability
of storing access pauzes and waiting until a dial tone is detected
by external circuitry before dialling is recommenced. This chip
can gperate by Itself whan a storage facility is not required, &
detailed description of this devica is contained in the AY-5-9100
data sheet.

The AY-5-9200 contains all the control logic and store facility
required ta store ten telephone numbers. Each number may bea
up to 22 characters In length, each character being either a digit
of access pause; adynamic memaory technique belng used for the
date storage. Digits, access pauses and memory addresses are
antared into the AY-5-8200 as 4-bit codes on 4 input/output pins
‘which are also connected to the digitinput pins afthe AY-5-9100
as in Figs.4 and 5. While data is being transferred between the
AY-3-8200 and the AY-53-3100, the keyboards are externathy
disabled by signals genarated by the AY-5-8200, so that further
key depressions have no etfect until the transfer of data has been
completed, Further address inputs are inhitited ‘until the call is
terminated.

Tha digit keyboard common key output is routed through the
control logike and depending on the state of the logic, the Gom-
mon Key cutput to the Push Button Dialler chip is enabled or
disabled. This prevents digits to be stored and memory ad-
dresses from entering the Push Button Dialler.

The Commoen Key output from the AY-5-9200 is controlled as
foliows:

C.5. C.LE.
Logit Level 0 T Comman output is a direct reap-
lica of Cemmen input and digits
are dialled directly by the
AY-5-8100
Commaon signals to the Push
Button Dialler are generated
only as a number is being re-
trieved {see Fig. 3), After a re-
trieve  operation, Common
signals are gated through, al-
lowing further dlalling unless
externally inhibited.
No Common signals are gener-
ated and the output device goes
off.

Logic Level 1 1

Logic Level 0 1

The control Iogic operates so that the first key depression at the
beginning of an operation determines the subsequent sequencs,
Inwalid kay depressions at a later stage in & sequence are then
ignored by the control logic.

The system is expanded by connecting further AY-5-8200 chips
to the busses and using the Chip Seiect input to enable the
requirad chip,

When a separate address keyboard is to be used an address
keyhoard strobe can be fed to the 'Retrieve’ input, thus allowing a
single button depression when retrieving a number from the
store.

AY-5-9200

OPERATION MODES

1. STORE OPERATION

DEPRESS STORE

This sets the logic into a store mode. This signal must be present
throughout the store operation. Thus, either electrical or me-
chanical bistable switching is reguired, or the “Store’ button must
remain depressed during the sequence, The Control Logic £n-
able and Chip Select inputs should be activated at the same time.
The Commaon Key nutput is inhibited and the address and digit
codes are routed into the AY-5-8200 chip. The order of applica-
tian of the signals is not important, they may be applied simul-
taneously with Address if required.

DEPRESS ADDRESS {one digit)

The address code, if valid, is latched and the memaory lozation
associated with this addrass is cleared to pravent corrupting the
new number with old information. The Common Key output
remains disabled. The Address Keyboard is also disabled for the
refnainder of the Store operation.

ENTER NUMBER DIGITS {and Access Pauses)

The number to be stored is then entered using the digit keyboard,
and is stored in the addressad location. The maximum allowabie
number of digits or access pauses is 22. Chip select must be at
legic 1" during digit entry.

RELEASE STORE, CONTROL LOGIC

ENABLE AMD CHIF SELECT

This is accomplished by re-setting the slectrical or mechanical
bistable or relsasing the Store button. The control [ogic is then
reset and disablad.

2. RETRIEVE OPERATION

DEPRESS RETRIEVE

Far separate address keyboard systems, ihis signal can be gener-
ated automatically with the address. The gontrol logic isset in a
retrieve mode and the address inputs are enabled. Control Logic
Enable and Chip Selact must be at logic 1" for the whole of the
Retriave operation, including the data transfer pariod. The Re-
trieve input must be returned to logic ‘0" before the end of data
transfer to prevent a repeat opsration,

DEPRESS ADDRESS (Digit)

The address is decoded and latched, both keyboard disable
outputs go active, disabling the keyboards, After a minimum
period of 60MS, the first digit code is transmitted to the Push
Button Hal chip together with a Common signal. The Common is
stable for a minimum period of 60mS, the Common only baing
presentwhile the code js stable, The data transmission continues
at 60mS on, 60mS off until the whole number has been transfer-
red, after which the chipis resst, the keyboard disable signals are
removed and the Commaon signal is enabled to the Push Button
Dialler chip. {See Fig. 3.)

3. ERASE OPERATION

This operation is basically a Store operalion with no digits being
input,

DEPRESS STORE

This sefs up the logic as in the Store operation.

DEPRESS ADDRESS (Digit)

This then clears the decoded address.

RELEASE STORE

This is accomplisned either by releasing “Store’ input, o re-
setting the machanical or electrical ‘Store’ bistable,

4. RECALL AND NORMAL DIALLING

These are perfarmed as for the Push Buiton Dialler on its own.
See AY-5-9100 data sheet for full description.
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AY-5-9200

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respectto Vs . . . . . —20V to +0.3V
Storage temperature range. . . . . . . . . -858°C to +160°C
Ambient operating temperature range . . . . —55°C to +80°C

Standard Conditions {unless otherwise noted)

_\J’ss=OV

Weg=—15+1.5V (see fig. 1 for waveform}

Clock frequency=18 KHz

Cperating Temperature {TA)=—55°C to +80°C

Negative logic canventlons ara followed for this data sheet.

*Exceeding these ratings could cause
permanent damage. Functional operation of
this davice at these conditions is hot
implied—operating ranges are spacified
below.

Characteristic Min Typ** Max. Units Condltlons

Clock
Logic 'C" level +0.3 — -1 Valts Note 1
Logic 1" level -13.5 - —16.5 Valts
Frequency 10 18 30 KHz
Rise Time {Tr} Qi - 4 e
Fall Timea (Tf) 01 — 8 »s
Width {Tw) 5 — 4G L] At logic "1 min. level
Separation (Ts} ] — 40 us At logic '0" max. levsl
Capacitance — 70 pF Per phase V¢=0V, =1MHz{ Note 2}
Leakage — — 10 uA Vip=16.0V, Ta =25°C
Inputs
Lagic 'Q' level +0.3 - -1 Volts
Legic '1' level ~5 - —-18.5 Volts
Capacitance — — 5 pF Ve=0WVi=1MHz
Leakage — -— 1 ey Vi=—16.5%.T, =25"C
Commoen Key Input
Fulse Width (Te) 10 — — ms At logic 'O" max. Jevel see fig. 2
Resel Input
Pluse Width {Td) 3 — ms After clocks reach full ampiitude
Fall Tima (Te) - — 100 ] Fig.2
Anti-bounce on all Inpuis except

Chip Select & Reset 42 —_ — me
Dutputs

All sutputs including C; to G,

when acting as outputs
Logic ‘0" output current 0.6 - - mA, Wy=—1V
Logic "1 output lsakage — - 10 pA V=10V
Digit Cutput Rate — 8.35 —_ Hz
Power — 225 — ki

**Typical values ara at +25° C and nominal voltages.
NOQTES:

1. Ciock logic 'CF levels should be within 0.5V of each other,
2. The effective dynamic clock capacitance while operating is 260pF.
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AY-5-9200

TIMING DIAGRAMS

Flg.1 CLOCK WAVEFORMS

G ENABLE
& CHIP SELEGT

RETRIEWE

COMMON KEY
4 AQDRESS

Cp TD Gy

COMMON KEY
QUTPUT

LOBE
OUTFUTS

WEYBOARD
DISABLES

RESET
TIMING

Fig.2 CLOCK WAVEFORMS WITH RESET TIMING

T

T

3L |

——BOUNCE

e PERICHD
1Eims =]
1
1
1
e} |
| |k —‘
1
|
1 7 _ I
|e—Eoms — et 2oms —_l_— GG — s GEHTIS —tmd
—-] f— |DTYS. | _..1 pe— 1IOG
o
[ DHEIT | \ / DIGIT 2
1 -~
—ae{ 30N |m— 10ms —am
]
NOTE!
| HOT TO SCALE.

ALL TIMES SPECIFIED ARE MINIMUM,

Fig.3 "RETRIEVE” WAVEFORMS
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AY-5-9200

AY—56-9100
¢ -Cq
—ye l — COMMON
—
e oy CM
RETRIEVE
ADDRESS v
& DIGIT
KEYBOARD
orp
o], wr-3-9200 lcs. e
= 'HH]‘Cl—C4
I : : OMMEN
Il
1 m
[l
i #
sm';z_ 5 =
= =
= II)J o
[
z CREME B
= 1} 5 1o b | len 5}

Fig4 SINGLE KEYBOARD SYSTEM FOR REPERTORY DHALLER X
MNote for Figs.4 and 5

Logle: CO4011A {G-MOS)
Resistors: 100K

Capacitors: 0.1uF
ﬁ ﬁ ﬁ ﬁ ﬁ Diodes: 1N914
AY-5- %100

¢ Gy
.| T | /P
I Lal T COMMON
———coM| ol
ety € ~Cq
ADDRESS DIGIT
KEYBOARD | KEVBOARD ~ve
ﬁ o
y |, av-s-seco fes| o
D ——
COMMON L
T -
(I
Y
— V8
=
— =
STORE ; g 8
2 2y B
& & IE (uife
L z 2[<igle &
> Qo

Flg.5 DUAL KEYBOARD SYSTEM FOR REPERTORY DIALLER
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AY-5-9300

Telephone Coinbox Circuit

FEATURES

& Up to three coin denominatlons recognized.

| 16 coin value ratios selectable,

a8 tariff rates selectable.

# Tone outputs for switch-on, coin input, bulk collect, last pay

periad, cut-off.
Lamp outputs for last coin and last pay period.

DESCRIPTION

The AY-5-9300 is a P-Channel MOS integrated circuit designed
to control the operatian of & standard coinbox telephone. The
device registers the insertion of coins and automatically debits
the sum when a meter pulse is received. Lamp and tone signals
arg provided 1o inform the user and the exchange of the prograss
of the call. The use of four-phase dynamic logic provides very low
power dissipation {2mW typical). The AY-5-9300 is offered ina 24
pir dual-in-line package.

BLOCK DiAGRAM

COIN SENSOR

MICROSWITCH

BUFFER

SMALLEST COINS
VALUE

r
! LARGEST CQINS
YALUE

1 SOLENOIDS
TO COLLECT
COINS

BOUNCE 1 S <
Bl [
L
eaee 53 €3 [ BUFFER
e SF'ETWEFR%’C‘”T POR R BUFFER {—m TO COIN REFUND MECHANISM
— T B BUFFER TO COIN COLLECTION MECHANISM
[ | WARNING
"2 {s300| L | BUFFERY LIGHT LOUD SPEAKER
SE?D""E"«!}E% 0 ) —m T —| BUFFER I
IN IFF < | ANTE BULK
AND COIN RATIO ™2 BC VT BOUNCE COLLECTION
—m3 GS »—{ ot F BUTTON
— 14 6 BUFFER DISCONNECTS CALL
CLOCK a1 MP SHAPER nvnv
ol {L, e e

CRADLE SWITCH
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AY-3-9400
AY-3-9401 AY-3-9410

Dual Tone Multi-Frequency Generators

FEATURES

B Mo tuning required, inherent accuracy = 0.25%

m Uses low cost ceramic resonator

| 12 tone pairs (16 tone pairs with AY-3-9401/0410 and cholce of
high group pre-emphasis with AY-3-8410}

# Total harmonic distortion less than 8% (but dependent on
extarnal filtar)

m instant generation of tone outputs

| Low voltage drop

& Low power consumption (less than 35mi)

& Good tharmal and voltage stability

B Keyboard lock aut inhibits output If mors than one key

depressed

N-channel ion implant construction

N HMigh group pre-emphasis fixed at 3.52dB (AY-3-9400),
2dB (AY-3-8401), 3/8dB (AY-3-9410).

B Pra-emphasis can be varied by simple component adjustment.

DESCRIPTION

The AY-3-9400/9401/9410 DTMF circuits generate all the tane
pairs required for multifrequengy tone dialing. The tones are
generated from a single ceramic controlled master oscillator,
gnsuring high accuracy and stability of the output frequencies
and eliminating the need for any adjustments. The digitally
synthesised tones give precisely controlled characteristics,
The AY-3-8400/9401/8410 is fabricated using the ion implant N-
channel low voltage process, and employs novel logic
technigues to minimize power consumption and voltage drops.
The circuit is suitable for operation direct from telephone line
power, or it can be used with main power or battery supplies.

PIN CONFIGURATION

14 LEAD DUAL IN LINE
AY-3-2400

Top View
Wi i1 ~ 14 | Ground
al]z 13 [ Any Key Dawn ouput
el = 12 [ Oseilleter cutput
Power on Resst [] 4 # [7] Dscillator input
cl]s wlJE
ol s s [JF
Tene autput [] 7 811G
16 LEAD DUAL IN LINE
AY-3-8401/AY-3-9410
Top View
Ground e 16 [ Any Key Down outpu
Ve [ 2 15 [] Dseillatar autput
al]2 14 [3 Cagillator input
B[]+ 13 [[] Pra-emphaaia «
Rasst [] & w3 E
ci]s 1l F
o]’ wie
Tone cutput q L] 4 H

*2dB on AY-3-3401. /648 an AYV-3-3410.

BLOCK DIAGRAM
Vak GROUND
H
8 L HIGHER PRESCALER ——{ HIGH GROUP
e DAc
E
KEYBOARD
KEYBOARD ¢ LOGHT
— LOWER PRESCALER | —.| LOW GROUP
DA
0
[
3
A MASTER DSCILLATOR
AKD
WASTER FREGUENCY
ELEMENT
AY-3-8401/9410

r— QUTPUT
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OPERATION

When a key is pressed the chip will immediately start aperating,
the output tones both starting from zero on the first negative haif
sycle. The firat cycle will be of full amplitude assuming the power
supply is at the correct ievel. If power is applied at the same time
as a key is pressed, the power on reset cirguit will operate,
preventing spuriocus outputs.

When two or more keys are pressed togather, ons or both tones
will be switched off. The tones will start from zero as soon as the
extra keys have been released. When all keys are raleased, the
tone outputs will immed|ately cease.

If only one key contact iz made, a single tone corresponding to
the closed contact witl be output. The “Any Key Down" autput
goes to logic "0’ as soon as a key depression is recognized,

NOTES:

AY-3-9400 m AY-3-9401 m AY-3-9410

The tones are output on & single pin, as 4 mixture of pulse width
madulated, constant amplitude sguare waves. This output
signal is constructed into resultant sine waves in the extarnal iow
pass flitar. The approximation chosen vields a total harmonlc
distortion of less than 8%.

The amplitude of the cutput signal is directly proportional to the
Voo supply voltage.

& low pass filter buffer amplifier is used to remove switching
noise and interface the tenes to the Hne. There is an option of
alther a low impedance or a high impedance output {see figs. 1a
ard 1b).

1. Pre-emphasis selection for the AY-3-9401: Cennect pin 13 to ground for 2dB pre-emphais. Pre-emphasis selaction for the AY-3-8410:
Connest pin 13 to Voo for 3dB high group pre-smphasis, or 1o ground for BdB pre-emphasis. The ciroults are otherwise dentical in

operation to the AY-3-9400.
2. Bee MFO2 specification for the resonator.

PERIPHERAL CIRCUITS

o 2N5551 y 00K
R —_—
to——
| 6dE
[F— 2 KA t’ 4.7V
a
4 ! BaK  AZK 1NA03 o
KEYBOARD g AY-3-8410 ] >—<2N5551 *d
1z |t}
0 15 p—= —
1 14 15 15nF
RESOMNATOR 470F == 47011
szpt a2pF
N 1 :
Fig.1a HIGH IMPEDANCE BUFFER
—r—
o L VEUF ] ] SBO It
I 6B
o—21 g 2 13
3 1
4 5 1N4DD3 .
5 4
KEYBOARD 8 AV-3-9410 b *
11§ 3.2K 3.2K
" ] 2NE4O1
RESOMAT
] R L 4,7nF
82pF == =|: A2pF T

Flg.1b LOW IMPEDANCE BUFFER
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E AY-3-9400 W AY-3-9401 m AY-3-9410

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respect to ground pin . . .

Storage temperature range

Ambient pperating temperature range. . . . . | .

Standard Conditlons (unless otherwise noted)

L H10V 10 —0.3Y
—B57C to +160°C
- -25°C o -70°C

"Exceeding these ratings could cause
permanent damage. Functional operation of
these devices at these conditions is not

impiied—operating ranges are specified

below.
Voo =+3.5 10 +8Y
Feclock = 869.7KHz
Operating Temperature (T,) -25°C to +70°C
Characteristic Min Typ*” Max Units Condilions
Input Logic 17 ~3.3 — +A Vaolts logic 1" activates tone
Input Logic 0" —0.2 — +0.4 Volts
Input pull down resistance 20 - 100 Kohm resistor to ground
Input capacitance — - 10 pE
Tone cutput Low Group — 0653 — vrms Yo = 4¥,Note 1, Note 3
Taone output High Group — 0.783 — yrms Yoo = 44, Mote 1, Note 3
High group pre-emphasis - 3.52 — dB 1.6dB typ. for AY-3-8401.
Qutput impedance - 500 ohms Note 2, Note 3
Any Koy Down cutput
On resistance — — 1 Kehm Vout=+1V
Off Leskage — — i0 uA Vout = +8V
Fotal Distortion - — —23 dB
Harmenic component - — —30 daB
Supply current — — 8 mhi Yoo = +3.5Y
- - 10 ma Voo = -8V

“Typical values are at -+25°

NOTE:

C and nominal voltages.

1, The amplitudes of the output signals are directly related to the Voo supply voltage.
2The chip autpul is intended to drive a low pass filter having ar input impedance of greater than 8K ohms.
A The cutput would be buffered to drive the line, the buffer can be arranged to have either a high impedance current outputor a

low impedance voltage output (See Flgs.1a and 1b).

FREQUENCY OUTPUTS

Al output frequencies are derived from a 559 7Kz master gscillator.
The output frequencies are as foliows:

Nomlnal frequency Actual Frequency Error Key
Hz Hz Yo
697 §95.28 —0.25 A
770 TH8.82 —0.15 B
Low Group as2 850.81 —0.18 C
a41 940,65 —{1.03 D
1208 1211.48 +0.21 E
1338 133z.62 -0.25 F
High Group 1477 1478.60 -+0.25 G
1633 1631.78 —0.07 H

TYPICAL CHARACTERISTIC CURVES

L o -
[+
£ o
2 4TS
i /|
E oz / +—
= I
Y o4 A —
z I Veg= 4 VOLTS
Eoe|— | o | .l_ —
® / bl

.08 |

| I
RN I S S

20 S o 0 20 30 40 50

TEMF ¢

e CHANGE IN FREQUENCY

Flg.2. QSCILLATOR CHARACTERISTICS
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AY-5-9500

C-MOS Clock Generator

FEATURES

® (Generates 2 phase clock from single power supply
B Oparates with AY-5-3100 Push Button Dialler
and AY-5-8200 Repertory Dialler
® Very Low power consumption, allowing use of line
powersd telephones
2 Minimizes external components in Pugh Button Telephones
= Stable generation of clock frequeancles

DESCRIPTION

The AY-5-8500 is a C-MOS ¢ircuit designed to generate the 2
phasge clack required by the AY-5-9100 Push Button Telephone
chip and the AY-5-8200 Repertory Dialler circuit.

It consists of an AC oscillator, a level shifter, a 2 phase clock
generator and driver, and a clocked D-type bistable. The AC
osgillator is set by external components to run at 36KHz and is
normally aperated from a 4 Volt supply to minimize power con-
sumption. The oscillator output is shifted and uged to drive the 2
phase clock generator which is normally run on a 14 Yolt supply.
The D-type bistable is either used as a Reset generator for the
AY-5-9100, or it is used to drive & Cockroft-Walton voltage
multiplier to generate the 14 Volt supply.

PIN CONFIGURATION
T4 LEAD DUAL M LINE

Top View
vsgzdm 14 | Voo
IEKHe Dutpat [ 2 13 “

Oscillator [ & 2 D 3
Ozaillatar [ 4 1 t| Vag?
QscMater [ 5 10 ' Data Input

Vel [ 8 ] E 0 Cutput

wed O 7 ] ]: T Dutpul

BLOCK DIAGRAM

¢ 9 ¢
] D
0 13
LEVEL
50— SHFTER 2
k]
— 12
Vel
5@ [ Vg2
* i
Voo
P
[+
08
o- -
TYFE a
£F 08
o é)vsss
1Q T
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E AY-5-9500

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with réespectto Voo pin . . . . . . =18Y to +0.3V *Exceeding these ratings could cause
Storage temperaturerenge. . . . . . . L L L —65°C to +150°C permanent damage. Funstional operation of
Amblent operating temperaturerangs . . . . . . . -25°C to +70°C this device at these conditions is not
implied—operating ranges are specified
Standard Conditions {unless otherwise noted) below.
W= OV
Was1=—4 o 15V
Vis2 = —4 to 15
Vesd = —4 to —158V
F Clock = 36KHz+ 10%
Operating Temperature (Ta} =+35°C
Parameter Min Typ Max Units Conditions
CLOCK OUTPUTS
Rige Time (Tr) — 90 200 ns At360pF load
Fali Time{Tf) — 120 250 ns At 360pF load
Width {Tw} 10 - — us At 36KH,
Separation (T} 10 — — us At36KH:
Stability — - 15 Y With supply and temperature
OUTPUT ‘ON’ RESISTANCE
1,3 - 03 2 KOhm Ves2= -4V
Q.0 - 200 750 Ohm Vi3=—ay
SUPPLY CURRENT
Isad - 130 200 pA Vil =—ay
L2 — 100 200 b Vi:2=—15Y, 10pF load
g3 — an 50 ph Vuwd=—15Y

TIMING DIAGRAM

TA AR




AY-5-9500 E

l —0 OV
0.1pF
[ 2F} T
13 .
. —o g1
12 I o3
—-—— o
C.47F T
AY-5-9500 a
& —O RESET
: |
g 0
g I—._4
; 10
by [T )
& i
-5y
<
SINGLE SUPPLY OPERATION
oy
f, — 3
.
5 13
(arox] . —Y}
4 12
[ 100K | —— o,
3 AY-5-9500 s
5BgpF
i i
QIpF |aipF |o.1 F lose joir
l—cr l—n l——~ l H ¥ H - =— g
6 7 11 10
—av 1_ I —t5¥
=3 -
il
™
ALL DIODES IN914
DC-DC CONVERTOR CONNECTION
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AY-5-9800 Series

Dual Tone Multi-Frequency Receivers

FEATURES AY-5-9800 SERIES
m No tuning raquired; inhersnt discrimination better
than+0,1%. Part Output | On-Chlp
a  [igitally defingd bandwidths with no inharent Number® Code | OP Amps| Plns
veltage ar temperature drift.
B Acquigition time typically 25 ms. (tong inpuis to common AY-5-9801/0821 | A-Bit Yes 28
output). AY-5-9802/0822 1 of 16 Yas 40
B Frequency correlation provides good S/N performance. AY-5-8B03/8823| 2 ofB Yes 40
B Inter-tone separation checked for correct IDF pariod, AY-5-9804/9824 | Ringry Yes 28
B Many programmable features provide wide applications.
B High reliability and low cost using P-channe! process. AY-5-8B06/8825,; 4-Bit A 24
B On-chip analog amplifiers for anziog praprocessing. AY-5-9806/9826]1 1 of 16 Ne 1]
B [nterfaces directly with the AY-5-9100 for M.F.—Strowger AY-5-0807/0827, 20f8 No 24
converters. (AY-5-9801/9805). AY-5-8808/9828 | Binary No 24
B Handshaking facility to interface directly with CF1800

MICroprocessor.
B Three-5State code outputs.

*Part numbers AY-5-9801 through 9808 are supplied In
ceramic peckages, Part numbers AY-5-9821 through 9828
are supplied in plastic packeges.

PROGRAMMABLE OPTIONS

These options can all be provided by a single layer mask change.
| Programmakle center frequencies
o Frogrammable accuracies
¥ Variable “Acquire” criteria {1 out of 5 ta 5 out of 5)
Variable “fielease” criteria (1 out of 5 10 5 out of 5) n
N Normally arranged for 2 of 8 detection, but can be "
reprogrammed for single tone {1 of 8) detection.

are detected valid.

Commen cutput can be delayed by 1-32 ms after tones

Note: IDP pericd = commaon delay + common width.
Common gutput pulse tan be programmed from 1-31 mS,
Output code can be any 4 bit code in 24/28 lead DIP or any
16-bit code in 40 lead DIP {e.g. 2 of 7, 1 of 12 elc.)

BLOCK DIAGRAM

O HIGH GROUP TONE {NPUT

PERIOD COUNTER

QO LOW GROUP TONE INPUT

SIEiE

STATUS REG. — 0 HGY
|, INPUT
BIAS 0-— v / CLOCK
HIGH GROUP
+Vss O— DECODER QUTPUT
ov OP AMPS anp EA T LINES
-Vep °— TIMER GOMMON
FOR. © , LoW GROUP o SOV
INTEARO-
GATE INPUT
STATUS REG. o LGV
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AY-5-9800 Series

PIN CONFIGURATIONS

28 LEAD DUAL IN LINE
AY-5-8801/8821
AY-5-3B04/9824

Vg O
Amp 1inpue O]

Amp 1 cutpul £]

Amp 2 input T

Amp 2 auipud [

amp 3 input [

Amp 3 output []

Low graup tone input [
Vaa [

Yon O

Gammon oulput ]

Low group valid sutput [
Code aulput ©1
Code output ©2 [

W u e s W

=@M D

8 [1 Amp biag input {vk)
27 A Amp 4 cuiput

26 O Amp 4 Input

25 O amp 5 output

24 [] Amp 5 input

22 [ Amp & outlput

22 0 Amp 6 input

1 [1 High group tons Input
20 [1 Ressl input

18 [ Cloek Input

18 1 Metacrogate rrput

17 [ High group vaild cutpu
16 [ Code auput C4

15 O Cade outpul T3

40 LEAD DUAL IN LINE
AY-5-9802/9822

Vs [

Amp 1 input O

Amp 1 oulpu) O

Amp 2 put [

Amp 2 output [

Amp 3 wnput O]

Amp 3 output [

Low group tone Input T
Vaa E1

Yoo

Common autput O}

Low group veld autput T}
Coda autpuet S1

Coda autput &2 O

-Cade gutput ©3

Code ouiputl ©4 [

Code output G5 [

Code output 06 [

Code output C7 [

— . »
greonean®

[y

13
4
15
16
17
12
1%

4 [ Amp bias input (Wb
3g [0 Amp 4 autput

af O Amp 4 snput

ar [] Amp 5 puiput

36 J Amp 5input

35 [ Amp & oulput

24 [ amp § input

35 [2 High group lone input
a2 [ Resat input

31 [3 Clogk input

90 [ Interrogate input

2% [T High graup valid gutput
78 [ Code output C¥8

27 [ Code vulpul G5

26 {1 Code output G14

20 [0 Code outpsd G113

24 1 Code autput 12

23 [T Code output 11

22 [ Code outpud G100

Code output £8 [ 20 21 F! Code output &8

40 LEAD DUAL IN LINE
AY-5-9802/9823
Not yet defined

oo NOO0OnNNnE o000 nOria

24 LEAD DUAL IN LINE
AY-5-9805/9825
AY-5-9808/9825

Top View
Veg O] W1 = 2470 NG
NG J# 23] NC
NG T2 220 NG
NG T4 710 NG
Low Group Tene Input [16 200 High proup tone input
won 6 18] Retet input
vre 7 18 Clock Input
Common elpul O 8 17 [ imerrogate Input
Low Group Valid Cuiput O 9 16 [ High Group Yalid Qutput
HNE []10 150 NG
Coda Cutpul &1 O 11 14 [0 Cogde Qutput 24
Code Outpul €2 [ 12 13 3 Code Cutput G3
44 LEAD DUAL N LINE
AY-5-9806/9826
Not yet definad
Top View
Ot 400
= ]
Os a0
(m ) [
5 36 ]
Os g
ar af
b ] kym|
a 3]
[mly a
(Rl e
O 1= lym|
[k 28 []
O 14 ]
[wRl] 26 {1
[ 20
Oir 261
[wiL] 230
19 20
a 20 el 8]
24 LEAD DUAL IN LINE
AY-5-0807/9827
Not yet definad
Top ¥lew

anoopnoanmnn
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E AY-5-9800 Serles

DESCRIPTHON

Tha AY-5-0800 series circuits are fabricated in P channel MTNE
process thus minlmlzing cost and providing high reliakbility. The
basia chip blogk diagram is shown on the previous page. For
analog preprocessing six arnplifiers and two source followers are
included on-chip, external compenants being used to determine
the filter characteristics. The major functions are mask program-
mable thus giving a flexibile system at a low cost,

The tone pair is separated into two Individual tonas using the
analog circuitry, the separated tones being applied to the
Schmidt triggers to sguare incoming signals which are then
processed by the digital circuitry, The high and low group logic is
simllar; only the decode velues for frequency recognition are
differant. The Incoming signal is divided by two or three to
eliminete the effects of changing mark/space ratlo and Its period
counted by a timer which is clocked by the accurate TMHz clock.
If the period value |3 within ancoded limits, the result is storad.
Five gycles of incoming signal are stored and a decision |s made
with this information as tc whether the tone is walid, A
programmable logic array scans the five oycle store for both
a~"Acquire” criteria and "Release” criteria. If the “Acquire”
criteria is exceeded {e.g. 4 out of 5), and the "Release” criterla is
not reached {(e.g. less than 2 out of 5), the frequency is deemed to
be valid. if both high and low frequencies are detected, a time-out
timer is started. This timer i3 mask programmable and will
normally require 25ms of valid tone pair signal. Once this period
has elapsed the Common Output pulses high, again for a
preprogrammed period. After thiz pulse, the system will not
raspond again until on IDP of a preprogrammed duration ogcurs,
after which a new input tong pair can be applied.

The Code Qutputs and Common Quiput can be configured fora
wide variety of systemns. A typical device, AY-5-9801/0821,
provides four Three-State Code outputs suitable for
microprocessar contralled systems and direct interfacing to the
AY-5-9100 for DTMF-Strowger converters. A handshaking
intarfacs is provided using the Interrogate input thus allowing
very simple microprocessor interfacing The outputs will dirachly
drive low power TTL, CMOS or MOS and, being Three-State, can
be bugsed in large systems.

Input Clock — The recommended clock frequency s 1MHz
which will then give a frequengy detect range of 820—3400Hz
with a discrimination of + 1us. The discrimination of 1633Hz
using a 1MHz clock will be better than *0.1%. Any daviation of

the 1MMz clock will restlt in a proportional deviation of the tone
recognition bands,

Power-0On-Reset-—An extarnal power-on reset is reguired which
is used to reset all counters, etc. An on-chip resistor pulls this
input to Vo, & 0.1pF capacitor connected from the P.0.R. input
to Vss will provide automatic power-cn-reset, This input can be
uged as a chip select putting all Three-State cuiputs into their
high impedance state when held high.

Input Amplitiers—Input ampiifiers are guitable for use in band-
pasgs and general buffer amplifiers. They have an open loop gain
of approximataly 250 and are trimmed by a single 'Blas input’,

Period Counters—The input frequency is interrogated by the
period counter. Each counter has eight values decoded. thess
reprasenting F1 fow limit. £1high limit, etc. 3nce a positive gaing
edge is detected, the period counter is started and if the next
positive going edge occurs durlng a time slot decode, the circuit
deams the tane to be valid and a bistable indicating the tone
decoded is set. Special legic is incorporated to prevent the
counter frem being centinuously triggered in the prasence of
noise.

Status Word Regisler—The Status Word Register is a five bit
reqister which is filled with 1’s foran in-band signa! but filled with
0's for out-of-band signals. With the data in this register a
declsion is performed which sets a bistable (Acquires the signal)
or resets a bistable {Releases the signal). Thus by changing the
preprogrammed aceeptance standard, adirgct trade-off betwaen
S/N ratio and stimulation rate can be obtained for different
systams.

Output Logic—Two outputs, HGY and LGV, Indlcate the currant
state of the correlator for each group. A wvalid high group
frequency, if present for longer than the correlation time, witl
cause the HGVY (high group valid) cutput to 9o low. Similarly with
the LGV (low group valid) output. Once both high and low group
tones have been detected wvalig, a preprogrammed timer is
started. if the tone pairis still valid after the timer has countad out,
the Commeon Qutput goes high for a preprogrammed period and
the Code Outputs present the programmed outputs
corresponding to the tone pair input.

if the interrogate input is used for handshaking, the Code
Outputs ars only prasented after the Interrogate input goes high;
the interrogate input going low removes both the Codes and the
Common Cutput,

SYSTEM DIAGRAM

' ] !
EXTERNAL i
Rkl }—'» D AMPS ]

T
I
|
|
|
|
|

]

|
HIGH PASS FILTER DIGITAL
FREQUUENGY

AMNALYZER

|
LIME BaLaNcED || E‘}\gg EXer] | QUTRLT
INPUT INPUT PHEFILTER AMPLIFIEA | EMCODRER
| | I
Eg.-erfg-’;" OF AMPS |
| DIGITAL
FHEQLENCY I
LOW PASS FILTER AMALYZER
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OUTPUT CODE CHART

AY¥-5-9800 Serles E

Input Tone Palr Normal Diait AY-5-9801/9821 AY-5-5802/9622 AY-5-9903/9823 AY-5-9804/9824
Low | High | p hg AY-5-3805/9825 AY-5-9806/9826 AY-5-9607/9827 AY-5-9508/9828
Group | Group | P ooonianen Output Code* Oulput Code Output Code Qutput Code**
(Hz} | (Hz} c1 c1 |c2 jca |ce 1 0f 16 z2ota c1|c2|cs|ca
897 1209 1 1 1 1 1 ¢ c1,08 1 1 1 0
697 1336 2 1 1 1 |o cz c1,C8 1 110 [ 1
697 | 477 3 1 110 (1 c3 c1,c7 1 1o |0
597 1833 — o lolo [ c4 c1.ce ojolo |1
770 1200 4 1o |1 1 cs c2.05 1] 0 |1 1
770 1336 5 1o |1 o ce €2,06 1] 06} 1 0
770 | 1477 6 1 |o o |1 c7 co.67 110 ] 0|1
v70 | 1633 - o |lo 1 |o cs €2,08 elo |10
Bs2 1200 7 o | 1 1 1 co 3,05 1o |0 o
852 | 1336 8 o |1 1 |o c1o C3,06 ol 1 1
a5z | 1477 g o |1 |o [ C11 ca.cr o] 1 1 0
852 | 1633 — c |1 ]o |0 clz ca.cH o | o | 1 1
41 1208 - )] V] 1 1 13 C4,C5 0 1 [t] a
841 1336 o 1 1 ]oleo cl4 C4,C6 0| o | 1
941 1477 4 ¢ |0 |0 |0 c15 c4,G67 o[ o]olo
941 1633 — 1o fo |o C18 c4,Co 1 1 1 1
‘Compatible with AY-5-9100 “*Compatible with AY-5-3120.
LY EAGH,
[+ b [ [ (v} [ EEOpF SHOpF |
— —— | ——] | f {4
14K :E 114K, 1EK :E oK 514 Tk 124K :E ' = larF
< B 2
HIGH PASS FILTER
O— EXTFANAL
EMITTER
FOLLOWERS
EES 132K
A a “nr 1F
1l ]
1T 1
45nF aiF Gk E' ot

LOW PASS FILTER

Flg. 3 FILTER CONNECTIONS

{A=1M {1, C=10nF, Active elements on chip}
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E AY-5-9300 Serles

ELECTRICAL CHARACTERISTICS

Maximum Ratinge*

Voltage onany pin with réspactto Vg . ..o voe v v vinonn e
Storage Temperature RANGE ....vivvuveirviraniarois

-20V 10 +0.3Y
cereir. BEOCIGHIESC

Ambient operating temperature ... iiii i -25°C to +70°C

Standard Conditlons (unless otherwise noted)

Vg = OV
Vpp = -8.5 =05V

Vga = -17V 11V

Clock frequency = 1 MHz

Operating Temparature (T,) = +25°C

*Exceeding these ratings could cause par-
manent damage. Functional operation of
these devices at these conditlons is not
implied — operating ranges are specified
below.

Characterlstics Min Typ Max Units Conditions

Clock -
Legic '0° level +0.3 — -1.0 v
Logic "1 {evel -6.5 -8.5 -18 W
Frequency (see NOTE below) 0.01 1.0 1.1 MHz
Rise Time 10 — 50 ns
Fall Time 10 — 50 ns
Width 450 500 850 ns
Capacitance - — 20 pF
Leakage — — 10 A
Logic inputs
Logic '0' level +0.3 - -1.8 v
Loglec 1" level -a.7 -5 -18 W
Capacitance — — 10 pF
Leakage - - 10 HA
Logic Outputs
(i) Code gutputs

Logic '0° output current 1 - —_ mA Vg =-1¥

Logle *1" output current 460 - — HA Wg = =5Y
{ity Cemmaon output

Logle ¥ output current 1 - — mA Vo = -1¥

Laogic "1’ autput currant B20 — — 1L Vo = -5V

Pulse delay 1 — 31 ms

Pulse width 1 32 32 ms
{iiiy Group valid cutputs (HGV & LGY)

Logic ‘0" output current 500 — — HA, Vo = -1V {External pull-down

resistors to Vpp reguired).
Slgnal Inpul ) — 2 W Feak to pesk sine wave
"Handshake” Routine
{Sew Fig. 1 for timing disgram). T1, T2 -— — 25 ps
Puli-down reststor (to Vo) 50 150 500 K
Power-on Reset
Pull-down reslstor (to ¥pg) 50 150 00 K52
Pulse Width 10 —_ — us
Ampliflers
QOpen loop gain — 500 — — Fin = 1KHZ
Open loop Bandwidth —_ 1 — MHz
Cutput Impedance — — [ (414 Fin = 1KHz
Power Disslpation — — 350 mw Vpp = -8V
VGG =-18V

NGTE: Any deviation from the nominal 1MHz clock frequency will result in a corresponding deviation of the frequency detection
bands. Other frequencies than TMHz clock can be preprogrammed in, but clrcuit characteristics will ba modifiad.



AY-5-9800 Series E

RESET
INFUT
TONE i

PAIR A

~y

|
|
COMMON !
ouTPUT |

|

} |

iINTERROGATE

INPUIT | ]
| !

— |--— T —=|

i
CODE l CODES '
OUTPUTS | VALID
I
|

Fig.1 "HANDSHAKING” TIMING DIAGRAM
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HYBRID ACTIVE FILTERS

PART PAGE
FUNCTION NUMBER NUMBER

UNIVERSAL ACF 7032¢C
ACTIVE FILTER ACF 7092C

38250z LFF ACF 7110C 768
POM TRANSMIT ACF 7170C 788

¥B-2

PCM THUNK
TRANSMIT LFF

FCM TRUNK RECEIVE
LPF & PAM B34TE ACF T174C 7B-11

PCM LINE
THANSMIT LPF ACF T175C 7B-13

PCM LINE RECEIVE
LPF & PAM GATE ACF 1760 7B-14

—— ACE 7306C 7B16
WAVE ACF 7301C
DETECTOR SCFT302C
2600Kz BPF ACF 7310C
36261z BPF ACF 7311C
300-3400Hz BFF ACF 7320C
- ACF 7323C
TONE DETECTION ACF 7363C
BRF ACF 7383C

ACF 71730 B-10

DIAL TOME BAND
SUPFRESSION FILTER
2800Hz BAND
SUFPRESSION FILTER
60Hz NOISE
SUPFRESSION FILTER

DTMF BAND
SEPARATION FILTER

ACF 7401C

ACF 7410C

ACF 1480C

ACF 7T11C

HYBRID ACTIVE FILTERS

[S]MICRO

ELECTRONICS



ACF 7032C ACF 7092¢C

Universal Active Filters

FEATURES

B Low Pass, High Pass, Band Pess, and Band Reject reaponses
from the same unit,

u Independent conirel of Frequancy, Q and Amplifier Gain.

B External resistors need not temperature track Internai NPO
capagitors,

B 10Hz. to 10KHz. operating fraquency range.

® 0.5 to 50 adjustable Q range.

DESCRIPTION

The schematic diagram for the ACF 7032C/7022C is shown in
Figure 1. The filter is composed of 4 operational amplifiers. The
first three form the basic state variable configuration {triad) and
the fourth can be utillzed for Increased gain or in the biquadratic
configuration with the addition of external components. Two
filter inputs are provided; a non-inverting input and an inverting
mput.

In the Triad configuration, amplifier Ay is a summing amplifier
praviding the high pass output, amplifers A, and A, are
tntegrators providing band pass and low pass outputs. The
axternal reslstors establish the operating parameters for each
filter mode. Ry and R determine the resonant frequency (Fn). R,
and Hs or H7 and Rg determine the values for gain and Q.

APPLICATIONS

General Instrument Hybrid universal active filters are low cost
units that can be used to generate any fifter response. Some
common applications for these filters are found in sonar systems,
tatephone and paging systems, navigation systems, modems,
transducers, biomedical measuring systermns, process controi

PIN CONFIGURATIONS

186 LEAD TO -8
ACF 7032C

- S

FIN FUNCTION

1€ 1rans
T ik

ARRGRmAdoomwanante.
<

A2 [—IN] 9.
BF . .
o —
N vaae e
AT {rIN) By @;‘a‘{?\‘ e
i 3‘. . .?:@\I 2t
g™ W, )
Ad{—IN] s E A e

16 LEAD DUAL IN LINE

AGF 7092C _
ﬁ-—?co—-* ekl “ﬁ b—=i— 50

ooy

FUNCTION

YHP

FRERGRADPEmAm RS- g

15 ] | .
pew EEgEE ah

i
i i
ACF TQg2C LT ! -

a0 ! suo
151 K%K var 1 :|
e .y
GRRERE. . T T
" i ]
- : Sz
!— —omAimAx - -l;iﬁ;m;-" oA

SUBSTRATE . [ [ LEARSZ
EL b | BRETE GCOER

MLYJ
- T

equipment, data acquisition systems, radar systems, audio signa s T3
processing equipment and seismology.
LR W W= IhD
9 @ )
o & S K SRR S I
126 100K

z Ra :
H o
e I Wiy r I
? ffl j L o oopF | RS | icuoer
| § R 100w
120
k3o e [ e S0 s ol At o
g 8,01- 1N LRSI
AN B Q AN e w e

Vrpp ]
i i R2

Fi & RE DETERMINE
NATURAL FREQUENCT

Fig. 1 SCHEMATIC

R3, R7, B RE
DETERMINE
Fak

o ] 1
12k a0agk | B | coopF
i HE 130K

- T - L
Vur pe R

T F1 j fﬁz T
B FZ DETEAMING

F.
MATURAL FREJUZNCY

Fig. 2 TRIAD CONFIGURATION
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ACTIVE FILTER DESIGN WITH UNIVERSAL FILTERS

TRIAD TRANSFER FUNCTIONS

The Triad configuration illustrated in Figure 2 gives transfer
functions et the various points, HP, BF, and LF as shown in Table
1 tor infinite gain band width operational amplifiers.

Table 1 TRANSFER FUNCTIONS

Gupts) = HP Goo S
ne a2 Was s wn? HIGH PASS
[
Go Wn o
. vmp
GBPIB’ = o = 2—“__2
2N 52 +Wns + wn BAND PASS
a
a Ve oiedwn®
LP # - =
™ 52+ wn S + wn? LOW PASS
[}
Fn = Wn/2®= Natural or corner fraquency for low or

high pass outputs. Center frequency
for kand pass cutput.

8 = Transform variable
Ges = Gain at infinite frequency (high pass)
Gy = Gain at center frequency [band pass)
Gy = Gain at zero frequency {iow pass)
a - Center frequency BAND
Bandwigth o PASS
Q - Gain at Natural Frequency HIGH
Gain at infinite Frequency PASS
a _ Galn at Natural Frequency LOW

Galn at DC PASS
DESIGN EQUATIONS

The design equations for the transfer functions listed in Table 1
are:

LRV,
RiCy 2 A3tz

e \

Wn=Ja3W1W2 Wy =

- 4y = ——

ay (1 + ag 1 ag! W; 1+ Fg | Ag
Rg Ay
1 Ay fAa
a - T Re TR 3T o 245 ——
1+ Rg + Rg Ry R3
R RAg
Non-invariing Invering
Figure 3 Figure 4
G oo 24 {1 + 83 + ag} —Rg
Gy waqiag ag
ay {1 +ag+ag
Gio} ag i1 rag + agl —ag/eg
83

Note:

Since operational amplifiers have finite gain-bandwidths, the Q
will be greater than caiculated. A correction factor will be
required and will operate on the desired Fn Q product. See Step
#1 of Tried tuning procedure.

b4
0
m
e |
=
[
[
o
]
=
o
‘n
g
Q2
0
13
L)

Agi-18)|—
YRR

YHR

ye
_“L ﬂsnn

—

3 !

- z |

0 i

- -
et T
RT ] l e

R Zh2 |
_-—.j L4 v

Flg. 4 INVEATING CONFIGURATION

TRIAD TUNING PROCEDURE

The fallowing four step tuning procedure allows the selection of
the external resistars R,, Ry, Az and Ry or Rg. The procedure is
based on first selecting an output function {low-pass, band-pass
of high-pass) and the invarting or nan-inverting configuration. If
other gains are desired the uncommitted operational amplifier
can ba used.

Step #1: Determine Design O

Calculate the product of the desired Fnand Q. if this product
axceads 10,000 refer to Figure 5 to obtain the corresponding
design FnQ. Divide the design FnQ product by Fn to determine
the design G for all subsequent calculations. The deslgn O now
ingludes the effects of operational amplifier finite gain
bandwidths.

If the desired FnQ product |s less than 10,000, use the desired Q
as the design O for all subsequent calculations. The operational
amplifier's finite gain-bandwidth in this lower FnG reglon has a
second order effect on the Q and can be ignored.

Step #2: Calculate R, or R, as a Function of Design &

R, or R, can be calculated from the equations listed in Table 1.
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ACF 7032C ® ACF 7092C

Table ' Ry OR Ry CALCULATION

Non-inveriing Invwting

LConfiguration Figura 3 Figure 4
. _

Lovw-Pass R - 218k R = 100Kk

Q dasign

i k = i 1.6k83)

Band Pass Rg = Qcesired (100 1Rz = design (3

Q dasign
High-Pass Ry = 31BkEE fg = tOKil

3 design

Stepr #3: Calculate R, and R, as a Functin of Fn

For basic unity gain configuration, Ry = R,

_ 5.04x 107

Ri- Ra Fr

LOW FREQUENCY OPERATION

-

For very low frequengies {in = 50Hz) additional capacitence
can be used to shunt the internal integrating capacitars from pins
5ta 7 and 13 to 14. Ry and R, are then calcuiated as follows:

1 Rg
By = Bg—= ——- I
1T 2aEn | ROy O

Step #4: Calculate R, as a Function of Design Q

R can be calculated from the equations fisted in Takie |}

Table 1li R, CALCULATIONS

BIQUAD TRANSFER FUNCTION
The BIQUAD configuration for generating Cauer or Band Reject
responses |s shown in Figure 6.

The transfer function is:

2a A |82 + awns + bwn?

ein 321MS+Wn§
=}

The parameters for the Transmission Zeros {numerator} are
given by:

R R 3]
a= 13 i3 A:-{J)X[R_‘l]xcﬂo}
Rig Rg Pq3 Rg

R
o P13, B
R11  Rg
provided that Ry Rig = Ryg| oAl 13
Byt A3

The tuning procedure for Wn and @ is the same as in the TRIAD
configuration.

A Band Raject filter can be abtained by making Gonstant (b) = 1
and Ry, infinite which makes the Constant {a} = zero. The transfer
function then becomes:

ICh, 15k 20k 30k A0% 50k
DESIRED Fag

Fig. 5 FnQ CORRECTION

HNon-Inveriing Inverting
Contiguration Figure 3 " Figure 4
Low-® a .. 10QGKIL o . 190k e 524 wal
Pass LR, L TOkE. - I L L,
ow-Fas 77 21610 designl—1 2.8 (0 designi—1 on sZaWns v win?
=]
Band-P R 100% 02 - 100k
and-Pass = - — =
77 34810 design)—2 | 7 " 3.48 (O design}
100k T 100k52
High-Pass Rp=-om————— lp,= ==t
g L TYT designi—1 7 B.64 (O designy—T
vr W G
U 2 A
) 'I I L] il
3 VOSk 100K
{al} ! ] i
4% 1 H
i )
L) | [:(
AlL OTHER ]
DESIGN o, CONFIGURATIONS i
Fao 0 [
INVERTING
HIGH PSS GNLY
15%
PRI Ry S

Rl & R3 DETERMINE
NATLRAL FRECJENCY

Flg. & BIQUAD CONFIGURATION
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ACF 7032C m ACF 7092C -

PERFORMANCE SPECIFICATIONS

MAXIMUM RATINGS

TN o N T - T18W
Supply Current { =15 Volt SUpplies) .. ... voovvevrnnrnn. P +12mA
Operating Temperature RANGE .. ....oviiienariiinienrrineioin.s 02010 +70°C
Storage Temperature RANGE .......covervrmeeivennraeraniaens ~55°C to +125°C

ELECTRICAL PERFORMANCE CHARACTERISTICS

Unless other specified, these parameters apply over a temparature range of 0°G to +70°C with — 15§ VDG supplies

Characleristle Min Typ Max. Unlts Canditions

FnQ Product 5 — 50,000 —

Fn Range 10 - 10,000 Hz Self Resonant Freguency

Fn Accuracy — 15 +2.5 % Naote 1, Ty =25°C

Fn Temp. Coaft, — L 40 +75 ppm/°C Note 2

Q Range 0.5 - 50 —

Q Accuracy — -7 - %

Q Temp. Stabitity - ENEx10H g 0°C=IT, £70°C

Fass band gain 3 — 10 — Mote 3

Input offset voltage — 2 10 my Ta =25°C
- - 15 my CC =Ty < 70°C

Input offset current — 5 200 nA Ta =26°C
—_ —_ 300 nA 0°C =Ty =T70°C

Irtput bias current — 40 500 nA Ta =25°C
_ - 500 nA 0°0 =Ty =70°C

Input voltage range 12 =14 — v

Input Resistance 03 5 — LR

Large Signal 20,000 300,000 —_— — BL 2= 2k, Yo = 10, T, = 25°C

WVoltage Gain RL =2k, Vo = ' 10V,

15,000 —_ - -— 0°0 <0 Ta<w T0°C

Supply Voltage Rejection Ratio - 30 300 WY

Dutput Resistance — — 100 Q

l.oad Resistance 1,000 — — ¥

Output Yoltage Swing —_ — 20 v P-P Low pass
— — 8 v pP-P Fn = 10Hz to 1KHzs Band pass
— — 2 v P-p { High pass
—_ - 8 Y P-P Low pass
— — 3 v P-P Frn = 10KHz Band pass
- —_ 0.8 v P-P { High pass

Common mode rejection ratic 70 o0 — dB

Mote 1. The 25°C Fn accuracy is determined by the internal capacitor tolerance | +1%), and the Ry/As tolerance | - 2%) and does not
include the tolerance of the external resistors R1 and R2.

Mote 2; The internal capacitars have a temperature coefficentof 2: 30 ppm/® C. The remaining portion of the tamperatura coefficient
is due to the change of the operational gain band width products over tempersaturs,

Mote 30 Gain greater than 1 can be provided with the uncommitted amplifer,

ENVIRONMENTAL SPECIFICATION

{The hybrids are capable of meeting the following specifications)

Thermat Shock ............... PR . -55°C to +125°C, 15 cycles (Mil-Std-883, Method 1011, Test Condition B)
Temperature C¥eling ...vri i rirraerraeneers vor. . 8500 to +125°C, 10 cycles (Mil-Std-883, Method 1010, Test Candition B)
Maoisture Resistance ... Omit initial conditioning (Mil-Std-B83, Method 1004) B0% to 98% RAH and -10°C to +65°C no power applied.
Mechanical SRoCK ... i e e 3000 g's {MHK-Std-883, Method 2002, Test Conditlon C}
Vibration Variable Frequency 50G's peak acceleration (Mil-Std-883, Method 2007, Test Condition B}
Constant Acceleration .. A=5,000 g's to axis, X, ¥;, Z (Mil-5td-883, Method 2001, D=20,000 g's to Y, axis, Test Conditions A and 0}
Solderability .. e e All terminals, no special preparation [Mil-Std-883, Method 2003}
Intermittent Life ........... 1,000 hours at rated voltage in 70°C free air. (Mil-Std-883, Method 1008) 1.5 hours ON, 0.5 hours OFF.
Seal [eak FAE ...ttt i e 5x10-%cc/s Calculated rate per Mil-5td-883, Method 1014, Test Conditian A




ACF 7110C

3825Hz Low Pass Filter

FEATURES

B 0 Insertion Loss

High Out of Band Attenuation

Low Moise

Low In Band Ripple

Can be opsrated from a single-ended power system

DESCRIPTION

The ACF 7110C ts & linear hybrid low pass RC active filter. The
ACF F110C fiter proviges for low pass fitering of speech
fraquensies whila attenuating the 3825 Hz signaling frequency to
a minimum atterruation of 50 dB. The refarence 1.0KHz gain of
this filter is 0 dB with a maximum in band ripple specification of
plus or minus 0.15 dB. This fliter is packaged in a dual in ling
configuration.

PACKAGE INFORMATION
PIN CONFIGURATION

5
Aah ek e ’“j:‘
R s e J G
1
1.760 MAK. 0105

VTV VYTV
mwp.—-} I-— ——”-—.[na:"“

NOTE:

Far proper operation
cohneg fin 1 e

Pin 5, Pin 4 to Pin 9.
Pln B to Fir 14,

PIN FUNCTION PIN FUNCTION
1 Stage 1 Dutput 15 TR
MAXIMUM RATINGS e NG
Vo (Maxy.......... TR o vr =18 Voits 5 st T o
Voo (Min) ....... e +5 Yolts £ NC D NG
Input Voitage Range ...... e Power Supply Potential : ;}::g‘:’;':i’]i'tg;n oo
Storage Temperature Range ............... -B5¢C to +150°C 2 ztéga 3 Input g: zg
Operating Temperature Range ................. 0°C to +70°C 1 Dout dow imgegances ot e
12 Outpet (800 B NG
13 TR 27 -Favalts RS
4 Htage 4 Input 28 GND
ELECTRICAL CHARACTERISTICS (Unless otherwise
Vg =+ 12 Volts specified)
T, = +25°0
Ay =500
AL =600
Characteristic Min Typ Max Uniits Conditions
Voltage Gain 0.4 1] +0.4 dB 1.0KHZ, Vour = 1.0 Vs
Gain Stability -1.0 —_ +1.0 dB 0°C to +70°C, trom ref. 1.0KHz gain
Frequency Response Referenced to 1.0KHz Gain, Vour = 1.0 Vs
.15 — +0.15 dB J00Hz to 2400Hz
-0.2 — +0,15 dB 2900Hz
-0.25 —_ +0.,15 dB 3000Hz
-0.75 — +0.15 de 3250Hz
-50 — — o= 3825Hz
-43 - - o8 3850Hz to 4050Hz
-35 —_ - de 40504z to 50004z
-22 — — de S000HzZ to 20.0KHz
-25 — — dg 28.0KHz
=25 - — de 56.0KHz
input impedance 10 — — K £
Cutput Impedance — — 500 2
Harmonic Distortion -38 — — dBm Vi = +8.0 dBm, 300Hz to 2400z, Second or
Third Harmonic OQutput
Output Offset Voltage — —-— 50 my
Current Draln — — 20 ma, Vige =115 Volts
Moise - - 275 uv Unweighted noise in the pass band

B8




ACF 7T110C E

FREQUENCY, KHz

POIi77777777 LA, : 2
0.0 ;
u &15 77 e % S ——
o
- 0.2
° 2 2
=3 02 R S .
z
5
g 0.4 .
o
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W 0.5 -
]
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z 0.6 ———————
g 4 65 MaxX AT 3.4
& 0.7 U
3
Z
08 " e s . ]
0 !
I
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1.0 H " 1 " L L L
0.3 1 15 2 2.4 29 3 31325 34 4
FREQUENCY, KHz
Fig.1 LOW PASS FILTER PASSBAND PERFORMANCE LIMITS
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° 1 ¥ .
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Fig.2 LOW PASS FILTEA PASSBAND PERFORMANCE LIMITS
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ACF 7170C

PCM Transmit Low Pass Filter

FEATURES

Pass band ripple £0.15dB, from 100 to 3KHz, 0° to 70°C.
Stop band attenuation, 28 dB, 4.6KHz to 100KHz.

Low power dissipation, 26 mW typical.

Ingertion Loss — 0 dB

Can be adjusted to meet these specifications for power
supplies fromt4 voits to £15 volts or equivalent single
ended supplies,

DESCRIPTION

The ACF 7170C is a linear hybrid low pass active filter with a
Cauer type response [transfer function based on elliptic
functions). The hybrid will pass a sighal in the pass band with
*.15 o8 ripple to 3KHz and be 3% dB down at 4 6KHz with agual
rejection out to 100KHz. The filter is designed to be used In PCM
transmit applications.

MAXIMUM RATINGS

Lo T S e A kesrarces s atata s 18V
Input Vpltage...... e ieareaaraiaaaaeiaaieeia Ver
Storage Temperature ...............ovoenn —-85°Co+150°C
Operating Temperature ...........ociviianes 0°Cto +70°C

ELECTRICAL CHARACTERISTICS
0°C € Ta £70°C
Ve = 10 +.25¢

Vec =10 t,2sv} {Note 1)
R, - 2KY (Note 2)

Rg = 501 (Note 1)

PACKAGE INFORMATION
PIN CONFIGURATION

DATE GODE
760 Gl XXXX
MAX ACF TA70C
i
fifi)
YR a2 :
—_ 17 |
m— 17 PINS. EQUALLY SPACED __I :
-] (268 fw— 115 AT 100 = 1.600. TOL NON GUM
LY
1830 _
PIN FURCTION FiN FUNCTION
1 MG W Wgg-
2 NG 11 Chutout
3 MNC 12 im Conn
4 MG 13 Im: Cgnn
5 Input 14 NG
B Int Conn 15 NG
7 Int Sann 18 WG
8 6ND 7ONG
T 1 NG

MOTE: An externel connection ia required oetwesn P-re G & 7 ane Pins 12 & 13

Characleristle Min Typ Max Units Conditions
Passband Freg. Range 0 - 3 KHz
Passband Ripple - 01 1315 de 100Hz to 3KHz
Gain -0.18 — +0.15 dB Fef Freq. 1KHz
Cutoff Freq. Attn, o — -1.0 oB 2.4KHz
Stop Band Atten. 15 — —_ dB 4.0KHz
Stop Band Atten. 39 42 — dB 4.6KHz to 10KHz
Input impedanca 500 — — Kt 100Hz to 3KHz
Cutput Impedance - 50 100 i 100Hz to 3KHz
Quiput Signal Leve! — — 75 Vp-p 100Hz to 3KHz
Power Dlsslpation - 25 S0 mw
NOTES:

1. Or equivalent single ended supplies.
2. 800 ohm |oad capability can be suppled by the factory,
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ACF 7T173C

PCM Trunk Transmit Low Pass Filter

FEATURES

B Exceeds AT & T D3 Channel Bank Compatibility
Specifications.

m Low Moise +13dBRNG @ Gain = +10db

B B0Hz Attenuvation -14.5 db Min.

B Adjustable Gain § to +29db

B Qutput Clamp Voltage = 4.5 Volts maximum

B Qutput Power Supply Rejection Ratio -
40db minimum (Freq. 300Hz to 4KHz)

N | ow Power Dissipaticn -240 milliwatts maximum

B Maximum output voltage 4.0 Voits

DESCRIPTION

The ACFT173C is a linear hybrid iow pass active filter with a
Cauer type responze. it is capable of exceeding AT & T D3
Channel Bank Compatibility Specifications and is designed to be
used in PCM“Trunk” Transmlt applications. This RC Activa Filter
wilt pass & signal in the pass band with 0.2db p-p ripple from
300Hz to 3000Hz and be 32db down at 4. 6KHz with equal rejec-
tion to 12KHz minimum.

MAXIMUM RATINGS

VG ettt e e e feeeeireeee...t1BVOMS
InputVoltage ... e e Vg
Storage Temperature . .,..... e, -85°C to 150°C
Operating Temperature ......covvvirveeriiennens 0°C to 70°C

CERE PR

PACKAGE INFORMATION
PIN CONFIGURATION

140
= P ax

1.780MA K -—-l

—
| L patecope
Gl XXXH =
! 1o7s ACF 71736
© o MAX
; | PIN #1
D‘ INGICATOR
B W LEET b
Wtk bullalle
lw-t00 TYP --l--.ms wie
DdO 7T EING EQUAL SPACED H el
- ,nT 00 1600, TOL NON CuM ™ " hax,

PIN FUNCTION

PIN FUNCTION
MA

. Mechanical Support 10

NA 11, GND

NA 12, NA

input 15 Megative Y-

MA 14, NA

NA 15, Gain Adjust - Potentiomeder

Mechanical Supporl Termination

NA 16 Gain Adjust - Potentiomater Wiper
. Posillve Yoo 17, Quput

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified)

Ry = GO0OL! Vour = 8Vp-p
Fy = 1.2K Vee =112 Volis
Characteristic Min. Typ Max. Unite Conditions
‘Frequency Response - Referenced to 1KHz, Vour = Vians
(See Mote 1) =145 - — de 80Hz
-1.0 - o dB 180Hz to 200Hz
-01 — +0.1 dB J00Hz to 3000Hz
-1.2 - 0 dB 3400Hz
=145 - —_ dB 4000Hz
320 —_ — di 4800Hz to 12kHz
input Impedance 100K — — ohms
Output Impedance — - 10 ohms
Envelope Delay Distortion —_ 102 200 usac 800-2700HZ
— 53 100 U= 1000-2500Hz
— 30 &0 USeC 1150-2300Hz
Guaranteed Gain
AdJustment Range o - +20.25 dB Freq = 1KHz, Fig. 1
Output Clamp Yoltage T4z — 145 Volts Input Veoltage +12 Volts
Moise (Ses Note 2) — — +15 dBANC Gain = 1b
Output Power Supply -40 — — dB Gain = +22db Freq. = 100Hz to 4KHz
Rejection Ratio -30 _ — — Fraq = 4kiHz to 10kHz
Current Drain — 8 10 mA, Voe = +12
- 8 10 mA Ve = -12
Single Freq. Distortion -55 - - dB Referenced to Freq = 1020Hz &
IOHZ 10 AkHZ
DC Output Offset Voltage — — 10 +my
Load Caepacitance — — 5000 pF No avidenca of osclliation

NOTES:

1. Test Equipment - HF3330B Synthesizer, HP3570A Metwork Analyzer
2. Test Equipment - NEC Modet TTS-378AQ Noise Measuring Test Set
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ACF 7174C

PCM Trunk Receive Low Pass Filter and PAM GATE

FEATURES

B DEMOD FAM GATE and Trunk Receive Filter in one Pkyg.

¥ Exceeds AT & T D3 Channel Bank Compatibility
Specifications.

B Low Noise +2DBRNC Max.

m Adjustable Gain -16 to +3.56dB

| Qutput Power Supply Rejection Ratio 40dB minimum
{Fraq. 300HZ to 4KHz)

o Low Power Digsipation 240mW maximum

DESCRIPTION

The ACF7174C |s a PAM GATE, a Linear low pass actlve filter
Cauer response with SINX/X correction packaged in a hybrid. It
is capable of exceeding AT & T 03 Channgl Bank Compatibility
Spacifications and is designed to be used in PCM "Trunk” Re-
ceive appltcations. The hybrid demultiplexes, holds and filters
the input information.

MAXIMUM RATINGS

e e et iaaeaaenaaaaeian =18 Volts
Inputdoltage ... s Voo
Storage Temperature ........................ -83°Cto150°C
Operating Temperatire ... ..viviiiniiine e, 0°Cto70°C

PACKAGE INFORMATION
PIN CONFIGURATION

1-10 L
—-l. MAX | 1. 7EOMAX . —.-1_.
i o i
r )
_ __ L paTECoDE
Gl XXXX =+~
*.075 ACF 71740
MAX

L~ FIN 11
INDICATOR

;;& _if.\ﬂlfsif IR iﬂ

J 100 TYP -uL-— 01
n40 . 17 PINS EQUAL SPACED . Rulsli)
hAK "'"_AT.100=1.EOU. TOL NON CUM_"' Ak,
PIN FUNECTION FIN FUNCTION
1. Mechanical Support 10, WA
2. Na 11, Graund
3. PAM GATE Bias - Positlve Yoo 12 NA
4. Inpat 13 Megative Vo
3. PAM GATE Inout 14 NA
B MNA 15, (Gain Adjust - Potentiometer
7. Mechanical Suppart Termingtion
& Na 18, Gan Adjuet - Fotentigmeater Wiper
2. Posilive Voo 17. Output

ELECTRICAL CHARACTERISTICS (af 25°C unless otherwise specified)

Vg = 112 Volts

Rg = 1022
Ry = 1.2K
Characteristic Min Typ Max Units Conditlons
Frequency Response . Referenced to 1KHz, Vo = 1 Vaus
{See Note 1) -1.0 - 0 dB 180Hz to 300HzZ,
~0.1 — 01 dB 300Hz to 3000Hz
-1.2 — 0 a8 3400Hz
-14.5 - - dB 4000Hz
-28.0 — — dBe 4800Hz to 12KHz
Input Impedance — 20K — chms
Quiput Impedance - — 10 ohms
Envelope Delay Distortion — 102 200 Lses 800-2700Hz
— 53 100 Msec 1000-2500Hz.
— 30 80 usec 1150-2300Hz
Guarantzed Gain Adjustment
Range -18 — +3.56 dB Freq. = 1KHz, ¥y = 8¥p-p
Noise (See Note 2) — — +2 dBRNC | Vi = 1.3Vp-p
Power Supply Rejection -40 - - dB Freq. = 300Hz to 4KHz
Ratig -30 — — dB Freq. =4KHz to t0KHz
Current Drain — 5 10 ma Ve =212V
Single Freg. Distortion -55 - — dg Raferenced to Freqg. 1020Hz &
Vg = B¥p-p 300Hz to 4kHz
Gate "On" vs. "Off" ~B0 - — dB Freq. 300Hz to 3000Hz
isalation Galn = maximum Ry = 6001, Fig. 2
NOTES:

1. Test Equipment - HP3330B Synthesizer, HP3570A Network Analyzer
2. Test Equipment - NEC Model TTS - 37BAQ MNoise Measuring Test Sat
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Fig.1
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GAIN SET @ MAXIMUM

A00Mz
TO
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ADJUST FOR
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] GATE
5

s

15 16

g 11
ON
OFF J'
+12v = 12y

Fly. 2 GATE “ON" vs, “OFF” ISOLATION

FREQUENCY
SELECTIVE

WOLT METER (800 12)
ON - Wgyr = Gdbm
OFF -Vg,r *-B0dbm
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ACF 7175C

PCM Line Transmit Low Pass Filter

FEATURES
 Exceeds AT & T D3 Channel Bark Compatibility PACKAGE INFORMATION
Spec[ficatwns PIN CONFIGURATEON
W Low Noige 12dBRNC @ Gain = +8.25db FIN Y CATA CODE
m Output Clamp Voltage = 4.5 Volts Maximum R INTHCATOR _,lll
m Qutput Power Supply Rejection Ratio 40db minumum § ) ; .
{Freq. 300Hz to 4KHz} | 1
W Low Power Dissipation 240 milliwatts maximum 1010 ! Gl XXAX :
MAK ! ALCF T175C
. DB
DESCRIPTION TR
| I
The ACF7175 is & linear hybrid low pass active filter with a Cauer -, { ¥ _*—l_
type response. It is capable of excesding AT & T D3 Channsi mn*“"‘ "37*""” :
Bank Compatibility Specifications and is deslgned 1o be used in i ¢ A "
PCM "Ling” Transmit applications. This RC Active Filter will pass "lh'd‘-:i - - I——.Gsu .01a=m-.“- —d L._.F\?g
a signal in the pass band with 0.6 db p-p ripple from 300Hz to ' L_ + 7R MAX )
3000Hz and be 30db down at 4.6KHz with equal rejection to ’ . -
12KHz minimurm. PIN FUNCTION PIN FUNCTION
1 Mechenical Suppurl 1% NA
2 NA 11 GND
MAXIMUM RATINGS 3 Na 12 NA
4 Input 13 Negative Yoo
VG 4ottt 18 volts 5 NA 14 Mechanical Suppart
L] T T e Voo T Mochameal Support 1B NA
Storage Temperature -85°C10150°C R, Vor 17 Outpwt
Operating Temperature ... .......... Civaeeaaeias 0°C to70°C
ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified)
Vayr = 8¥p-p
Vg = +12 Volts
Rg = 60O
R =12K
Charactarisiic Mln Typ Max Unita Conditlons
Frequency Response Referenced to 1KHz
{Sea Note 1} Vour= 1y DC Blogking
-0.3 — 0.3 dB 300Hz to 3000Hz
-14.5 _ ¢ dB 4000Hz
=30.0 — — dB 4600H2 to 12KHz
Input Impedance 100K - - ohms
Output Impednace — - 10 ahms
Envelope Delay Distortion — 102 150 Hsec H00-2700HZ
— 53 75 usec 1000-2500Hz
-_ 30 40 uEes 1150-2300Hz
Gain 8.15 —_ 8.35 de Frag. = 1KHz
Output Clamp Voltage 242 — *4.5 Volts Input Voltage < =12 Voits
Nuoise {Sea Note 2) — +5 +12 dBRNC
Output Power Supply -40 — _ 4B Freq. 300Hz to 4KHz
Rejection Ratio ~30 — — — Freq. 4KHz to 10KHz
Current Drain — 8 10 mh Vo = H12V
- 8 10 mA, Voo =12V :
Singie Freq. Distortion -55 - — dB Referenced to Freq. 1020Hz &
Vo= 8 Vp-p, 300HZ to 4kHz.
DC OQutput Olfset Voltage 18 0 10 my o i
Load Capacitance —_ —_ 5000 oF No avidence of ascillation.
NOTES:

1. Test Equipment - HP 33308 Synthasizer, HF 3570A Metwork Analyzer
2. Test Equipment - NEC Modal TTS-37BAG Moise Measuring Test Set
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ACF 7176C

PCM Line Receiver Low Pass Filter and PAM GATE

FEATURES

DEMOD PAM GATE and Line Receive Filter in one package. PACKAGE INFORMATION

Exceeds AT &T D3 Channel Bank compatibitity specification. PIN CONFIGURATIOM

Low noige +10dbrnc maximum. INEI;IEJA#_;OH DATA FDDE
Cutput Power Suppiy Rejection Ratic — 40dh maximum ! |
{Freq 200Hz to 4kkz) : I ] T

Low Power Dissipation — 240mw maximum

|

|
o ‘ | Gl 30000
MAX N ACF #176C

DESCRIPTION

The ACF 7176 is aPAM GATE, alinear low pass active filter Cauer TP |
response with SINX/X correction packaged in a hybrid. it is A
capable of exceeding AT & T D3 Channel Bank Compatibility
Specifications and is designed to be used in PCM "Ling" receiver -
applications. The hybrid demultiplexes, holds and fiftars the
input infarmation.

PIN FUNCTIGN PIN FUNCTIDR

1 mechanlcal Support o NA

2 HA 1 GND

3 N4 12 NA
MAXIMUM RATINGS 4 Input 13 Negative Voo

5 PAM GATE Input 14 Mechanlcal Support
M e Ceeaea e —18Volts 5 NA 15 NA

T Mechanical Support 16 MA
InputWoltage ... oo e Yer B NA 17 Output
Storage Temperature . ...oooviiniiniinen e ~55°Cto1560°C @ Positive V.
Operating Temperature ... ... ..o 0" Cto+70°C

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified)

Yoo = £12 Volts

Rg - 101
R, = 1.2K
Characteristic Min. Typ. Max. Units Conditions

Frequancy Response Referenced to 1KHz, ¥y = 1 VAMS
(See Note 1) -0.3 — ~0.3 dB 300Hz to 3000Mz

-14.5 — — dB 4000Hz

-28.0 — — ol 4600Hz to 12KHz
Input Impadance — 20K — ohms
Cutput Impedance — — 0 ohms
Envelope Delay Distortion — 102 150 usac 8Q0-2700Hz

— 53 5 usec 1000-2500Hz

— A 40 usec 1160-2300Hz

Gain ~f.4 -8.25 -8.0 dB Frag = 1KHz
Moise (See Note 2) — — +10 dBNRC
Power Supply Rejection Ratio -40 — — dB Frag 300Hz to 4KHz

=30 — — — Freq 4¥KHz to 10KHz
Current Drain e 8 10 mA Voo = =12V
Singhe Freg. Distortion -55 — — dB Referenced to Freq 1020Hz & Vo =8Vpp

300Hz to 4kHz

Gate “"On" vs. "DIf" Isclation ~B0 — — dB Frag. 300Hz to 3000HZ
NOTES:

1. Test Equipment -— HF3330B Synthesizer, HP3570A Network Analyzer
2. Test Equipment — NEC Mode! TTS-37BAQ Noise Measuring Test Set
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ACF 7300C

Band Pass Filter and Full Wave Detector

FEATURES

Low Ppwer Dissipation

Can ba cperatad from a single ended power system
20 dB minimum attentuation at stop band frequencies
{0 dB Insertion loss in pass band

Fixed band width filter

Internal full wave detegtor

DESCRIPTION

The ACF 7300C consists of afour {4) pole, fixed band width, band
pass filter, factory tunable aver a center frequency [Fp} rangse of
S40Hz to 1980Hz, and a full wave detector. This RC active filter
and detactor is packaged in a dual in tine package. Only one
axternal capacitar is required for filtering the detector putput, the
balance of the circuitry is self contained requiring no additional
components for proper operation,

PACKAGE INFORMATION
PIN CONFIGURATION

at—— 00 ——n]
oy owos s

ACF 7300C - FREG
Gl XXXX

12 % 4 B A 7

o 1010 MAX,

NOTE: For proper pparation cannadst Find

[N L)
T OMAX

J150
f“"'—l MIN

PIN FUNCTION
Filtar {nput
Test Foint 1

1
2
1 Pln 5 and Pln 7 to Pin 14, 3 GND Potential
4 Dulput Shage 1
& Input Stage 2
& Test Paint 2
MAXIMUM RATINGS 060 ; Oﬁpufg}fm
TR 8 Delector Qutput
- 9 Flitenng Capacitor Input
Voo (MBX) .o 18Vols } 13 Hitenng Capacitor Inpu
VCC {MII"I) Craraada T anranranraararassnnsnnnnn ~SValts —i— 11 Tast Palnt 3
input¥oltageRange ................. Power Supply Potential v 12 $oslli'::IPolentlal
Storage Temperature Range ................ -65°Cto +150°C 100 B SPACES 3 Dotattor
Operating TemperatureRange ..................0°Cto+70°C
ELECTRICAL CHARACTERISTICS (unless otherwise specified)
Voo = 212 Volts
0°C 10 +70°C
Fliter Load Resistance = K¢
Catector Load Resistance = 5K12
Source Impedancs, Filter or Datestar = 5012
Characteristic Min. Tyo. Max. Unlts Conditions
Filler
input Impedance 10 — - K ohms
Voltage Gain See Figure 1.
— 1] 05 +dB |deal Center Freguency [Fp)
- o 1.5 +dB Pass Band | £10Hz from F)
=20 — - dB Stop Band ( +110Hz from Fp)
Input Voltage 5 — — Vems
Cutput Impedance — — 25 ohms
Deteclor
Input Impedance 25 — — K ohms
Input Voltage 5 - - Vems
Voltage Gain 0.25 1.0 1.05 VOCVams See Figtire 2.
Crutput Impedance — — 25 ohms
Cutput Offset Voltage — — 20 m¥yolts
Power Supply Current — 1.5 3.0 mA

Standard factory tuned fitters avaitable with the foliowing idea! center frequencies;
540Hz, 860Hz, T80Hz, 90DHz, 10204z, 1140Hz, 1380Hz, 1500Hz, 1620Hz, 1740Hz, 1860Hz, and 1980Hz. To order one of the
above tuned filters, specify the device as follows; ACF T7300C - Freguency. e.g. ACF 7300C - 0540

Gther factory tuned frequencies are available upon request and nominal set up charge.
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ACF 7300C

+2db— 7 4 Ay
sy 7
0db— - 0+1.6db
-1db— “ -
-2db— / _*_
-, | — 1
b 7 0=0.50b
~Brjh—
~Gdb— TYPICAL
J8— 7/} response
~Bdty
-Bdb—
-10gb—
-t1db—
-12db—
-13gb—
~14db—
~15db—
16—
~17db—
-18db—
“=19db—.~ %
—20db—/
—21db— [
-22db— /
-23db— /
-24db— /
N
FaaL Fea, Fo  Fean Faam
FREQUENCY
Fig.1 FREQUENCY RESPONSE
Wop Vo FILTERING
CAPACITOR
o 0 |
3.3uF
FULL WAVE
DETECTGR
DETECTOR Table |
NPT ouTRUT
{ Low Low High High
4 12 1 [] B Centoer Stop Band [ Pass Band | Pass Band | Stop Band
Freq y | Fraq y | Fraq y | Freq ¥ | Frequency
(FO)H2) |{FSBL)(Hz) |(FPBL)(Hz)|(FPBH)(Hz)|(FSBH){Hz)
ACF 7300C
540 430 530 550 E50
660 550 650 670 770
] 780 670 TG Ta0 890
I S 800 790 890 910 1010
| | 1020 910 1010 1030 1130
1140 1030 1130 1150 1250
— 1380 1270 1370 1320 1480
1500 1390 1490 1510 1610
FILTER O FILTER QUTPUT 1620 1510 1610 1630 1730
INPUT 1740 1630 1750 1750 1850
Fig.2 TYPICAL APPLICATION 1860 1750 1850 1870 1870
1930 1870 1970 1980 2090
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ACF 7301C

Band Pass Filter and Full Wave Detector

FEATURES

u |.ow Power Dissipation

8 Can be gperated from a single ended power system
B Jdb Insertlon loss in pass band

W 20db minimum attentuation at stop band frequencies
W Fixad band width filter

u |nternal fult wave detector

DESCRIPTION

The ACF 7301C consists of a four {4} pole, flxad band width, band
pass filter, factory tunable over a center frequency {F,) range of
TO0HzZ to 1700Hz, and a full wave detector. This RC active filter
and detector is packaged in a dual in line package. Only one
extarnal capacitor is required for filtering the detestor output, the
balance of the circuitry is salf contained requiring no additionat
components for proper operation.

PAGCKAGE INFORMATION
PIN CONFIGURATION

E— i e
ul owoazovoae e ik i |
—r —5¢
!
ACF 7301CFREQ. )| 020 .
Gl XXXX max |
g1
; w6
_“—mm—mm—m—m—m:__L U—%—'—@
1 H 3 5 El n T H
1
DO MAX. e PIN FUNCTION

1 Filter put

Tesi Point 1
3 GO Potenbal
4 Qutput Stega 1
5 Input Stage 2
L}
H
B

NGTE: Far propar gperatien connect Pin 4
ta Pin & and Pin T to Pin 14,

Teat Polnt 2

060 o Fll
- MAXIMUM RATINGS ot
‘ 9 Filterlng Capaciter tnpul
VogiMax) oot +18Volts 19 Minus Polential
— 11 MNC
Voc (Min) re- 23 Uo!m 12 Paositive Patentiai
tnputVoltagaeBange ... ..o vvviinia Power Supply Potential I__ 100 § SPAGES 13 NG
Storage TemperatureRarge ................. -85°Cto+150°C - NONCUM 14 Datectar Input
Operating Temparature Aange ................. 0*Cto 70" 2
ELECTRICAL CHARACTERISTICS (unless otherwise specified}
Voo = ©12 Volts
0°C to +70°C
toad Resistance, Filtar Output or Detector Qutput = 5K ohms
Source Impedance, Filter Input or Detectar input = 508
Characteristic Min Typ Max Unlte Condilions
Finer
Input Impedance 10 — — K ohmsg
Voliage Gain See Figure 1
— 1] 0.5 . =dB Ideal Genter Frequency {Fg)
- 0 1.5 =dB Pasge Band { =15Hz from Fg)
=20 — — dB Stop Band { +185Hz from Fg)
Input Valtage 5 -— - Vems
Output Impedance — — 25 ohms
Detecior
Input Impedance .25 — - K ghms -
Input Voltage ) 5 _ - Vams o X
Voltage Gain ) 095 10 1.05 VDG | See Figure 2,
Output Impedance = — - . ohms
Qutput Offset Voltage —_— — 20 m¥alts
Power Supply Curreni — 1.5 3.0 ma

Standard factory tuned filtars available with tha following ideal center frequencies: 700Mz, 900Hz, 1100Hz, 1300Hz, 1500Hz, and
1700Hz. To order one of the above tuned filters, specify the device as follows; ACF 7301 C - Frequency. e.g. ACF 7301 G - 0700.
Other factory tunaed frequencies are available upon request and a nominal set up charge.
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ACF 7301C

+2db— 7 &
Kl L 277
Odbi— =
b 0+1.5db
-2db—
e 0+05db l
-5¢b—
-Gdb— TYRICAL
-Tdb— RESPONSE
-8ab—
~9db—
-10db—
-11db—
-12db—
-13db~—
-14dip—-
-15db—
-16db—
-17tbe
-16db—
-19db—
w7
-21db— | |
-226b— | |
-23db—
~24db—
| 7 |
FspL Fea. Fo  Fren L
FREQUENCY
Fig.1 FREQUENCY RESPONSE
Weg “Veo FILTERING
G o CAPACITOR
A.pF
o FULL WAVE
DETECTOR
DETECTOR
INPUT QUTPUT
14 12 10
ACF 7301C
1 a4 7
FILTER INPUT Q FILTER QUTPUT
Fig.2 TYPICAL APPLICATION
TABLE 1
Centar Low Stop Band Low Pass Band High Pass Band High Stop Band
Fraquency Frequency Frequency Fregusncy Frequency
(PO} (Hx} (F5BL) (Hz) {FPBL) {Hz) {FPBH} (Hz) (FBBH) {Hz)
700 505 6885 715 8as
200 715 485 15 1085
100 ms 1085 1115 1285
1300 1115 1285 1315 1485
1500 1315 1485 1515 1685
1700 1515 1685 1715 1895
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ACF 7302C

Band Pass Fliter and Full Wave Detector

FEATURES

B Low Power Digsipation

B Can be oparated from a single ended power system
B 20dB minimum attentuation at stop band frequencies
# DOB tnzertion loss in pass band

# Fixed band width filtar

# Internal full wave detector

PACKAGE INFORMATION
PIN CONFIGURATION

(B mmnsaar]

Az 1om s |

ACF 7302C-FREQ.

304 REr]
MAX MIN.
A' R"‘T‘?

- 1.000
DESCRIPTION Gl xxxx :
The ACF 7302C consists of 51x {8) pols, fixed band width, band %
pass fllter, fzctory tunable over a center frequency (Fg} range of
22B0H: to 3825Hz, and a full wave detector. This RC active filter @"%'—— €
and detector is packaged in a dual in line package. Oply ona
external capacitor is required for filtering the detector output, the 1.018 MAX. PIN FUNCTION
balence of the circuitry is self contalned requiring no additional ; :_gr;:rr:t‘

onents f tion. NOTE: For proper aparation eonnact Pin 4 n
companents for proper operation to Pin 5 2nd Fin 7 to Pin 14, " ﬁ gf&fl“s‘f;‘;:’;
5 Input Stage 2
ge0 7 Omput Fite
- e ar
MAXIMUM RATINGS TvP 8 Detoctor Outpu
# # Filtaring Capacilar input
Voo (Max) ..... reinaas e e e, +1BVolts — 10 Minus Potentiat
VEr IMIN) +rcveemernereeersesiensetrersesrecrrensas, THValts ! YYY ¥ 32 Posities Polentlal
InputVoltageRenge .................. PowerSupply Potential -100 6 SPAGES 18 Test Poim 4
M UM
Storage Temperature AANGE ........... veerr. -BB°Clo+150°C NO M Delactor input
Cperating Temparature Bange ...........ov0n. .. 0°CHO+70C
ELECTRICAL CHARACTERISTICS (uniess otherwise specified)
Voo = 12 Volis
0°C to +70°C
Fiiter and Detector Load Resistance = 5K chms
Filter and Detector Source Impedance = 504
Charactarlstic Min Typ Max Unlits Conditions
Flier
Input impedance 10 -_ - K ochms
Voltage Gain See Figure 1.
—_ Q 0.5 —de8 ideat Genter Freguency {Fp)
- a 1.5 —dB Pass Band (-=15Hz from Fg)
-22 - - dB Step Band | £120Hz from Fg)
Input VYoltage 5 — — Vaus
Output Impadance — — 25 ohms
Datactor )
Input Impedance 25 — — K ohms
Input Voltage 5 _ - Veums
Voltage Gain 0.85 1.0 1.05 VDC/Maye See Figure 2.
Output Impedance — — 25 ohms
Output Offset Voltage — - 20 miolis
Power Supply Current _— 3.0 50 mA

Standard factory tuned filters availabie with the following ideal center frequencies: 2280Hz, 2400Hz, 2600Hz, 3825Hz. To orderone
of the above tuned filters, specify the davice as follows; AGF 7320 C - Freguency. e.g. ACF 7302 G - 2280, Other factory tutied
frequencies are avallable upon requast and a notninal set up charge.
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ACF 7302C E

=, 7
- 7 7
odb: 7
-1db—
-2db—
-3db- ¥ /
_ddb— Z 00 5db é
-5¢b
-6db— / TYRICAL /
“Tdb— / RESPONSE 2
-Bob—
-Gdb—
-tadh—
-11db--
-t2db—
-13db--~ % Z/
-14db—
-15¢h— /
¢*
~17db— / %
-18dh—
-19db— /
- 20dt-~ P /
—21db— %
22dh.- / ﬂ
-23db— %
-248h—
/ I 7 /
Fap Feee Fo  Fean Fsan
FREQUENCY
Fig.1 FREQUENCY RESPONSE
“ee Vop FILTERING
(? T CAPACITOR
3.3pF
FULL WAVE
DETECTOR
DETECTOR
NPUT QUTPUT
14 12 10 B
ACF 7302C
1 k] I 5 7
FILTER INPUT Q FILTER DUTPUT
Fig.2 TYPICAL APPLICATION
Table |
Cender Low Stop Band Low Paas Band High Pass Band High Slop Band
Fraquency Frequency Frequency Frequency Frequency
{FO} (Hz) (FSBL) (Hz) {FPBL} (Hz) {FPBH) {Hz) (FBBH} {Hz)
2280 2160 2265 2295 2400
2400 2280 2385 2415 2520
2600 2480 2585 2615 2720
3825 aros 3810 3840 3845
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ACF 7310C

2600Hz Band Pass Flilter

FEATURES
B 0 Insertian Loss PACKAGE INFORMATION
® Low Power Dissipation PIN CONFIGURATION
#  Narrow Band Width G G e
B High Out of Band Attanuation 13400 a— 100 1 -
®  Can be gperated with single-ended power system = s _.|
HE EEEHEHEEEEHEEE i
1
DESCRIPTION AGF 7310C 1.035
. Gl XXXX hax.
The ACF 7310C i2 a linear nybrid band pass RC active filtar. The o .
ACF 7310C is a sharply tuned filter designed to detect and pass | R ARRRARERREREL
the 2600Hz signaling frequency. This filtar provides for a ' <
mirimum attenuation of 30 dB, plus and minus 200Hz from the 1.500 MAX. '

|deal center frequency. The filter is self contgined and reguires a5
no external components for proper operation. This filter is ] ' l
packaged in a dual in fine configuration, ‘LWTIY YW“WWV 1

00 Tw.-c-l L— -J--_ms“‘“?

PIN FUKCTION  PIN FUNGTION PIN FUNCTION
1. Input 0. Stage 2 Inpul 2 NG
2, NG " NG 2 NT
MAXIMUM RATINGS 3. NC 12 Stage 2 Qutpul 22 -12V0G
4 NG 13 NG 23 NG
Voo IMaX) ... e +18 Volts 5 NC . Qutput 4. 412 ¥DO
+ B GND 15. Simge 3 input 25. WG
Meo IMIR Lo e i niiran i n s e eaeeaa s EH Vol 7 NG 8 HC 6. Stage 1 Cutpul
Input Valtage Range........... ... Power Supply Potential B NG 17 NG 7 NG
Storage Temperature Rangs ........... ve.. =B5°C to +150°C 8 NG N 2. NG

- Lkl
Oparating Temparature Range .................0°GC o +70°C NOTE: For proper aperatian gennect Pin 26 ta Pin 10, Pin 12 ko Pin 15.

ELECTRICAL CHARACTERISTICS (Unless otherwise specified)
Yoo =112 Volts

T = 25°C
Rg = 50
R, = 10K
Characteriatle Min Typ Mazx Uniis Condltions
Voltage Gain -0.5 0 +.5 dB Ideal Center Frequency {Fp), 2600Hz
Freguency Response Referenced from Fp Gain
=70 - —_ dB DC to 1600Hz
-50 - - dB 2100Hz
=30 — - dB 24004z
-3 —_ _ dB 2540Hz
— —_ -3 dB 25680Hz
— — -3 dB 2640Hz
-3 - - de 2680Hz
-30 - - dB 28004z
-50 - - dB 3100Hz
-70 - —_ d8 3800Hz to SOKHzZ
Ripple - - +0.5 doB 2541Hz to 2659Hz {Reference Fig. 1)
Input Impedance : 25 - - K
Cutput Offset Voltage — — 20 my
Qutput impedance — — 25 0
Harmonic Distortion — — 1.0 % Vour = 10 Vpe, Freq. = 2600Hz
Currant Drain — — 5.0 mA
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ACF 1311C

3825H2 Band Pass Filter
FEATURES

0 dB tnsertion loss

Low Power Dlssipation

Narrow Band Width

High Out of Band Attenuation

Can be operated with single-ended power system

DESCRIPTION

The ACF 7311C is a linear hybrld band pass RC active fittar. The
ACF 7311C is a sharply tuned filter designed to detect and pass
the 3825Hz signaling frequency. The filter provides for a
minimum attenuation of 40 dB, plus and minus 200Hz from the
ideal canter frequency. The filter is self contained and regquires
no external components for propar operation. This fllter Is
packaged in a dual In line package. - :

Maximum Ratings

PACKAGE INFORMATION
PIN CONFIGURATION

EH—MT 575 —|-|
2l [ |

£
Gl XXXX 1.035 10005
ACF 7311C MAX, e
L]
1 £
1 7
1.760 MAX, Rl
75 NOTE:
i For propar cperatlon
cannect Fin 14 tg
Fin 2 Fin13toRin 7,
Fingto¥ln 4,
TYP.
PIN FUNCTION PIN FUNCTION
1 Input 8 Stage 3 Cutput
2 Siage 2 Input 9 WO
3 GND 10 =12Y Fowst Supply
4 Seape d nput 11N
5 +12V Powar Supply 12 Output
6 NG 13 Stage 2 Qutput
T Stage 3 Input 14 Blage 1 Dutput

Bl SPEC LIMITS m

ATTENUATION. dB
@
=]
T

Voo fMax) ... e P 118 Volts
Vo (MIR) oot e vv. x5 Volis
Input Voltage Range ........ s .. Power Supply Potantial _s0b
Storage Temperature Range ............... -850°C W +150°C
Operating Temperature Range ........ovvee00 P00 7000
Bl TYPICAL
CHARACTERISTIC
ELECTRICAL CHARACTERISTICS (unless otherwise " T D T T
Voo =112 Volts specified) 57 28 a1 43 45 37 98 41 43 4%
Ta =25°0C FREQUENCY, KHz
25 = 153 2 Filg.1 FREQUENCY RESPUNCE CHARACTERISTICS
L=
Characteristic Min Typ Max Units Condiions
Voltage -0.4 0 +H.4 dB Ideal Center Frequency (Fa), 3825Hz
Gain Stability -1.0 — +1.0 dB 0°C to +70°C, from Ref. Gain @ Fg
Frequency Response Aefarenced from F, Gain
60 - - dB DC to 2000Hz
=50 - — dB 3260Hz
=40 - — dB 36104z
- -— -3.0 dB 3735Hz
-3.0 —_ —_ dB 3775Hz
- - +5 dB 3724Hz to 3914Hz
-3.0 - —_ dB 3875Hz
- - -3.0 dB 3915Hz
-40 - - dB 4040Hz
=50 - — dB 4400Hz
=50 e - o] 4400Hz to 150KHz
tnput Impedance 10 — — K&
Output Impedance - — 25 0
Harmonic Distortlon V), = 0 dBm, 300Hz to 3400Hz, Second or Third
=37 - - dB Harmonic Output
Intermoduiation -3 — — 48 Vin = -5.0 dBm, Each of two frequencies, (f; & f3), 300Hz to
Distortion 3400Hz, Intermodulation Product (2 f, - fy) at 3826Hz
Output Offset Voltage - - 25 mV
Current Drain —_ — 10 mA Vop = 215 Volts
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ACF 7320C

300-3400Hz Band Pass Filter

FEATURES

B Low Moise

u Low Power Dissipation

® Low In-band ripple

® 0dB Insertion loss

| Can be operated with single-ended power system

DESCRIPTION

The ACF 7320C ig a linear hybrid band pass RC active filter, The
ACF 7320C provides for frequency attentuation of greater than
15dB out of tha pass band frequencies of 300Hz to 3400Hz. The
filter is self contained and requires nc external components for
proper operation. This filter is packaged in a single in line
package.

MAXIMUM RATINGS

Vg (MAX) et it ee e £18Yolts
Ve (MIAY « e vt T BVOIS
InputVoltageRange .................. Power Supply Potential
Storage TemperatureRange ................. -B5°Cto +150°C

Operating TemperatureRange .. ................ °Clo+70°C

Rialv]
e
TYF

——-

PACKAGE INFORMATION
PIN CONFIGURATION

DATE COOE

PN FUNCTHON
1.

\

Gl XXX
ACF 73200

. _ G FING EQUALLY SPACED

78
max ™|

WL

Input

H

i

D20 TYP.- |
- -5

@ .100 = 1.400, TOL NOM G

—— 1770 MAX, - —— —————————ny

PIN FUNCTION
8. GND

1U. HMepgative Vor

1. Jutput
NG

13. NG

. NG

15 NG

. Poaitiva Ve

NOTE: An external connection i required betwean Pins 2 £ 3, 4 & 12, 5 & 15,
and 13 4 14. Pins A & 7 are Imernal tasl pourils.

ELECTRICAL CHARACTERISTICS (unless otherwise specified)

Yoo = = 15 Volts

0°C to +70°C

Load Resistance = 5k
Source Impendance = 508

Characteristic Min. Typ Max Units Conditions
Input Impedance 10 — — K chms dc to S0kHz
Gain +0.98 0 -1.11 dB F = 1.0kHz
Fregquency Aesponse — — — —_
de to 170Hz -15 - - d8
300 to 3400Hz -0.15 - +0.15 da
3750 to 10000Hz -15 -26 d8
Input Voltage an Vams
Output Impendance - - 20 ohms
Qutput Noise —_ —_ -70 dem Input & output terrminaied with 800 chms
OQutput Distortion — — 1.0 percent | Vg, = 3.0V,
Power Supply Current 5.0 10.0 mA
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ACF?7323C ACF7363C
ACF7383C

DTMF Tone Detection Band Pass Filter

FEATURES
m Standard modsl b ‘ i {607, 770 TYPICAL APPLICATION
andard model ione frequency settings ¢ , . R
852, 941, 1209, 1336, 1477 and 1633 snd MF frequencies of 8-SECTION TONE FILTER
FOO, 500, 1100, 1300, 1500, 1700,

= 0.3% g tolerance row GRouE INDIVIZUAL TONE
o+ 0.0075%/°C Fp temperature coefficient FREQUENCGIES
o r 01%/°C Q temperature coefficient
= Preset Q, 22 £10% (4.5% BW.) /—E_Q;\ 897Hz
B Filter design factory turnable over F range of 500 to 3KHz \_/

and Q range of 10 to 30 m
B Low power consumption T2mW max at£12vDC -770 Tz
m  (an be operated with single-ended power supplies - _\,/
DESCRIPTION :

i /-:-u\ ~ 041Hz
The General Instrument ACF T323C/ACF 7363C/ACF 73830 \ U
Band Pass Active Flliters are pre-tuned active filters designed MUL TIFREQUENGY ]
specifically for tone receiver applications. These filters are avail- INFUT SiGHAL
able in hermetically sealed 12-lead TO-8, D.DIL, and S.|.L. ] @ .
packages. : w 120
L @ 1336Hz
0 —rreepm b4 THZ
-—Q@—— 1633Hz
ELECTRICAL CHARACTERISTICS {25°C uniess otherwise HIGH QRGP
W = 12V, specified)
“¥Yeoo = =12V
Characteristic Min Tyb Max. Unlts Condltions

Frequency Range 500 - 3000 Hz. MNote 1

{ Range 10 — 30 - Note 1

Fo Accuracy — nz +0.3 Uy

Fo Temp Coef — 35 +75 ppm/=C {0°C to 70°C)

G Accuracy — — +10 By

Q Temp Coef — + 500 £1000 ppmi® G {0°C to ¥D°C)

Voltage Gain -1 a +1 dB @Fg [0°C to 70°C)

Input Impadance 225 1} ars Ka

Output voltage -— 7 - Vans 600 L2 Load

Cutput Impadanca - -— 1 Ir] 14 to 10KHz

Cutput Noise — n.25 .75 MVaus 10 to 10KHz

Output Offset Voltage — +40 80 my

Positive Supply Volage +5 +12 +18 W

Megative Supply Voltage -5 -12 -18 W

Power Supply Current @x15V — 1.5 3.0 mi

COperating Temp Range u] — 70 i

Storage Temp Range -85 — 180 °C

NOTE 1:

For the sight standard models, & is preset to 22 and Fe is preset ai thetone frequancies: 857, 770, B52, 941, 1208, 1336, 1477 and 1633. The
madel number designation is ACF 73XXC — Fo {e.g., ACF 7323C—0897). Other values of Q are indicated by a dash number (a.g., ACF
732300697 —18).
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ACF 7323C ® ACF7363C ® ACF 7383C E

TEST CIRCUIT

VCC

- *““"_0"___7|
|
; ‘ l

INPUTL mﬂ j\ Loureur
T_ manDPASS |

L FILTER

AC VOLTMETER

A.C. SIGMAL
OR SCOPE

GENERATOR |

PACKAGE INFOARMATION
PIN CONFIGURATION

ACF 7323C

fo— G0 - 205 Do

sl

Ay
o ACF T363C ACF 7383C

70 15T
500 MAX N 'I"'_

Mitd, .
12 LEADS ‘ - _
17 DIA, UE J 10

T &

[ ACF 7383C &0 o0
o5s ! Gl XXXX MAK ’
MIkN i
@ Qe s Lo Ul U L2 |-| '| = Digpeaee
--H-—ozowp o o2 | = | ;
EQuALr_\-’ smczn !l —H—-—El ] ‘
AT 100 = 800, 200 ! E g ) .f
TOL MON CUM MAX e — 700 le— 080 |
00 MAK e B4 MAX - o — e COVER- LEADS
‘“LU"'"N"‘ BRASS'SOLDEH
bUBSTHATE
ALUMINA

PIN FUNCTION PIN FUNCTION PIN FUNCTION
1. NG 1 NG W GND
2 NC 2. Input 2. ol Tast Folnt
3. GHNE L last Toind i ot
4. Input Test Point 4 N 4 e
5. Input s NG 5. Output
& NC B, Neo 6 Input f
7. NG 7. GMD
2 NG a Moo
9. NG 8. Output
W Cutpul W NS
1. Vee
12 g
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ACF 7401C

Dial Tone Band Suppression Filter

FEATURES

m 50dB Minimum attenuation at 350Mz and 4404z

& 30dB Minimum attenuation at 80Hz

u 0dB Insertion loss in passband

m Can be operated from a single - ended power system

DESCRIPTION

The ACF 7401C is 2 dual tuned band suppression RC active filter
which has besn designed 10 reject frequenciss of 350Hz and
440Hz, which are present on atelephone line. The unit i3 1otal salf
contzlned an requires no external components for proper oper-
ation, The filter provides for 0dB ingertion loss in the pass band of
697 Hz through 1633Hz, the normal DTMF Tone Frequencies. The
filter also provides for 60Hz attenuation for low noiss oparation.
This filter iz packaged in a dual in line package.

MAXIMUM RATINGS

PACKAGE INFORMATION
PIN CONFIGURATION

FIN IDENTIFICATICN DOT

250 -]
MAK,

.
: [
ACF 7401C .
[ Gl xxxx | ¥
O S [ — o100
NQTE:

An external connecticn s
roguirad batween Ping; 185,
T411. 12&18. Ma electrigal
connecilons oo messing Prne.

LT e T 18 Volts 4—0-, nan" o _..I F.tuﬁ--m-“TYP (TOL. NOM LM
YeaMing oo evvereniniir Svalts FIN FUNCTION PN FIUNCT1DN FiN FUNCTIOM
InputVoltagaRange ................. Power Suppiy Potential 3 Trst Polnt 8. Minus Yoo it
Storage Temperatur Aange ........ceviee -0 Cto150°C 2 NC 9. Plus Voo 168, NG
Operating Tempe atureBange ................... 0°C1a70°C 3 Input =l N e
3. Test Paim 12, Test Print 1% MG
ELECTRICAL CHARACTERISTICS (unless otherwise B NG 13, MO 20 Qutput
Vo = 12 Volts Rs = 506 specified) 7. Test Poim 14 NG
R - 5Kn 0°C to 70°C
Characteristics Min Typ Max Units Conditlons

Input Impadance 30 - — K ohms

Input Yoltage Range — —_— Yoo Yolts

Frequency Aesponse Referenced to 941Hz Gain

60Hz -30 — - dB

350Hz -G — — dB

440Hz -50 — - dB

680 to 1750Hz -0.6 o 0.5 dB

1750 to 3000Hz -0.8 a +0.8 dB

10000Hz - -3.5 — dg

Cutput Impedance - — 25 ohms

Cutput Voltage Range 5. — — Yaolts p-p

Power Supply Current — - 3.0 mA

MOTE: 1. Or egulvalent single - ended power supply.

TYPICAL FREQUENCY RESPONSE CHARACTERISTICS
o

200Hz

I~
350Hz

-60d8

N
445Hz

T00Hz
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ACF 7410C

2600Hz Band Suppression Filter
FEATURES

68 dB attenuation from 2585Hz to 2615Hz.

Low Power Dissipation

Narrow Band Rejection

Low Ripple

Can be operated with single-ended power system

DESCRIPTION

The ACF ?410C is a linsar hybrid band suppression RC Active
Filtar. The ACF 7410C iz a sharply tuned filter designed to reject
the 26004z signaling frequency. This filter provides for a ¢ d8
attenuation to match the characteristics of a passive fitar systam.
in addition, the filter provides a minimum aitenuation of 63 dB,
plus and rminus 15Hz from the ideal center frequency of 2600Hz.
This filter is packageg in a dual in line configuration.

MAXIMUM RATINGS

VopdMang ..o + 18 Volts
Voo IMIin) Lo + 5 Volts
Input Yoltage Range Fowear Supply Potential
Storage Temperature Range ............... -65°C to +150°C
Operating Temperaturs Range ........ e 0°C to +70°C

ELECTRICAL CHARACTERISTICS {Unless Otherwise

PACKAGE INFORMATION
PIN CONFIGURATION

140 140
MAX.'_‘ i MIN.

= mmeimes 1 TEO MAY, — —— ] 1o e

MNOTE:

Far prooer peration
connect Pin 2% ka Pin 27
Pin 24 to Pin 22,

FUY YTV
T;%”..... I._ _..”__018 e _‘fs

PIN FUNCTION PIN FUNCTION PIN FUNCTION PIN  FUNCTION

1. T.R. 4. +H12VCD 18 -12VDC a5, NG
2 NG 10. NC 18, Output a7, Stage 2 Input
3 NG 11 MG 20 TP 28 NC
4. NC 2. TP 21, NG 29, Stage 1 Dutpw
5 NG 13. NG 22 Stage = Imput 30 MG
G NC 14, NG i NC M. TP
T TP 15. NG 24, Stage 2 Quiput 32 Input
B MNC 16. NC 25 TP 33 NG
17. GHD 4 NG
E—— Y, e i/ ot
iz 4

%-12—0_ TYRICAL

V cetasssiceis,
B F ¥ : :
. 7T \ / WVW 7
-0 ; . ! !
| :

—

i /]

o X HEISPO/NSE . | _69dB
el _._._f [ S

| ' . . [

Al e e -

‘Jﬁw 1800 2000 2200 2400 2600 280G 3000 3204 3400 A600

at Ve =112 Volts, Spesified} FREQUENCY i Hz
Ta = 25°C,
Ps= ?g é b Fig. 1 FREQUENCY RESPONSE LIMITS AGF 7410C
L=
Characterisiic Min Typ Max Unilg Condillons
Voitage Gain -4.5 a0 -88 daB 1000Hz
Freguency Response Referenced from the 1000Hz Gain as 0 di
-0.5 4] +0.5 dB 250Hz to 22042
+1.0 — -3.0 de 2200Hz to 24004z
-60 — — dg 2585Hz to 2615Hz
+1.0 — -3.0 dB 2800Hz: to 3000H2
-0.5 0 +0.5 a8 3000Hz to 3400Hz
Imput Impedance 25 - - LSY]
Output Offset Voltage — — 100 my
Quiput Impedance — — 25 Ly
Harmaric Distartion - — 0.5 % Vgyr = 4.0 Vep. Freq. = 1.0kHz
Current Drain .= — 6.0 mA
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ACF 7480C

PRELIMINARY INFORMATION

60Hz Nolse Suppression Filter

FEATURES

Smalf Size

Low Power Disgipation

60 dB typical attenuation.

Can be operated from single-ended paowar system.

RESCRIPTION

The ACF 7480C is a linear hybrid RC noteh active fiiter providing
for 80 Hestz suppression. The ACF 7480C provides for a typical
attenuetion of 80dB plus or minus 8.1Hz from the center
frequency. The filter is self contained and requires no externat
componants for proper aperation.

MAXIMUM RATINGS

Vee (Max) .. = 18 Voits
Voo (MIN) L e —5¥olts
Input VoltageRange ................. Power Supply Potential
Storage Temperature Range ............... -85°C to +150°C
Cperating TemperatureRangs . ................. 0 Cto+70° 0

PACKAGE INFORMATION
PIN CONFIGURATION

NOT YET DEFINEDR

ELECTHICAL CHARACTERISTICS {unless otherwise specified)

Vg = 16 Volts
0°C to +70°C

Load Aesistance = 10K
Scurce Impedance = 508

Characteristic Min Typ Max. Units Conditions
Input Impadancea 100 — — K ohms
de to 50Hz — 1} +0.25 aB
57Hz, 63Hz =-3.0 - — de
59.75Hz, 60.25Hz —-40.0 — — dB
58.90Hz, 60.10Hz =50 -60.0 — dB
TOHZ to 20KHZ e s} +0.25 o8 -
Output 'mpedance — - 25 ohms
Output Voltage Less than 0.5% Harmonle Distertion
18 — — Vp-p at 1.0KHz
Power Supply Current — 30 840 © mA
Gain — 0 5 dB Refarenced to 1.0KHz
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ACF 7711C

DTMF Band Separation Filter

FEATURES
» Dual Fllter in one packag PACKAGE INFORMATION
n 4ne pacKkage

m 25dB minimum cut of band attenuation PIN CONFIGURATION 140 150

® Low in band ripple et 700 —— e 525 —a) MAK, AN

® G dB insertion loss o e i |

30 dB minimum out of band attenuation at 941Hz = g oyl I €

and 1209Hz respective 1

8 Low power dissipation G XXXX s 1,000 %0

& Can be operated from a single-ended power syatem . ACF-77110 J_ ) j_L

DESCRIPTION —ﬁﬁ% s - TF
b i 1,760 MAX. ;o=

The ACF 7711C is aual RC active filter which has been designed

to provide channsl isclation between the low trequency group of 075
the Tone {DTMF) frequencies of B87Hz through 941Hz, and the !. ; 1
high frequency group of the Tone (DTMF) frequencies of 1209MHz Yy Wm-———-—*—
through 1833H2. This dusa! filter it packaged in a dual in line 100 L_ _-.”-_ i i
package. YR, o1g R
PIN FUNCTION AN FUNCTION
F  Low Group Oulput 9. Iniersiage Input ¥4
2 Plus Yoo 10. Teat Point #3
MAXIMUM RATINGS §lmEne ., 1L feSwmou
5 intarslage Output #3 13, Test Poinl 1
Voo iMax) . e +18Voits 6 a9 14 Minug Veo
Voo (MY oo ver...=BVolS I e
Input Voltage {at V. max) ........ e +18Volts ) o . e
Storage Temperature Range ... ~86°c 10 +150°C Dot rdighriiatti Pinsi 3819, 586
Operating TemperatureRange .............. LGt 700G
ELECTRICAL CHARACTERISTICS (unless otherwise noted)
Von = * 12V (Note 1)
R = 5K
Rg = 5082
Q°C to 70°C
Characterislic Min Typ Max, Units Condlitiona
Low Group Filter Section
Input Impedance 30 - — K ohms
Input Voltage Range - -— +12 Voits
Gain - b] =0.26 dB 941Hz
Frequency Response Referenge to 941Hz Gain
300Hz to 941Hz -75 v} +75 dB
1208Hz -30 — — de
1208Hz to 1700Hz -25 —_ - dg
Output Yoltage Range +3.2 - -— Volte N Clipping
Output Impedance - — 10 ohms
High Group Filter Seetion
Input Impedance B0 — — K ohms
Input Yoltage Range - - +12 Volits
Gain — 3] *0.25 dB 12084z
Frequency Response Referance to 1208Hz Gain
1209Hz to 1700Hz -7 4] +1.5 dBp-p
941Hz -30 - - o8
941Hz to 300Hz -25 — - de
Cwitput Voltage Aange +50 — — Volts Wo Clipping
Output Impedance - —_ 10 chms
Power Supply Current - 4.0 5.0 mA
NOTE:

1. Or eguivalent single - ended power supplies.
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ACF 7711
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2 -2008
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Fig.1 TYPICAL FREQ RESPONSE
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OUTPUT €
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INPUT
16 15 14 13 12 11 10 9
ACF 7711C
12 34567 8
LOW GROUP
ouTPuT €
LOW GROUP —e
INPUT

+12vy -

Flg.2 TONE SEPARATION FILTER TERMINATION
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ACF 7711

ACF 73830
— Ba7Hz
FILTER

ACF 7383C
—— 7¥0Hz
FILTER

ACF 73630
—i BE2Hz
FILTER

ACF 7383C
- 941Hz
FILTER

LIMITER

DTMF

ACF 71
INFUT ACF 7401C

BaND
CraL TONE
2OF 7 EILTER SEPARATION

UIMITER
AGF 7363C
p—]  1208Hz
FILTER

FREQUENCIES FILTER ’_L—}_

ACF TI63C
——] 1336Hz2
FILTER

AGF TAREIC
—] 1477Hz
FILTER

ACF 7363C
— 1633Hz
FILTER

SULETTILT

>‘I OF 10
QUTPUTS

Fig.3 TYPICAL DTMF RECEIVER APPLICATION
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DATA COMMUNICATIONS

PAGE
FUNCTION DESCRIFTION NLUMBER NUMBER

AY-3-1015 |  BA-2
Complete 58 bit serigl/ paralled, AY-8-1013 BA-2
parallel/senal interface. AY-5-1611A BA-2

AY-3-10H4A BA-2

UARST™

A programmahle receivar that
interfaces variable length serial AY-B-14728 BA-1&
data to a parallel data channal,

A pragrammable transmitter that
interfaces variable length, A
parallel data 1o a serial data AY-8-14528
channal,

DATA COVIMUNICATIONS

[=]MICRO

ELECTRONICS



AY-51013A  AYS1018A | GENERAL INFORMATION

UAR/T Universal Asynchronous Receiver/Transmitter

FEATURES
u DTL and Ti.L compatible—n¢ interfaging circuits required— PIN CONFIGURATION
drives one TTL load. 40 LEAD DUAL IN LINE

m  Fully Double Buffered—eliminates need for system
synchronization, facilitates high-speed operation.

= Fuli Duplex Operation—can handle multiple bauds. Top View
(receiving-transmitting) simultaneously, -
& Start Bit Verification—decreases error rate with center Yo (—5Y) @1 a0 B TCR
samphing. Vagt 12V) O 2 39 [ EFS
® Receiver center sampling of serial input; 46% distortion i’;‘;g : 3: g o
immunlty, . ADs O 5 35 [1TsR
& High Speed Operation, st 8 16 B oW
# Three-State Qutputs—bus structure capability. rRog O 7 34 Ocs
u  Low Power-minimum powar réquirements. :g:‘; E g 3: g g‘:g
& Input Protected—saliminates handling problems. nos d 10 11 B oes
ROz I 11 a0 O oes
AY-5-1013A AD1 [ 12 2 [0 oRd
& GIANT P-channel nitride process. pe O} 13 2 O oBa
" [ to 30kbaud/D to 40kbaud. FE [} % 7 Doez
®  Pyil up resistors to Vg on all inputs. ord s 20 01 oad
BWE [ 14 Y i
AY-5-1013 RCP O 17 24 1 EOC
® GIANT P-channgi nitrige process. D:: E :: i: ::; E;MT
= 0 to 20kbaud. e e bl S
8 Extended Operating Temperature Range:
-40° G to +85° C (plastic package}
-55°C to +125° C {ceramic package)
& Pull-up resistors to Vo on all Inputs,
AY-3-1014A/1015 'Pin 2: AY-3-10144/1015 — Mo Connection,

B Single Supply Operation:
+4.75V to +14V (AY-3-1014A)
+4,75Y to +5.25V (AY-3-1015)

B CMOS compatible (AY-3-10144).
B 1% stop bit mode.
m  External reset of aif registers,
B GIANT I N-channel lon Implant Process. BLOCK DIAGRAM
Q1o 30k baud.
B Pull-up resistors to Vg on all inputs (AY-3-1015). E

E “E & ,::: TRANGMITTER

E g‘é EE §E fﬂ !I.'S- ._

A AARRSI

DESCRIPTION — . [Tt NERURD I
The Universal Asynchronous Recelver/Transmitter {UAR/T) is T i ot SERUL
an LS| subsystem which accepts binary characters from eithera Bry o T TRAMEMITTER | Erip o
terminat device or a computer andrecelves/tranemits this wen Iy
character with appended control and error datecting bits. All :E:".'::o_ FrECEIVER b
charactars contain a start bit, 5 to 8data bits, one oritwe stop bits [ A U 1 l
(1% stop bit capability with the AY-3-1014A/1015), and either % P S e
odd/sven parity or no parity. In order 1o make the UAR/T [ T [NEERE
univarsal, the baud, bits par word, parity mode, and the number L ) l LU, J. i J, J,
of stop bits are externally selectable. The device is Constructed %i EE g‘_:f o] g —e :
on a single monolithic chip. All inputs and autputs are directly g g " 3 ; Secerven
compatible with MTOS/MTNS logle, and alsc with = 2 EE <|d

TTL/DTL/CMOS logic without the need for 'interfacing
components. All strobed outputs are three-state logic.

A2



PIN FUNCTIONS

UAR/T GENERAL INFORMATION

Pin No. Name [Symbol) Funcllan

1 Vor Power Supply (Vo) +5V Supply

2 Vo, Power Supply (Vo) —12¥ Supply (Nolconnected for AY-3- 1014A,1015)

3 Ground (V) Groung

4 Received Data Enable (RDE} A |ogic "™ on the receiver enable line places the received data
untotheoutputiines.

5-12 Received DataBits {RD8-RD1} These are the 8 data output lines. Recaived characters are right
justified: the LSB always appears on RD1. These lines have tri-
state putputs; e, they have the normal TTL ouput characteris-
tics when RDE is "C" and a high impedance state when BDE is
"1, Thus, the data output lines can be bus structure griented.

13 Parity Error (PE) This lines goes to a logic "1 it the recaived character parity does
net agree with the selected parity, Tri-state,

14 Framing Error {FE} This line goes to a logic "1" if the received character has no valid
stop bit. Tri-state.

15 Over-Aun (OR) Thisline goesto alogic "1"if the previousty receivad character is
nat read (DAY ling not reset} before the present character is
transfarrad to the receiver holding register. Tri-gtate.

18 Status Word Enable (SWE) A logic “O” on this line places the status word bits (PE. FE, OR,
DAV, TBMT) ento the cutput lines, Tri-state.

17 Receiver Clock (RCP) This line will contain a clock whase frequency is 16 times (16X}
the desired receiver baud.

18 Reset Dats Available (RDAV) A logic “0" will reset the DAY line. The DAV F/F is only thing that
iz reset,

19 Data Available {DAY) This line goes te a logic "1 when an entire character has bean
received and transfetred to the receiver holding registar. Tri-
state. Fig.12,34.

20 Berial Input (31 Thig line aceeptsthe serial bit input stream. A Marking tlogic "17)
tz spacing {logic "O") transition is required for initiation of data
reception. Fig.11,12,33,34.

21 External Reset [XR}) Resels all registers {axcept that the received data register is not
resel in the AY-5-101371013A and AY-6-1013). Sets 50, EQC.
and TBMT to a logic “1". Besets DAY, and error flags to Q"
Clears input data buffer. Must be tied to logic "O" when not in
use.

22 Transmitter Buffer Empty (TBMT) The transmitter buffer empty flag goes to & logic “1" when the
data bits holding register may be loaded with another character.
Tri-state. See Flg.18,20,40,42,

23 Data Strotie (D3} A atrabe on this line will enter the data bits into the data bits
holding register. Initial data transrmission is initiated by the rising
edge of DS, Datamust be stable during entire strobe,

24 End ot Charactar {EQC) This line goss to alogic 1" each time a lull character is transmit-

25

35

36

37-38

39

Serial Qutput (50}

Data BitInputs (DB1-0B8)
Control Strobe {C5)

Mo Parity (NP}

Mumber of Stop Bits (TSB}

Number of Bits/Character (NBZ,NG1}

Odd/Even Parity Select {EPS)

Transmitter Clock {TCF)

ted, It remains at this level until the start of transmission of the
next character. See Fig.17,19,39.41,

This line will serially, by b, provide the entire transmitted char-
acter. [t will remain at a logw: 1" when no data is being transmit-
ted. See Fig.16,

Therears upto & databitinput lines available.

Alogic 1" on this lead will enter the control bits (EPS, NB1, NB2,
TSEB, NP) into the contrad bits halding registar. This line can be
strabed or hardwired toalogic™1" level,

A lagic 1" on this lead will eliminate the parity bit from the
transmitted and received character (no PE indication). The stop
bit{s) will immediately follow the last data bit. If notused, this lead
must be tied to a logic “O".

This lead will select the number of stop bits, 1 or 2, to be
appended immediately after the parity bit. A logic “07 will insert 1
stop bit and & logic 1" will insert 2 stop bits. For the AY-2-
1014A4/1015, the combined selection ot 2 stop bits and 5
bits/character will produce 174 stop bits.

Thase two |eads will be intarnally decoded to select either5 6.7
or S data bits/character.
MBZ NB1 Bits/Character

q 4] 5
] 1 <]
1 0 7
1 1 8

The logic level on this pin selects the type of parity which will be
appendad immediately after the data bits. It alse determines the
parity that will be checked by the receiver. A logic "O" will insert
add parity and a logic 1" will insart even parity.

This fine wili ¢ontain a clock whose frequency is 16 times {16X}
the desired transmitter baud .
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UAR/T GENERAL INFORMATION

TRANSMITTER OPERATION

I TURN POWER ON
2 PULSE EXTERNAL RESET
A SELECT MaU0 - 16 X CLK

1

THNT =1
EOC= H
50:1 LBTOF BeT] |

SET CONTRGL BITS -'h_ﬁ'LéFE(—-—‘—‘—j

wEY vaTA WS

__Has
O5 @EEM
PULSED

ELAPSED 7
L 18- 16 x CLM)

T I BIT RIGHT Iy
TRANIMITTER SHIFT RFGIATFA .

FANIWIT START BIT, DATA
B-T5, SELECTED #ARITY MOCE. 'l
AL STGR BITi]

nas
THE LAST
STGF 81T BEEW ON THE
LINE FOR ko8It

TIME 7

THERE NEW
CONTROL B'TS TEE
T

YLS

Initializing

Power is applied, external reset is enabled and clock pulse is
applied having a frequency of 16 times the desired baud, The
above conditions will set TBMT, ECC, and SOtologie 1" (line s
marking).

Aftar initializing /s completed, user may set contrgl bits and data
bits with control bits selection normally occurring befora data
bits selection. However, one may set both D8 and CF simul-
tanecusly if minimum pulse width specifications are followed.
Once Data Strobe (DS} is pulsed the TBMT signal will change
from atogic*1" to a logle 0" Indlcating that the data bits hoiding
register Is filled with a previcus character and iz unable to receive
new data bits, and transmitter shift raglster is transmitting pre-
viously |paded data. TBMT will return to a logic "". When
transmitter shift register is empty, data bits in the holding register
ars immediately loaded intp the transmitter shift register for
transmission. The shifting of information fram the holding regis-
ter to the transmitter shift register will be followad by SO and
EQC going to a logic "0, and TBMT will also go to a logic “1”
indicating that the shifting operation is completed and that the
datablts holding reglster is ready to acceptnew data. Itshould be
remembered that one full character time is now available for
Ipading of the next character without loss in transmission speed
due to double buffering {separate data bits holding register and
tranzsmitter shift register}.

Datatransmission is initiated with transmisslon of a starthit, data
bits, parity bit (if desired} and stop bit{s). When the |ast stop blt
has been on line for one bit time, EQC will go to a logic ™"
indicating that new character is ready for transmission. This new
character witl be transmitted only if TBMT is a loglc O™ as was
praviousiy digcussead.
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UAR/T GENERAL INFORMATION

RECEIVER OPERATION

|. TURN POWER TN

2. PULSE EXTERMAL RESET
3, BELECT BAUD - 16 X Cle
4 SEY cOWTROL BITH

THE LINE
TRANSITLGNED
TROM MARKING TD

SPALANG

HAas
A START BIY
BEEN WERIFIER %
H-46 X -CLK

LOAD ETART BT INTD 1
RECEIVES SHIFT REGISTER |

SRIFT AND L0aD DATA EIT
INT0 HEGEWER SHLFT REQISTER

HAug
| AT TIME
ELAPSED
?

_ Has
THE PROPER
L R
s%lm;‘!}m 'ESNIO PARITY BIT BEEW
RECEIVEL
7

SEY FARITY ERAGR
REBLSTER TO 0O

SET FRAMING ERRQR
REGIFTER TO ©

SEF FAAMING ERROR
REGISTER T

& STOR BIT
BEEM RECEIVED

SET GVER RUN
REGISTER TG 1

SET OVER RUN
REGISTER TC o

EHIFT REGIZTER T0 DATA

TRANGFER DATA MITS FRom
BITS HOLDING REGISTER

L a |

EFAMIME OLTPYTS

I STROBE STATUS WORD ENABLE
2. STROBE DATA EMABLE

HESET DATA AVAILABLE GavzO |
Fig.2

Inltinlizing

Pawer is applied, extemal reset is enabled, and clock pulse is
appiied having a fraquency of 15 times the desired baud. The
previous conditions will set data available (DAV) to aloghc "}

After inittalizing is completed, user should note that one set of
control bits will be used for both receiver and transmitter making
individual control bit setting unnecessary. Data recspton starts
when serlal Input signai changes from Marking (logic ™"} o
spacing flogic"C")y which initiates start bit. The start bitis valid if,
after transition from logic “17 to logic “0", the 31 line continues to
be at logic 0", when center sainpted, 8 clock pulses later. If,
howaever, line is at a logic "1" when genter sampling occurs, the
start bit verification process will be reset. If the Serigl Input ling
transitions from & logic “1” to a legic “0" {marking to spacing}
when the 16x clock is in & loglc “1” state, the bit time, for center
sampling will begin when the clock ling transitipns from a logic
“1" 1o alogic “0'" state. After verification of a genuine start bit, data
bit reception, parity bit reception and stop hit(s), reception
proceeds in an orderly manner.

While receiving parity and stop bit(s) the receiver will compare
transmitted parity and stop bit(s) with control data bits {parity
and number of stop bits} previously set and indicate an error by
changing the parity error flip flop and/or the framing error flip
flop to a logic “1”. 1t should be noted that if the Na Parity Mode is
selacted the PE [parity errar) wili be unconditionally setto a logic
0

Once a full character is recoived, internal logie looks at the data
available {DAV) signal to determine if data has been the read out.
If the DAV signal is at a logic 1" the receiver will assume data has
not been read out and the over run flp flop of the status word
holding register will be set to a iogic ™17 If the DAV signal isata
logic 0" the receiver will assume that data has been read out,
Aftar DAV goes to a logic “1", the recaiver shift reglster is now
ready to accept the next charagter and has ene full charactartime
to remove the recelved character,
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UAR/T GENERAL INFORMATION

HO PARITY
HUMBER OF
STOP BITS

QDD /EVEN
PARITY SELECT
HNUMBER OF
HITS/CHARACTER

e
e—
e_—
e
é..—

Tes
neT
LB&
0Ba
De 4
DB 3
DB 2
be |

bbb bbb

CONTROL COMTROL BITS CATA BITS HOLDING REGISTER
STROBE ——2| HOLDING REGISTER DATA STROBE
BUFFER
[ STEERING LOGIC ‘ 3
T F/F TRANSHITTER
RECEIVER s —RUFFER EMPTY
y Y
SERIAL
16 X T4 TIMING LoAD TRANSMITTER > BaTheT
CLOCK " |GENERATOR SHIFT REGISTER
SHIFT
QuTPUT
LOGIC
PARITY BIT
SENERATION END OF
LoGIC CHARACTER
Fig.3 TRANSMITTER BLOCK DIAGRAM
=) e
” e g
8 u o -t
k] w ag £ YEg
lz"‘ =2 < e =5 & ow
i po b G S AR q 4 Egu 22 OEZn
By cseecees B4 BB 333 BX iR
L4
11121111 %
&ND GATE Wi AND GATE
HRERREN |
RECEIVER HOLDING REGISTER DY STATUS WORD
BUFFER g F/F HOLDING REGISTER
CONTROL J|\
BITS FROM
HOLDING
REGISTER
PLRITY 81T AIGHT RECEIVER
sf:;t#——) vé;?é‘,{;ﬁ.'gn M CHECKING— JUSTIFY EHIFT
LOGIC LOGIC —cp REGISTER
) l -
& %R TIMING
cLOCK P GENERATOR

Fig.4 RECEIVER BLOCK DIAGRAM
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AY-5-1013A
AY-6-1013

?

ELECTRICAL CHARACTERISTICS
Maximum Ratings®

Voo (with regpecttoVee . . . . . 0 - 0 - 0 0 L - 20 to +0.3Y
Cleck and logic input voltages [with respectto Vo) - . 0 . L L -20 o +0.3V
Storage Temperature . . . . . . . . . L. L —B87C to +150°C

Lead Temperature (soldering, 10seconds) . . . . . . . . . . . .. +330°C

Standard Conditions {unless otherwise noted)

Voo = —12¥ 5%

Voo = +5V 25%

Temperature (T4 = 0°C to +70°C (AY-5-1013A)
—40 G to +B85°C (AY-6-1013 Plastic Package)
—55C to +125°C (AY-6-1013 Ceramic Package)

‘Exceeding these ratings could cause parma-
nent damage. Functional operation of these
devices at these conditions is net implied
—uoperating ranges are specified balow.

Characlerislic Min Typ™* Max Units Cenditions
BC CHARACTERISTICS
Input Logle Levels
Lagic 0 a — 0.8 Valts (Ln = —1.6rmd mas)
Logic 1 Voe-1.5 — Ve t0.3 Volts Unit has internal pullup resistors
Input Capacitance
All Inputs -~ — 20 pF 0 volts bias, T— 1MH:
Leakage Currents
Three State Qutputs — — 10 pA G volts
Data Qutput Levels
Logic 0 — —- +0.4 Volts lge.= 1.6mA [sink)
Logic1 Vog-1.0 — — Volts {py= 3mA {source)
QOutpui Capacitance — 10 15 pF
Short Ckt. Current - _. —_ _ See Fig.25
Power Supply Current
laa — 14 16 ma AY-5-1013/1013A - See Fig.25
25°C, all inputs +5V -— 17 19 mA AY-§-1013 - Bee Fig.25
leo - 18 20 ma, AY-5-1013/1013A - See Fig.26
- 21 23 iy AY-6-1013
AC CHARACTERISTICS Ta— 25°G. output ioad
capacitance S0PF max.
Clock Frequency o] — 640 KHz AY-5-1013A
oG — 360 KHz AY-6-1013
Baud o] — 40 Kbaud AY-5-1013A
Q. — 225 Kbaud AY-6-1013
Pulse Width
Clock Pulse 750 — — ns AY-5-1013A - Ses Fig.9
1.5 — — ] AY-6-1013-See Fig 8
Control Strabe 300 — — ns AY-5-1013A-5ee Fig. 15
600 - — ns AY-6-1013
Data Strobe 180 - — ns AY-5-1013A-5ee Fig. 14
250 - — ns AY-6-1013
Externzl Reset 500 — — ns AY-5-1013A - See Fig. 13
1.4 — — ws AY-6-1016
Status Word Enabile 500 — - ns AY-5-1013A - See Fig. 21
600 — — ns Ay-6-1013 - See Fig. 21
Reset Data Available 250 — — ng Ay-5-1013A -~ Sea Fig. 22
350 — —_ ns AY-6-1013 - Sea Fig. 22
Received Data Enable 500 — — ns AY-5-1013A - S5ee Fig. 21
500 — — ns AY-6-1013 - See Fig. 21
Set Up & Hold Time
Input Data Bits 9] — — ns See Fig.14
Input Cantrot Bits g — - ns See Fig. 15
Qutpul Propagation Display
TPDO — - 500 ns AY-5-1013A - Bee Fig. 21 & 24
— — 650 ng AY-6-1013 - Sea Fig. 21 & 24
TPD1 — — 500 ng Ay-5-10134 - See Fig. 21 & 24
— — 850 ng AY-6-1013 - See Fig. 21 & 24

“*Typical valugs are at +25°C and nominal voltages.
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AY-5-1013A = AY-5-1013

TIMING DIAGRAMS

& |

TBWT

r"— NOTE 2
___________ -
START IDl'i I_{DQTI Zl DATA ! 1 DATA leiTﬂ aiuau SlmTﬂ T |U‘Tﬂ UlMlIITY 19TGP 1 §TOP Zi STRRT 'DATa |

WaTE |--I--—-4—a|1' TIME
i

(HY
i)
18]

EQC

NOTE:

SEE FIGURES 7, 8,9 FOR QETAILS,

ANOTHER DATA STROBE CAN OCCUR ANT-
WHERE DURING TRANSMISSION OF
CHARACTER | AFTER TBMT GOES HIGH.

TRANSMITTER INITIALLY ASSUMED INAGTIVE  DETAIL:
AT START OF UIAGRAM, GHOWN FOR
LEVEL COLE AND PARITY AND TWO STOPS. DATA I

b BIT TIME = 16 CLOCK CYCLES. STROBE I' =

2! IF TRANSMITTER IS INACTIVE THE START d
PULSE Wil APPERR DN LINE WITHIN ceoek | [ {111
| CLOCK CYCLE OF TWAE DATA STROBE oy
OCTURS, SEE DETALL. = hgar

3 BINCE TRANSMITTER IS DOUBLE BUFFERED &g SranT

Fig.5 UAR/T TRANSMITTER TIMING

TRANSMITTER INACTIVE
TRANSMIT BUFFER LOARED WHEM EOQC HIGH

LTI

TRANSMITTER ACTIVE
TRANSMIT BUFFER LOABED WHEN EOC LOW

el ““MTW

=

50 START BIT

ik

[

-
50 TP SIT‘L

I

LEGAL
=1

LEGAL
8
MOTE. CONTROL STROBE MOy BE HAADWIMED TG "
W THAT CASE, DATA MUST BE STABLE DURING “ILLEGAL C5" TIME.

ILLEGAL TQ USE C3

Fig.8 ALLOWABLE POINTS TO USE CONTROL STROBE

50 W
DUTY CYOLE

ANY PULSE WIDTH WHIGH MEETS
ABOVE CRITERIA 15 ALLOWABLE,

START BIT
b |
TEMT = 2-6 CLOCK CYCLES — 26 CLOCK CYCLES —-I
l ; I [ - -
Eoc f
! o i Eoc [ "
Fig.8 TRANSMITTER AT START BIT Fig.? TRANSMITTER AT START BIT
MAKTNUN i * s MIN, AT-5-1013
5 e e e e e e el il Sty _ - .
50 Tl lzi3i4vE1I617ia1R ismpns‘ro?m ouTY GYeLE T50M8 MIN, AT-5-10134
PRI (PPN R SRS PRSI SRR RPN S I 1 1
b3 [ NOTE | T oD €8 MAY GCCUR IR WU . le.  *% jus mn, AY-8-1003
|— OUTY GYCLE s
SIMULTANEDUSLY WHEN " 75005 MIK, AY-3-10i34
TRANSMITTER INACTIVE :
ba |

Fig.9 ALLOWABLE TCP, RCP




AY-5-1013A = AY-6-1013

TIMING DIAGRAMS

START EIJ\T&I DAY! 2 DATA 3 CATA 4 DATR 5 DATA 6 DﬂTﬂ? DATA & “RII’Y ATRR |

STOP 2 START DATA |
Plylill

T T T e =
T S U S S B 8 N -
SN S N DA TG AU SO OO0 N I B Y i
e e -
e ore 1 —e[——

DATA
AvhlLABLE

OVER RUN

NOTE | — ':f

NOTES:
1. THIS IS THE TIME WHEN THE ERROR CON-
CHTIONS ARE INDICATED, IF ERROR QUCURS.

2. DATA AVAILABLE I5 SET ONLY WHEN THE

RECEIVED DATA PE, FE, GR HAS BEEN 5.

TRANSFERRED T0 THE HOLDING REGISTERS.
1SEE RECEIYER BLOCK DIAGRAM)

5. ALL INFORMATION |5 600D [N HOLEH
REGISTER UNTIL DATA AYAILABLE TRIES To
SET FUR MEXY CHARACTER,

4, ABOVE SHOWN FOR 8 LEVEL CDDE

PARITY AND TWD STOR FOR HO PARITY,
STOF BITS FOLLOW DATA,
FOR ALL LEVEL CODE THE DATA IN THE
HOLDING REGISTER 15 RWGHT JUSTIFIED;
THAT 13, L5B ALWAYS APPEARS (N

RO LBIN 12).

Fig.10 UAR/T RECEIVER TWING

T‘?UE ACYR LEMTER SAMPLING

RLCFP
SAMPI.E

ST —|—._._._ B CLDGKS 4—{"‘

DAV AND STOF BIT Ci\!E

| T :

giniaipUnkaiafnligiinly -

3

T
FIRET STOP BIT :
I
I

RCR T
51_—']-— Al cLooks n_...__....l i
I ; INTERWAL .
T e i, | SAMFLE
134 [ e T2 CLDERS ——————————— s = b=—_
! T
i
: RDI - ROB
IF | =0 TRANSITION OF .
- "™ START BIT OCCURS HERE, FE, FE, OR
THEN
SAMPLE AOINT WILL 8E HERE —= DAY ON ——
[ . 3ps- v
INFERNAL SAMPLE PULSE — Cav OsF

Fig.14

MIN,

WHEN HOT |M USE, xR
MUST BE HELD AT GND.

£R REEBETS EVERY REGISTER
EXCEPT CONTROL REGISTER AND
RECEIVED DATA. 50, TEMT, £0C
ARE RESET TO 5¥ ALL DTHER
QUTPUTS RESET TO OV,

v \}

SARE'R
Fig.14 DS
Fig.13 XR PULSE

Fig.12 RECEIVER DURING 1st STOP BIT

NP, TSE, NB2, 4, EPS

|
E{eleh 13 H _
|"— Min, i"

CONTROL BITS MUST BE STABLE
FOR LAST 300Rs OF C8.

Fig15a €5

NP ETC. b

LEADING EDGE OF DATA |13 NOT CRITICAL
A5 LOMG AS TRAILING EDGE AMD
FULSE WIDTH SPECS ARE OBSERVED.

CONTACL STROBE AND CONTROL BITS
MUST BE 300ns MINIMUM.

Fig:15b C8

J0hs
MIN,

Figt5¢| C8

—j>0]

Flg.16
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AY-5-1013A » AY-B-1013

TIMING DIAGRAMS

TER
L Sttt <o U
i
VOH —- o £
| !
EQD 5 ; |
_I |
. | 5 .
TR |‘

Fig-17 EOC TURN-ON

VI — — ——
TP
VOH — [ — — — = o —

|
T

Fig-2¢ TEMT TURN-ON

TEMT

WiH — — s
wIL ‘

i
VoL — [—— - — —

TeMT

|
500ns
Tre ™

Flg. 18 TBMT TURN-OFF

DE, SWE

TRI-STATE
QUTPUTS

EE_I -RDA
PE, FE, OR, |
DA, TEMT |

-~ spprs
MAK, VDL

Flg.2t RDE, SWE

Fig.19 EOC TURN-OFF

. E50MS
e T MM, )
RDA '

VIL— = —— o —
Cav .

TYPICAL CHARACTERISTIC CURVES

3.5 i T i
! .
3.0 ko ——| _.. SHORT CIRCLIT
o | OUTPUT CURRENT
I | ' -
2.8 \\ .
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20 \\</ NOMINAL !
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i
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! |
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500 e

|
| |
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i

1
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o

1o AG0 500

Flg.24 RE1, RDE, PE, FE, OR, TBMT, DAV

22,
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2i : |

WORST ICQSE H

20 -
3 . \'\‘,
g 19 " } g
o \T""\ | | ! iy
MO 18 P -
! P !
17 B ]
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4 I :
|
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AY-3-1014A AY-3-1015

ELECTRICAL CHARACTERISTICS

Maximum Ratings*®

Voo (with respecttoVed . . . . . 0 . . . L —0.3 to +16V
Storage Temperature . . . . . . . . . .. -65°C to +150°C
Operating Temperatyre. . . . . . . . . . .. O+ 70°C
Lead Temperalure {Soldering, 10sec) . . . . . ... T330°C

Standard Conditions (unless otherwise notad}

Voo = +4.75 to +14V (AY-3-1014A)
Voo = +4.70V to +5.25V (AY-3-1015)

Operating Temperature (Ta) = 0°C o +70°C

*Exceeding thess ratings could cause perma-
nent damage, Functianal operation of these
devices at these conditions is not implied
—aoperating ranges are specitied below,

Characieristic Min Typ** Max Units Conditions

DC CHARACTERISTICS
Input Logle Levels (AY-3-10144)
Logic & o — 0.8 Volts
Logic 1: at Vg = +4.75V 2.0 — Ve HL3 Volis

ai Vg = +14V 30 — Vee 0.3 Volts
Input Legle Levels (AY.3-1015)
Logic ) - 08 Volts
Logic1 2.0 — W 103 Volts AX-3-1015 has internal
Input Capacitance pull-up resistors to Vs
Adl Inputs — - 20 pF 0 volts bias, 1= 1 MHz
Quiput Impedance
Tri-State Quiputs 1.0 — — M0
Data Output Levels
Logic 0 - — +0.4 Volts I, = 1.6mA (sink)
Logic 1: AY-3-1014A/1015 24 - - Vaolts Iy = -40pA (sourca) - at Ve = +5V

AY-3-1014A anly 3.5 — —- Vaits Loy = -50pA {source) - at Vg = +14Y
Output Capacitance — 10 13 pF
Short Ckt. Currant — — - — See Fig.45,
Power Supply Current
icc at Voo = +GV [AY-3-1014A) — 10 15 mA See Fig.47.
toe 8t Vec = +14Y {AY-3-1014A) — 14 20 ma Sae Fig.48.
lee at Ver = +5Y (AY-3-1015) - 10 15 mi
A.C, CHARACTERISTICS

Ty = 25°C, Qutput foad
capacitance 50 pF max,

Clock Frequency DG - 430/400 KHz at Ve = +4 75V +14Y
Baud o} - 30425 Kbaud at Vo = +4.75VH14Y
Pulse Wiih .
Clock Pulse 3.0 - — s Ses Fig.31
Control Strobe 200 — ns See Fig.37
Data Strobe 200 — —_ ng See Fig. 36
External Aaset 500 — - ns See Fig. 35
Status Word Enable 500 — 1S See Fig.43
Reset Data Available 200 — - ns See Fig.44
Received Data Ensbie 500 — - ns See Fig.43
Set Up & Hold Time
Input Data Bits 20 — — ng See Figde
input Cantrol Bits 20 -— — nsg See Fig.37
Quipul Propagation Delay
TPDG — — 500 ns See Fig.42 & 46
TPDY — _ 500 fis See Fig.43 & 48

“*Typical values are at +25°C and nominal voltages.

BA-11



AY-3-1014A m AY-3-115

TIMING DIAGRAMS

510
CHAFMCTEF! | AFTER TEMT GOES HIGH.

TRANSMITTER INACTIVE

TRAMSMIT BUFFER LOADED WHEN EOC HiGH

= |
TBMT pp— .| L_
-] |—~No‘r£2 T
(M) — g ————r - - g— = ——— = ==y = = p——— -
S50 w lSTﬂPT |DQY& I IDAYA él baYa l‘ ata ﬂlDlTn SIDM'Q smnu THOATA EIPIRI'YJ!‘S‘TQP I STOP 2| START IDAT
NOTE | +-—-I—B|T TME
EQC ] l
NOTE. SEE FIGURES 28,29,20 FOR DETAILS.
TRANSMITTER IMITIALLY ASSUMED INﬂCTIVE DETAIL:
AT START OF DIAGRAM, SHOWN FOR
LEVEL CODE &ND PARITY AND Two STOPS STESE
1 BIT TIME 4 1€ [LOCK CYCLES. ]
2! [F TRANSMITTER IS INACTIVE THE START LLACK
PULSE WILL APPEAR ON LIKE | L
GLOCK CYGLES aFTER THE nam sfma: |
CCHRSE, SEE DETRIL !
3. smcE TRAWSMITTER IS DOUBLE BUFFERED 30 START

£1g.27 UAR/T-TRANSMITTER TIMING

RANSMITTER ACTHVE

TRANSMIT EUFFER LOADED WHEN EDT LOW

L LU UL

S0 %
DUTY CYCLE
ILLEGAL Ta USE CE

NOTE: €GNTROL STRUBE MAr BE HARDWIREDTO ™1
IN THAT GASE,CONTROL DATA BITS MUST BE $1ABLE DURING
"LLEGAL CS" TIME.

Fig.20 ALLOWARBLE PQLINTS TO USE CONTROL STROBE

Tee
| i 1 [_ 1 i ] S
e i l i 1 5= o
I"_ | I 3] | | | :
. ! ] . '
| —_— e [ |
kN START BIT 50 [ ISTART .
| f | —t 3
| [ e e rrma | | | —. ¥
TEMT | TaMT | [ I
| : R
EoC | EOC
: -
Flg.28 TRANSMITTER AT START BIT Fig.29 TRANSMITTER AT START BIT
A———
MAX My | -
5 it —T—T o YCLE * HRE IR
50 Yt |z|aia!s|s|rss1pis‘ropu1smpz| pury €
—_——Ll 41 | I 1 1
= . MM ML bl
b5 |_|——No‘r:i T3 AND €S MaY OCCUR oty Lits MIN
| SIMULTRNEDUSLY WHEN ]
TRANSMITTER INACTIVE T
DA I ! —
+

i |

7.

ANY PULSE WIDTH WHICH MEETS
ABOVE CRITERIA 15 ALLOIWABRLE.

Fig.3t ALLOWABLE TCP, RCP
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AY-3-10148 B AY-3-1015

TIMING DIAGRAMS

SI Tise o

STROBES I I

" START D!T.ﬂ I DATA i DaTa 3 Dl'l'l‘ DM’!! DATA E DATA T I'll\‘l 2 MRIIY BTOP |

BTCR 2 ATART DATA |

FPARITY
ERROR

HOTE | —=

oATA
AVBILABLE

== 1 LUK
NOTE 2—=|

OWER RUN

NOTE | —

NDT E5:

THIE 18 THE TIME WHEN THE ERROR CON-~
DITIONS ARE INDICATED, IF ERRORA OCCURS .

2, DATA AVAILABLE 15 SET ONLY WHEN THE

RECEIY D DATA PE FE,

T™H
1SEE RECEIV(H BLOCI‘ CIAGRAMI.

OR _H,
£ HOLDI N G I! EGISTE RS.

3 ALL INFORMATION |5 600D IN HOLDING
REGIATER UNTIL DATA AVWAILABLE TRIES TD

SEY FQR MEXT CHARACTER

Fig.32 UAR/T RECEIVER TIMING

TRUE RCWR CENTER SAMPLING

weE LFLJ‘UU—LI—LT[_I‘U‘L.' L
sT —| ['"'_ 33”# £

F
}-7 BCLOGKS — — o
I I
R —|1..— TR —
| I
IF v 0 TRAMSITION QF |

i ==t B oteuns HERE,

THEN

SAMPLE PGINT WILL BE HERE-{

INTERNAL SAMPLE PULSE}

Fig.33

WHEN NOT M USE, Xft
MUST BE HELD AT GND.

XR RESETS EYERY REGISTER,

DATA

1
1
20ns MK, —-*I, |__'_3

INTERNAL
SAMPLE
RO -RO8
PE, FE, OR

Day oM

Dy GFF

Gone

50, TBMT, EOC ARE RESET TO MIN

5¥ ALL OTHER OUTPUTS

RESET T , —
SET TO OV Fig.36 DS

Flg.35 XR PULSE

4. ABDYE SHOWN FOR 8 LEVEL CODE
PARITY AND TWOQ STOR FOR WO PARITY,
STOP BITS FOLLOW DATA,

%. FOR ALL LEVEL CODE THE DATA IN THE
HOLDING REGISTER 12 RGHT JUSTIFIED;
THAT 15, LSB ALWAYS APPEARS iM

AL [FIN )2

Day AND STOF BIT ONE

FIAST S5TOF BIT

——

U

Fig.34 RECEIVER DURING 16T STOP RIT

Z0ns MIN.

CONTROL BITS #UST BE STABLE
FOR LAST 200ns OF C5,

Flg.37a CS

LEADING ERGE OF CONTROL DATA 15 NOT
ICRITICAL a5 LONG A3 TRAILING EDGE AND
PULSE WIDTH SPECS ARY TETEAYED.

CONTROL STRODE AND CONTROL BITS
MUST BE 2J0ns MINiMLUM.

* 2008 MIN,
Fig.37b

:i"_

Flg.aTc

200ne
MIN.

Fig.38 SEROUT

8A-13



E AY-2-1014A m AY-3-1015

TIMING DIAGRAMS

Fig.39 EOC TURN-ON

TCP ",
VIL — —

- ] Zys }-7
TYP,

Fig.41 EQOC TURN-OFF

ROE, SWE

TRI-STATE
CQUTPUTS

RO!(-RDA L5y

PE, FE, OR,
DA, TEMT !

=1 500 ns F—
MAX . VOL

Fig.43 RDE, SWE

Flg.40 TBMT TURN-OFF

Fig-42 TBMT TURN-ON

| voL—
l__ 500 ns

MAX,
Fig.44 RDAV




AY-3-1014A | AY-2-1015

TYPICAL CHARACTERISTIC CURVES

21

]
18 SHORT CIRCUIT |
. QUTPUT (_‘JURF!ENT

15

12

s (A

WORST CASE

Flg.45 SHORT CIHCUIT QUTPUT CURRENT
{only 1 output may be
shoried at a ims)

+5VOLT SUPPLY CURRENT

b1 ]
WORST GASE
13 \\/ i
™~

X 12 "
o
£ ~ ] \"‘\
811 + Pt
10 | /\H )
NOMINAL . T~ -
9 ~

o 1t 20 I 4 5 6 7FO
CASE TEMPERATURE (° C)

Fig.47 +5VYOLT SUPPLY CURRENT

a 1 2 3 4 5 L] T

2500 i ! T 1
{ ’ ! i
| |
{ WORST CASE //""-7
2000 ; T L —
[ T
1] -
| Pl
1500 ]
g j -~
7 RN
= 1 S noMINaL |

1000 :
7 |
500 _._L[___ JS _.__..__J:. N
|

:
I

|
3] 100 200 300 400 500

Coyr PF

Fig.46 RD1-RDE, PE,FE, OR, TBMT, DAY

18
~+14 VOLT SUPPLY CURRENT
- L 1|
~ WORST CASE
.18 ! 1 ]
< 185 1=]
E ."h\"
3 s P
[
13
NOMINAL il N
ol
12

o 10 20 3¢ 40 &0 60 7O
CASE TEMPERATURE (°*C)

Flg.48 +14 VOLT SUPPLY CURRENT
(AY-3-1014A only)




AY-8-1472B

PRELIMINARY INFORMATION

P/SAR Programmable Synchronous Asynchonous Recelver

FEATURES

B Directly TTL & OTL Compatibla — internal Actlve Input
Full-Uip Devices & Push-Puli Output Buffers,

% Programmable Mode & Clock Rate Selection —
Asynchronous & |sochronous — 1X, 168X, 32X or 84X Clock
Rate; Synchronous — Internal or External Character

PIN CONFIGURATION
40 LEAD DUAL IN LINE

Synchronlzation. Ton View
m Progr ble Trar jon Codes — Vg (+5W) [
Charzcter Length of 5, 6, 7 or & data bits pius Parity; RMS; ]
Parity Inhikit, MR 1
& DG High Speed Qperation — MHA; O
Bit Rate to 100K Bits/Sec. with 1X Ciock. Ve 5
| Doubls Buffered Receiver An, O
DESCRIPTION o E
The Genseral Instrument AY-8-1472B P/SAR is a Programmabia HH: O
Aeceiver that interfaces variable langth serial data to a parallel ARg 7
data channel. The receiver converts a serial data stream into i
parallel characters with a format compatible with all standard am
Synchronous, Asynchronous, or Isechronous data Rnf -
communlcations media. Vaal-12¥)
Contiguous synchranous serizl characters are compared in a MHF, g
programmable Match-Character Holding Register, character "‘“2; g
synchronized and assembled. Programming the Asynchronous Vool BND) T 2
or Isochronous Mode provides assembly of characters with start
and stop bit {8) which are stripped from the data. Four internal
registers, in conjunction with Tri-State Output lines provide full-s
system versatility.
BLOCK DIAGRAM
a RRC DA ORA SFR PE OF FE/SS—=—— INPUTFOR Ve
e ' o5 Yoo Too Por Too SO GRLY
21 Ves
EFE > E
¥, v]
pr 18 ) . 1 . . . e
s :> TIMING & CONTROL
WLS, e <—| : cD
wis. 522 CONTROL L
: REGISTER ] \ ‘—. MR
a7
AMS, >——f
" RECEIWVER REGISTER > COMPARATOR MDET
RMS,
2
RMS, >———

RI 35|—

RECEIVER HOLMNG REGISTER

|
VR R U N

FRg RRy RA; RRg RA; RR. RRs RAR; RR,

MATCH-CHARACTER HOLDING REGISTER

« Tk ek Je v Je o

MHRL MHR; MHF; MHR; MHR: MHR, MHRs MHR; MHA|
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AY-8-1482B

PRELIMINARY INFORMATION

P/SAT Programmable Synchronous Asynchronous Transmitter

FEATURES

M Directy TTL & DTL Compatible — Internal Active Input
Pull-up Devices & Push-Pull Qutput Buffers.

B Programmable Mode Selection —
Synchrencus — Programmable Fill {Idle) Charactar;
Isochronous — Programmable Fill Character with Start
& Stop Bit; Asynchronous — Single or Double Stop Bit
Generation with 1.5 Stop Bits or 5-level Codes.

B Programmable Transmission Codes —
Character Length of 5, 6, 7 or B data bits plus Parity:
Even/Odd Parity Generation; Parity inhibit.

B Frogrammatie Clock Rate —
Asynchronous & !sochronous Mose Selectable Divider Hatios
for 1X, 16X, 32X or 64X Clock Rate.

m DC to High Spead Cparation —
Bit Rate to 100K Bits/Sec. with 1X Clock,

B Dauble Buffered Transmitter

DESCRIPTION

The General Instrument AY-8-1428B8 P/SAT is a Pragrammable
Transmitter that interfaces variable length parallel input datatoa
serial channel, The Transmitter convarts parallel characters into
a serial data stream with a format compatible with all standard
Synchrongus, Asynchronous of Isochronous  data com-
munication media,

Contiguous geris! characters are transmitted inthe 8ynchronous
Mode with the automatic insertion of a programmabla FiHI [ldle)
Character during theé absence of perallel input data.
Programming the Asynchronous mode provides “Start-Stop”
sorial data transmission with automatic insertion of Start and

PIN CONFIGURATION
40 LEAD DUAL IN LINE
Ta0 Wik

gy 4BV Slu T wr wLS,
EPE (12 [T WS,
2Rwk] %[0 TRy

CAL O 4 2710 Fheg

CLE [15 &[0 TR,

o5, 18 an il FR,

= 3471 TA,

M3, O] 53[0 FRg

W3 O]9 321 TRy

OAR [ 31 [0 FRy
Toa O 1 3 TR

[ 9 AP 231 FAy

O s P2 Ths

THRE [ 14 27 [l FRy
TRO [ 13 26 [0 TR
Vyni-18¥ 016 iR,
CTs O 14 241 ¥R

A O s 210 FR.

THRL [ 19 221 b

FHRL O] 20 717 vocGND)

Stop Bits(s). Isochronous mode seiection provides data
transmission with a single Start and Stop Bit with the added
capability of programmable Fiil {1dle) Cheracter insertion durtng
the absence of parallel input data. Four internal registers and a
multiplexer, in conjunction with Tri-State Qutput Lines, provide
full system versatility.

BLOCK DIAGRAM

FFFRPFFS

U

TRANSMITTER HOLDING REGISTER

FILL CHARACTER HOLDING REGISTER

%jmmm

THRE AN LL
GRL )—J‘ {f
EPE 2]

N MULTIPLEXER N TRANSMITTER REGISTER TRO
o
cs, >_6_.. E
N f—1] ves
T8 O
w2 ] fo— {3 v
o =
MSz> ?Z) TIMING & CONTROL ’( Yan
wis, Y2
wig, >0 ,( WA
CTS . DAR '( co







MULTIPLEXERS
PART PAGE
FUNCTION DESCHIPTION NUMBER NUMBER

RANMDOM.
AY-5-1016 4B-2
SEQUENTIAL | Muliplexes 16 analog channels,

ACCESS
MULTIPLEXER

with on-chip logic control. A¥-6-40165 8B-2

4 CHANNEL MEM 851 4B-8

MEM 855 88-10

kqh?ASLFgl-fri 6 CHANMEL
GATES MEM 85€ 88-12
8 CHANMEL MEM 857 aB-14

10 CHANNEL MEM 853 gB-18

MULTIPLEXERS

[5]MICRO

ELECTRONICS



AY-5-1016 AY-6-4016

Random/Sequential Access Multiplexers

FEATURES

Directly interfaces with TTL/DTL and #305.

Current or voitage modes of operation,

Random or sequential 8ccess.

Single ended or differential operation.

Expandable in either the sequential or random access
modes.

Programmable length counter for saquential applications.
DG to 2MHz operation,

Extremely high off-resiztance.

Choige of Operating Temperature Ranges:

AY-5-10N6 — 0°C to +70°C

AY-8-4016 — —55°C to +125°C

s Zenar network protection on alk input leads.

DESCRIFTION

The AY-5-1016 and AY-6-4018 are each a 16 Channel Random/
Saquential Access MWultiplexer containing a programmeble 4
stage binary counter, a 4X 16 decode matrlx, and 16 single-poie
double-throw switches.

The Shunt Enable conirol line permits tHe selection of Current
Mode or Voitage Mode pperation and in conjunction with the
Current Mode, matching res|stors are proviged (o improve ac-
curagy. The Differential Mode Control allows the switches to
operate as eight ganged pairs, whila the Matrix inhioit line alliows
multiple AY-5-116's (or AY-6-4016'5) to be connected to form
larger muttiplexing arrays. Tha Load Ensble control allows syn-
chroncus loading of the 4 address inputs on & low to high
transition of the Clock. The OC load control |s provided for
asynchronous loading of the address inpuis independent of the
Clock and Load Enable inputs. The Syne Cutput ocours whean-
ever Channel 15 is selected and is providad to allow expansion in
the saguential mada of operation. Also by connecting the Sync
Cutput to the Load Enable Input, the counter length can be
programmed vie the address inputs. Any desirad length of from 1
1o 16 states can be programmed in this manner.

PIN CONFIGURATION
40 LEAD DUAL IN LINE

Top View
Weg 15V} []8 1t = 0 B 20 input
2linpu O 2 3 DG Loag
2Hppm ] 3 38 [ Clock
23input I 4 37 3 Mainx Enable
Load Enable | & 3 FING.
Diffgrgntial Mode Contral [ & 35 [ NG
Vaai{-12ni O 7 3 ONG
Channel 8 [ 8 33 ) Ghannel
Channel 9 O] & 32 ] Ghannel 1
Channel 10 ] 10 3 {3 Channal 2
Channat 11 ] 11 3¢ [ Channel 3
Channal 12 ] 12 x5 [ Channel 4
Channet13 [ 13 28 [] Channel 5
© Channet 14 T 14 27 [ Ghannat B
Channal 18 ] 15 26 [1 Channel 7
MNC. O 16 25 I NG,
Saries Bus 2 O] 17 24 [ Serigs Bus 1
MakGhing Resistor 2 T 18 23 [ Mateching Resistor 1
Shunt Bus ] 19 22 [ Shunt Enable
Vo (GNCY T 20 21 [ Syne Output
BLOCK DIAGRAM

CHANNEL INPUTE

1 »
%h SERIES WUFS WE- D
SHUNT _@d s gEmiEs pus wo2
MULTIPLENER 4E3]
ENANLE Pt Hiagy " SunT ous
Tmrchme RESIGTAN W01
RESISTON NOLZ
ol 11
- SYME. DUTRUT
WATRIK {371 W
EhamLE "

"x laﬂcﬁﬁnllﬂ
QIFFERENT AL _ L6}
WODE COWTACL

Loas EnaBLE —iTlg

crock 38
1301

0.C LOAD ——=—

}wl 1::1 Im [1-1
&2 = 2t

e

— T
AQDRESY IWPUTS
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LOGIC DIAGRAM

{ ) = Pin Numbers
THANNEL CHANMEL CHANNEL CHANNEL CHANKEL DHANNEL CHANNEL CHRHNEL S Tane
[E1Y 1321 30 1304 lee1 128 27 126 23
g i e i b e by
us
SRUNT BUS
SERIES BUS w1 123 ¥ H ] 1 H 1 T i 1 1 1 1 | b }
SHUNT EnaeLE —Z21 Qﬁq"
MATRIN ENAELE 200
LuAD L5} (‘] (j (‘) ( r] (1 1
ENABLE —{o—g— % - - - - - - - -
ne. 139 O O 1/
LOAD B
t 0 4
ook 28 i
o2l — o
Py [¥3] i }
ARDDRESS
INPUTS
EyEY "_/" ] ] | ] |_
] l l 20,y
S = S a— g 0 0 0O O O U C
211 ayne
OUTRUT
vee A2 ] ]
T L1 1 1 1T
AT

s | G t[ﬂlﬁlﬁ L{[J_;]F AT

61 7] [8) LU Li1] (12} LEL] la]
JIFFERENTEAL FERIES BUS CHANNEL CHENMEL CHANNEL THANNEL CHANKHEL CHANNEL CHANMEL
MUDE CONTROL > L] E] 1) 1 4 [£] L]

MOTES:

1. Direct Address gated when either DC Load - "1" or Load Enable = "0,
2. DC Load gives permansnt high clock.

3. Matrix Enabile = “17 inhibits matrix.

4. Shunt Enabla = “0}" connects shunt FETS into cirguil.

6. Sync Output - "0" when channai 15 is accessed.

o

CHANNEL MATCHING
13 RESISTOR-2

5. Differential Motle Conlrol = "1” connects channels B-15 ganged to channegls Q-7

.
=
o
g
>
»
z
:
&




AY-5-1016 ® AY-6-4016
ELECTRICAL CHARACTERISTICS
Maximum Ratings

Vo and Voo (withrespectioVe) o . 0 o L 0 0L L 0o L L. —20V to H).3V

Clock and Logic Input Veltages (with respectto Ve . 0 . . 0 L . =20V to +0.3V ‘Exceeding these ratings could cause
Bus Voltages (Bus 1, Bus 2, and Shunt Bus with respect to Vo) - . . —20V 10 .3V permanent damage. Fungtional
Matching Resistor Nades (with respecttoVes) . . . . . . . . . . . ~20¥ to .3V operation of these devices at these
Storage Temperature . . . . . . . . .. ... Lo —55°C to +180°C conditions is not implied—operating
Operating Temparature Range: . . . . . . . . . . . 0°C to +70°C (AY-5-1018) ranges are specified below.

~55°C to +125°C- (AY-§-4016)
Standard Conditlons (unless otherwise stated)
Yoo = +6 Volts 108 Volts {Ve: = Substrate voltage) Qperating Temperature [Ta) = —0°C to +70° G {AY-5-3018)

Voo = —12 Volts +1 Voit —56°C to +125°C (AY-6-4018)
Vo= GND
Characterislic Min Typ™™ Max Units Conditlons
Cleck Inputs (See Fig.1)
Repetition Rate BC — 20 MHz
Clock Pulse Width (mpw) 200 — - ns at 2MHz, (Sea NOTE 1)
Clock Pulse Width {gpw) 1.0 —_ - s at 200Hz
Clock Pulse Delay {¢d) 200 — —_ ns See NOTE 1
L.ogic Levels
Logic “0" — — +0.8 v
Logic "1” Vee—1.5 — — v
Input Capacitance — 12 — pF
Input Impedance 1.0 — — M0 Wi = +5Y to —BY
Rise & Fali Time {tr, tf} — — 10 s at 100KHz
Risa & Fall Time {tr, tf} — — 50 ng at 2MHz
Noise Immunity +0.4 — — v
Address Inputs (See Fig.1)
Cilock Lead Time 300 —_ - ng
Logic Levels
Lagic “0" — -— +0.8 v
Logic “1” Vee—=1.5 - — v
Input Capacitance - ] — pF
Input Impedance 1.0 — — 510 Vi = +5V to ~5Y
Noise Immunity . +0.4 — — v
Load Enable Input {Sea Flg.1)
Clock Lead Time 300 — — ns
Logic Levels
Logic “0” — — +0.8 v
Logic "1” Yoo 1.5 — — v
Input Capacitance —_ 7 — pF
Input Impedance 1.0 — — M1l Vin = +5Y to -5V
Maise Immunity +0.4 — — v
DC Load Inpit [See Fig.2)
Pulse Widih (90% points) 400 - -— ns
Logic Levels
Logic "C” — — +0.8 ¥
Logic 17 Voe—1.5 — — ¥
Input Capacitance — a — pF
Input Impedance 1.0 — — M1t Vi = +5Y to 5V
Neoisa Immunity +0.4 — — W
**Typical values arg at +25°C and nominal voitages.
NOTE 1. ¢pw + ¢d = 500ns
TIMING DIAGRAMS - Figd Fig.2

T TF

P P

P ] o.c. LoAD

— ‘f
w7
QR |- PULSE Witk

— . RODRESS CLOCK
- 1 LE&D TIME

. . LD&O ENRBLE
= == ELOCK LEAD TIME

LOAD
ENBLE

1% ——

NOTE: Address inputs and the Load Enable input must he present during the 0 to 1 transition of the Clock.




AY-5-1016 = AY-6-4016

Charaterislic Min Typ*™ Max Units Condilions
Shunt Enable
Logic Levels
Logic 3" oo — H0.8 W
Logie 1" Weem1.5 - — W
Input Capacitance - ] - o
Input Impedance 10 — — M1 Wi = rBY to -5V
Noise Immunity +0.4 — — v
Matrlx Enable
Response Time (See Fig. 3)
Tow —- 230 — ng at 25°C Qutput voltage
Teawr — 120 — ns } response with10 ML, 10 pF load
Logic Levels
Leagic "0 - e ng Y
Logic 1" Woo=1.5 — — '
Input Capacitance —_ 7 — pF
Inpul Impedance 1.0 — — M1 W= +5Y 1o -V
Noise Immunity +0.4 — — Y
Ditferential Mode Control
Response Time (See Fig. 4)
e — 200 — ns } at 25°C Qutput vollage )
Tori - B0 — ns response with 10 Mil, 10 pf load
Lagic Levels
Legic "a" — -— 0.8 1Y
Logic "1 Vee—1.6 — — ¥
input Capacitance - 5 — pF
input impedance 1.0 — — M
Maoise mmunity — o 1
Series Switches
Ron
{Current Mode) — 460 750 Ohms L= 100 p&
Series Bus 1 = Seriss
Bus 2 = OV (V- —5V}
Ta=25°C
Ve == +5Y
Vi =12V
Ron
{Voltage Mode)} — 300 500 Ohms Wi = 5V, R = 300 Kil
Ta=25"C
Wi =—5V
Voo =—12V
— 4860 750 Ohms Vv = OV, R, = 300 KT
Ta=258"C
Yoo = +5Y
Yo = —12¥
R oft — 5 - Gi Ve = Voo —10V
Ta=25°C
Turn On Time — 300 - ng Output Yoltage Waveform
with 10 M1, 10 pF load
Ta=25"C

** Typical values are at 25°C and neminal voltages.

TIMING DIAGRAMS

B0% -
MATRI%
ENABLE |
1O%-—— :
= Torr |
CHANNEL ;
QUTRUT 50% ;
e Ton_"l

Fig.3

0% —
DIFFERENTIAL 1
CONTROL

8B-5

B



E AY-5-1016 = AY-6-4016

Characteristic Min Typ** Max Units Conditlons
Sync Quiput {See Fig.5)
G =10pF tout
Logic “0" - - +0.4 v biinic = 1.6MA min. }?;a‘;“
biae = 100 wA min.
Logig *“1" WYeoo1.0 — — Y
Riss Time {tr) — 110 — ns } N
Fall Time (1) - 40 ~ ns at2stc
Response Tima
tpd — — 200 - ns ] B
tpd + - 160 - ns at267e
inpul Leakage
Channets (-15 {Per Channesl) - 1.0 10 na Vin = Voo —5Y
at 25°C
Series Bug 1, 2 — 30 30 nA Vs = Voo =5V
at 25°C
Shunt Bus — an 30 nA Vi = Ve ~5W
at 25°C
Shunt Switches
R on - 850 1300 Ohms i = 100 A,
ShuntBus = OV
Vee = +5V
Wi = —12V
T.=285"C
— 550 200 Ohms T = 100 pA
Shunt Bus = +5V
Yoo =-HBY
Yo = —12Y
Ta=25°0
A off - 5 — G Vi =W —10W
Ta=285"C
Turn On Time - 300 — ne Cutput Voltage Waveform
with 10 M£3, 10 pF load
A= 25%0
Matching Resislors — 460 750 Ohms s = 100 ud
Vm s = OV
Ron — 300 500 Ohms = 100 pA
Vs = +5V
Channel lnput Capacitance,
Channels 0-15 {Per Channel) — 4 - pF
Power Consumption — 200 — mw } Serias MODE Vo =12V
— 290 — mw Shunt MODE Voo =48V
Current Drain
fee — 12 — mA .
oe - 12 - mA Series MODE | v, = —12v
lee — 17 -— mh Shunt MODE Vee = +5V
lee — 17 — A
Power Dissipation {Device) — - 600 mw
Per Ghannst — — 100 miy
**Typical values are at 25° C and nominal voltages,
TIMING DIAGRAMS
FETR ;
CLOCK |
Pt At =
SYNG. ! Y i /
OUTPUT , |

—t 9d—-|——

FIG.5

-

‘Dd+——!

885




AY-5-1016 = AY-6-4016

TYPICAL CHARCTERISTIC CURVES

N T T T
! . v ﬂ/
i
oo | |

500 l /:/\fmtzsgl/

1
“S¢ -25 © 2 50 T5 (00 125 IS0 ls0 -25 0 28 &0 76 00 125 (50
SHUNT MODE °C SERIES WODE =t
e ! I I/mx. MATCH ¥ 1
: ! MaTCHING RESISTOR™ | wy*=8¥ x TYP_OF Ale
ron— - b // Mit. WATEH® K THREE CURVES
. / ~
N P{/ % Ve 28
soa : i
[ f#:"u»- ov
400 — :’:#ﬂf ----- —
g0 f:’/fl_”{’-_’:;u P
21 20 s 190 125

88.7




MEM 851P/D/F

Four Channel MOSFET Analog Gate

FEATURES

= 30 volt peah-peak signal input range
o 10" ghms input resistance to gate

CIRCUIT DIAGRAM

—(Ds(®

& Integrated zenet clamp protects the gate I i
o Normally off with zero gate voltage @ 144 8
# Square Law linear transfer characteristics @ L
o Low crosstatk [—f--—n
® Low leakage presented to the summing junction @ 12l ®
® Low “on” Resistance B i—
» Low harmonic distortion ® r__ ®
APPLICATIONS |

: 1 — @
High speed analag multinlesing © L
Time division muitiplexing B

Series!shunt chopping
2channe] differential switch
Double pole-double throw switch
Digital switching

MAXIMUM RATINGS
Ma = 25°C unless ofherwise specified — body graunded)

Drain to Source ¥oltage . —38v
Gate to Source Voltage .. —35Y
Gate to Drain Yoltage ..o, . — 39
Drain Current ... ... . —50 mA
Gate Current {forward direction for zener clamph . . +01 mA
Storage Temperature ... .. .o — B5 to 150°C
Operating Junction Temperature B51P . — B5 to R5°C

Operating Junctlon Tempelature 1851 D/F) ..
Total dissipatian at 25°C Ambi t
Total dissipation 2t 25°C Ambient Temperalure for each gate gircui

ELECTRICAL CHARACTERISTICS
(T, = 25°C, unless otherwise specified — body grounded)

P 14 LEAD PLASTIC

Wl N
i TRRTN T
i % . .., .
e T
oL RN ﬂt—"" i'?
- ‘]I Ul e ?‘a‘ 1
Wee- - -E- B B o

- Lgs,...n_a_gg O T

iz
™o

LEND FRAE TMD LiSE PLATE
o

SYMBOL CHARACYERISTIS MIN TP MAX | DRITS CONDITIONS
Yasym Gat%ﬁ.au:;ce Cutoft - 1.0 — —40 | ¥elts ﬁss = You In = — 10 ph,
Ioes Drain Leakage Current — — -0 nA ‘l;: = — 2N, Veu=0¥
lsss  j Source Leakage Current — — ¢ 2D nh | Vao= —20V, Ve =0
less | Gate Leakage Gurrent — | =01 ] —-10] nA | Vo= —20¥, Vou =0V
loveni | Drain Current ~50 —_ — | mA ] Ves = ¥ = —10¥. Ve =0V
8Ves; | Drain—Source Breakdown | —35 — — ) Volts | o= ~10 pA Ve =0V
BVwe | Source—Drain Breakdown -25 —_ — | Volts | s = —10 A, Veoa =0V
BVess | Gate—Source Breakdown -35 — —80 | Volts | la = —10 af Vosa = 0¥
Yo Transadmittance — 1500 § — | pmbo | 1Kz  Voe =10V, b=—5ma

0 Gate To Source
™

ﬂapacitance — _ 30 1* 1 MH?_, vss - 'i'p; = —I(W

Gate To Prain

Cou Capacitance - — | 30 | PF | 1MHZ, Vo = Vor = — 10V
Drain To Source —

G Capacitance — | 004 | 010 | PF | 1MHZ Vas — Voo =10V

Drair To Source

Fostem On Resistance — — 100 | Ohms ;as =m(—20\f, I = —100xA,
Bs —

Yosn | Drain-Source “ON™ Volfage)| — - 04 ¢ Volts | Vee=—10V, k= —2mA

tr Rise Time —_ —_ 25 ns 1 Vo = Ves = —15¥

tf Fal Time — — o] ns | R=Re=1Ka

F 14 LEAD FLAT PACK
85

l‘!

_gos

o9

gu INDEX POINT BB

3

[L]=—="1]
b —)
|2=T-£%
i fm ? ;—‘n-
-] =1 :
9=

[
MAK.

FEE R

I

Eu_:___.
Ex

Mk
[006|=4 .o:s

sEaTING
[ n?o

All dimensions in lm:hes

TERMINALS
P/N FUNCTIDN F/H FUNCTION
1  Substrate &  3ubstrate
2 Drain 3 9  Drainl
3  Gate 3 10 Gate 1
& Source 3 11 Source 1
5 Source 4 12 Source 2
§  Gate 4 13 Gate 2
¢ Drain 4 14 Drain 2

BE-8




MEM 851P/D/F

TYPICAL CHARACTERISTIC CURVES

Faulml V5. Vo

Vesim v5. Vis Vie parameter

U Epr-iotua
L Tas2sE

2530 -

Vag "BV
Vas* 3

Vpg 1 Vea
Ig+=l0uk
Tas 20

Fdy tgn] VOHMS)

g

o5 i @ = g
gy 1VOLTE}

LEAKAEL k3

o,

Yy 1VOLTS]

¥ain vS, TEMPERATURE
Vs, Vis parametar

“zge-uigs

[

CROSSTALK (dB) vs. FREQUENCY

TEmMEAATIE

INPUT CAPACITANCE vs. Vos °

TOMPUE BGMAL « D WLT Bo b
CAMARTIL: L8« 70 Lok F

SLL uNLmen Mgy or woareT 3w
She GONAKCTED 70 CAGUWD

T8

cnoaareL: dN

L k-]

Crgy \OFD

‘Tprioma’ ’ <o
feimH

&0 L PrauTHT KN
=%

Wy L¥OLTE]

RISE TIME vs. DRAIN CURRENT
Rc, Vzc parameter

R PR T
-

g 48 GuTT T
nod g

Pram———
1L
o

WILE £ 2
RyebInD, vy ey

. e P
T

——— e e —

Ir WIEE THE 1
a
!

Ryrzoun, g d

o GAARIN CREUTE ma

LEAKAGE vs. TEMPERATURE
i v.é- o,
Lioy. Vyy ' 1Y W
-1
TearERsTURE T
HARMONIC BISTORTION vs. Ves
R, parameter
o W ey i‘;.,.
Yo ‘-T"_é__
. ‘.‘%—
: SR
nesuENCY
. ShaREER T %mouna
el
- -
L e .
[T ———
FALL TIME vs. DRAMN CURRENT
Rs, ¥o: paramater
woo.
A Lo1bl
MTRT 19
m e I
noat e S azangt
iy [N
- L re | gt
H Lrugendtl
- P AL b
H i CrmLE S o
] .
&
F S IR. oY
Lo .
SRR, s
o om0, Vaw o
1 gt
By 2HGY g I Ry, e i
] -z . - -io -
Ig ICARIN GURERTI mi
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MEM 855P/D/F

Six Channel MOSFET Analog Gate

FEATURES APPLICATIONS

= Analog Multiplexing

® Time division multiplexing

® Chopping

» Serjal to parafel & parallel
to sorfal converter

» Low input capacitance

& 40 volt peak-peak signal input range

& 10" chms input resistance to gate

= [ntegrated zener clamp protects the gate

* Narmally off with zero gate voilage

= Square Law linear transter characteristics

» Low crosstalk .

# Low leakage presented to the summing junction
» High Drain, Source and Gate Breakdown Voltages
® tow harmoric distortion

[T 111 l
CIRCUIT DIAGRAM | u_____lilj A
=
(k] D—‘—"‘—_"'hﬁ___»
2 11l
" - 1t
1r
'
LI
!
i ] ] . ) .

MAXIMUM RATINGS
T4 = 25°C, unless otherwise specmed — body ground.edl
Drai to Source Voltage ... .. . .
Gate to Source Yoltage .
Qate to Drain Yoltage |
Drain Current .

Gate Current {forward direction for zener clamp]
Storage Temperature . ..
Operating Junction Temperature {856F) ..

D 14 LeaD ceramic DIP

; - F
1. L]
] L. “,_II. m Lo

e
TS LEAD e e
e SoaTD mnR.

[

Operatmg Junchon Temc?erature (856 DJF}. —85 10 125°C
Total dissipation at 25 bient TEranI‘atIJI’E - . 300mW
Total dissipation at 25"3 Ambient Temperature for each pate sitcuit . .. S0mW
ELECTRICAL CHARACTERISTICS
{T. = 25°C, unless otherwise specified — body grounded)
SYMBOL GHARACTERISTIC MIN | TYP | MAX | UNITS COMDITIONS
Vasm | ynpanace Cutol 30| — |—60] voits vas= Vos. bo = — 10 4, Vos = OV
liss {hrain Leakage Current — |05 |05 nA == — WV Yeu=0

Source Leakage Current
[ {Total for all Units} — =02 |=20! nA Vsu = — 20V, Veoa =10
less  |Gate Leakage Current — =01 |05 nA |Ves= — 20V, Vosy= 0
logny  |Brain Current —10 =30 = | mA |Ves= V= —IO¥ Vi =0¥
BVWos;  |Drain—3Source Breakdown | —-50 | —&5 | —80 | Volts [lo = — 10 uf, Veu =0V
B¥:s | Source—Drain Breakdown | —50 | —B0 | —80 | Yolts fls = — 10 uh, Yone =0V
BVsss |Gate—Soorce Breskgown | —50 |70 | —80 | Volts [ls = — 10 4A Voo = 0¥
Yia Transadmittance —~e | 70| — | pmho bltHz. Vos = — 20V, b = —5mA,
G | S0 purce — oz | o5 ] of |y Ves == Yor = — 10V
I SRR — | 02 | 05 | PF |18z, Vos == Yos = — 10V
Co (DM To Source — | 005 | 010 | pF |IMHz Ves = Vor = —10V
O AR — | 700 | 1000 | Otms|Vos = —20V, by = — 100 sk, Vo = OV

F 12 teno rLaT Pack

rALTLAMATE WA PGNP

“mh car
e HEER LY
1 L Y = r I
& =  sEe=
" = 1 L o K} LE——-J]
LR P PR = -
L 1 ]’.!-—=|s ¢ 3
[ i
- SO i i
[ S 3 1
[ 2 20
48 RN
& —mow B
t_ 1
T i
g - SEATING AL Al

- AH dim#nsleas |n inches

TERMINALS
FiN FUNCTWOR  ®/N FUNCTION
Gate 1 8 Substrate
Gate 2 9  Drain 6
Gate 3 10 Degin §
Gate 4 11 Drain 4

Gate 5 12 Drain 3
Gate 6 13 Orain 2
Source 14 Orain 1

- ot W M e

BB-10



MEM 855P/D/F

TYPICAL CHARACTERISTIC CURVES

Ferjon) WS, Vot
Yospg ws. Vs Vi: parameter
2000 kiR
= s —MOOLA,
Tym B
w 1500,
E N
1] —_
= W
- =
= H
£ ]
= = leoo- - -
= !
Ea ]
ot -
S S S
4] E] [L 2 - - - ]
Vgs [VOLTS}
-

CeeTRTTTSE T
Vg LYOLTS]

LEAKAGE vs. TEMPERATURE

LEAKASE {na]

-5 -25 o 2= 0 7 mn ies
TEMPERATURE *C

R 1oy
5V Imfy o }5 -
.

Vi o

2o
. ——
nI'S' R
12l 16 1L
G
B

CROSSTALK (dB) vs, FREQUENCY

u:ﬂE @

i

p[E
Emra @ __T‘_}s

E INFUT S1GHAL = 10 WOLT Fh—- P
- | CADSSTALK (98 20 L0632
r ALL UNUSED fINS OF MOSFET'S 3 THAU 6
g 40 T T ¥
= . '
g
£
& : .
% H
ELE |
i :
! 1
| .
—anl- dl I T N o
]

e T o ok
FREQUENEY LKMZ}

Ty Lon] LOHMSE]

Cizs (oF)

Ty ¥S. TEMPERATURE

Vas, Vs parameter

o
- — T _Wan .~
st Tgun 20V, Yaat 0¥

Tg=- 10044
s S T e T ow R
TEMFERBTURE *C

INPUT CAPACITANCE ws. Vo

Vps (YOLTS)

HARMONIC DISTORTION vs. VWes
R. parameter

\MPUT SIGNAL = 10 VOLT
: b - P
FREGUENEY « KKz

=1 Akl UNUEED PINS
CONNEGTED TO BROUND

¥eg (SATE-GROUNE WOLTAAE]
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MEM 856P/D/F

Six Channel MOSFET Analog Gate

FEATURES APPLICATIONS

# 25 yolt peak-pezk signal input range + Anatog Multiplexing P

* 10" ghms input resistance to gate » Time division multiplexing 14 LEAD PLASTIC
# [ntegrated zener tlamp protects the gate # Chopping

® Mormaily off with zero gate voitage * Serial to parallel & paratlel

® Square Law linear transfer characteristics to serial converter

® Low crosstalk

® Low leakage presented tq the summing junction
s Low "on” Resistance

* Low harmenic distortion

CIRCUIT DIAGRAM 1

i

D 14 LEAD CERAMIC DIP

J J T w7 "E"E'T,'T,fr 1

MAXIMUM RATINGS e ]
T, = 25°C unless otherwlse specified — body grounded) Mo, Lea L i s Rt

Drain to Source Yoltage ... ke "
Gate to Source Woltape

Gate ta Drain Volage ..
Drain Current
Gate Gurrent forward direction for zener clamp) ...
Storage Temperature

F 12 Lzap FLAT PACK

Operating Junction Temperature (R55FP) WO FONT . SLTETNATE Moes PO
Operating Junction Temperature (855 T/F). ) I e '
Tatal dissipation at 25°C Ambient Temperature ™ T [y —
Total dissipation at 25°C Ambient Temperature for each gate circult T‘f T = :T‘E'”—E;_:
N - A, L] G o
[ v N s
ELECTRICAL CHARACTERISTICS o =
. = 25°C, unless otherwise specified — budy groundedt om
» S
SYmoL]  CHARACTERISTIG MN | TP | MAX |UNITS CONDITIONS T,
Yo Ga{,-z'?:;;ce Cutoft —15 — —.5.0 Yolts \"'s:: Yoo, o = —10 pA,
Joss Drain Leakage Current — =00 —30]| nh | Yos= —20¥ Veua=0 All dimensions in Inches
Source Leahage Current _— -
Fsns Clotal for a1t Unitss —0E | —12| nA | Va= —20V, Ve =0
lsss Gatg Leakzge Cuirent — —01 | =10 nA | Ves== — 20V, Vou =0 TERMIMALS
loiow; | Drain Currant —3n | -840 —_ MA | Yoz = Yos = — 10V, Ve = OV
BVoss | Drain—Source Breakdown | 33 —_ — | Yolts | lo= —10 zA, Vor = 0¥ PN FUNCTION P/N FUNCTION
BYss | Source—Drain Breakdown | 35 — we | Vaolts | bs= —10 gh, Yo =0V
B¥ess | Gate—Source Breakdown | —40 | —— | —80 | Volts | ls = —10 4A, Vou =0V 1 Gate ] 8 Substrate
Y., | Transadmittance — 2500 | — | umho | 1kHz, Vo5 = Vos = — 10V 2 Gate 2 9 Drain §
Co | B IO Souree — | 30| B0 oF | 1MHI, Verm Vos = — IOV 3 Gate : 1;) Erain :
Gate To Drain — 4 Gate rain
Cor | Cacltaee 19| 35| 1M, Vos = Yos = - 10F s ons 12 ows
Ca Capacitance - 004 ¢ 010 pF } 1MHz, Vs = Voo = 10V 6 Gate 6 13 Drain 2
Fosin | V0 T0 S0UTCE T 10| 30| OMms| Vo= 20Vl 100 A 7 Soce M Drain1
.

ar_1n



TYPICAL CHARACTERISTIC CURVES

Fawy ¥s. TEMPERATURE E
Ves, Vos parameter

Vasiny VS. Vis

£ i
»_ R 3
§-%0 ¥og = Vo T
. Igs -~ 10pA i
-40.-- Ty = 28T b

678 T is o as
Vgg [VOLTS!

LEARAGE {na}

TEMPERATURE *“C

CROSSTALK (dH) vs. FREQUENCY

o
dll
RS Y
v-zou—_a"

ol
| Kn% B

a[F
j -
{3 Thew (B [}
INFUT SISHAL ~ IDVOLT Pk =Pk

2 EROSSTALK [dBl2 20 LGG '—"I

n ALL UNYSED PING DF MOSFETS 3 THRU &

= ARE CONNECTES TO GROUND
] ? H

8

&

]

FREGUENGY [HHE]

-

L15e LPF

an:

35 ..

3.0,

HARMONIC DISTORTION vs. Vec

INPUT CAPACITANCE vs. Vos

. u
Tajoy VS, W53

V.. parameter

ann . \

sa0 .

“du 1znl QMM

430

e

wes  oe ED

Ip=Ima
TetMHz

T Cis s —za

Vps LVOLTS)

R. parameter
<, 1K
'y EHL)\«'
[ St
-5 & b
Vin i
b

INEUT SISHAL = 19 vOLT
Fh - Pk
TREQUENCY + 10KAT

ALL WHUSED FING
COMNFCTED 'O GHOUND

Fy 2 DKL

=il i -3d -4

Vg LGATF-GROUND VOLTAGE |

] -1e - -1 -4 -3

Te—

5

88-13



MEM 857P/D/F

Eight Channel MOSFET Analog Gate

FEATURES

B 25 Volt Peak-Peak Signal Input Range

u Low Threshold

= 10" Ohms Input Resistance

® Integrated Zener Clamp Protection

m Normally Off with Zero Gate Voltage

® Sguare Law Linear Transfer Characteristics

u L ow Crosstalk

o [ow Leakage Presented to the Summing Junction
B Low “ON Resistance

® Low Harmonic Distortion

o | ess Than a 20 Chm Change of "ON' Resistance
from Channel to Channel

DESCRIPTION

This multiple switch cantains 8 nitride passivated insu-
tated pate field effect transistors. The sources are
coinnected in such a way as to afford maximum flexi-
hbility for switching applications.

APPLICATIONS

Analog Multiplexing

Time Division Multiplexing

Chapper

Serial to Parallel & Parallel
to Serial Converter

4-channe! Differantial Switch

By praperly biasing the devices, they can be used either
as multiple switches, rotary switches, ""AND"' gates or
"NOR" gates.

The nitride passivation process enables this device to
have a low threshold voltage capability.

CIRCUIT DIAGRAM
3 2 4 & 7 9 I 10
@ o = [ o o [+ o
=
20 |Dj mﬂil o1
o -
ug y L
1!—-——‘- r—Hl
2l & — — -0 15
——a —i
e o— }—] - ——————— 14
! ¥
—-— ——a—}
23 — — 13
—-0 [ SUBE,
o -]
24 12
SOURCE
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MAXIMUM RATINGS

(T. = 25°C unless otherwise specified — body grounded)

Orain to Source Voltage . .

Gate to Source Voltage
Gate to Drain Voltage .
Drain Current

Gate Current (forward dwectmn for zener clamp)
Storage Temperature .

Operating Junction Tempefature (857P) .. .. ..
Operating Junction Temperature {857 D/F)

MEM 857R/D/F

o L=30V
.30V
30V

... 50mA
~40.1mA

S . .. . .. ..—B5°Ctol50°C
...................................... —65°C to 85°C

.—=65°Cto 125°C

Total Dissipation at 25°C Ambient Temperature 1.75wW
Total Dissipation at 25°C Ambient Temperature for each gate mrcult . 175mW
ELECTRICAL CHARACTERISTICS
(T, = 25°C unless otherwise specified — body grounded)
SYMBOL | CHARACTERISTIC MIN (TYP | MAX |UNITS CONDITIONS
Vs Gate-Source
Cutoff Voltage 1.5 — | 4.5 | Volts | Vos = Vs, [o = —10pA, V=0V
Iss Drain Leakage Current — - 5 nA | Vos = —20V, Veu =0
leos gég Source leakage Current —- - gg nA | Vg = —20V, Vo = 0
lgss Gate Leakage Current - - 1 na Vog == —20V, Vo =0
loyen Drain Current 10 — - mA | Vos = Vg = —10V. Vs =0
BVies Drain-Source
Breakdown Voltage 30 | — — | Volts | lps = —10uh, Veu =0
BV, Source-Drain
Breakdown Voltage 30 — - Volts | lsp = —10pA, Vem =0
BVass Gate-Source
Breakdown Voitage 30 | — — | Volts | lgs = ~10pA, Vo =0
Y Transadmittance 1500 — — |pmhos | Vos = —10V, I = —SmA, f = 1kHz, Vs =0
Cos Gate-Source
. Capacitance — 1.5 25 pF Ves = Vg — —10V, f = 1MHz
Caa Gate-Drain
Capacitance - 1.0 2.0 oF | Ve = Vs = —10V, f = I1MHz
Cas Drain-Source :
Capacitance — |0.04]| 0.10 pF Wes = Wy = —10V. f = IMHz
I'bsienl Drain-Source
On Resistance - - 150 | Ohms | Vas = —20V, Iy = —100pA, Vig = 0

8B-15



E MEMBS57P/D/F

P 24 LEAD PLASTIC

F 2z LEAD FLAT PacK

InoEL POINT
£ ALTERNATE DR PONT
lJ—|nr'1'.'1.r‘|r1r'|r|—1|—|r"|—| T .H-
T T =
: |
LT T - s §— L i —
o 2
\'? | fi" b = ﬁ.‘:j_—E. b= .
2 i AT e R et )
ute1 e ,—n-n-:-'ru—rnmm— ----- " 0 == -
repTircaT | | ] | _rll
H o
i e ~ o ! -
LDy i T 3
: ) |ﬁ£ LEAC FRAMES [ )\T“"r
i . o " ; i
g o ThE =y £
L d
m
i TR
Bl [P (LU

"o
3 E
>
= o0 g
o
5 . i
= . ¥ng ¥ Vas H
. ! Fpe-10ua B
_|‘o: P Toe 25°C ;ann
o 78 T I8 20 & -
vps (WOLTS) 00
20 -

iy
Yoy MOUTE

SCATIRG BLANE = L
"""" T LI -]
D 24 LEAD cERAMIC DIP
R TERMINALS
2 P/N FUNCTION P/N FUNCTION
N 1 Substrate 13 Gate 10

i 2 Drain 2 14 Gate 9

3 Drain 1 15 Gate 8

: 4 Drain 3 16 Gate 7

s —VW 5 Drain 4 17 Gate &
[ o m—— & Drain 5 18 Source 56

S ey (L) ><j—<hf pas jm mlr L'“ 7 Drain 6 19 Gate 5

b i 1 il 8 Drain 7 20 Gate 4

' e o 9 Drain 8 21 Gate 3

Al dweim Y 10 Drain 10 22 Gate 2

11 Drain 9 23 Gate 1
12 Source 7-10 24 Source 1-4

TYPICAL CHARACTERISTIC CURVES
Vasm vs. Vis Fasion VS, Ves Fastel v5. TEMPERATURE
Va; parameter Vas, Voo parameter
wop- - . ach

Ip=-IDous

50 (L1 T

TEMPERATURE '€

RR.1R




MEMB857P/D/F E

CRGSSTALK (g8}

—40.

=60

LEAKAGE vs, TEMPERATURE

wlanask Indy

Pus —an o ETY W L] [T B
TEMPERATURE "C

CROSSTALK (dB) vs, FREQUENCY

P
CROSSTALK {dBI 2 20 LOG -:-f'

- ALL UNUSED PINS OF MOSFETS 3 THRU §
BRE COMNECTED TO GROUND i

T T 10e 1060
FREQUENCY {KM2)

Crgs (PF)

o

%5

60

e H.DO.

INPUT CAPACITANCE vs. Vos

Ip s I0mA
f= IMHz

-5 -1 -15 -20
Vgs (YOLTS]

HARMONIC DISTORTION vs. Voo

R. paraeter
(3
B+I0\l'
+5Y soq i p
-8 T LN
Vag
T3
INPUT SIGNAL = 1D waLT
Fk - %
FREQUENCY = 10KHE
ALL UNUSED FINS
CONNECTEC TD GROUND
05
Ry wiDK ©
a =t —20 -3n -l -50

Vg [GATE-GROUND WOLTAGE)
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MEM 853P/D/F

Ten Channel MOSFET Analog Gate

FEATURES

m 25 Volt Peak-Peak Signal Input Range

W Low Threshold

w 10% Ohms Input Resistance

m Integrated Zener Clamp Protection

® Narmally Off with Zero Gate Voltage

® Square Law Linear Transfer Characteristics

® Low Crosstalk

® Low Leakage Presented to the Summing Junction
u Low "“ON' Resistance

¥ Low Harmonic Distortion

® Less Than a 20 Chm Change of “0ON" Resistance
from Channel to Channel

DESCRIPTION

This multiple switch contains 10 nitride passivated insu-
lated gate field effect transistors. The sources are
connected in such a way as to afford maximum flexl-
bility for switching applications.

APPLICATIONS

Analog Multiplexing

Time Division Multiplexing

Chopper

4-channel Differential Switch

Serial to Paralle! & Parallel to Serial Converter

By properly biasing the devices, they can be used either
as multiple switches, rotary switches, "AND" gates or
“NOR'" gates.

The nitride passivation process enables this device to
have a low thréshold voltage capalility.

CIRCUIT DIAGRAM
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MAXIMUM RATINGS
(T, = 25°C unless otherwise specified — body grounded}

Drain to Source Voltage .

Gate to Source Voltage

Gate to Drain Voltage

Drain Current . .
Gate Current (forward directmn for Zener clamp) .
Storage Temperature .

Operating Junction Temperature (853P)...... ..... L . .

QOperating Junction Temperature (853 D/F)

MEM 853P/D/F E

.30V
.30V
—30V

50mA

. 40.1mA
| —65°Ct0 150°C

—65°C to 85°C

.—65°C to 125°C

Total Dissipation at 25°C Ambient Temperature . 1.75W
Total Dissipation at 25°C Ambient Temperature for each gate cm:uﬂ 175mwW

ELECTRICAL CHARACTERISTICS
(T, = 25°C unless otherwise specified — hody grounded)
SYMBOL | CHARACTERISTIC MIN | TYP MAX UN!TS CORDITHONS
Vst Gate-Source

Cutoff Voltage 1.5 - 4.5 | Voits | Vos = Vs, b = —100A Ve =0V
luss- Drain Leakage Current — — 5 nA Vos = —20V, Ve — Q

514 20 )
lsns $5-6 | Source Leakage Current — — 10 nA | Vg = —20V, Vpge =0
87-10 20

lass Gate Leakage Current — — 1.0 [ nA | Vgg= —20V, Vpu—0
I otent Drain Current 10 ] - - mA | Vig = Va5 = ~10V, Vs = 0
BV Drain-Source )

Breakdown Voltage 30 - - Volts | lps = —10xA, Van =0
BVeps Source-Drain

Breakdown Voltage 30 — - Volts j lso =~ —10pA Ve =0
BWeass Gate-Source

Breakdown Voltage an — — Volts | legs = —10pA, You = 0
Y5 Transadmittance 1500 — — | umhps | Vps = —10V, o = —BmA, f = LkHz, Ves = 0
Cu Gate-Source

Capacitance - 15| 2.5 pF | Wes = Vps = — 10V, f = IMHz
Cad Gate-Drain

Capacitance - 1.0 20 pF Vas = Vos = — 10V, f = IMHz
Cas Drain-Source

Capacitance — |0.04| 010 | pF Vo5 = Vos = — 1OV, f = IMHz
osion Drain-Source

On Resistance — — 150 | Ohms | Vs = —20V, Ip = —100uA, Vs = 0

aB-19
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E MEMB853P/D/F
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F 24 LEAD FLAT PACK
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TERMINALS
P/N FUNCTION P/N FUNCTHON
1 Substrate 13 Gate B
— 2 Crain 2 i4 Gate 7
i -t 3 Drain 1 15 Gate &
FAT { 4 Drain 3 16 Gate B
: ies 5 N.C. 17 N.C.
| L =™ -] Drain 4 18 N.C.
_{_ s 7 Drain & 19 N.C.
rotaa | / 8 N.C. 0 Gate 4
i 9 Drain & 21 Gate 3
\/a.;'l. s 10 Drain 8 22 Gate 2
11 Drain 7 23 Gate 1
1z Source 58 24 Source 1-4
TYPICAL CHARACTERISTIC CURVES
Vouny vs, Wi Fafor V6. Vo5
J Faim ¥s. TEMPERATURE
- . Voc parameter a‘;‘s&. Ve: parameter
H 00 .
N
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MEMS53P/D/F

CROSSTALK (4B}

—20.

LEAXAGE vs. TEMPERATURE

CROSSTALK (dB) vs. FREQUENCY

+ 6

T

o Dies_
§ W

-4
v-zova—-—_-“’

s L @J—'

: = ‘mnu@] ﬁs I
" INPUT SIGNAL = [0 YOLT PR— ra

CROSSTALK {dB) = 20 LOG —i

ALL UNUSEDL #INS OF IDOSFET‘S 3 THRU 1D
lll[ COWWECTED TO _GROUN

FREQUENCY [KHI)

INPUT CAPACITANCE vs. Vo

{Tp = I0maA’
(e IMRE
AR

—ig
Vpg {VOLTS}

HARMOMIC DISTORTION vs. Voo
R. parameter

B
500 o I+s|cv ;

------ -
DINPUT SIGNAL P I VOLT
- Fh— Pk |

-l
. FREQUENCY » 10KHZ

ct-oeme ALL UMUSER PINS .
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INDUSTRIAL

PART PAGE
FUNCTION DESCRIPYION NUMBEHR NUMEBER

4 DIGIT Counts. stores & decodes four
COUNTER decades ta BGD outputs. A¥-5-4057

93

4 DIGIT AY-5-4007 46
. Counts {up or down], stores &
COUNTER/ decodes four decades to 7- AY-5-400TA 9-6
DISPLAY segment outputs.
DRIVER 4 puts:

AY-5-4007D

DVM logic incarporating dual AY-5-3507

I DIGIT DVM ramp integration

AY-5-3510

DY logic incorparating single
3% DIGIT DV ramp integratian, AY-5-3500

4% DIGIT DYM DWM logic incorporating dual

ramp integration AY-3-3550

10 BIT D/A :
CONVERTER Ladderless D/A converter. AY-5-5053

ASD . .
With AY-5-50%3. performs A/D
CSSEEEELR transmitter facility.

SEQUENTIAL A zimple, single bit processor
BODLEAN which can directly evaluate a
ANALYZER 3ot of Boolean equations.

i

AY-5-5054

INDUSTRIAL

[S]MICRO

ELECTRONICS
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AY-5-4057

Four Digit Counter

FEATURES
i _ PIN CONFIGURATION
m Fully static operation.
m Maximum clock input 500kHz. 16 LEAD DUAL IN LINE
m Reset input.
8 Multiplexed outputs.
& Final Carry output and two intermediate carry outputs,
8 TTL/DTL compatible inputs and putputs.
Tap Vb
DESCRIPTION i
Voo [r5V) e 16 [ Multiplen Q
The AY-5-4057 is a fully static four digit counter capable of Resat [] 2 5 [J Multiptax P
accepting s count frequency of up to 500kHz. The four counters vy [ 5
are connected in series, each having a 4-bit store associated with ) Vag {12V} 14 1 strobe
it. The counters change on the negative going clock transition, Final Carry (Dacads 4y [ 4 15 [ Loed Input
and the counter autputs are transferrad to the 4-bit stores when Carry Outpul Decade 3 [ 5 12 [ Count input
the load control ia taken to Logic ‘08, outpm s ] 8 W Vg {GND)
The count held in the four stores is strobed cut in sequence by a Outputa ] 7 16 [ Carry Qutput Decade 2
signal derived from the 'Strobe Input'. The multiplexed BCD Outputz [ 8 8 1 Outputt
outpuis are output in sequence and are capable of driving &
decoder/driver. The ‘Strobe Input’ operates on a positive transi-
tion {0 to 1), and the multiplex outputs, P and Q are in a 2-bit
binary sequence.
In addition to the count cutputs, the device has a ‘Final Garry
Qutput’ (CO 4} and two Intermediate carry cutputs, CO2 and
£03, from the second and third decades respectively.
A reset line iz provided to reset all four decades to the zero state,
BLOCK DIAGRAM
RESET 1 T T 1
COUNT DECTADE DEG;\DE DEC;DE DEGAADE
[ | - FINAL CARRY
INT CARRY 3
INT CARRY 2
LOAD STORE $TORE STORE STORE

STROBE

EEEEEEEEEEENENEE
]

MULTIPLEXER — gy

1 LI T T L] x
e o A B ¥ ]
MULTIPLEX SEGMENT
DUTPUTS QUTPUTS

B-3



AY-5-4057

PIN FUNCTIONS

Name Funclions
COUNT INPUT A ragative going (1 to 0) signal on this input causes the counter to be incremented by
one,
LOAD INPUT A logic ‘0" level on this input causes the contents of the four counters to be

transferred to the store. To stare any one count, the load Input must go to legic "9 a
mimrimum of 800 nsec after the count pulse that sets up the count to be stored. {tz1
on timing diagram) and stay at iegic 0" for 2 minimum of 1 pgec.

RESET A logic "1 leval applied to this Input will reset all four counters to the all '0's state.
{Store is not reset). A delay of 250 naec must be allowed (152 of timing/diagram)
after the reset goes to logic ‘0 before a count s started.

STAOBE A positlve going ('0’ to '1°) signal on this input clocks the multipfex counter, theraby
causing the count to be gutput inthe correct sequence.
PEQQUTRUTS The twa Multiplex outputs P and Q, identify which decade is baing output.
R Q
1 0  Strobes decade 1
)] 1 Sirobes decade 2
1 1 Strobes decade 3
4] 2  Strobes decade 4
*INTERMEDIATE This output |s generated by the second decade of the counter.
CARRY (CO2)
*INTERMEDIATE This output is generated by the third decade of the counter,
CARRY {C03)
*FINAL CARRY This output |s generated by the fourth decade of the counter.

*All carry outputs go to logic '1' on count 8 and return to legic ‘¢ on count 10

COUNTER-DISPLAY INTERFACE

MAN 3 MAN 3 MAMN 3 MaN 3

BCDTO?SEGMEMT)
GECODER/DRIVER _| 2
TRRTIRY C D:
8 |4 3 I G5 B ThG 3
D¢ 8 &
pL]>m _ 1 12
=]
AY-5-4057 g SEE BELOW
o—{>o—
[ o MAN 3
a 2o § | -
a =S| w| & ‘CARRY
> 2N 3553
3 3l &l % DUTPUTS OR "EQUIVALENT

o4



AY-5-4057 E

ELECTRICAL CHARACTERISTICS

Maximum Ratlngs*
*Exceeding these ratings could cause

Max. voltage betwean Vecand any pin. . . ., . —20V to .3V permanent damage. Functional operation of
Operating Temperature Fange, . . . . . . . . . 0°C to +70°C this deavice at these conditions is not
Storage Temperature Range . . . . . . . , | —65°C to H150°C Impiied—operating ranges are specitied
Standard Conditions {unless otherw|se noted) below.
Vou = ~12V 21V Operating Temperature {Ta) = 0°C to +70° G
Vo =+5.0 £0.5V Output Loading + 1 TTL Load
Var = QV CL TOTAL =10 pF
Characleristlc Min Max Unlts Condltions
Count nput
Repetition Rate DC 500 kHz
Rise/Fall Times — 10 L}
Loglc'0* - +0.8 v
Logic'1" Vee-1.5 - v
Input Capacitance - 5 pF Vo=V
Load Input
"Pulse Width L., 1.0 — K&
Set-up Time ts1 800 —- ng
Logic 0’ - +0.8 v
Logic‘1" Yee—15 - v
Input Capacitance — 10 pF Yiv=Vee
Strobe Input
Repetition Rata 3]0 10 kHz
PulzeWidth 10 - HE
Rise/Feil Times — 10 S
Logic ') — +0.8 v
Logic‘1” Vee-1.6 — v
Input Capacitance - 5.0 pF Viv=Vee
Resgel Inpul
Pulse width trw 1 — ME
Set-up-Time ts2 250 —-— ns
Logic0’ — +0.4 v
Logic‘1' Voo 1.5 —- v
Input Capacitance — 10 pF
Outputs
Loglc'D” — +0.4 v loL=1.6mA
Logic'1” Vee—1.0 _ v fon=100uA
Propagation delay tpd - 20 5
inpul Leakage — 5.0 uh Vo =Vo— 10V, al 26°C
Power —- 350 T
TIMING DIAGRAM
LOGIC!
COUNT
———— LOGIC O
Y - LOGICHA
LOAD
LGGIC O
(S9N 34
LaGICY
RESET
LOGIC D
D B LOGIC 1
QUTPUTS B i

] LOGIC O

le—tpd o}
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AY-5-4007
AY-5-4007A
AY-5-4007D

Four Digit Counter / Display Drivers

FEATURES

» Minimum interface required to drive most comman types of
LED, fluorescent, seven segment displays.

Large output current capability on séven segment Quiputs,
typioaly 26mA with 1V drop.

Fully synchronous up/down counting operation,

Lock ahead carry for error free outputs when reversing
count direetion.

Internal oscillator needing no external components for
operating the digit select counter,

Four digit selsct ouiputs with inversion control-for display
driving flexibillty.

Multlpiexed BCD outputs end serial output from storage
register is availabie.

n TTL/DTL compatible an inputs and outputs.

m Blanking action of Resst Input.

m Counting rate up to 600 KHz.

DESCRIPTION

The Four Digit Counter Display Driver is an LB! subsystem
designed for application in counting display systems such as
frequency counters, digital voltmeters, digital timers, event
gounters using 7 segment numaric displays. It contains a 4
decade up/down synchronpus BGD counter, a storage register,
multiplexing gircuits, internal oscillator for digit selection and 7
segment decoder to count and dispiay up to 9999,

Built-in controi circuits provide flexibility of use with a minbmwem
of external componants.

The device is eopstructed on a single monolithic chip using

PIN CONFIGURATION
40 LEAD DUAL IN LINE
AY-5-4007A
Top View
Voo +sviEl®1 0 ap [ TrusGomplement Contiol
Gount Input O 2 38 [ Resst Input
Dawn/Up Command ] 3 38 [J 41n Dacade Carry Quigul
Transfer input T 4 3 O NG
NG O 5 NG
NG O 6 36 [ 9rd Decada Carry Quiput
NC [ 7 34 [ 2nd Decade Gamy Dulput
NG [ 2 33 [J Seriat Oulput
NC. O 8§ 32 [ 109 Dight Select Gutput
Vag (-12¥] G W 31 [1 Diglt Select Clack Input
[ Xaim T 30 [ 10 Digh Select Cutpw
® Segment [ 12 25 [ 10 Dight Sekert Cutpul
& Segment O] 13 28 [ 107 Digit Safect Qutpul
O Segmant T 14 27 [0 228CD Culput
G Segment O 15 26 |1 228C0 Quiput
E Segmant [] 16 25 [0 shillSlock Hpul
NG ] 17 24 [ 2'BCo Output
NG O 13 2 [ 2°BCO Outpat
A Sagment (] 19 22 T vg (GND)
F Segmam [ 20 21 [0 Common Source

MTNS P-channgl enhancement mode transistors.
AY-5-4007A, Avallzble in 40 Lead Dual In Line package, allows
tor all available functions,

The AY-5-4007 and AY-5-4007 1 incorporate the most commoniy
used features in 24 Lead Dual In Line packages.

BLQCK DIAGRAM

OIGIT SELECT
OUTFI
. 18 W
AY-5-40074 shown: wsm LMED
m ingicates funclions

availnble with the AY-5-40070. |

¥ SEGMENT A
ouTRUTS F@q"
nBtBEFG Eie
MEN

| aco outhurs

! I | } L — 1 g9 imsmr
M L bt b}
| [USI:ILLJ\TOR | l| —a
| —T ] . I £° [Lsst
| [ !
BoOITSECECT py | | 0T 4 —— MULTIPLEXER '
| CLINT, |
T T i
SERIGL l { i K i |
St Lt !

BTONAGE REGISTER
1

SHIFT cigoe g |
(L
|
!
t

COLNT INPUT

RESET INPUT

#E]

Vag ¥ee Yar

— T ——-

GARRY GUTRUTS
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AY-5-4007 W AY-5-4D07A ® AY-5-3007D

PIN CONFIGURATIONS

24 LEAD DUAL IN LINE 24 | EAD DUAL IN LINE

AY-5-4007 AY-5-4007D
Tup View Tap View
Ve 175V Ow 24 10 True/Camplameant Control Yoo (v5V) O Roset Mpul
Sauntwnput O 2 73 [0 Aeset Input Caunt Input O 2 ath Decade Carry Quiput
Downdlp Semmang = 3 22 [ 4th Diarade Carry Cutpul DgwnéUp Commang [ 3 A Decade Carry Cutpul
Transter Input T 4 @1 O 10" Eegh Setost Cutpul Transfer Input T] 4 2nd Decade Carry Output
Vg 12w O 5 2 [ 10 Digin Sekect Output W 1203 08 Serig! Oyiput
B Sagmant {7 & 12 [ 10° Digit Salact Output E Ssament [ & 19 Digit Sebect Dutpul
L Bagrmem [ 7 15 [1 109 Digid Salact Crutpar C Segmant [] 7 10" Clgit Sebact Cutpu
0 Sagment [ 8 17 [ 2*BCD Cutput O Segment [] 8 102 Dlgit Sebect Chutpul
G Gegrment O 4 15 [0 2 BCD Qutput G Segmant [] o 107 Digit Select Cutpal
E Segmem [ @ 153 [1 2B Qutput E Segmant [ Shift Clock Input
A segment O] 11 14 [0 2Y8cD Quiput A Segmant [ Vg (BND]
F Segment ] 12 “E O e (N F Sepmant [] , Commaon Sourca
NOTE: Far A¥-5-40070. True/Complement conirol

is internally connecied fo logic 0" eval,

PIN FUNCTIONS

Name

Function

COUNT INPUT

RESET INPUT

DOWN/UF COMMAND

AND DECADE CARRY OUTPUT
3RD DECADE CARRY DUTPUT
4TH DECADE CARRY OUTPUT

TRANSFER INPUT
SHIFT CLOCK INPUT

SERIAL QUTPUT

10° DIGIT SELECT OUTPUT {LSD}
10! DIGIT SELECT QUTPUT

107 DIGIT SELECT QUTPUT

103 DIGIT SELECT QUTPUT {MSD)
2° BCO OUTPUT(LSH)

21 BCD OUTPUT

22 pCD QUTPUT

27 BCD OUTPUT{MSB)

“A" T "G” BEGMENT
COMMON SOURCE

TRUE/COMPLEMENT CONTROL

DIGIT SELECT CLCCK INPUT

Count Input operates the decade counters synchironcusly on the positive going edges
{legic "0’ to *1° transitions}).

When this input goes to alogic "17 it resets the decade counters to 0000, forces the digit
select counter to the MSD position and the Digit Select OQutputs tO ‘not active' loge
levels to blank the display. it must be present for a minimum of 10 psec,

The count direction depends upon the logic level on the DOWN/UP Command input,
Logic '0° = Count UP. Logic '1" - Count DOWN,

Normally the Carry Qutputs are at a legic ‘0 level; when activated a positive pulse is
genergted on the cuiput ling, which is identical with the Count Input cavsing tha carry.

Ptacing the Transfer Input at a logic "1* allows transfer of data from the decade counters
to the storage register.

This input is used to apply clock pulses to the storags register for sarial shift oparation,
Normaily Shift Clock is maintained at a Logic 1" and negative pulses are necessary 1o
parfarm shift operation. Actual shifting of storage register data is done on the second
edge {positive going) of each clock pulse. A Pull-up resistoris internally provided for the
Shift Clock Irput so that this line, if not used, may be left floating. Since the storage
reqister is quasi-static in serial shift operation the width of negative pulses {at logic '0°}
has tobe limited to 20usec. During serial shift operation the Transfer input must be ata
Jogic "0

Thiz is the serial output of the storage register, When serial shift operation is not
performed the Serial Qutputis the least significant bit of the least significant digit of the
storage register,

These outputs provide sequentially an active logic level {logic 'V if the
True/Complement Controf is at a logic ‘17 logic '0" if the Trua/Comiement Control isata
legic "0’} to specify which of the corresponding digits is selected and displayed, the
remaining 3 Qutputs being not active'. All the Digit Select Outputs are forged toa 'not
active’ logic level as long as the Reset Input is active.

These outputs provide the Binary Coded Decimal representation of the digit being
selected and displayed by the multiptexer. The truth table shows BCD Codification of
these outputs.

These outputs are programmed according to the truth takle. Each output terminal is
actuaily connected to the drain of the corresponding cutput transistor.

This is the common of the seven segment output transistors. Whan not externaliy
available the corresponding terminal is internally tied fo Vol (OV) line. It may be
connected 10 any voltage between Vas and Voo according to requirements.

Thig input controls the palarity of the Digit Select Outputs active lagic level, When the
TRUE/COMPLEMENT Control is at alogic '1', active level for the Digit Select Qutputs is
a logie 17, when at a togic 0" active level is a logic 'QH.

An external signal applied to this terminal overrides the internat oscillator. When the
internat pgcillator is used, this terminal must be {eft fioating.
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‘AY-5-4007 ®» AY-5-4D0TA w AY-5-4007D

ELECTRICAL CHARACTERISTICS

Maximum Ratings” :
Voltage on any pin with respectto Wee, . . . . . . .

—20 to +0.3Y
Storage temperaturerange. . . . . . . . . . . . —65°C to +150°C
Ambient operating temperaturerange . . . . . . . G0 +70°C

Standard Condltions {unless otherwise noted)
Voe=+6.0 408V Vo= —12V £V OR 7.0V +0.5V

‘Exceeding these ratings could cause
permanent damage. Functional cparation of
thse devices at these conditions is not

implied—operating ranges are specified

below.

Vo = 0¥ Operating Temperature (T,) 0°C to +70°C
Vou=—12V 1V Voo = —7V 0.5V
Characlerlstlc Min Typ*' | Max Min Typ™* Max Units Conditlans
inpuls ’
Logic'd’ Var - +0.8 Vau - +0.8 Volts SeeFig. 4.
Logic'1’ Voe—18 - Voo 03] Vo158 - Ve +0.3 | Volts
Capagitance - - 10.0 - - 10.0 pF Vin=Vee E1MHz
Laakage - - 5.0 - - 5.0 A Yin~Yee=~10V at25°C
RepetifionAata B.C. - 600 B.C. - 350 kHz Square Wave
Pulse Width 07 - - 1.0 - - BSBG Pulsaeither high or low
Tr&Tf - - 100 100 HSEs
True/Complement/
Control Inpuk
Input Current 10 40 100 10 - 50 T Vi = Voo
10 25 50 10 - 25 uh V=V SeeFig. 5
Diglt Select Clock
Input Current 10 50 150 5 25 75 pA Vin = Ve (Sink)
50 250 1600 a0 150 1000 A Vin=V¥a (Source) See Fig. 3.
internal Freg. 1.0 20 4.0 1.0 20 4.0 kHz
Extarnal Freg.-—Data oniv§ D.C. - 100 D.C. - 50 kHz
X Display D.C. - 15 b.C. - 7 kHz Display Duty Cycle 25%
Shift Cloek
Fraquancy D.C. - 1 D.C. - 0.8 Mtz
Pulse Width 0.4 - 1000 05 - 1000 peec See functional description
Input Current 20 100 400 10 30 200 nh Wi =Vao (See Flo.6)
Outputs—7T Segment
{See Note 2) .
Leakags Current - - 10 - - 10 b Vour—Vec = —10V at 26°C
Device on Current 15 25 45 12 20 35 mA Wer—Wour = +1.0V 8t 26°C,
Veos = Voo
Device on Current 12 15 27 T 11 7 A Ves—Wour = —1.00 at 25°C,
Ves = Ve
Power Dissipation
(per segment at 25°C) - - 200 - - 200 T See Note 1 & Fig. 1.
Othar Qutputs
Logle ¥ - 0.2 0.4 - 0.3 04 Volts lo = 1.6mA with 10pF load
Logle "1° Voo =1.0Wee —0.85 - Voo —1.0(Wee ~0.65 - Volts lon = S0uA
Propagaticn Delay - - 0 - - 1.5 uses Carry Outpur] )
15 - - 20 Hsee Serial Output See Fig.2
Tr. Ti
Higa, Fall Timas - a15 23 - 0.3 0.6 use
Power .
lews - 25 35 - 13 20 mh [Ver te Vag)
NOTES:

**Typical values are at +25°C and nominal voltages.

1. Derate Fower Linearty to 100mW at 70°C.
2. See also Typical 7-Segment Qutput Gurves, Figs.g. 11, & 13 (—12V +1v)
See also Typlcal 7-Segmant Output Curves, Figs.10, 12, & 14 {(—7V +0.5V)

TIMING DIAGRAMS

upr [l ur CRwWH

CARRY OPERATION

BA96 oDog WASE onso ool oogo 2389
HT
et
DTN FUP
COM MAND / \ /
CARRYT |I| \ / \ i L] f \
DUTPUTE

SELIC{'D‘DU'?";J} J I r_.‘—

1o* piGiT L I 1
o' preIT [ 1 i
[ | 1 [ 1

1 N 4 | L L L i . N

e et o 100 1 e o' i o et

bigIT
DIGIT SELECT OPERATION
{True/Complement Control s 21 loglc *1' level)
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OPERATION

Decade Counters

The four decade ¢ounters are synchronously operated on the
pasitive going edges of the Count Input; a single DOWN/UP
Command controls the direction of counting. The adge-trig-
gered structure of the master-slave flip-flops allows the count
direction to be changed between count pulses at either Count
Input level. A Reset Input resets decads counters to 0000,
Carry outputs are provided at the 2nd, 3rd and 4th decade; these
outputs are activated when an overflow {in counting up) o an
underflow (in counting down) condition exists in the corre-
sponding decade counter. The carry output pulse is the sams as
the Count Input pulse causing the carry,

The look ahead design ofthe carry stages gives error free outputs
when reversing the count direction.

Storage Register

Crata in the decade counters is transferred to the storage register
under control of the Transfer bnput stgnal. The Transfer Input
may ke cornected to a logic ' for & continiuous transfer and
display uperation,

The Storags register may also be operated as a parallal-in serial-
out shift register, In this case clock pulses arc 1o be provided to
Shift Clock Input, the gerial conant of storage register is availa-
bie on the Serial Qutput line, and recirculated back o the first
stage input. A train 0f 16 clock pulses is needed to extract the full
content of the register, |east significant bit of least significant
digit first. When operating the storage register serially, Transfer
input iz to be kept at a logic '0'.

Cigit Select Counter and Multiplexer
The digit select counter is driven by a built in oscillater which

AY-5-4007 = AY-5-4D007A ®m AY.5-40070

requires no external components. The internal oscillator can be
overridden by applying an external signal to the Digit Sslect
Cloek Input.

The digit sefect counter controls the multiplexer to route infor-
mation from storage register 1o the 7 segment decoger drivers
and to the BCD Outputs.

The counter scans from MSDH {10° digit) to LSO (10" digit). Each of
the four Digit Select Outputs is sequentiatly activated when the
cerresponding digit is selscted and displayed.

The Digit Select counter is forced to MSD position and Digit
Select Quiputs are forced to ‘not active” logic levels as long as
Reset tnput is active. This feature blanks the display when the
device is being reset. The True/Complement Cantral inverts the
Digit Select Qutputs active logic level for flexibility of output
interface circuitry.

Intermal detay logic ensures that both 7 segment outputs and
BCD outputs are valid befors activation of the corresponding
Digit Salect Qutput to avoid “ghost images™

7 Segment Decoder Driver

The ¥ segment decoder drivers consist of very low impedance
output transistors {typically 40 ohms) to minimize external inter-
face componants when driving 7 segment displays such as LEDs,
fluorescents, Incandescents, ste.

The 7 Segment Outputs are the drains of the corresponding
output transistors, these outputs are programmed according to
the truth table below. A Common Source terminal is also
avaitable to increase flexibnlity of use.

7EEGMENT OUTPUT TRANSISTOR BCD OUTPUT
DIGIT
A B c ] E F G MSB LsB
2! 2 2' 2
g . : ’ . . - 0 0 0 g
t - * * - - - 0 4] 0 1
2 y . - : - . 0 0 1 0
3 v . - . - . 0 0 1 1
4 - * * - * * 0 1 0 0
5 : - : : : . 0 1 0 1
6 i - ’ . : . 0 1 1 0
7 v . - - - - s} 1 q 1
8 - . - : : : 1 0 0 0
k} . - . * . 1 o 0 1
LEGEND:
“ output transistor ON A
- autput transistor OFF
& togic 0 SEGMENT 3
1 logic 1" IBENTIFICATION | B
3
E C
]
7 SEGMENT AND BCD OUTPUTS TRUTH TABLE
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AY-5-4007 m AY-S-4007A W AY-5-4007D

4> A
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Flg.1 7-SEGMENT OUTPUTS

1/P (EXT}
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Flg.3 MGIT SELECT

Flg.4a TYPICAL INPUT

Fig.2 ALL OTHER QUTPUTS

Fig.5 TRUE/COMPLEMENT
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QUTPUT (TYP)
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v Yeo
o6 E Yoo Yoo
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Fig.8 SHIFT CLOCK
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AY-5-4007 m AY-5-4007A w AY-5-40070D

TYPICAL CHARACTERISTIC CURVES

W INIBHND

Yog TV Vgg ot 1RV
an a0
1
I
W, =Y,
| o5 =Yoo
20 _h 20 . [ .
1 2 | |
: Vg =Vpeo T ,_._—_JI_.________‘ Vs Vg
; \ m ! e ————
1 z |
; W, W, El :
] s = Vi
[ ——— | - T
L 1 i ]
1 e I
{ L
I
i '
! b
1 1
| 1
| i
L
o 4 o 4
1] Fi S0 kL] o 25 50 15
TemR, ' TEMR.
Fig.5 Fig.10

TYPHCAL CURYES OF SEGMENT CURRENT VS, TEMPERATURE AT 1V ACROSS OUTPUT DEVICE
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o
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i
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7
=
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F
L .I 12
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Fig.11 Fig.12
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58 50
40 P
I / Iy
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» / P

. /1 ) _5 ,//

T

[} g 1.5 2.0
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Fig.13 Fig.14

a 06 1o s 2

TYPICAL SEGMENT QUTPUT CURRENT V. QUTPUT VOLTAGE AT +25°C
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AY-5-3507

AY-5-3510

3'% Digit DVM

PIN CONFIGURATION
FEATURES ;?rLsE-.;?D?UAL IN LINE
m 3% Decade Display (£1899 max, reading) Top View
® Automatic Polarity Dietection F Segmant [ w1 i 150 mxa
Indicatl
& Cverrange Indication P o B e
AY-5-3507 E Sagment [:" 3 18 [ mxz
m Dirgot LED 7-Segment Orive Bignal Switch [ 4 15 [T mixi
® Upto § readings per second Gomperator input [] 5 14 f:l Clack
Megative Aef, Switch [ & 13 1 ¥po -15W)
AY-3-3510
» BCD Outputs Pasitiva Ref, Switch [ 7 12 [] D Segment
u Up o 50 readings per second A Segment [ 8 [ CSegrmant
» Chopper Output provided for oscillator synchronization or B Segment [ 9 0[] v (GNDY
underrange indication
DESCRIPTION 16 LEAD DUAL IN LINE
The AY-6-3507 and the AY-5-3510 are MOS LS) circuits AY-5-3510
containing all the togic necessary for a2 3% Decade Digital Top Visw
Voltmater utitizing Dual Ramp integration. Automatic polarity 7
detection is incorporated as is automatic overrange indication, ¥sz (GNDY d“ 16 [1 OutputB
For the AY-5-3507, the outputs are muitiplexed onto a 7-seqment Quiputs [] 2 15 [ Output A
bus allowing easy interface to LED and similar displays.For the Qutput O [‘ 3 14 [ Positive Ref, Switeh
AY-5-3510the cutputs are multiplexed onto & BCD busallowing Chopper Output [ 4 13 1] Megative Rel. Switch
easy interface to a wide variety of displays.
Vo -2ov ] 5 12 [ Gomparator (nput
Clock Input (] & 11 [J signar Switch
M¥1 T 1071 Mxd
M2 ] 8] mxz
BLOCK DIAGRAM
s M T e
I 4
S Rl PR
i - - = p—--amne i IJ_
+ L | I, l—h l— !
T T T I I
. : i l L i i_ —
TS R ) ¥ -
S el STHETE _-_h “'(]ZE‘ i ! JFGICE. i— —_—— '—:‘I:L—L: —_———— j
P JE— r
oy ﬁﬂ LA 1] e am——
= | hL_k_‘t_:L_lJz — 1 e | -y e ! l
og gt | MULTIPLEX E;‘,_+ I'_‘i—' | l“-ll: i 4 y I
i T ' ‘_J—c.mz J LJ’ l
- L L TR
i 1 Y reuT:
e el Fl e L T ]
s ’—l J! |L—’_Q ™% SAME AS AY-5-3507 EXCEPT AS MARKED ABOVE.
HEF REF N _1__
AY-5-3507 AY-5-3510
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PIN FUNCTIONS

AY-5-3507 m AY-5-3510 E

Name

Functions

COMPARATOR INPUT

A logic ‘0 level corresponds to a nagative input signal,
A logic 1" level correspands to a positive input signal.
This signal should be supplied from an external oscillator giving a square wave

These outputs drive analog switches which connect the Reference Voliages to the
tntegrator. A logic ‘0' at the Comparator Input will be followed by a logic 1" at the
Positive Refersnce Switch Qutput. A logic ‘1 at the Comparafor Input wilt be

This autput will be at logic 1" during the time that the signal is connected to the

CLOCK INPUT
signal.
REFERENCE SWITCH
OUTPUTS
followed by a logic "1 at the Negative Reference Switch Output.
SIGNAL SWITCH
QUTPUT integrator.

DISPLAY MULTIPLEX
OUTPUTS

AY-5-3507
SEGMENT OUTPUTS

AY-5-3510
CHOPPER OUTPUT

AY-5-3510
DISPLAY OUTPUTS

Each output will be at logic 1" for 2 clock periods to display (sees Fig. 4). The cutputs
setected will be as follows: —

MX1 QAL £ Over-range MX3 Decade 2 (10"

MXZ Decade 3 (107} MX4 Decade 1 {107

Tha outputs of the 3 decads countars are prasented sequentially on the outputs A, B,
C, I}, E, F, G. In the first multiplex pesition 1 is indicated by segments Band C,--is
indicated by segment G, overranga by the flashing of segments A and D. 6, + and
underrange are not indicated.

This output is a square wave at 1/100 the clock input fréguency. It can be used either
to phage lock the clock oscillator 1o the malns or to provide a 5% FSD under-range
signal.

The outputs of the 3 decade counters are presenfed on the outputs A, 8 G, D inBCD
complement code. A=2", B=2', C=2°, D=2". AtMX1 lime, the most significant digit is
output on Awithits complementon D, signis output on B and over-range on C.

OPERATION
The operation of the circuit is as follows.

initially the signal, and reference outputs are in the logic ‘0" state.
The counter counts continuously and at the 1889 1o 0000 transi-
tign a +2 is toggled driving the signal switch output to logic '1"
turring on the slgnal switch, The integrator generates a ramp, the
amplitude and potarity of which depend on the ampiltude and
polarity of the input signal. After a further 2000 clock pulses the
+2 s togygled again. This stores the state of the comparator
output in a [ type fiip flop (this signal represants the sign of the
input signal}. The appropriate reference switch is then energized
to cause the integrator output to ramp back te zero. When the
comparator output subsequently changes state the reference is

switched off and the number n the counter Ig transferred to the
store together with polarity information.

Should the input signal be so large that zero is not reached during
one courter cycle, an averanga flip flop will ba set and will remain
set until the next 139% to 0000 transition of the eounter. During
overrange the main display wili be set to 0000 and the overrange
ingicator wil flagh,

To minimize pin requirements, a time shared output is ussed. The
diapiay store output {including t, 041 and ovarrange) Is gated
sequentially, a decsde at & time, onte a comman 7 line
{AY-5-3507} or 4 line {AY-5-3510} output bus.

3% DECADE DIGITAL VOLTMETER
REF

* o7 } DISPLAY

| | | COMPARATOR
3

SIGNAL
IMPUT »
CIGIT
INTEGRATOR == DRIVERS
e
AY-5-3507
10kHz 0S5C

| Vs Voo

813




AY-5-3507 ® AY-5-3510

ELECTRICAL CHARACTERISTICS
Maximum Ratings”"

Maximum voltage between any pin and Vggpin +03te—20V
Operating temperaturerange . . . . . . . . . . . . 0°Cto+70°C
Storage temperatuwre renge. . . . . . . . - L L . . -65°Cto+1504C

Maximum powerdissipation”. . . .5D0mW {total}), SCmW (per output)

*Exceeding these ratings could cause
permanent damage. Functional operaton of
these devices at these conditions is not
implied-—opsrating ranges are specified

below.
Standard Conditlons {unless atherwise noted)
AY-5-3507 AY-5-3510
Ve GND -
Vi - GND
Wi —12 to —18¥ —18 to —24V
Operating Temperatura (Ta) = 0°C to +70°C FCto+cC
Characteristic Min Typ™ Max Unilts Conditions
AY-5-3507
DC CHARACTERISTICS
Clock & Comparator inputs
Logic 'O Level -5 — ~-18 Volts
Logic 1" Levsl +0.3 — -1 Volts
Iinput Leakage —- — 10 HA Vi = =18V, T, = +25°C
Display Multiplex Qutputs (Note 1)
Logic '1" sink current 1.2 2 32 mA Vout = -2, T, = +35°C,
Vgg = =12V
Logic ‘0" ieakage current — — 10 PA Vaur = —18V. Ty = +25°C
Switch Outputs (Note 1)
Logic ‘1" sink current 0.5 a8 1.25 mA Vour = -2V, T, = +25°C,
Vag = -12V
Logic ‘U ieakage current — - 10 HA Moyt = =18V, Ty = +26°C
Segment Outputs (Note 1)
Lagic "1' sink current 425 ¥ 14 mh Vour = -2V, T, = +25°G,
Vag = -12V
Logic ‘0 ieakage current — - 0 HA Vour = =18V, T, = +25°C
Supply Current - 1.5 22 ma, Vpp = -12V, T, = +25°C
— 3.6 5.25 ™A Von = 18V, T, = +25°C
AC CHARACTERISTICS
Clock & Comparator Inputs
Input Capacitance — - 10 oF Viy = OV, 1 = 1MHz
Clock Fraquency oc —_ 20 kHz Vpp = —18V
e — 10 kHz Voo = ~12V
Clock Fulse Width 10 — — [1E] Note 2
Display Multlplex Quiputs
Propagation delay —_ — 4 ps from Clack positive edge
Segment Outputs
Fropaqgation delay — — 10 it fram Multiplex
autput positive adge
AY-5-3510
Clack & Comparator Inputs
Logic ‘0’ Level -8 — —24 Valts
Logic*1 Leve! +0.3 - -1 Volts
Input Capacitance —_ —_ 5 pt Vi # OV
input Leakage - — 10 uh Vi = ~24V
Clock Frequency pC - 200 KMz,
Display Multiptex Qulputs (Note 1)
Logic ' sink current 2 - - mA Vaur = -6V
Logic'0’ leakage current - — 10 nA Vour = -24V
Display & Switch Qutpults (Nota 1)
Logic't sink current 0.7 — -_ mA Vour = -4V
Logic'lt leakage current — - 10 A Vour * 24V
Supply Current - - 10,5 mA Vpp = -24V

**Typical values are at +25° C and nominai voltages,
NOTE:

1. All putputs are single-ended {“open-drain”). External pull-down resistors are raquired.

2. A square waveform is preferred.
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AY-5-3507 w AY-5-3510 E

TIMING DIAGRAMS

1 _—
SIGNAL \GHLl 2 €LOCK
swrith omus_sgc'}'m__ PERINOS
1
P Mx 1 ni 1
SWITCH
REFERENCE 1 |
6 e - - lcoNNECTED | mee f | )
I{S\IJ‘IE_F'GE,@TDR - _'7\ |
1
- (e
1 .
il o | wes ]
2000 CLOCK dgg 13 CLOCK
TTOLES 2w - FERIGDS
Flg.1 Fig.2 MULTIPLEX WAVEFORMS
TRUTH TABLES
AY-5-3507 AY¥-5-3510
T SEGMENT QUTPUT TRUTH TABLE (MX2-MX4) BCD QUTPUT TAUTH TABLE (MX2-MX4}
B Sepmanl Dutpul
Gign | & B €& 0 E F G A B ©C D . Dlght Quput
[ o1 11 1 1 1 A R T B o
i o 1 1 o 4 o 1 Q 1 ' 1 1
2 11 3 1 1 a1 F| 5 1 ] 1 ' ]
3 11t ot g0 o a 0 t 1 3
4 [ T T T A | —_— 1 1 [ 1 '
5 14 % o1 0 11 a 1 6 1 5
B | 1 0o o+ 3 1 1 1 El C 1 B 1 g
7] 1 t o o L. a o o 1 7
B 1 1t o1 11 [ 1 1 t 0 ]
- T R S S SR B a 1 ' 0 g
MX1 ODUTPUT TRUTH TABLE MX1 OUTPUT TRUTH TABLE
Sagment Quipw
Dgtay] A B & D E F G AR & D _ w1 Pelaity Oueerange
3 (& © O © 0 0 © 1 X Ta 8
Tt Db 1t b 0 0 @ BN X 1
+ 15 o o o @ 0 o x 1 X X +
- ¢ a 0 6 o o9 1 X 0 XX -
U |0 o o 0 0 0 XX t 'S
OR | 1 @ 0 1 0 0 U Flashed X x 0 X OR

ANALOG CIRCUIT DIAGRAMS

0
gy '
A HEF e SIENAL + REF
SWITCH
R |
INPUT Q—
S GUTRUT -
SIGHAL 1)
— REF p— ==
= COMP
OJTRIT
~Voo
INTEGRATDR  COMPARATOR
S10Y
Fig.1t BASIC ANALOG CIRCUIT-AY-5-3507

B0

560
CEGODER g
1] " FR g
e L
2 8K ki
N i
pa

Flg.4 CLOCK QSCILLATOR-AY-5-3510

Bl gHK] 30K
<10V

Flg.3 DISPLAY INTERFACE For AY-5-3510
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AY-5-3507 = AY-5-3510

OUTPUT GURRENT mA

TYPICAL CHARACTERISTIC CURVES

28 i
Vg - 15V
/‘SEGMENT
20
—2
16
Q
—15 &
12 (vl
50mw =
. &
8 A ——-n——--—\ —=—q=-—1 g
| @T
/ S s ©
4 W/J/Mumpusx —os
¢ 2 -4 - -8 -10 -12
Vour Yolts
QUTPUT GURRENT vs. OUTPUT VOLTAGE
16
Ta = 25°C
o M /
l_.
=
= /
r4
[VE|
a o
[+
3 12
1.0
-10 -12 -14 -16 -18 ~20
VGG Volts

NORMALIZED OUTPUT CURRENT
vs. SUPPLY VOLTAGE

CURRENT RATIC

1.1
Vg = 15V
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AY-5-3500

3% Digit DVM

FEATURES

| Single Ramp integration.

& Three measurement ranges 869, 1959, 2950,

| Dual Polarity,

® Reading Rate up to 70 measurements per second.

& Overrange indication, 2 most significant digits flash.
u  Separate overrange output avaitable on 1999

and 2899 ranges.

Underrange output.

Operating voltage 13V to 17V,
Power consumption 30mW typical,
7 segment or BCD output.
Contrellable display brightness.
Load enable freezes display,

Hold input halts measurement.

DESCRIPTION

The AY-5-3500 is a single ramp, dual polarity digital voltmeter
chip having a selectable scale length of 999, 1999, 2909,
Itis manufaciured using the MTNS low voltage p~channel nitride
techinolagy. Low power dissipation achleved by the use of 4-
phase (ogic with an "on chip” clock generator.

FIN CONFIGURATION
28 LEAD DUAL IN LINE

Vag (BNO}

Vo [-15W)
Undetranga ouiput
Overrangs aulput

A Scala length select
o Suale langlh salact
BOO enably

Z1/B Segment cutput
2U/C Segmant cutput
220 Sagmant outpul
E Sagment outpul
F Sagment autput

O]
[m
[m
[m!
[
[
0
2074 Segrant output T
0
o
[m
=
b
0

G Segment outpul

Top Yiew
o - :p Yal
2 27 [ Glock Input
3 26 [] Reset qutput
4 25 0 Clarp culput
3 24 [1 v comparator
€ 23 [ %y compaeator
T 220 NG
& 21 [1 Multiples input
k] 20 [ Hold enabve
10 1% [0 Load snable
il 18 [ 10" {LSD) Olglt Salect
1z 17 [1 1 Digit Select
13 18 [ 10°Digit Select
I 16 [0 Polarity, 107 {M.5.D.} Digil Selact

See next page for details of Pin Functions.

BLOCK DIAGRAM

., , 107 MED.
wntLEe g 1 PoLIRA
4 1

L
MULTIPLEX o |_ | FLASHING
IWPUT LCGIC

P

]

2 2 AED
SEGMENT SEGMENT SEGMENT SEGMENT SEGMENT SEEMENT  SEGMENT
E [ b P

2" ED

bt

Sl

T SEGMENT AND

an ALSO

B C.0 ROM

}

MULTIFLEXER

LoRD
ENABLE
INFUT
' —
CoMP COUNTER STOS AND
5TaRt LOTIC
-
INPUT
COMF,
o e it a4
fo te ta
olUTAUT GLUGK GEMERATOR l
SHORT PULSE
A — DETECTOR I ] | l
alreuT crack v M " LNDER
{1 BE or RANGE
HARUT

X1

B.CD.
EMABLE

OVER-
AANGE
QUTPUT
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AY-5-3500

PIN FUNCTIONS

OVERRANGE QUTPUT

This cutput goes to fogic 11" as soon as an overrange count has
been detected. It returns as logic '0" at the end of the measure-
ment cycle. .

It cperates at 2000 on the 1989 range

It operates at 3000 on the 2999 range

MEASUREMENT CYCLE

The measurement cycle lasts 128 Muitiplex clock periods. Data is
transferred to the dispiay store from clocks 113 to 120. The
counters are reset from 121 to 128,

UNDERRANGE OUTPUT
The underrange output is a pulse from clock 105 to 112 if the
reading is less than 259,

SCALE LENGTH SELECT

x X2 Scale

1 a99

1 o 1999

0 2930

OVERRANGING
Overrange
Range Count Display Oulput
939 [1E¢.9.4 KxX Q
IXXX 1XXXy First Q
2KKX X)(X} Two Digits 0
JXXX SN0 Flash 0
1939 QXXX XXX ¢]
1XXX XXX 0
DA 1)y First Two 1
XXX XXX } Diglts Fiash 1
2909 0XXX Toxxx 0
XXX 1XXX 0
2XKXK 2XXX 0
K 3XXX; First Tweo 1
jDigitsFlash

918

CLAMP OUTPUT

Theclamp output goes to a logic 't after 3 Counter clock pariods
following the input from the Vv comparator. This gutput is used
to switch off the V,n comparator thus reducing the average Input
current by a factor of approx. 70. Fig.2 shows input waveforms
withoutuse of clamp output and Fig.3 shows waveforms with use
of clamp autput and timing for Clamp output.

BCD ENABLE

Logic'D'=8CD

Logic 1" = 7 segment

BCD QUTPUTS

The BCD outputs appear on the 7 segment output lines {Logic (1}
Is the Active Level}; E, F, G are blanked ta {ogic '’

A=

B=2

c=2

p=¢

LOAD ENABLE

Logic "0 = Normal Operation

Lagic ' = Freaze Display

HOLR ENABLE

Logic '0" = Halts measurement cycle in reset state

Logic ‘T = Normal Operation

RESET OUTPUT

Logic “1' resets ramp generator

NEGATIVE SIGN OUTPUT

Displayed on segment G output on 999 and 1999 ranges. [nhig-
ited on 2998 range.

OPERATION

A linear stable ramp is generated and compared to Zerc volts and
the Input voltage in two comparators. The time between the
changing of the comparator oulpuis is proporiional o the
magnitude of the input voltage, and the saguence of switching
glves the polarity.



AY-5-3500

TIMING DIAGRAMS

SRR EN

MULTIFCEX
ot
UM

WULTIPLEX
UL

=
2

WULTIPLEX
oUTPUT
i

BT (UL
CUTRT
anehy

Fig.1 MULTIPLEX INPUT AND QUTPUT
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.
. GLOCK PEAIODS .

PP
0
RESET J

QUTPUT
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BEMERATOR | e

Wi
COmP.

i

CLAMF
DUTPLT

INFLIT

SOMP o
FOR <
POLARITY
CISPLAY
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— ] b
WNOTE: MOT TO SCALE 3 SAUNTER DLOCK PERICNS

Fig.3 INPUT AND RESET OUTPUT TIMING
DIAGRAM SHOWING CLAMP OUTPUT

128 MULTIPLEX
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el

a— 128 MULTIPLEX - F
CLOCK PERIODS

b f—

AESET
AUTPYT
1
RAMP L
GEMERATCR
—

v
COMP.

o
IMPUT
COMF
FOR -ve
POLARITY 1

DISPLAY

INPLIT

q
FOF tva
POLARITY
DISPLAY 1

MOTE. NOT TO SCALE

Fig.2 INPUT AND RESET QUTPUT

= 126 MULTIFLER CLOCK PERIDDS —w]
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REIET
autpuT J
1
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[T}

UNTIERRANGE.
OUTPLT
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OVER-
RANEE

51
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GHUER-RANGE AITRIT I5 MUY RLTIVG TR I+ | ok EOJNT 19 ESE "M 260
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=T
OV ENTE OF TV E GILALRE APE TN LONDES 110 1FEt 41 £0a - HE MEET 4 U CLOCH SERODE

Fiy.4 UNDER-RANGE AND OYER-RANGE OUTPUT

HAB THE §4baZ "IN A6 ~HE JMER-RANGE
FIag™ 4 b 11R,ER CLOGK FRRIORS <HF

5 i !
RESET ] | | [
CUTPUT
. S S
HOLD a t
ENABLE
INPUT |

Flg.5 RESET OUTPUT WITH RESPECT TO HOLD ENABLE INPUT
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m AY-5-3500

ELECTRICAL CHARACYERISTICS

Maximum Ratings*

Voltage on any pin with respect to Ve pin . . . —20¥ to +0.3Y ‘Exceeding these ratngs could cause

Storage temperaturarange. . . . . . . . . . -65C to +150°C permanent damage. Functional operation of

Ambisnt aperating temperature range . . . . . . 0°C to +70°C this davice at these conditions is not
implled—operating ranges are specified

Standard Conditions {unless otherwise noted) below.

Vs = OV

Wi = —15 12V

Va1 = Vgo/2 (Note 8)
Temperaturs (Ta) = 0°C to +70°C

Charactaristic Min Typ** Max Units Conditions
Clock Input
Fraguency - 200 - kHz
Pulge width 1.5 - — HE Atlogic 0 and '17 levels
Fise and Fall time: —_ — 1 ue
Logic 0" level +0.3 _ -1 v
Lagic 't lavel -2 =17 v
Musitiplex Input
Frequency as 1.5 0 kHz (See Note 1)
Pulse width 15 — - us Atlogic '0"and 1" levels {Note 2}
Lagic ‘0" level +0.3 i -1 v
Logic '1' level —d — —17 W
Control Inputs
Lagic ‘0 level +0.3 - -1 W
Lagic ‘1" level -4 — -7 v
Leakage (all inputs) ’ - - 1 Ty Viy=—10V at 25°C
Segmenl,Ovarrange,
Undemrange Outpute
togic ¢’ - -~ 30 ki Vour = —0.3V {Note 3)
Logic'r -— _ 2 k0 Your = Vo 1V (Note 4)
Digit Select Oulputs .
Logic o’ — — 1 kD Vour =1V (Note 5)
Logic T’ — - 15 ki Vour = Var +0.3V {Note 6)
Clamyp and Resel Outpuls
Logic 0" — — 20 kil Vaur = —0.2V {Note 3)
Logic 1’ — - 5 k{2 Vour = Ve + 1V (Note 7)
Supply Current = 2 — mA Voo =—158Y excluding output
i current

**Typical values are at +25°C and nominal voitages,

MNOTE:

1. This gives a reading rate of typically 12 per second.

On the 2999 range, the maximum Multiplex clock freguency must be lesa than the Counter clock frequency divided by 84,
On the 19989 range, the maximum Multiplex clock frequency must be less than the Counder clock frequency divided by 42,
On the 589 range the maximum Multiplex clock frequency must be less than the Counter clock frequeancy divided by 21,
2. In 7 segment mode, outputs are energised whan Muitiplex Input is at Logic 1.

The display brilliance |5 therefore controlled by the input Mark-Space ratio.

3. Dutput device connected to Vss.

4, Dutput device connected to Vi segment energised.

5. Cutput device connected ta Vas digit selected.

B. Output device connected ta Var.

7. Output device connected to Vo Reset candition.

8. Vo is only applied to the autput drivers, thus its absolute value is not critical.
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AY-5-3500
FAULTIFLEX INPUT
Vag(+7 5V )
BCYI
4.7% 47K
| e I 210
:
HIGH(-) o
15 14 YO LED SEGMENTS
e — = TG LED DIGHS
v, COMPARATOR ' - —
!
: ] L
LW ) N i — — BG08
1 AY-5-3500
_ | - Ve {OV)
| ¥, COMPARATOR :q
1
| [ — —
= *REF [ | _'l
E . |
. Vag (-7}

CLOGK INPUIT

AY-5-3500 D.V.M. -FSD 999 COMMON CATHODE LED DISPLAY
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AY-3-3550

PRELIMINARY INFORMATION

4% Digit Multi-Meter / Counter

FEATURES
m 4% digit display (+ 29,998 max. reading) PIN CONFIGURATION
o §range autoranging 40 LEAD DUAL IN LINE
] Aytﬂzero. auto potarity . Top View
® Direct LED 7 segment drive =7
o Leading zero bianking/overrange blinking \‘:35 E.,; ; g::st" ?ZC
X ) gmen
] l\.-!ult!plexed BCD output Segment F ] 2 3% [0 Auro Brenk Cieabem
o Single power supply Scan OSC. ] 4 37 [0 Bample/Reset QSC.
B On chip clock Segment £ [ & 3 [ Dignt Selact 197
m 20,000, 29,999 or freerun counter mods, Segment D O & 3 (X pig Selet 1g?
Segment © O 7 34 3 Digit Selecy 10° [LSEN
Segment B O 2 32 [J Digit Select T#
PESCRIPTION Seqrnant & [ 9 32 [ Diget Select 104 (MED)
. ) o BCOoul 10° O 10 31 [T Samake Control
The ‘AY—3—3550 contains all the logic for a 4% digit DMM (=20 989 BCD out 100 [ 11 a0 [T Rat 1
maximum reading) incorporating dua! ramp integration. BCO pul 10 [ 12 28 [ Aet2
Qutstanding features of this “state-of-the-art” DMM chip Include BOD ouk 107 O 13 20 [ slgn
6 range autoranging. autozero, auto polarity, direct 7-segment °°”";E*'T” E - z g Laval Datect input
LED drive. and muitiplexed BCD outputs. An an-chip oscillator e O Lz
contrq[s the sampling rate, digit select multiplexing and BCD e 17 24 [ buta Zara
counting. Rs O 18 23 [ Dacimal Point Out
Fabricated in GI's advanced N-channel lon kmplant process to :; E 19 2 [IRIRE
enabile operation from asingle power supply {(+4.5V to +11¥), the z 2 pee
AY-3-3550 typically draws only 12mA when operaiing at +5V.
BLOCK DIAGRAM
AT BLANK DISARLE
s
T CIGIT SELECT SEGMENTS
A A0 100 A Qa F E D C B A
MASTER &.‘QQL_F‘_EF Soan DIGIT SELERT [ISABLE 7 SCEMENT
L N OSU: O=C. BUFFER LG CECODER DRIVER
e jJL =1 [ =] >
I e A ]
r‘_‘__'_' BUFFER ; 1 auT
LEVEL 3 ] |-“-];_
SETECT _l L:oSé;lilgG b—-a >—¢>|D°
AEF 26— /Vs \]
HEF | = CONTROL DT 5
L BCD |
RPN I ot 1 . MULTIPLEXER
AUTE ZEA0 e
SAMPLLD
CORTROL
THANGEH ’WIL“C';*;IZEH )II STORAGE RECISTERS —1
il 1 ——y
Lz LIt 2 )—-—- AUTO RANGE
CONTHOL,
1P —] LOwIG
‘\—._—__.‘v_.—J'
ora em— Y BCD COUNTERS SOUNT
.‘L H EXTEND
mAg E——
Az & | EANNNG
ne AUTE RANGE L ZEAQ
s €= = COUNTER CONTROL %‘a‘\"“‘_r"p:gf
ae €= MATRI CIACLIT
As €=
DEGIMAL FORNT QuUT
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Functional Description

Operation

{Refar to Figs. 1 and 2 and the Block Diagram). An input on the
Sample/Aeset OSC Input triggers the internal reset signal which
in turn resets the internal BCD synchronous counters,
synchronizes the master clock with the controtb signais and
simultaneously activates the 10" Multiplex cutput, At the first
master clock following the trailing edge of the intarnal reset, the
“Sample Control” signal is activated. This signal opens the
switch in the analog section to integrate the unknown input
voltage. After 10,000 internai clocks, the "Sample Contrel” sighal
is deactivated and either Hef SW1 or Ref SW2 activates
depending upan the comparator logic level. This in turn switches
the integrator to the opposite polarity source, Compared to the
unknown input voltage, the integrator capacitor is discharged
untii the output voltagea reachss the comparator threshold value.
This variable time iz proportional to the unknown voltage. The
Comparator input voltage change at this time stops the internat
counter and internally produces a transfer pulse to storg the
measured count. The storage registers are fed to the BCD
multiplexer which is controlled by a digit select sounter.
According o the multiplexing sequence, the seven segment
information and BCD data are made available at the Seven
Segment and BCD Output ping. Note that the Autozers signat is
deactivated during the counting cycle. Alsc, the correct polarity
stgnal Sign Cutput is available whan either of the reference
switchas are activated.

Transfer Loglc and Timing

BCOD data in the decade counter is transferred to the storage
registers by means of an active Comparator input. BCD data can
alse be transferred to the latches undsr the control of the
Trangfer Input signal.

The Transfer signal at its active {high} slate causes a continuous
transfer and display mode; or it can he pulsed to transfer on
command. The Transfer signal in its active state also triggers the
aute-rangs up-down counter whose function isdetermined by its
control fogic. The intarnal transfer pulse is superseded by an
external signal applied at the Transfer Input. The Transfer signal
in its active state also blanks the Decimal Point Cutput.

Scan OSC. Logic and Timing

The digit select counter and decoder is edge-triggered from
aither a signal applied at tha Scan QSC. Input or from the output
of the internal scan oscillator. The frequency of the internal
oscillator is controiled by an RC network tied at this input. The
digit select counter is set to the MSD pasition by a reset signal.
£ach of the five digit select line outputs is sequentially activated
(low) when the corresponding digit is selectea. The internal
synchronization logic is incorporated to ensure that both the
seven segment and BCD data from the selected latch are valid
prior to enabling the corrssponding Qigit Select Output,

Sample/Reget OSC.

Aninput pulse on this pin activates an internal one-shot which
resets the BCD decade counter and forces the digit sslect
counter to the MSD position. This reset puise also synchronizes
the master oscillator fraquency to controi the logic outputs and
BCOD counters. An RC network tied to this input causes the
internal oscitlator to function at the fraquency selected.

Leading Zera Blanking and Decimal Point Controt

At the start of each MSD to LBD scan cycle, a blanking of leading
zaros occurs until the decimal point active state is clocked. Any
number following a decimal point is displayed, Leading 2ero
blanking does not affect the B0 outputs and the 10 and 10°
digits in the display. This féature allows the chip to work as a 3%
DMM, Leading zero hlanking is inhibited whenever the Auto
Blank Dlsable is tied to an active {low} level.

AY-3-3550 E
Autoranging

The autorange up-dewn counter is edge triggered by a transfer
pulse {internal or external} in conjunction with the associated
control logic. The autorange caunter is decoded into one of the
five output signals through buffers 81 thru R5. Range R1 acts a
A6 when the DP2 control signal is zero.,

Down Ranging

If the display count is less than 1800, the autorange counter is
downranging, except in the resistance range (Function 2. When
in this mode, the counter is upranging. Between count 1800 and
20,600, no autorange movement cocars. At 20,080 or above the
counter upranges except in the resistance range when the
counter downranges. Depending upon the state of the Limit 1
and Limit 2 controb sigrals, the scale length could be 20,000,
29999 ar free run.

Flashing Loglc

The MSD digit flashes when the count is above 20,000 and the
chip is in scale length 29,999 {L2=1,L1=0). f leading zero
bplanking is not disabled in this mode, all digits except MSD are
blarked out and the MSD flaghes indicating an overrange
situation in the highest possible range. This feature prevents
current drain through the segments in an overflow condition.

REF SOUAGE
i - 31
T T Fll
SIENAL. ]
LT #
1 IMTEGRATOR
4
o
o
z
2 g
Lo i
ﬁ L]
o - = ]
= [ W [
3l & # <
COMPARATOR
1o INFYT
1 W,
o | DIGIT SELECT o
QUTFLT
— Vs
— SEGWENTS
A B b E F %
. L ] . . » CHOCSE RESISTORS
< < 2 € € & TOGIVE REQUIRED
F I . L. < SEGMENT CURRENT
COMMON
5 DIEIT DISPLAY CATHODE
RISPLAY
+RY
Flg.1 DIAGRAM SHOWING DISPLAY CONNECTION
AND CONTROL INPUT TC ANALOG SECTION.
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E AY-3-3550

TIMING DIAGRAMS

EXTEANAL |
SAMPLE
INTERNAL '
RESET SIGNAL s
EXTEANAL 1
MASTER
OSC. CLK. D
INTERNAL 1
+2CLK.
0
1
[
weuT !
SAMPLE |
COMPARATOR  ©
LEVEL DETECT
.
REF SW1
1]
1
REF SW2
o
1
ALITO ZERD
a
1
SIGN

a

BCAN OS50,
INPUT

INTERMAL
+ SCAM CLK

DIGIT
BELECT 10¢

ClGIT
SELECT 10¢

DIGIT
SELECT 10

HGIT
SELECT 10?7

DG
SELECT M

- OME SAMPLE CYCLE :-1]

. /A
I—I

VLT T T[T [ exr ou ue vo seo wiiz w— 11T 15T EEE]

S |

llll![IlIl[IIIlllI]l]l]"lllll

|
|
1
1 :
| } 10,000
INTERMAL ONE INTERNAL CLK PULSE
I "l |
| ¢ COUNT
1
[

I

* CO0GH & 10,000 * 17,500
DISPLAY DISPLAY DISPLAY
COUNT COUNT COUNT
—et SAMPLE — | I
FERIOD
NOTE 1 ¥

NOTE 2 —n p Y

——lNOTE 3

I
|
; \
i
I
|
|

NOTE: 1] During the shadsd ared, Ihe comparator lavel DETECT INFUT should be welt defined and no noise should be allowed at the input,
2 The d {ned by the EXTERNAL CIHCUIT at inis polnt. The count in the cownter iz proportional to the
input meusunnq voltage
31 The waveferm of AEF1 and REF2 would be reversed If the comparator bevel |5 in the opposlte state.
4)  Polaclty would ba revarsed |f the camparabor input is reversed.

Fig.2 TIMING DIAGRAM OF CONTROL SIGNAL FOR ONE SAMPLE CYCLE

—-I [—— =10 psac

B [
| S .
| I

LI

Nale sequence of muktiplexing digh select oulpul is kept 10¢ +107-=10° -»10° ~+10' {g agcommodate gas type digpley.

Flg.3 SCAN CLOCK INPUT AND MULTIPLEXING DIGIT SELECT QUTPUT
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ELECTRICAL CHARACTERISTICS
Maximum Ratings*

AY-3-3550

Voltageonany pinwithrespecttoVez ....o..0.. L. +20t0-0.3V . \ .
Storage TEMParature ......................... -55°Cto150°C Exceeding these ratings could cause
Operating Temperature .,............. AP 0°C o +70°C pgrmanem damage. Functional operation of
this device at these conditions is not
Standard Conditions (unless otherwise noted) 'bfgl"o'::d“’pem“"g ranges are specified
Qperating Temperature {T,) =+25°C -
Vgg = 0.0V
Vgp = +4.5Y to +11¥
Parameters Min Typ Max Units Conditlons
Clocks input voltage low .0 — 0.7 v
Clocks Input voltage high
Pin No. 4,40 Vpp-1.0 — Voo v
Pin No. 37 Yppt1.0 — Voo W
taster Cik Freq. oo (Enternal) 400 kHz From 0°C to 70°8
Scan Clk Freq. DC {Internal} 10 kHz From 0°C to 70°C
Sample Clk Freg. DG {Internal} 100 Hz From 0°C to 70°C
Comparator Input voltage Hi 3.0 26 Voo ¥ At Vpp = 5V
Comp Input voltage LO Voo 20 25 v At Vpg =5V
Group A
lnput Logic Leval HI Vop -1.0 — Voo v Input Resistance = 100K
Input Logic Level LO Veg - Vgg +0.7 v
Group 2 & 3
Qutput Logic Level HI WVop -1.2 — Voo v At 40uA (Vg = 5V}
Qutput Logic Level LO Veg — Vgg +0.5 v At 2.0mA,
Group 4
Cutput Logic Level HI Voo -1.0 Yoo v At 40pA (Vg = 5Y)
Qutput Logic Level LO Wag Vg +00.4 v AL 100RA
Group 1
Cutput Logic Level HI Voo =1.2 Voo v Vpp = 5V
Cutput Logic Level LO Vg Vgg +1.2 v Voo = 5Y @ 1mA
For REF1, REF2,
Sample Contral, Autpzero
& Clk Extend
Qutput Rise Time — 5.0 s V¥pp =5V
Cutput Fal Time — 50 13
Supply Current — 12 mA @ Vpp = 4V, Vsg = OV,
Input Freq = 300 KHz

Pin Numbars

Group A = 15, 16, 17, 25, 26, 38

Group 1=3,5,6,7.8,9 23, 28, 29

Group 2 & 3 =10, 11, 12,13, 14, 32, 33, 34, 35, 36
Group 4 = 18, 29, 20, 21, 23, 24, 2730, 31
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AY-3-3550

Fig.4 TRUTH TABLE FOR DECIMAL POINT AND AUTORANGE FUNCTIONS

Function 1 Function 2 Function 3 Function 4
Auto {ACY, DCV.) [Fesistance) {Current) ) .
Range el 5] DP2 (v] 3] DP2 DP oP2 oM DP2
0 1 1 0 0 0 1 1
A1 A - * I]
R2 B c . B
A3 c E B C
R4 D o G D
RS E C D E
R6 * B E "
NOTES:
11 “denotes iliegal states.
2y RANGE 1 {R1} output = R when DP2 = 1; RANGE 1 OUTPUT acts as RANGE 6 OUTPUT when DP2 = 0.
3) When decimal point A is “ON", no blanking occurs.
4y DECIMAL POINT POSITION is shown in Fig.5 below.
MSD L8h Scale Condition Leading Biinking
Length Zero MSD on
DIGIT SELECY L2 [N | Bianking COverrange
RAC I LN 20,000 0 1 YES NO
5 1% 1918 20,000 0 0 YES NG
B c CHIE 20,999 1 i) YES YES, OVER
POSITION OF DECIMAL POINT 20,000 COUNTS
ON DISFLAY FREE RUN
COULD BE USED 1 1 NC NO
AS FREQ. CTR.
Fig.5
Fig.6 SCALE LENGTH SELECT AND OVERFLOW CONDITION TABLE
DECIMAL T-SEGMENT 8CD
S B I T ]
AlB|C|D|lEIF |G 2| 2| 2
o|olo|ojajo|o|1 v} 0|0 A
11 oot |t]1]1 -.J.“ ,9 0|0 Fl ilB
z2lotef1]|o]o|1|o| ic|1]0]|0O el Jo
sjolololol1]1]0 1|1]olo D
s{1lofjot1l1]lofo] |e]ol1lo
5|0 |1{0o|loj1|Q]|o0 1l0i1]0
glo|1|ojoejo|D|D o) il1]0 NOTE:
Logic “0" = Low Segment "ON"
ARALALARERE RN L I L Logic “1" = High Segment “OFF"
glofo|ot0o|0j0;0 ol o|0o]1
glclofojof1]olo 1) 0lo L1 J

Flg.7 Saven sagmantand BCD outpukiruthlable.




AY-5-5053

10 Bit D/A Converter

FEATURES
PIN CONFIGURATION

» 10 Bit resolution. 24 LEAD DUAL [N LINE
& 8 Bit accuracy (linearity}.

u Parallel ar serlal input.
Simple extarnal circuitry. Tap View
Binary or 2's complement coding.

Output inversian, Vegirsvy e 24 11 o - 124

a
a
a
u TTL/CMOS compatible inputs. Gode Selaal Input
[ ]
| ]
| ]

»

? 23 [ inyert input
Monatonic output. 2:lnput Bit10] 3 22 [ Oseitistor frequency canrol.
. . . Flnput Bit 2 [ 4 21 [1 Temperature compensation.
&.8 ms sattling time for 10 bits with 2nd order filter. 2 input Bits 7] 5 20 |7 Magntive ratarence.
1.23 ms settling tirme for 8 bits with 2nd order filter. 2% |nput Bit4 O} B 19 [0 Positive referenae.
2% nput Blts O 7 18 [1 Analog awtput fa filter.
24nputBlte 0 8 11 [ Sucillator outpul.
2ZMnpul Bit7 {1 9 16 [ Serial input.
DESCRIPTION 2% Imput Bit8 O] 10 15 [0 Strobe input.
2"nput Bits O] 1 14 [ Paraliel load input.
The AY-5-5053 is a 10 bit D/A converter employing the stochastic #input B 10 ] 12 13 [ Shift input.

conversion technigue, reguiring ne precision camponeants other
than a voitage reference.

The Input can be aither serial or parallel with Binary or 2's See next page for details of Pin Functions.
complement coding.

BLOCK DIAGRAM
OSCILLATOR
QUTPUT
- OSCILLATOR
COUNTER Jstar —& FREQUEMNCY
CONTROL
INVERT  &—j HIERREERRE
+REF *—
OuUTPUT >— COMPARATOR @ CODE SELECT
—REF

p——————i@ SHIFT

TEMPSTAS @ INEREEEER
|l STROBE

INPUT REGISTER/LATCH p———r————4 SERIAL INFUT

llllllllll PARALLES LOAD

aiT BIT 10
M5B Lse
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- AY-5-5053

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage en any pin with respect to Vee pin . . —20 to + 0.3 Volts
Ambient operating temperatute range . . . . . . P Cto +70°C
Storage temperaturerange . . . . . . . . . —£5°C to +150°C

‘Exceeding these ratings could cause
permanent damage. Functional operation of
this device at these conditions is not
implled—operating ranges are specliied

Standard Condltions {unless otherwise noted) below.
Voo = +5V £ 0.5V Clock Frequency = 800KHz
Voo = =12V 0.5V Ry {temp comp) = 12K 0 5%
Poaitive reference = +4.5V Ay {linestity} = 270 {1 nom
Nepative reference = OV A losc. frequency) = 10K 1t nom
Cheracteristic Min Typ™ Max Units Conditlons
Clock Fregueney 100 800 1000 kHz
Voltage Stability - 5 - /Y
Temp. Stability — Q.2 — %/
Cuiput Logic ‘07 —_ — 0.4 Volt R =6.8K to Vog
| gink = 1.6mA
Output Logic '1' Vee—1 — - Volt Re. =6.8K10 Vae
| spurce = 100uA
Inputs
Logic '0’ Level — —_ +0.8 Volts
togic "1’ Level Vo 1.5 — — Volts
t.eakage Gurrent — — 10 s Von = Ve —50W
Capagcitance - - 10 pF
Shift Clock Frequency 10 - 1000 kHz
Resolution - 10 — Bits
Differential Linearty - % LSB
Linearity —_ 05 2 LSB After trimming at 0.5
FSD
Temperature Co-afficiant - 80 — PPRM/Ce Excluding reference and
filter drift
Supply current - — 20 ma {140miv}
Referance Current —_ - 100 e Max at LFSD
“*Typical values are at +25° C angd nomina! voltages.
TABLE 1 INPUT CODING
BINARY 2's COMPLEMENT AMNALOG OUTPUT
0000000002 1000000000 o]
0C00000001 1000000001 +L5B
0111111111 111111111 1V ref —LSB
1000000000 G0000G0000 A ref
1000000001 C0oCD000001 AV ref+ LS8
111111111 11111111 Vref-LSB
SETTLING TIME AND BANDWIDTH D/A CONVERTER
NO.OF BITS 10 8 -]
1st 2nd 1st 2nd 18t 2nd
Filter Type Ordar Crder Order Order Order Order
Filter time constant mSec £3 0.66 11 0.18 Q.2 0.08
Sattling tima to £ % LSBmSec 45 88 7.7 1.23 0.8 032
Bandwidih H: — 0.1% 1.35 14.8
— 0.4% 13 118
—1% 112 818
—14dB 135 135 85 537 400 1784




AY-5-5053 E

PIN FUNCTIONS

Pin Na. Name Function
1 Yoo Positive power supply +5Y
2 CodaSelectInput Logic ‘0 gives Binary coding. Logic '1" glves 2's complement
coding. (Seetable1).
3-12 Bits 1-10 Input Parallel data inputs. Bt 1 is MSE.

13 Shitt Input Clock Input far serlal mode, Data is shifted in on the ' 101 logic
transition. In the paralle! mode this input must be at logic 1.

14 Parallel Load |nput Inthe parallel mode data is loaded into the data registar whenthis
input is at legic “1'. This input should be at logic ' in parallel
made operation.

15 Strobe Input Alegic 1 onthisinput icads serial data into the dataregister. The
data iz latched when the input returns to logic 'D". This input
should be at|ogic ' in parallel mode operation.

16 Serial input Serigldatainput Bit 1 first.

17 Oscillation Qutput TTL compatible oscillator outputsignal.

18 Analog Cutput Analog cutput to low pass filtar. This output is & stochastic pulse
wawveform having a mean amplitude equat to the required DG
output (ever,

19 Pogitive Reference +4.5V nominal reference of voltage.

20 Megative Refarance OV reference, connected ta OV via a 500 ohm variable resistance
usedto adjustthe error at half scale to zero,

gl Temperature Compensation This pin is connacted to Vg via & 12K ohm 5% resistor to achieve
the stated temperature stability, The temperatura stabillty can be
improved by a factor of 4 by using an 18K ) resistor in paralie!
with 8 DPGCA9-39K (1 thermistor Instead of the 12K {1 resistor.

22 Oscillator Frequency Control This pin is cennected 10 Voq via a SOK 0} variable resistor used to
adjust the oscillator frequency to the required value.

23 lrvert Input A logic 1" on this input invarts the output.

24 Vau Negative power supply —12V.

OPERATION MULTIPLIER OPERATION

The hinary word contalned in the input register is compared with
the output of a continuously cycling counter. The cutput of the
comparator is high whanever the binary input is greater than the
counter, this results in an output waveform which has a mean
valueequal to the desired analog cutput.  This cutputis passed
through a low pass filter to recover the DC level,

The counting sequance of the binary counter has been chosen to
optimise the convarsion characteristics and the frequency of the
output noise to simplify the filtering.

The AY-5-5053 may be used as a Digital—Anatag multipliar by
replacing the positive reference with the Aralog multipliar, Input
voltages in the range 016+4.5 Volts may be used. The accuracy is
of tha order of 0.1% and the settling time is as for normal
operatian.

+15V &
1 14
oopF == | 1rg 114
sy P
AEFERENCE — L
80
uh 723 b
3
1uf ﬂk
500
100pF =
2.2K
oV e

+4.5¥ AEFERENCE SUPPLY
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AY-5-5053

+H5y

By

~4.6%
AEFERENCE

ANALOG
OUTFUT
0o 10w

[

—-12v

LoAD
SoK 2K 229K 35K L] a2 BAT 10 (L5B)
SET ZERD {
25K 1
—| =
Mt oK 39K = BIMARY
+ AY-5-5053 INPLT
0o ]
47K == 13nF
Ik
35:": — BIT 1 (M3B}
4TH 500
LINEARIT fal gy

126

S0K | SET FREQUENCY

10 BIT /A CONVERTOR PARALLEL INPUT SECOND QRDER FILTER 0 to +10V OQUTPUT

Y -
+4 5 — -
REFEREMNCE * LOAD
4 e 12 Lss
—
BINARY
| INPUT
ANALOG 47K -1 -
QUTPUT * —r AN-5-5053
0 o +4.5Y -
Tt Ms8
500 —
LINEARITY —1 -
34 |
oy e
12K 50 | SET FREGEMGCY
12y -

10 BIT O/A CONVERTOR FiRST ORDER FILTER

1.0
ERROR|
156
08 T Eo% LT
L ~——
- - -
- Y
- TYPICAL N
=== =™ o LimiT
FULL
% SCALE 4 SCALE % GOALE SCALE
PiA CONVERTOR LINEARITY
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+1.0

+0.5

ERRAORA
LsR

B

%

\ FULL

o A SCALE e SCALE ¥ SCALE SCALE

D/A CONVERTOR TYPICAL TEMPERATURE STABILITY

MM
CLOCK
L
+5
START ' _:-l"-
ENABLE
bDo‘STROBE
A
B
PARALLEL o ac
DATA ™50 15 o0
INFUT o ]
— ouT 560 | — . SERIAL
- — _L b * ouTPUT
470pF
=+

CLOGK LML MU MU,

START 1L~
STROBE I -
SERWLOUTPUT L T T T

SERIAL DATA TRANSMITTER FOR AY-5-5053 D/A CONVERTOR
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AY-5-5054

10 Bit A/D Converter Control

FEATURES

10 Bit Resolution

Parallel cutputs

DESCRIPTION

The AY-5-5054 ia designed to work in conjunction with the
AY-5-5053 to form a 10 Bit A/D convarier. |t consists of a 10 bit
upfdown gounter, control logic and a serial data transmittar.

200 ms settling time to+ ', LSB
Intagral serizl data transmltter 8/10 Bits with parity

TTL/MOS cempatible Inputs and gutputs

PIN CONFIGURATION
24 LEAD DUAL IN LINE

Top View

Vo (+5V] []

Up/Down inpul
Counter inpul
Cazcade Enabls Inpul [
Benal Dutpul [

Loed inpul ]

Data Avallable Cutput (]
Tranamil Input 7]

Puize Chan Output [
Clock Input
Even/Cdd Parlty Input ] 11
B/10 Bit Control Input [ 12

Fom v mma o ®

[ ¥ea (-12¥)

[0 Groung

1 8it 1 (M38) oulput
[ Bit 2 output

0] Bt 3 autput

b Bit 4 output

b Bit B output

_'_'_| Bit & output

h Bil ¥ sutput

B Bil 8 output

[1 Bil B output

[ Bil 18 (LES) puiput

BLOCK DIAGRAM
PULSE CHAIN
: CUTPUT
CLOCK . :
810 BITS * PULSE CHAIN GENERATOR
[ '
EVEN/ODD -
[ ——
PARITY PARITY GENERATCR
LT T T 1T dT A —
N
pirjatalcd e DATA TRANSMITTER c:.oT(:?"
[E-T- N ° 1 .
F -
>
-
PARALLEL W
OUTPUT >
& -
I~ -
o -
~—
-
-—
MSBE @
1  ue/DowN COUNTER

LoADR
TRANSMIYT

CASCADE
ENABLE

OATA AVAILABLE

UFR/DOWN
COUNT
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PIN FUNCTIONS

AY-5-5054

Pin No. Name Funcilon

q Vee Fositive Power supply {+5V)

2 UFP/DOWN GCantrols direction of counting, at logic'1” for UP.

3 Counter Input Glack Input for UP/DOWN counter. Controt Iogic inhibits the
clock during UP/DOWM transition. during loading of the trans-
mitter and when the counter has reached all*U's orall*1's,

4 Cascade Enable Qutput This output goes to logic "1 at the end of data transmission for
ons clock cycls, 1t can be connected to the Transmit input of a
second AY-5-5054, enabling a series of converters to be interro-
gated sequentially using only ane line.

5 Serial Qutput Serial data gutput from transmitter, 8 or 10 bits plus parity. MSEB
first.

8 Load Input A pulsetologic' 1" on this input loads data into the transmittsr, |
data I3 being transmitted the command is stored antit the trans-
mission is complete.

7 Data Available Output Thisoutput geesto legic '’ when valid data has besn loaded into
the transmitter. It returns to 1ogic ‘0 when the fransmission has
been completed.

8 Transmit{nput A pulse to logic '1' on this input causes transmission to com-
menae. The pulse must last at least one but no more than 8 clack
periods.

9 Pulse Chain Qutput A chain of 9 or 11 puizes is output on this ling during data
tranamission. itwould be used o clock data into the receiver,

10 Clock Input Clock for the data transmitter 1MHz max.
1t Even/Cdd Parity Input Logic*1' gives even parity.

12 8/10Bit Contral Input Logic'1' gives 8 bit data transmission,
13-22 Parallei Data Qutputs Connectto Paralied inputs of AY-5-5083,
23 Ground

24 Voa Negative power supply {(—12¥).

A/D CONVERTOR RESPONSE TIME

1. SIMPLE TYFE — 18T ORDER FILTER

NO. OF BITS 10 8 8
Filter time constant 4.5msec 1.2msec Q.3msec
Clock frequency 10kHz 40kHz 160kHz
Settling time to */;:.8B 200msec 50msec 12.5msec

2. VARIABLE CLOCK FREQUENCY TYPE

If the counter clock frequency is arranged to be proportional to the difference
betwesn the input voltage and the actual convarter eutput, the responss speed
can he gonsiderably improved. In this case the system becomes a linear one and a
2ndg order filter can be used without danger of oscillation.

NO. OF BITS 10 8
Filter time constant Q.86mgec ¢.164mesc
Settlingime to '/,LSB 1.5msec amsec
Max. clogk frequancy 450kHz 1MHz
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AY-5-5054

ELECTRICAL CHARACTERISTICS

MaxImum Ratings*

Voltage on any pin with respect to Vus pin . . . —20 to +0.3 Volts
Ambiant Operating Temperature range. . . . . . 0°C o +70°C

Standard Conditions {unless otherwise noted)

Voo = +5 £0.5Y
v_GG =-12 £ 0.5V
Operating Temperature {T,} = 0°C to +70°C

*Excesding these ratings could cause
permanent damaga. Functional operation of
this device at these condition is not implied—
operating ranges are specliied balow.

Characteristic Min Typ Max Units Condiliong
Clock and Clock inputs
Logic'0' level - — +C8 Voltg
Logic 1" levai Vee—1.5 — Yoo +03 Volts
Fraguency n o] — 1 MHz
Capacitance — —_ 10 pF
Laakage — — 10 uh Win= Voo~ 10W
Logle Inpuls _
Logic 0’ level - - +0.8 Volts
Logic™1’ level Vee—15 — Voo +0.3 Valts
Capaciience — -— 10 pF
Leskage _ 10 ey Y=V —10¥
Quiput
Logic ' level —_ +H.4 Volts lor, = 1.6mA
Logie 1" level Vo1 - Volts Jak = 100A
Pawer _ 240 _ mw
"*Typical values are at+25°C and nominal voltages.
TIMING DIAGRAMS
-
COUNTER 1
INPUT \_ \~ 5___/ !
|
UPDOVH \ i
- - -
em_ns

200n5
in

h|
CLOGK :
;
1
H

TRANSMIT "

PULSE CHAIM

oGNS

'
+

SERIAL
OUTPUT

BHInS
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SIMPLE 10 BIT A/D CONVERTER
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SBA

PRELIMINARY INFORMATION

Sequential Boolean Analyzer

FEATURES

B 1023 words of program

B 30 programmable Inputs, outputs, or muitiplexsed
input/outputs.

B 18 element stack and 120 element Read/Write memaory

¥ AND, OR. XOR, COMPARE, INVERT basic logic functions

® Serial processing of inputs and stored information
provides very easy programming in Boolean logic

B Varsatlle clock generation scheme

B TTL compatible inputs and cutputs

® Simulator and software program coempiling facilities
available

DESCRIPTION

The SBA is & microprogramrabie Sequential Boolean Analyzer
which forms the basic contrelling element for many systems
requiring timing and control functions. The SBA is fabriceted in
Gl's low voltage [on implant N-channel process resulting in high
speed aperation and low power dissipation,

APPLICATIONS

The SBA is suitable for avery wide spectrum of applications such
a5’

TELECOMS: Simpie PAX contrpllers, Relay circuit control,
Answering machine controllers, Line seeker/monitor.
INDUSTARIAL: Complex saquential timers, Small machine
controllers, Spectal purpose digital clocks, Alarm manitor.
CONSUMER: Gaming machines, White goods timers,
Combination locks, Pinkall machine/one arm bandit.

PIN CONFIGURATION
40 LEAD DUAL IN LINE

Top view
Vg O 1 as
RESET []2 140y Control
HALTED G2 Chack
5y 14 Cloek
+12v s Clock
o1 e 170 30
ez O7F 10 29
e mi.] 10 28
o4 9 140 37
vos 10 140 28
vo e O+ 140 25
No7 1z 140 2d
rQaA []13 140 23
WO o 14 |ty 22
1ot s 140 21
ve 1 1s 140 20
ez 17 [f=R 1]
[+ R m R (LR
it0 14 (319 o7
11015 20 11016

MICROPROCESSORS: As a slave processor for BCD/blnary
conversion, Binary/BLD conversion, Alarm cendition
monitor/interrupt gengrator, Peripheral controller,

In genaral the SBA is best syited to applications where a control
rasponsa is required in milliseconds rather than micresaconds.

BLOCK DIAGRAM AND DATA PATHS
——————— — e e e
sBA e
| PROGRAM MEMORY |
[P PN
| |
| _} (] LOGI Mo ] '_—) |
! [ ! UNIT J |
| ! P I
o
| : ‘ ? v R |
| ﬁ | L TOP 2 P 3 |
5 A o u |
| s T s F T
k C T F 5 |
| £ A £
] § K s r
| L2 (-
} I
[ STORED STATES |
PAGE | PAGE PAGE { PAGE 1
| 2 3 4 |
Ll e e e -
— i, .. s
4{ EXTERNAL SYSTEM BEING GONTROLLED H
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PIN FUNCTIONS
RESET !nput
GO Input

HALTED Cutput
INPUTS/OUTPUTS

1/Q Control

SBA

When taken to a logic '0, this input wilt reset the program to the start position.

When taken to a logic '0°, this input will halt the program at the end of the program cycle and will activate the
HALTED output. When taken to & logic *1', the program will eycle continucusly.

A logls *1" on this output indicates that the program has stopped cycling.
There are 30 input/outputs on the circuit which can be mask programmed as inputs, outputs, or

inputs/outputs,

When this output is at logic ‘0, the circuit will output information. When it is at logic 1", it will read input data.

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respect to Vg .
Storage Termperature Range
Qperating Ambient Temperature Range

Standard Conditfons (unless otherwise noted)

Veg = OV
Yoo = +H12v X 109
Vaa = +5V + 15%

P e PO -0.3V to +i5V
65°C to +150°C
0°C to +70°C

‘Exceeding these ratings could cause
permanent damage, Functional operation of
this device at these conditions is not implied
— operating ranges are specified below.

Characteristlc Mip, Max. Condltlona
Cleck 1 800 Nots 1
Inpuls
Logic '0" level +0.3 +0.4 v
Logic 1" level +2.4 +12 v
Current — 10 Vi = +H12¥
Timing : — — Note 2
Qutputs |
Logic 0’ — — 0.7V at 7mA,
Sink Current — 20 Max total power 150mwW
Logic '1' 1.2 - open draln
Leakage current — 10 Waout = +12V
Timing — — Note 2

NOTES:

1. Clock frequency controlled by external B/C network.

2. The timing of inputs depends on the clock frequency and the program length. Refer 1o the detailed descriptions.



SBA

PART I General Informaticon

A. INTRODUCTION

The Sequential Boolean Analyzer (SBA) Is a very simpie single
bit processor which can directly evaluate g set of Boolean
equations.
The use of Boclean Equations as & 'programming language’ hasa
number of unique advantages:
. It is concise
. it is standarized worldwide
. engineers already use it and undersiand it
. universities teach it now and have done s¢ for many years.
. it serves the dual purpose of both program and
documentation
6. it has stood the test of time.
The equaticns define the |oglc that controls the system to which
the SBA inputs and outputs are connected.

h o 0D RS -

Inputs —— r—— Cutputs
from ~——7 SBA —— to control
System ——] +—— the system

in addition to Boolean fogic. rmost systems regquire that some
avents have tg be ‘remembered’, this being the reason fortheuse
of filp flops in TTL type logic implementations. In the SBA 2
number of internal storage elements are provided for such
purposes.

A memory is used to hold an encoded version of the Boolean
equations that deflne the desired function of the SBA and there is
a one to one correspondence hetwaen the data In this memaory
and the Boclean Equations as written by an engineer.

B. PRINCIPLE OF OPERATION

A block diagram of the SBA showing the progrem memory,
nputs, logic unlt, stack, stored states and outputs is shown in
Fig. 1.

The SBA functions as follows:

1. The neéw inputs are read in from the system being controtl-
aed end are {atched inte the input latches,

2. The SBA now reads the Boolsan egquations out of the
memuory and, using the logic unit and the stack, it processes
the input data and stored states one Boolean term at a time
to produce results which are either ‘remembered’ as stored
states or placed in the output buffar.

3. The Boplean equations are taken from the memory term by
term and when all the equations have been evaluated the
results are transferred from the output buffers to the out-
puts and thus to the system being controlled. The program
address counter is then reset and the cytle bagins again.

C. COMBINATIONAL LOGIC

If the SBA is used to emulate combinational logic, then the
Boolean sguation which defines the iogical function will anly
contain input terms and output terms. For example:
A = B.C.-D+EF. (X + -X.G)
L=T+EF [X+-XG)
whers . signifies logical AND
+ signifies logical OR
- signifies negate (-0 read not D)
A and L are outputs
all other letters are inputs.
The number of program steps required to ovaluate the above
Boolsan equations can ba reduced by using a stored state to save
the value of EF. {X + -X{.G) after it has been evaluated the first
time. This partial result can then be used in the second aquations.
Mow we have:
4. stored state = EF. (X + -X.G}
b. A = B.C, + stored state
G. L =T+ stored state
This example serves to [llustrate how the sguations can
sometimas he optimized by trading off siored state memaory
against program memaory.

Fig. 1 BLOCK DIAGRAM




D. SEQUENTIAL LOGIC

Although some problems are combinational in nature, the vast
majority of practical problems are sequential.

A sequential system is one in which the response toa given set of
input conditions is dependent on the previous history of the
system. An examplza might be a digital clock where normally the
secends digits are ingremented except when they are at 59 when
they are reset to 00. In other words the next response of the
counter depends on its current valug and there may be different
responses depending on different current values.

All sequential systems can be descrined by a combinational
network in which some of the results of the Boolean eguations
are stored in a memary. It is this memory that remembers the
history or ‘state’ of the sequential system.

Thus the stored state memory of the SBA has its main use in
remembaring the ‘state’ of the system beaing implemantsd. Each
time the SBA evaluates the complete set of Boolean equations
describing a sequential system, ituses the stored states as part of
the equations. As the evaluation proceeds, the stored states may
be changed if the Boolean equations demand it

A simple example |s shown Sy a Yending Machine wheare there
are two major states — 1. not enough money to buy anything.

2. enough money, so supply the goods.
fn this example some of the stored states would be used to keep
count of the money that has been fed into the machine, The
Boolean equations controiling the dispensing of the goods
would all contain a term involving the stored state that couid
never be loglcally trug if there were not cnaugh money to buy the
goods. As soon as goods were bought and supplied the stored
states holding the 'amount’ of money would be altered to reflect
that the goods had baen supplied thus switching the system back
to state 1.

€. SYSTEM DESCRIPTION

The Ssquential Boolean Analyzer conslsts of the following major
compenents {refer to Fig. 1):

1. A Program Memeory which holds the set of Boolean
equations defining the system operations. In the single chip
varsion of the SBA this 8 contained in an on-chip mask pro-
grammable ROM. There wHl be another version in which the
program memory is off the chip and it can then be ROM,
FAM or PROM as required, The Bookean equations which
define the logical relationships between the SBA inputs,
stored states, and outputs are stored in the memory as 8 bit
words in an encoded form. An exact definltion of the code is
given in the next section.

2. A set of up to 3G Input buffers which arg iatched at the start
of the avaiuation of Boclean equations. Thig is done so the
mput valuas are consistant during the wholé period of time it
takes to evaluate all the Boclean equations once.

3. Anumber of pages of 30 stored-state flip flops which can be
grouped to emulate counters end shift registers, or used
singly as ‘ftags’ to remember the state of the machine, orin
ogic equation reduction. The SBA addressing structure

only ailows for 30 addresses, but the number of stored states
ig increased to 120 by having typicaity 4 pages of 30 each.
Two instructions control a ‘page counter’. One steps the
counter and so changes the page, and the other sets it back
to the first or ‘home page’. Thus an infinite number of pages
is thearetically poasible, the SBA stepping through them in
sequende as required with the option to return to the start at
any time.

. A fogic unit which can perform all the possible logic

functions of two variables, namely AND, OR, EXGLUSIVE

OR and COMPARE, and also negate (invert). The truth

tables of the functions are shown in Fig. 2. Any logic system

can bie described by a set of Boolgan equations written with
these operators.

The logic unit aiways has two Inputs and produces one

output and there are two types of astion.

{a} One input comes from an input latch or stored state; the
second input comes frem the top of the stack, and the
result is placed on the top of the stack.

(B) One input comes from the top of the stack; the second
input comes from the next location of the stack; and the
result is left on the top of the slack.

The exact operation of the various Boolean equation

evatuation codes is defined in the next section.

. The stack is always involved in logical evaluations, as the

top of the stack is always one of the operands to the logic
unit. The stack is just a pile of Boolsan valugs and can be
imagined as a vertical shift register in which data is always
put into or taken from the top. Whean data is added to the
stack, it is said to be ‘pushed’ onto the stack. The new data
becomes the top of the stack and all the previous data is
pushed down the stack by one place. If the opposite is per-
formed, tha data in the stack is moved up by one place and
tha stack is said to be ‘popped’. The top of the stack will be
lost and the data previously just below the top will become
tha new top of the stack.

The data stack in the SBA is normally used as workspace ar
accumulator and the top of the stack is used in most of the
instructions together, sometimes, with the next location
down. However, the stack can also be used to store
temporary Boolean variables and helps greatly in the
evaluation of Boolean equations containing brackets. Far
example a function such as:

A [B.C. + {D.E +F.GLHI+ J.K))

would be evaluated in the following way:

Operatlon Result
{a} evaluate D.E D.E

{b) push into the stack

(c) evaluate F.3

{d) OR D.E+F.G
(e} push into the stack

fy evaluate H.l + J.K a5 in {a)-(d}

{g) AND

(k) push into stack {D.E+F.GLIH.i+J.K])

AND OR
A B RESULT A = RESULT
0 Q 0 0 0 0
a 1 Q 0 1 1
1 Q Q 1 Q 1
1 1 1 1 1 1

Cutput true only if
both inputs true.

Qutput true if
gither input true,

Fig. 2 LOGIC FUNCTIONS

EXCLUSIVE OR COMPARE
A B RESULT A B RESULT
o 0 a s} 0 1
1] 1 1 43 1 a
1 0 1 1 e 5}
1 1 0 1 1 1

Qutput true when
inputs differ

Cutput true whzn
inputs compare.
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o

QOperation Resuit
{i} evaluate B.C
) OR ’ B.C+{D.E+F.G).{H. | +J.K}

(k) AND the stack with A Final result.
Maturally this is not the only way the stack can be used. the
variation being limited only by the imagination.

. A set of up to 30 output buffers which have their new values
stored in them as the Boolean equations are evaluated.
When all the equations are complete, at the and of a
program cycle, the data on the cutpui buffers is relatched
into the output drivers connected to the system being con-
trolled. in this way the external outputs of the SBA are up-
dated once per cycle and remain unchanged until the end of
the next complete evaluation of the Boolean equations.

F. INPUT/OUTPUT

It hag been noted that there can be up to 30 inputs and up to 30
outputs available in an SBA. However, because of the physical
limitatlon of an actuai devica, If there are more than a fotal of 30
inputs and outputs then Inputz and outputs are multiplexed onto
the same pins. So the device will be available with 30 pins mask
programmable to be inputs, outputs or muitiplexed
input/outputs.

G. CONTROL LOGIC

As well as the major functional blocks described above, the SBA
contafns some simple control logic which operates transparently
to the user. At the end of a complete program cycle, i.e. at the
Restart instruction, the following actions are performad:
{a) the contents of the output buffers are relatched into the
outputs
(b} the top of the stack iz set to a logle 1
{c) the page counter is set to the home page
{d) new inputs are latched
(&) tne program address counter is set to point at the firstterm
of the first Boalean equaticn.

Onca the SBA has started a program cycle, the program address
counter is simply incremented every SBA clock cycle, the
instruction read out and acted upon.

H. SBA RESPONSE TIME

Iti5 implicit in the descriptlon of the cperation that the speed of
rasponse af the SBA to an external systemn baing controted ls
datermined by the length of time it takes to evaluate the complets
set of Boolean equations once. This is bacause the inputs and
outputs are only latched once per program cycle of the SBA's
operation.

The SBA is designed in such 2 way that all its logical cperations
and data transfers taka the same time to execute (in fact, one of
the 8BA’s internal clock cycles} and so the responsa time of the
output of the SBA to new inputs from the system being controlled
by the SBA is directly proportional to the number of Boolean
aperations required te define the control function. This response
time will typically be of the order of a few miillseconds.

I. DATA PATHS

The data paths available in the SBA are illustrated in Fig. 3. The
focal point as far as data ls concerned is the top of the stack since
&ll data transfer go to orcome from the top of the stack, The stack
is loaded from an input or stored state. The logic unit can peifarm
any logical function on it and theresuit can than be stored on any
output huffer or a stored state.

Mote that it is not possible for Boclean equations to use terms
mvelving data on the output buffers. (f such a facility is absclutaly
necessary, than a copy of the cutput buffer state must be made in
a stared state so that the data path to the top of tha stack ismada
available. The outputs of the SBA can be connected back to
inputs alther directly or via some plece of circuitry. A direct
connection forms a stored state that can be accessed from
outside tha SBA. This can also be a limited sourge of extra stored
states. External logle can be connected between outputs and
inputs or even keys and switches. This |atter possibility is useful
In, Bay, scanning a matrix switch or selecting a code switch, and
reduces extarnal circuitry.

However, in ganeral, the outputs of tha SBA are connected tothe
parts of the external system that cantrols its actions and the
inputs of the SBA are connected to parts of the system that
monitor its current state.

| PROGAANM MEMORY I

— S —
LOGIC o
| UNIT o
N T
P 3
[ u U
N T T
[
L ToR
1] a B
T T U
3 o 5 F
H T E
E A a
5 < 5
K
L. L L |
STORED STATES
PAGE PAGE PAGE PAGE
1 H k] 4

EXTERNAL SYSTEW
BEINGG COMTAGCLLED

Flg. 3 DATA PATHS
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J. BOOLEAN EQUATIONS IN THE FROGRAM
MEMORY

In order to make the best use of the space availabie for mamory,
the codes representing the Boolean operations should be es
efficient as possible. It has been determinad that about 20
instructions would provide a good compromize between the
number and efficiency of tha instructions. Given alsa that zbout
a0 inputs and outputs wera sultable for the requirements of the
type of system likaly to be controlled by an SBA, the following
scheme is used.

SBA

An 8 bit word is used for each instruction code. 5 kits provide an
address for the inputs, outputs or stored statas and, if two of the
32 available addreszes are reserved for addressless instrugtions,
the remaining 3 bits of the code enables a total of 24 instructions
to be made available.

Tha 8 bit binary word is conveniently represented by 3 octal
(radix 8] digits ranging from 0 to 377 {00 000 600 to 11141 111
binary}. The least significant 2 binary digits are treatad as the
instruction, and the 5 most significant bits as the address.
Addresses 1 to 36 {octal) represent the 30 addresses required
throughout the SBA (1-30in decimal). Addresses 0 and 37 (altQ's
and all 1's in binary) are reserved for instructions as shown in Flg, 4.

Memory Mamory
Code Caode
In QCTAL pMNEMOMIC| Funclional Description of Code In DCTAL] MNEMOMIC Functional Description of Code
01] oo RESTART Fastart evaluation of equations
to 0 ANDIN ngljs '"m,"t :pecrfred .by the a1 INVERT invert top of stack
z? ?he :::f;kls NDed with the top of 002 PAGE Change Page
10} 1 | NANDIN | The logical inverse of the input oa3 HOME Back to Home Page
as specified by the address is 004 PLISH O Push logic 0 onto stack
o ANDed with the top of the stack. 0as PLUISH 1 Push logic 1 onto stack
to; 2 ANDSS The stored state specified by the 008 FUSH C Fush and copy top of stack
a8 address® is ANDed with the top on7 FOF Pop the stack
ai of the stack. 570 AND .
to} 3 | NanDss | The lagical inverse of the stored ' Perform the functian
i . cra| OR on the top two locations

36 state specified by the address

is ANDed with the top of 372 EXOR of the stack. Store result

373 COMP on top of stack,

™ the stack.
toy 4 ASP! The stored state specified by the 374 PAND Perform the function on the
35 aduress” is ANDed with the top 375 POR top two locations of the stack,

of the stack, then a 1 is pushed 376 PEXQR Push result into stack leaving
o1 onto stack. 377 PCOMP, logic 1 on top
tor 6 NASPI The inverse of the stored state
36 specified by the addrass® is

ANDed with the top of the stack
ol then a 1 iz pushed onto stack.
to 5 STORE The value ¢n top of the stack
36 i stored in the stored state

specifled by the address® and a
01 lagical 1 left on the stack.
to} 7 OUTPUT The value on top of the stack is
36 stored in the output buffer

specified by the agdress and &1
teft on the stack,

*The address of a storeg state defines 1 of 30 on the currently enabled page.
Flg. 4 BOOLEAN EQUATION CODES




Description of Godes,

1
The codes used for defining the Boolean equations fali into four
categories;
{a} single cperand instructions which affect the stack
(b] logical operations taking inputs from the stack and storing
the result on the stack
{c} data transfer instructions for inputs, stared states, and
outpute
(d) program controt instructions.

Category {&) — stack manipilation (See Fig. 5.

1. Invert top of stack. The Boolean vaiue is taken from the top
of the stack and replaced by ita 'ogical inverse; a 1 becomes
a 0, and a 0 becomes a 1. The stack is neither pushed or
popped.

2. Push 0 onto stack. All data values on the stack are pushed
down one place and a logic D entered an top of the stack.

3. Push 1 ontp stack. All items in the stack are pushed down
one place and a legic 1 put on the top.

4. Push and Cepy top of stack. Data ts moved down the stack
and the previcus top of stack {now the naxt position down)
ia copied o the top.

5. Pop the stack. All data values are moved up the stack ane
place. The cid top of stack s tost.

Categery {b) — logicsl operations {See Fig. 6}
There are two types here, a logical function {AND, OR, EXOR,
COMP) and the function followad by PUSH:

1. AND, R EXOR, COMP. The top two elements of the stack
ara propped into the logic unit, the logical function is per-
formed on them, and the resuit pushed back onto the stack.

2. AND-PUSH, etc. The top two values on the stack are popped
inte the logic unit, the appropriate functlon is performed on
them, the resuit |s pushad onto the stack, and this is follow-
ed by a logical 1. This form of logical operation is used when
the result |s to be saved in the stack for subsequeént pro-
cessing. The 1 is put onto the stack to make it ready for
further evaluations.

942

INVERT

FUSH O

PLIEH 1

PUSH + COPY

POP

A A
B B
Before After
A o]
B A
B
Before After
A 1
B B
Bafore After
A A
B A
B
Before After
A B
B
Before After

Flg. 5 STACK MANIPULATION

TOP OF STACK = A function B, whare functton= AND, OR,

EXCLUSIVE OR, COMPARE:

In tha casa of AND PUSH, OR PUSH, EXCLUSIVE OR-

A AfB

B c

s S
Betora After

PUISH, COMPARE-PUSH:

A 1

B AtR

c Cc
Before After

Fig. 6§ LOGICAL OPERATIONS




Category {c} — input/output operations (See Figs. 7 and 81
These insiructions have two parts, the command and the
addrass. The command defines thedata path {input-stack, stored
state-stack, stack-stored state or stack-output) and the fogical

operation to be parformed, if any. The address defines which of

STORE A; B8 1 the 30 pieces of data is to be manipulated.
c c STORE and DUTPUT take the logic value from the top of the
Before After stack and transfer It to the approprite stored state or output

buffer, the top of the stack being replaced by a iogical 1 ready
for the next evaluation.

ANDIN takas the value of the addrassed input and ANDs it with
the top of the stack.

NANDIN takes the lpgical inversa of the addressed inputs and

The value of B on the top of the stack s stored in sfored
state of address A and replaced by a logical 1.

QUTPUT A; B 1 ANDs it with the top of the stack.
c c ANDSS takes the valup of the addressed siored state and ANDs
Bafore After it with the top of the stack.

MANDSS takes the logical inverse of the addressed stored
state and ANDs it with the top of tha stack.
in the above four cparations, the stack is neither pushed nor
popped,
ASP1 takes the value of the addressed stored state, ANDs it
with the top of the stack, gnd pushes 1 onto the stack,
NASPT takes the logical inverse of the addressed stored state,
Fig. 7 QUTPUT OPERATIONS ANDs it with the tmf:J of the stack, and pushas 1 ento the stack.

The value of B on the top of the stack is stored In output
buffer of address A and replaced by a logical 1.

Gatagory {d] — controi:
PAGE. There are typically 4 pages of stored states in the SBA,
and the instructions reading and writing to and fromn the stored

states only provide an addreas within the currently enabled
ANDIN A; B AeB page. The PAGE instruction steps the page counter and
ANDSS A; c c enables the next page.

Before After HOME. It it is required to enable a page of stored states thathas
been passed, the HOME instruction causes the page counterto
ga back to enable the home page.

NANDIN A B Asp As an example, if the page counter is currently enabling page 3
NANDSS A o) c and it is required to vpdate a stored state on page 4, the PAGE
Bef A instruction would be used. If pow a stored state on page 2 is
elore er required, a HOME instruction will switch back to page 1 and a
PAGE instruction will step 1o page 2.

RESTART. This code is always the last code In the program
ANDSS - A, B 1 mamory {rote that its value Is convenlently all zeros) and when

PLSH 1 o AwDB seen by the control logic the following is performed:
c 1. the contents of the output buffers are relatched fo the

outputs.

Before Aftar 2. a new set of inputs are latched
3. the top of the stack is set 1 {ogical 1
4. the page counter is reset to the home page

NANDSS - A: a 1 5. the program address counter is reset to restart the
PUSH 1 c AeB evaluafion of Boolean eguations.
o
Before After

Fig- B INPUT OPERTIONS
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PART II Using the SBA

A. INPUT/QOUTPUTS

The addressing capability of the SBA altows for 30 inputs and 30
outputs. There are 30 ping available as tnput/Qutputs and so if
more than 30 total inputs and outputs are used they must he
multlplexed.

There is & mask programmable option on each of the 30 pins to
allow them to be inputs, outputs or multiplexed input/outputs,
Regardless of the option, the interral addressing of the pins
remains the same and se, for example, f an appiication requres
only ane input and the boarg layout requires it to be the last pin
the program must use address 30.

Input

When programmed as an INPUT,nothing wil be abte to be output
from the pin even If the program loads somsthing in the
respactive output buffer.

Quiput
When programmed as an OUTPUT, the input data path is still
connacted and the value on the pin will be latched with all the
other inputs at the appropriate time. This fact can be utllized as
follows:

{a) It is sometimes required that the value of an cutput is used
in the processing during the following cyaie and would
nermally have to be copied into & Stored State. Feeding an
cutput back as an input in this way aveids this problem and
can also be usedt as a limited supply of extra stored states, if
spare pins are avaliable, that can afso be read ocutside the
chip.

(b} As well as reading the value of the putput directly, the
output can be modified by making use of the open drain
construction of the cutput driver. The value of the output
can be modified by an externally connected active puil-
down devige and the result read into the input. Somathing
like a manuai override would be a simple use of this facillty
while more complex logic functions can also be easily
performed.

Mulliplexed input/Qutput

For complete separation of inputs and outputs the
MULTIFLEXNED facility must be used although external logic
must be used for demultiplexing.

Qutput Drive Capabllity

The Output drivers have an impedance of 100 Qhms and are
nominally rated at a sink current of 7TmA. Thus each cutput can
drive 4 TTL loads plus a 10 KOhm pul-up resistor to +8Y,

Thie nominal current rating is determined by the total allowabie
power digsipation In the output circuits, which is a maximum of
150mW. The TmA rating hes been determined assuming all 30
outputs are being used. If less than the maximum are in use, the
current rating for sach can be increased up to tha maximum
rating of 20mA, keeping within the 150mW power restriction. Fig.
2 gives a guide to the current capacity for different numbers of
outputs In use.

MAKIMUR CUARENT PER SUTPUT

{1V SN TN S IS SN S SN N N I T N I 1 I T TN N [ S W U R |
1 4 5 6 7 B 8 10 11 12 1 4 15 T8 17 18 19 2 21 @ 2 2 25 26 2 28 29 A0

MUMBER OF QUTPUTS

Fig. 9
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8. DEVICE TIMING

The clock can be generated internally with the help of an external
R/C natwork connected to the three ‘clock’ pins, or an extarnal
clock can be applied to the clock input,

The SBA will perform tha instructions in the ROM, one per clock
cycle, until the RESTART ingtruction is reached. At this pointa
special sequenca is performed that is shawn in Fig. 10.

The possible variations are due to separate or multiplexed
inputs/outputs and the use of HALTED and GO.

Input Timing

Inputs are strobed into the device once per program cycle, as
shown in Fig. 10, whether they are exclusive inputs or
multiplexed.

Qutput Timing

If & pin is dedicated to the output function, then the logic leve!
remains constant throughout the program and is updated at the
end of each cycle as shown in Fig. 10.

In & multiplexed 1/0 the output data is present for two clock
cycles atthe end of each program cycle, the 1/Q control providing
a strobe so the data can be stored in an extarnal davicea (on the
negative edge).

Modes of Operatlon

1. If the SBA is required to cycie continupusly the GO input will
be true. In this case there will be one clock aycle between 1O
control disappearing and the SPA strobing the inputs. This isthe
more common moede of operation.

2. If GO iz not present after the 1/Q control goes high, tha
HALTED output will appear and the SBA will stop. When GO
becomes true, HALTED will be removed and the SBA will
continue by latching a new set of inputs. Although this mode can
be useful it is usually better to put the control Into the program
itself and run continuously,

Cycie Times

Since all instructions have been arranged to take the same time,
the total time taken for a complete program cycle is the time for 1
clock cycle multiptied by the total number of instructions in the

o =]

program {including RESTART) plus 6 (for the end of cycle
sequence). f the cycle is stopped by removing GO, the time ¢an
be up to 1 clock eycle less. Thus the mastimum possible cycle
time is:

Clock period x {1023 + 8) = 1.28625ms at 800KHz
10.29ms at 100KHz

In general we have:
no. of instructions + 6

- = program cycle timg in ms,
ciock frequency in KMz

C. BASIC PROGRAMMING

The internal operation of the SBA is of no concern to the user, the
devige simply being thought of as a variable array of logic. 1t can
be troated as abstract toghe or as the logic family most famlliar to
the englneer, although speed and response time must be
considered separately as it is somewhat unique in the SBA.
The logic represanting the function to be performed by the SBA
is described by a set of Boolean Equations. These can be of any
length and are compased of the four logical functions, AND, OR,
EXCLUSIVE OR and COMPARE, together with invert or negate
and as many levels of brackets as are required. Rules and
restrictions are minimal.

Stored States - Baslc Slorage
The Stored States can be used to store the atate of some input or
logical combinations from one program cycie to the next. For
axample, if it were required to produce an output whenaver an
input changed state, the value of the input must be stored and
compared with the new input in the next cycle. The equations
might be:
output = input " stare; {where * raprasants exclusive OF)
stara = input;
Thus, when the input |s different from the stored velus, Le. the
state of the Input {ast time, the cutput is produced.
It should be noted here that because of the sequential nature of
the SBA the equations are performed one at a time. So the 'store’
equation must come after the ‘output’ equation ptherwise the

BASIZ CLOGK | I [ I | I | | | I | | | | | I E I

X

I

|
DEDICATED CUTPUT UPDATED I
|
I

MULTIPLEXED QUTRLIT DATA WALID | | |

i GONTRO:

INPUT STHOBEE

L

[

|
|
)
4

4 | 4+— 31 1

15T

AESTART INETH |
] USING ‘GO" AND ‘HALTED"
/e
1 r
| | |
]
GO |
: { 1:
HALTED QUTPUT j ( L

1
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l

i
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|

T

140 CONTAGL |
|

Q
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i
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$BA

store would contain the same value as the input of the current
program cycle.

The Stored States can also be considered in groups for stering
numbers, machine siates, etc., and alsc for counters and
sequence generators. Again the equations can aither be
generated pursly logically from a truth tabie of the required
sequence or by considering an appropriate hardwre solution,

Storad State — Temporary Storage

Stored States do not necessarily have to be used as stores from
one cycle to the next. It is often convenient to use these as
tempaorary stores within a program cycle. A typical example is
when a calculated value is to be used in several equations. Rather
than calculate the value each time, it can be calculated once and
stored and then read directly from the store as required. Such
“tampaorary stores’ may be updated asmany times as requiredina
program cycle and it is often convenient to reserve a couple of
stored states on each page for this purpose. An exampie might be
the Stored State temp’ being used as a reset for a store and then
later as an enable for an cutput:

temp = resat logic;

store A = (store A logic).-temp:

store B = {store B logic).-temp;

etc., then later in the program

temp = enable iogic;

output A = foutput A loglc).temp;

output B = [output B logic).temnp,

etc.
If the SBA compiler is used, the name for the temporary store
must be the sama {as 'temp’ above) to define the same bit and it
can be seen that there might be confusion in knowing the
function of the store in a particular part of the program. The
problem can be solved by knowing that SBACCMP only takes the
first 4 characters of the name. So a5 long as these remain
constant, the sama bit of storage wili be usad and the name can
be extended to indicate the currant use of that particular stora. In
the above example the names could have been ‘tempreset’ and
‘tempenakle’.
Order cf Equatlons
The most impertant ride in S8A programming has already been
mentioned and that is the order of the equations. Whilg the timing
as seen external to the device is clearly defined, it must always be
ramambered that the equations within a program cycle are
performed in sequence and care must be taken to ensura that
stores are updated at the right time.
Tha first example illustrates the overall construction of a program
and is demonstrated by considering the store defining the
current state of the machine. The state wlll be output to the
systern being controlled and the inputs read back from the
systam. These, together with the present state, will define the
next state to be output to the system. When the state number is
used in e SBA equations, the position of that equation In
ralation to the equations updating the state will obvipusly define
which state is being raferred to. The state number before
updating will refer to the state output to the system last time and
will therefore be associated with the current inputs since these
are a direct result of that state. The state number after updating
will refer to the next state ang wiil be used in determining the
outputs.
Another important time to watch the updating of stores is when
using such things as countars. & 3 bit binary counter stepped by
‘step’ might be written:

A= A'step;

B = 8% (step.A);

C = G"{step.A.B);
where the least significant bit changas whenever ‘step’is true and
the subssquent bits only when all previpus bits are true AND
‘step’ is true. Jt can be seen that the equations ¢annot be written
as shown because the values on the right hand side refer to the
present value of the counter and those on the [eft hand zide the
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next vatue. After the first equation, A has been updatad and so In
the next equation the wrong value will be read. {Note that a
hardware solution would update all bits in paraliel.) In this cage
the stack can be utilized to advantage by storing the new values
as they are celcutated and only whan all bits are completed are
the stored states updeted from the stack. The example would
actually be writtan:

stak = A”step;

stak = B (step.A);

stak = C*{step.A.B);

C = save;

B = sgve;

A = save;
Equations 3 and 4 can be combingd but, if written like this for
clarity, thay will, in fact, be combined by the compller.

The Pages of Stored States

The order of equations and the variables within the equations can
alsc be important {as far as economy of instructions are
concerned) when the diffarent pages of Stored States are used.
Equations using variables from more than cne page can, in
extrame circumstances, use more page change instructions than
actual processing!
For this reason, those bits commonly used together {e.g.
counters) should be grouped on asingle page. It s better to leave
a page partly unused in order to do thig. Thus four 15 bit counters
would certainly be better put one counter per pege with the odd
associated bits {like resets) kept on their respective pages, rather
than sgueezing onto two pages and having to put resets ete.,ona
ditferant page.
If possible, processing should be performed in the order of
pages. Thus page 1 processing would be done first, then page 2
and s¢ on to avold unnecessary pagse changes. M is sasiest to
write the program first and then allogate the stores to pages to get
the flow right. Data transferring from one page to another can
often be stacked first as demonstrated In the following.
Bits on page 1 laballed 1A, 1B, 1C to be movad to page 2, bits
labelled 2A, 2B, 2C, and if written:

2A = 1A;

28 =1B;

2C =10,
will use 11 instructions while:

stak = 1A;

stak = 1B;

stak = 1C;

2C = save;

2B = save;

24 = save;
uses only 9. If the pages were 1 and 4, the number ofinstructions
would be 17 and 11; if moving page 3 to page 2 we would have 14
against 10. Obsessive page Instruciion saving is, however, not
usually required and is only important when using the RCMtoits
maximum capacity. it is generally best to write the eguations
Initialty using the simple basic rutes and to resort to more glever
reduction techrigues if the ROM |s fitled.

D. PROGRAMMING EXAMPLES

Combinational Logic

Little needs to be said here since any boolean equations |= valid
and can include AND, OR, EXOR, COMPARE and INVERT
opetators and. as many variables and brackets as ara raquired.
For greatest economy of instructions the equation should be
minimized as far as possible, using EXOR and COMP if
appropriata, and in general sums of minterms are maost efficient.
If required, even further reductions can be made by considering
the instruction set. Inversion of single terms costs nothing, while
inversions of multiple terms costs one Instruction. The AND
operator with a singla term is impiicit with the reading tunction,



while all other operators and the AND with a multipleterm all cost
an extra instruction.
A good rule is to use as few OR, EXOR and COMP operators as
possible {also AND and INVERT outside brackets). The
diffgrence in the number of Instructions taken by two versions of
the same equations is approximately the difference in the
numbers of these 'bad’ operators (shown underlined}.
Examples:

{a) -A.-B = -C.-D *-E-Finstead of (A = B).{C t D}(E = F}

saves 3 (2 versus 5)
{b) --A-B-C.-D)instead of A+ B £ C + D saves 2

Laiches

The straightforward storing, temporarily ot otherwise, of input
data or logical combinations has been discussed and needs no
further comment,

However, it is often required that a piece of data be latehed intoa
store, and in hardwars solutions devices such a8 S-R, J-Kand D
type latches are available for this function. The stored states in
the SBA together with a bit of logic can be made to act as latchas,
the type being limited oniy by the imagination. A few examples
are as follows:
ta} Simple 5-A latch that is set by the variable 'set’ and reset by
‘resat’ G = set + Q.-raset
(b} In {a} the 'sef’ will override if both inputs appear together. |
‘resat’ is to override: Q = (set + Q}.-reset
{c) Clocked latches have greater variety, a simple D type
being: @ = data.clock + clock. G
(d} A clocked set - reset:
Q = (set.clock) + Q.-(reset.clock)
{e} Ciocked set, asynchronous reset, set override:
Q = (set.clock) + Q.-reset
(fi Clocked set, asynchronous gverriding reset;
G = {{set.clock) + Q) .-reset
{g} Full J-K latches:
Q = J.clock.-Q + Q.-(K.clock}
It is usually best te design the latch to fit the particular
requirement since, in genaral, the more features required the
maore instructions are needed. 1fa latchis required to change ona
particular adge of a clock, another store is reguired and we have,
for example:
clock = inciock.-storeciogk;
storeclock = inclock;
to detect the 0-1 transition. Either or both edges can be detected
in this way. it can be noted hers that once an input clock has been
monitored for a transition then anything in the whole of that
program cycle can be clocked by the same gdge.

Counters and Sequence Generators

There are several ways in which counters can be programmed,
but a good general purpose method is described here.
The counter will have an input to teli it when to count and let this
be called COLINT.
Consider each bit of the counter in tum, frorn the least to most
significant bits, and détermine the conditlons thatrequire that bit
to change. This condition, ANDed with COUNT, can be made to
change the bit using the exclusive QR instruction. So for the Rth
kit, if the change conditien is CR we have:

R = R*(COUNT.CR};
Care must, of course, be taken to ensure that bits are nat used
after they have besn updated. They can be stored conveniantly

o [E]

on the stack. In a binary counter sach bitchanges when all bits of
lower significance are trug, and wa have, for a 4 bit counter as an
example:

stak = A"COUNT;

stak = B*{COUNT.AJ;

stak = C*{COUNT.A.B);

stack = D*(COUNT.A.B.C);

D = save;

G = save;

8 = save,;

A = save,
1T the couniar is to step each program cycle {for a switch scanngr
or a counter using the cycle for its timing, for example), CQUNT
can bs removed and the first equation changed to stak = -A;
The hinary case is very regular and an alternative approach,
which is more economical for large {over 4 bits) counters, uses
tempaorary stores to build up the change conditions
progressively.

T1= COUNT.A
A = AYCOUNT
T2=T18B

B =8%T1
T1=T2C
C=C'T2
T2=TiD
D=D"T1

atc.

Note that this time stacking has besn avoided since the change
condition is built up progressively. It can also be seen that only
two temporary stores are required.

The technigue is further itlustrated by considering the following
‘random’ sequence:
State DCBA
0000
o111
1110
o001
1011
oo
0100
1001
0000,
Examining each bit we see that:
A changes after states 1,2, 3,6, 7, 8
B changes after states 1, 3, 4, &
C changes after states 1, 3, 8, 7
O changes after siates 2, 3, 4.5, 7, 8
Assuming the non-valid states cannot occur, and using standard
reduction techniques, the change condltions reduce to:
CA=-A+B.-D+-B.D
CB=-C-D+GCD
CC=-A+B-C-D
CD=C+D+A-B
Now inciuding STEP, and reducing still further for tha SBA using
excluzsive OR(Y) and compare {#), we have finaliy:
stak = A " STEP.(-A + (B*D));
stak = B " STEP.(G#D);
stak = C * STEP.{-A + BE.-C.-D);
stak = D* STEP.{C + D + A-B);
O = save;
C = save;
B = save;
A = gave,
And, for completeness, the carry output is given by A-B.-C.D,
reducing to:
couT =-B.0;
which should go at the beginning, before the states are updated.

o8~ h L R -
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FUNCTION

DESCRIPTION

.SERIES 1600 MICROPROCESSOR

PART
NUMBER

PAGE
HLUMBER

16 BIT
BINGLE CHIP
MICRO-
PROCFSS0OR

The CP 1600 utilizas third gen-
erabion mini-computer archi-
tecture with aight general pur-
pose ragistars. The 16-bit word
angbies last & etlicient process-
ing of alphanumaric or byte
oriented data. The 16-bit address
apahility permits access (o
£5.536 words in any combination
of program memory, dala
memary, or peripheral devices,

CP 1600

10A-2

INFUT:
QUTPUT
BUFFER

The [GB 1680 s A byle oriented
programmable input/output
butter which provides compre-
hensive interfacing lacihes

far the CP 1600 microprogessor.
Data is transferred tg and from
the peripheral an 16 bidirectional
lines, each of which can be con-
sidered 10 be an input or cutput.

108 1680

104-B

DUAL DIGITAL
TO ANALOG
CONVERTER

The DAC 1600 cantains four
registars which can be loaded or
read through a 10-bit 110

data port.

DAC 1600

10A-14

18 CHANMNEL
ANALOG
MULTIPLEXER

The MUX 1600 is & binary ad-
dressed 18 chanpe| analog
multiplexer. The MUK 1600
includes an-chip address latches
and separale address sirebe and
chip salegt signals.

MUX 1600

10A-18

GlpAINI
MICRO-
COMPUTER
SYSTEM

The GIMING utilizes a tatally
madular design for maximum
canfigurability. The systern pro-
vides chrect addreasing to 65K
words. unlimiled DMA channels,
and a muiti-tina multi-leval
nested inlerrupl syslem with
Tull prigrity respiution and seff-
identifying addresses. All con-
tral & timing signals as wedl

as data & address busses ace
fully bultered,

GIMINE

10A-20

GlMINI
SINGLE CARM
MICHRO-
COMPUTER

The SC1600 GIMING Single
Card Micracomplier provides
fudl 16-bit procassing power an a
single card, The SCTH00 uses
the CPIG00 microprocessor
with all circuitry for & com-
plete operating system.

5C1600

10A-23

SERIES 1600

MICROPROCESSOR

MICRO

ELECTRONICS




CP1600

16-Bit Single-Chip Microprocessor
FEATURES

® 8 program accessible 16-bit general purpose regisiers

& B7 basic instructions

& 4 addressing modes: immediate, direct, indirect, ratative
m Conditional branching on status word and 16 external
condltions

Unlimited interrupt nesting and priosity resclution

16-blt 2's complement arithmetic & foglc

Status ward: carry, overflow, sign, zero

Diract memory access (DMA) for high spesd data transfer
B4k memary using single address

TTL compatibte/zimple bus structure

B800ns cycle time 3.3 MHz 2-phase clock

DESCRIPTION

The CP1800 Microprocessor is a compatible member of the
Series 1600 Microprocessor produgts family. The CP1600 is a
complete, 16-bit, single chip, high speed MOS&-LSI
Microprocessor. The Series 1600 family is fabricated with
General Instrument’s N-Channel lon-implant GIANT 11 process,
Insuring high performance with proven reliability and production
history. All members of the Series 1600 family, including
Programmable Interface Controllers, Read Only Mamorles, and
Random Access Read/Write Memories are fully compatible with
the CP1600.

The CP1600 Microprocessor has been designed for nigh spead
data processing and real time applications. Using a 3.3MHz two
phase clock, the CP1600 completes a microcyele in 600
nanoseconds. Typical applications in¢lude programmakbkle
calculator systems,peripheral controllers, process controliers,
intetligent tarminais and instruments, data acquisition and digital
communications processors, numerical control systems and
many general purpose mini-gcomputer applications. The
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Microprocessar can readily support a variety of periphera
equipment such as TTY, CRT display, tape reader/punch, A/D &
D/A converier, keyboard, cassette tape, floppy disk, and RS-
2320 data communication lines.

The CP1E00 utilizes third generation minicomputer architeciure
with alght general purpose registers to achieve a versatile,
sophisticated micracomputer gystem. The 18-bil word enalies
fast and efficient processing of alpha-numeric or byte oriented
data. The 16-bit address capability permits access to 65536
words in any combination of program memory, data memory, or
peripheral devices. This single address space concept,
combined with a powerful instruction set and
microprogrammable Peripheral Interface devices, provides an
efficient solution to:microcemputer and many minicomputer-
based product requirements.
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PRAOCESSOR SIGNALS

DATA BUS
DO-B5
input/Output/High Impedance

Data 0-15 16-bit bidirectiona! bus uzed to transfer data,
addresses, and instructions between the microprocessor,
memory, and petipheral devices.

PROCESSOR CONTROLS

STPST

Input

SToP-STart: Edge-triggered by negative transltion; usad to con-
trol the running condition of the microprocessor.

HALT

Output

HALT: indicates that the migroprocessor is in a stopped mode.
MSYNG

Input

Master SYNC: Active low input synchronizes tha microprocessor
to the &1, ¢2 clocks during power-up initialization.

EBCA 0-3

Qutputs .

External Branch Condition Addresses 0-3: Address for ong-of-16
external digital state tests via the BEXT (Branch on EXTernal)
instruction.

EBCI

Input

External Branch Condition Input: Return signal from the one-
of-1§ selection made hy EBCA 0-3,

CP1600 E

BUS CONTROL SIGNALS

BDIR, BC1, BGC2

Qutputs

Bus DiRection, Bus Controls 1, 2: Bus control signals externally
decuded to define the staie of bus operations {see State Flow
Diagram}.

BUSRO*

Inpul

BUSAK"

Output

BUS ReCuest, BUS AcKnowledge: BUSRO" requests the micro-
processor to relinquish control of the bus indefinitely, BUSAK”
informs devices that the bus has bean released.

BDRDY

Input

Bus Data ReaDY: causes the microprocessor to “wait" and re-
synchronize 1o slow memory and peripheral devices.

INTR", INTRM*

INTeRupt, INTeRupt Masked: regquest the microprocessor to
service an interrupt upon completion of current instruetion.
TG

Curtput

Terminate Cwyrrent interrupt: pulse outputted by the micro-
pracessor in response to the TCI instruction.

PCIT

input/output

Programn Courtter Inhibit/Trap: As an input, inhibits incrementa-
tion of the Program Counter during the instruction fetch se-
guence, As an output, generates a pulse during execution of a
Software INterrupt (SIN) instruction.

CP1600 INTERNAL BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS
Maximum Ratings*
Voo, Yoo, GND and all other input/output voltages

withrespectto Ve . . . . . . . . . . .. —0.3V to H18.0V
Storage Temperature . . . . . . . . .. . 58%C to H150°C
Operating Temparature . . . . . . . .. . ... ¥ C 1o +70° 0

Siandard Conditlons: (unless otherwise noted}

‘Exceeding these ratings could cause
permanent damage to these devices.
Functfonal operation at these canditions |g
not implied—operating conditions are
specified below,

Voep=H12VE5%, TOmAtyp) . Ti0mA{max.)  Vee= —3VEI0%, 0.2mAtyp) . 2mAfmax.)

Vee=+5V+5%, 12mA(typ) , 26mA{max.)

Operating Temperature (T.)=0°C o +70°C

Characterlatic Sym Min Typ** Max Unils Condltions
DC CHARACTERISTICS
Clock Inpuls
High Vine 104 -- Yoo W
Low Ve Q -— 0.6 ¥
Logle Inputs
Low Vo 0 - 0.65 W
High (ANl Lines except BDRDY) Vi 2.4 - Veo ¥
High {Bus Data Ready Line

See Nota 1} Vian 3.0 - Vre v
Loglc Outputs
High Yeu 2.4 Ver v los = 100uA
Low {Data Bus Lines DO-LHE) Voo - - 0.5 ¥ o, = 1.6mMA
Low {Bus Gontrol Lines,

BC1.BC2,BOIR) Vo - - 0.45 )Y low = 2.0mA
Low (All Othare) Vou - - 0.45 v lor. = 1.8mA
AC CHARACTERISTICS
Clock Pulse inputs, &1 or 82
Fulse Width g2, 12 120 -- E ns
Skew {¢1, #2 delay) tig, to o - - ng
Clock Period tey 0.3 - 20 us
Rise & Fall Times tr. tf - — 15 ns
Masier SYNC: :

Delay from ¢ tms - - 30 ns
DO-D15 Bus Slgnals.
Quitput delay from &1

{float to output) teo g - 120 ng 1 TTL Load & 25 pF
Qutput delay from @2

{output to float) ter - 50 - ns
Irtput satup time bafors o1 te a - - ng
Input hold time after #1 tay 10 - - ns
Bus Control Slgnals

BC1.BC2,BDIR
Qutput delay from ¢1 tpe _ _ 120 ns
BUSAK Output delay from ¢1 tay - 150 - s
TGt Output delay from ¢1 tro - 200 ns
TGt Pulse Width trw - 300 - ns
EBCA output delay from BEXT

tnput toe - - 150 ns
EBCA wait time for EBCI input Ear - — 400 ns Y
CAPACITANCE TA =+25°C; Voo = +12V; Vo = +5V;

Vag=-3V; t¢lt¢2=120ns
&1, ¢2 Clock input capagitance  [Cat, Codl — 20 30 pF
Input Capacitance
DQO-D15 CIN — 1 12 pF
All Othar - — 5 10 pF
Output Capacitance
DO-D15 in high impedance state Cn - 8 15 pF

“*Typical values are at +25°C and nominal voltages.
NOTE:

1. TheBus Data ReaDY{BDRDY) lineis sampled during time period TSI after aBAR or ADAR bus control signaf, BDRDY must
go low requesting & wait state 50 ns before the end of TSt and remain tow for 50 ns minimum, BORDY may go high
asynchronously. In response to BORDY, the CPU willextend bus cycles by adding additional microcyciss up to a maximum

of 40 uss: duration.
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CP1800

BUS TIMING DIAGRAM
IrstirselrsaiTsai: sz rssirsairsnTse rss roa o rseisa frsalmsi sz irsaimsairsi e
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E CP1600

SIMPLIFIED STATE FLOW DIAGRAM
WEYHE™ T
I PUT I FIALTAT W
STARTING FC BEMMIENCE
(LAB)
CUTPUT
CURAERT PC
(BARY
HDRGY = O WALT
s
BoRdY =L BORLF - 0
ANPLT
HHTERRAL EXTERNAL
REFERENCE REFEHENLE
ISTRUCTLON INSTRUCTHHY L
BORG - © WaIT
BORO - | el :?g:&g!:
BOWREY = 4 Phemeifit
1N PLT
EXTERNLL CATH
[ore)
4 =
IMERH'UUNP-\‘WLE INTERAUFTABLE EEEE?NECE
INSTRLICTION FNSTRUCTION =in
B REQUEST
SEQUENCE
INTERRULT
SEQUENCE
BUS CONTHOL SIGNALS
BDIR BC1 BC2 Signal Decoded Function
1] o 0 NACT No ACTign, DO-D15 = high Impedance
0 o 1 AR Interrupt Address to Bus, D0-01S = Input
0 t 0 ADAR Address Data to Address Register, D0-D15 = high impedance
0 1 1 bTB Data to Bus, DQ-D15 = Input
1 o 0 BAR Bus to Address Register
1 o 1 DWS Data Write Stroba
1 1 a DW Data Write
1 1 1 INTAK INTerrupt AcKnowledge
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cPism0
INSTRUCTION SET SUMMARY
Mnemonics Operation Illlcrocyclass Comments
Dir._Indr. Imw. Staci
g le .| aop ADD 18] 8]
g nlg 3| SuB SUBtract 0je | 8|11
..2 Sls 5| cme CoMPare wlefe 1 Fresult not saved
o BT 0 AND iogical AND R ] 8! n
R << XOR eXclusive OR ls|a]|n
E= 5| mvo MoV In RN IEREL
o 2] mw MoVe In w|sle|n
o ADDR ADRD contents of Registers 8 Add one cycle
= %| S8ueA SUBtract contents of Registars 6 if Registar 6 or 7, except”.
2% CMFR CoMPare Registers by subtr, & Reszult not saved
= 2| ANDR logical AND Ragisters 6
g XORR eXclusiva OR Registers 6
MOVR MQVe Registar -]
- CLRR CleaR Register 6 XORR with itsalf
£ TSTR TeST Register -]
2 JR Jump to addrass in Register 7" PC—{RAR)
8 o INGR INCrement Register &
£1 % | DECR DECrement Register 6
0 m COMR GOMplement Register [ One's Complament
51 & NEGR NEGate Register [ Two's Complemant
B @ ADCR ADd Carry Bit to Register 6
22| GSwWD Get Status WorD 6
i H NOP No OPeration 6 Two Words
= SIN Software INterrupt <] Pulse to PCIT pin
B RSWD Return Status WorD 8
i3 PULR PULI from stack to Register 11" PULR=MVI @ R6E
- PSHR PuSH Register to stack 9 PSHR=MYD @ R6
SLL Shift Logical Left 6 K
F= RLC Rotate Left thru Carry +] one or two position
= SLLC Shift Logicai Left thru Carry 6 shift capability. fudd
@ SLR Shift Logical Rignt 5] two cycles for 2-position
£ SAR Shift Arithmetic Right 8 shift
=3 ARC Rotate Right thru Carry 6
& SARC Shift Arithmetic Right thru Carry 8
SWAP SWAP B-bit hytes 6 | 2-position=SWAP twice
HLT Hal.T 4
2 SDED Set Double Byte Data 4 _ Must precede external reference
T8 EIS Enable Interrupt System 4 to doubie byte data
£0 w1k Disable Interrupt System 4
8 g TCI Terminate Current Intarrupt 4 |-N|::t Intsrruptible
2 CLAC CLeaR Carry to zerg 4
- SETC SET Carry to one 4 §
@ J Jump 12
ad JE Jump, Enable, intereupt 12
ED JD Jump, CHsabla interrupt 12
22 JSR Jump, Save Return 12 Relurn Address
g JSRE Jump, Save Return & Enable 12 saved in R4, 5 0r 6
= JSRD Jump, Save Aeturn & Disable Interrupt 12
B unconditional Branch 7 Displacement in PC+1
BC, OLGE Branch on Carry, C=1 7 PC—PCEDisplacemant
@ BNC, BLLT Branch on No Carry, C=0 7 Add 2 cycles if test condltion
a2 BOV Branch on OVerflow, OV=1 7 i trua.
B EBNOV Branch on Mo OVerflow, OV=0 T
2 BPL Branch on PLus, §=0 7
a BMI Branch on Minus, 5=1 ki
- BZE, BEQ Branch on ZEro ar EQual 7 2=1
] BNZE,
[ BNEQ Branch if Not ZEro or Not EQuial 7 2=0
m BLT Brangh if Less Than T S OvY=1
S BGE Branch if Greater than or Egual 7 SWOV=0
k] BLE Branch if Lass than or Equal 7 ZV(SM0V}=1
= BGT Branch if Greater Than 7 ZV(SYOV)=0
5 BUSC Branch If gign = Carry 7 G¥5=1
%] BESG Branch if Sign = Carry 7 C¥3=)
BEXT Branch if External condition |s True 7 41.58 of Instruction are decoded to select
1 of 16 external conditions,

1MICRCQCYCLE =2 CLOCK CYCLES
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10B1680

Input/Output Buffer

FEATURES

B Single 16-Bit Port or Dual 8-Bit Poris for
Bidirectional Input/Output

Farity Check Logic on Both Ports

Three Lavels of Priority interrupt Logic

‘Redl Time' Presetable 16-Bit Timer

Capability to Monitor Peripheral Error Status
Three Interrupt Vectors for Error, 1/0 and Timer
Automatic Handshake Logic and Signals
Control Register

TTL Compatible

DESCRIPTION

The 1OB1680 Is a byte oriented programmable nput/output
buffer which provitdes comprehensive interfacing faciiities for the
CP1800 microprocessor with a minimum of additional
components. Tha circuit is fabricated in General instrument N-
Channe! lon Implant GIANT I process insuring high
perfarmance with proven raliabllity and production histary.

The KJB1680 enabiles efficient interfacing betwean a peripheral
and the CP1600 by the use of six B-bit registers and a 16-bit
programmabile timer. Two of the B-bit registers are a buffer store
betweon the CP1600 and the bidiractional 1/Q lines to peripheral,
latching any data sent to them from the CP1600. Three other 8-
bit registers hold the Interrupt Vector Addresses associated with
1/, Error Status and the Timer. The Control Reqister governs the
operation and charecteristics of the 10B1680 and provides a
conveniant means for the CP1800 to monitor /O status
informtion. The 16-bit timer gives the I0B1680 a real tims
capability which is suitable for confirming system security and

PIN CONFIGURATION
40 LEAD DUAL IN LINE
Top view
rercler T ap HNTRG®
MEKD E] 2 3z [ S
ocod 3 38 [ BC
o1 4 a7 [ ecz
ozl s 36 [ e
mag e 35 [ CET
w7 34 [ ERACH"
o5l 8 34 O Ver
s 9 32 [0 GND
o7 g 0 31 @ Yo
cKing 11 an [ PE
PCLAS] 12 2 [JAR
PDO [ 13 28 [ pD1S
PO [ 14 27 O FD14
Po2 ] 15 28 [1 PO13
PO3 0] 16 24 [ PRz
PR4 O 17 4 [1Pht
FDS 0] 18 23 [0 Po
PDE (] 19 22 [ FD9
FGT O 20 21 [T FOB "
"AGTIVE
LOW LEVEL

for timing peripheral activities. These registers are initiatized
after power clear by the CP1600 program writing the required
interrupt vector addressas Inte the appropriate registers. The
interrupt vectors may also be altered at any time by program.

BLOCK DIAGRAM MIAG"  IMEKI  IMSKO  TE® PE aB*
o -
[0 .
fo— it BUS COMTAGL INTERRUFT N
7 I LaS'C LOGIC — AT
a0? ' PARLTY
N LaGic
Bl CONTHE. REG RES a—k——-—- Yy
L Ta REG 0-7 RES |k—-—l
’ PEFIPHERA o
s 41n 0 . IFHERAL
PATA REG 81, AEG 2 k—< INTEAr A CE 1y
TT . {81 DIRECTIONAL
307 ol B
Da ol ot 16 BIT TIMER REG a-a—k———-«
(Bl DIREGTICHAC
13 AT INPUTIDUTPUT RES s—_k-——-4
184 TIMER REG sk_.
1¥.5. " ERRCR AEG ?k—<
T
ADDRESS
. REGIS-ER ’ HESET LOEIIC_]
G~ ] FOLR*
T ] | “i¥a = INTERRUPT VECTOR ADDRESS
GHD Wpn Wi
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|0B1650/CP1600 SIGNALS

Data Bus:

DO-D7 {input/Output/High Impedancs)

DATA 0-7: The bidirectional data lines DO-D? are used to
fransmit data and address Information batween the Serles 1600
Microprocessors and the |(OB1680. These correspond to the
lower B-blts of the Series 1600 Microprocessor’s data bus. Those
data lines have tristate capahbility, being in the high impedance
state except when transferring data or status information from
the [OB1680 under cantro! of the control bus signals BRIR, BCH
and BC2,

Bus Control Signals

BODIR, BCt, BC2 (Inputs)

Bus DAection, Bus Control 1 and 2: Bus caontrol sighals from the
GP1600 which define the state of data bus oparations. These
slgnals are decodad internally by the MJB1680 to control its
cperation,

TCI* (Input)

Terminate Current Interrupt. A pulse qutput by the CP1800 in
response to tha TClinstruction to indicats the end of the current
interrugt service routine.

INTHO® {Output)

INTerrupt ReQuest: This output is pulled low to a logle 0 by the
{QB1880 to regquest an interrupt from the series 1800 Micro-
processor. Thia is an open drain outputcapable of sinking 1.8mA
with an output voltage 0.5V, Because of the open drain featura
the INTAQ output of several 10816803 can be wired ORed
together.

CK1* {Input)

Clogk 1 This clock defines when the bus control signals BDIR,
BC1 and BC2 are valid and is used in the OB 1680 to strobe thair
decode signals. It is also used to increment the timer.

CE* {Input)

Chip Enable: This iow true address input enables the IOB1680 for
data read and write aparations.

IMSKI/MSKO (Input/Qutput)

Interrupt MasSK in, Interrupt MaSK Out: These two signals are
usad to form the interrupt priority daisy chein and prevent a lower
priority device from requesting an interrupt while a higher device
is being serviced. The IMSK| input of the I0B1680 which is to
have highest pricrity must be connected to GND.

1081680 PERIPHERAL SIGNALS

Data

PDO-PD15 (Input/Qutput)

Peripheral Data 0-15; Cammunlcation of data to and from the
peripheral device is via this 18 bit highway. Each cutput can sink
1.6mA for an output voitage of 0.5Y. In the high state each output
can source 100pA. These lines can be used as wire ORed inputs
by ‘puliing down’ the line to a legic Q' sinking the 100pA
axtornally,

Peripheral Conirol Signals:

PE {Qutput)

Peripheral Enable: This output is afunction of the Ready bltofthe
control register. When it is at a logic '0' no action iz required by
the peripheral, a '1" indicates that peripheral activity has been
requesiad by the CP1600.

AR* [Input)

Attention Reguest: This input from the peripheral device is
normally high at a logic 1" and is taken low to a loglc *0F by the
peripheral to request attention. This edge triggers the Ready bit

1081680

of the control register pulling it to a logic '0', causing anintarrupt
request t0 be made via the INTRQ" output if the peripharal
interrupt enable bit of the control register is set. If the interruptis
disabled the Ready bit of the control register can be used in
‘polilng’ handshake routines.

ERRQR* {Input)

ERROR: The arror status of the peripheral is indicated by this
input;, balng low indicating an error condition, e.g. tape low.
PCLR* {thput}

Power ClLeaR: Initializes ragistars.

INTERNAL CONTROL SIGNALS

Control Reglster:
The Control Register can be written and read under program
control, The function of the individual bits are:

Bt 7—Parity Status for Petipheraf Gata 0-7:

The parlty of the low order byte of the Peripheral Data bus Is
indicated by this Control bit, a jogic 0" indicates even parity while
& '1" indicates odd.

Bit 6—Parity Status for Perlpheral Data 8-15:
Similar to bit 7, but indicates the parity of the high order byte of
Peripheral Data.

Bit 5—Timer Clock Enable (TCE):

The glock to the 16-bit timer is controlied via TCE, the clock is
enabled by setting TCE to a logic *1". The timer can only request
an interrupt when its clock is enabled by TCE.

Bit 4-—Timer Interrupt Enable (TIE):

for the timer to cayse an interrupt requast on the INTRQ " output
TIE must be set to a logic 1", a '0' disables the timer intarrupt
logic.

Bit 3—Perpheral Interrupt Enabie {PIE):

PIE must be set to a logic '1' to enable interrupt requests on the
INTRQ™ output as a result of peripheral Attentlon Requast or
Error Status conditions,

Bit 2—Dala Width Select (DWSL}:

The re-enabiing of the peripheral by sutomatic handshake can be
chosen to occur with B or 16-bits wide data, DWSL being an ‘0
indicates an B-bit wide data word while a "1’ indicates a sixtean
hit wide data word,

Bit 1—Error Summary

The ERROR STATUS of the peripheral is indlcated by this it of
the Control Register, betng a logic 0" shows an error condition.
This will cause an interrupt request on the INTRQ™ output if PIE is
sot toa ‘1.

Bit 0—Ready

This READY bit indicates the operational status of the peripherai.
When it is a logic '0' the peripheral is active while a logic 1"
indicates that the peripheral is idle and requiring service. Tha
AR input golng low indicates to the Ready bit the end of a
peripheral activity and thereby causes the Ready bit to be sst. In
thiz condition, if the PIE bit is set, an interrupt requast results via
the INTRQ" output. Reading or writing to the Peripheral Data
lines causes the resetting of this Ready bit re-enabling the
peripheral activity.
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1081680
ELECTRICAL CHARACTERISTICS

Maximum Ratlngs*
Vpp and Voo and all other input/output voltages

withrespectto GND L ..o D ~0.3Vto+18V ) )
Storage Temperature ....... -55°Cto+150°C "Exceading these ratings could cause
Operating TEMPOIAtUIE . ... .o.veseeeeriannereereeernnereanes 0°Cto+70°C permanent damage. Functional operation of
this device at thess conditions is not
Standard Conditions {unless otherwise noted) Lm::ihed—operatlng ranges are specified
elaow.
All voitages referencied to GND
Vpp = +12¥ = 5%
Vg = +6V ~ 6%
Operating Temperature (Ta) = 0°C to +70°C
Characteristic Symbol Min Typ** Max Unit Condition
DC CHARACTERISTICS
Clock ingut: High Vihe 2.4 — Voo ¥
Low Vi a - 5 Y
Logis Inputs: High Wi, 24 — Yoo v
Low ¥ a — G5 v
Logic Qutputs:  Migh VYon 2.4 Voo — ¥ Lo = 1000A
Low Val — — 5 W I = 1.8mA
AC CHARACTERISTICS
Clock Inpuls
CK1* Clock period tue 0.4 - 4.0 HE
Clock width te! 70 - —_ nS
Aise & Fall imes tertef — — 10 ns
CAPACITANCE (T, = 25°C,
VDD = +12V,
Vog = +5Y)
input Capacitance: DO-0O7 Cin — 8 12 pF v, = 0V
All others — 5 10 pF W, = 0¥
Output Capacitance: Cout - 8 i85 pF
*Typlcal values are at +25°C and nominal voltages,
TIMING DIAGRAM
(T84 TSz | TSA | | T84 | TSI | ) T82 T53 (T84 ¢ g T81 | T82 | TS,
I [ l T 1T b | 1 I | L T | 1
re tue -
1 I
CHT
I |
| b e,
| i1
BUIR |
BCz2,BCY
||r I - Nots: CK1* not drawn to scalke.
"“"‘i to; 1"“_
CIRCUIT DESCRIPTION Raylster Address Description
This clrevit is designed to provide ail the data buffering and N Control Register
contro! functions required when interfacing the Series 1600 : N+t Data Register Low Order 8-bits
Microprocessor System to & simple peripheral device. Data is N+2 Data Hegister High Grder 8-bits
tranzferred to and from the peripheral on 16 bidirsctional lnes, N+Aa Timer Low Order 8-Gits
each of which can be conaidered to be an input or cutput, The N+4 Timer High Order 8-bits
transfer of information with the CP1600s agcomplished viaan 8- N+5 Feripheral Interrupt Addregs Vector
bit highway, the 16-bits being transterred as two 8-bit bytes. the M+ 8 Timer Interrupt Address Vector
register addresses are assigned CP1600 memory locations. as N+7 Error Interrupt Address Yector

follows (M 13 an arbitrary starting address):
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8-Bit Data Registers

These two 8-bit registers are the buffer store between the CP1600
and the peripheral inlerface. These registers, when addressad,
accept data from the CP1600 data bus during a Move Qut (VD)
ingtruction to the peripheral tines on the IGB1680.

During a CP1600 Mowe in (MVI) instruction, the data present on
the IOB1880 periphgral lines is transfarred to the CP1600 data
bus. If the registers have not been set to.a 1" prior o the Move In
instruction, the data read will be the wire OR of the peripheral
data and that contained in the registers.

These two registers have consecutive word addresses M+ 1 and
N + 2. The high order byte is held in ragister N+ 2,

16-Bit Binary Counter-Timer

This 16-tit down counter can be set unter program control o
give any count length up to 64K, Since only 8-bits are availablato
transiar data between the CP1600 and the |DB1680 the countar
must be set as two B-bitbytes, these bytes having word addresses
M+ 3 and N + 4 The ¢lock for tha timer is the Series 1600
Microprocessor System clock divided by 8. Theclock input Lo the
counter is enabled when the 'timer clock enable’ hit of the control
register is setto a1’ baing disablad when this bit is resstto a0’
Evarytime the count reaches zero the timer sigrals 'end of count’
which wiil generate an interrupt request via the INTRQ® cutput of
the |OB1880 if both the “mer interrupt gnatile’ and "timer clock
enable' bits of the control register ara both settoa 1. The clock
to the timer i3 still @enabked after this interrupt request has been
made and remains 50 even afler it has been serviced, assuming
that 1he service routine did not disable it by resetting the TCE bit
of the eontrad register. After requesting aninterrupt therefore the
counter begins from a count of 84K, giving the 1081680 & Real
Time Clock capability.

The trmer has the towest priority on the OB 1680 daisy chain. The
peripheral error summary hag the highest pnonty

When the tmer is set under program control the ‘end of eount’
logic is reset clearing any previously unserviced interrupt
requests from the timer. The acknowledge flip flap and the
cantral register are unaffected

It is not pessible to read the ‘current' state of the timer as it 15
counting in ‘real time’ and therefore asynchronously with any
program running an the CP16Q0. A typical operating sequence js:
1. Load two bytes of counter.

2. Set timer interrupt enable’ and ‘tirmer count enable’ bits of

Contra! Register

i an interrup is required only onee after the preset count the
service routirmg would reset the timer clock enable’ bit of the
Contral register disabhng the timer clock and interropt capability.
I, however. the interript was requrred or a regutar real bme'
basis then me service routing would leave the ‘timer interrupt
enable’ ana ‘himer clock enable’ bits set,

B-Bit Inlerrupt Vector Address Registerﬁ

The start address of the inlerrupt service routines for the error
status, peripheral and timer are held in these three registers. The
8-bit interrupt Vector Addresses are written ino these registers
dunng  system instiabzation. When an  interrupt request
{(INTRQ"). generatad from the 1OB168( is acknowledged by an
INTAK trom the CP1600, the subseguent {1AB signal on the
control bus causes the contents of the appropriate nterropt
vector address register to be strobed onto the lower 8-bils of the
CR1600 data bus. This data is used as the program counter start
addreszs of the interrupt 3ervice routine.

The waord addresses of these registers are N + 5 N+8and N + 7
This corresponds to the peripheral, tirmer and error respactively.

Power Clear Status of Circuit

Reset logic sets the initial state of the chip upon application of

Power Clear. In this condition the stales of the on chip registers

are:

{a) Data Registers.
These are set to a Jogic 1750 that the peripharal input/output
interface is high ata logic 1", thisallows the peripheral lines to
he usad as inpurs withour any setting up procedure.

b} Timer.
This is set toits maximum count length of 64K, all bits setto a
logic “1°.

(€} Interrupt Vector Address Registers.
These reqgisters have all their bits reset to a '0" by the poweron
reset logic.
Control Register.

[i}Bit O - Ready. This bit i5 sat to a logic 1" indicating that no

activity is required by the peripheral.

10B1680 -

{1} Bit 1 - Error Summary. This is a hard wired input indicating the
status of the peripheral and is unaffected by the power on
reset togic.

fiti} Bit 2 - Data Width Select. This bit is reset to a logic 'O,
seleching the data width of the interface to be 8-bits.

[iv) Bit 3 - Poripheral Interrupt Enable.

Bit 4 - Timer Interrupt Enable.
Baoth bits 3 and 4 are reset to a ' at power on, disabling
mterrupts from the peripheral, and the hmer.

(¥] Bit 5- Timer Clock Enable. During puwer up this bit is reset to
a logic "0 disabling the counter clock.

(vi)Bit 6'- Parity Data 8-15.

Bit 7 - Parity Data 0-7.

Both these bits will be ata logic '0" showing even parity as the
data registar bits are ail set to a 1" This assumes no inputs
trom the peripheral; if this is not 80, these bits will settte to a
state depending upen the wire OR condition of Ihe data
registers and the penpheral inputs.

Interrupt Logic

The interrupt pricnty of the peripheral arror status, peripheral
interface and the timer is established by a daisy chain. The
peripheral error status has the highest priority and the timer the
lowest.

1f a number of 10B1680s are being used then they can be
connected in a daisy chain using the signals IMSK, IMSKO and
TCI to define Lheir pricrity. An interrupt request is made by the
1081680 pulling down, 1o g logic ', the INTRG® output. Thes
output is open drain enabling wira OR capability. The
acknowledgement to this request is an INTAK signal via the
Series 1600 Micraprocessor control bus. Each OB 1680 decodes
this signal which sets an acknowlegdge flip flopin theinterface of
the interrupting device, causing the IMSKC output of that device
to goto a1’ This propogates to all lower priority devices causing
their IMSK] inputs to go to a "1, thus disabling their interrupt
capability.

When an 1AB is vald an the control hus only the lighest prigrity
interrupting device must strobe its Interrupt Vector Address onto
the Data Bus. Thus the IMSK] input of a device coantrols its 1AB
dacode. The |1AB signal is only enabled on the [OB1630 which has
its IMSK] input at a logic 0" and its acknowledge tlip tlop seb.
If two devices nterrupt simuitanecusly they will both be
acknowledged by an INTAK since this-is decpded on each chip.
Herwever, the IMSKO output of the higher prigrity device going to
a 1" will force the IMSKI input of the tower priority interrupting
device to a'1". The IMSKI input of the lower priority device being
set 1o a "1’ disables the |AB decode of the control bus thereby
regolving simultaneous interrupts.

The negative edge of the TCI signai from Series 1600
Microprocessor resets the interrupt logie of the highest priority
device whose interrupt logic has beesn set by anintarrupt request
and acknowledged by an INTAK.

The IMSKIAIMSKO daisy chain has a propogation delay which
allows a maximum of eight I0B1880s ta be dasy chained in
series.

The IMSKIl inpul to the highest priority device should be
connected ta Gnd.

Control Logic

The CP1600 contrel bus signals BDIA, BG1. BC2 are decoded to
perform the internal cantrol functions required.

Parity Logic

The penpheral interface is canstantly monitored and the parity of
bits -7 and 8-15 checked. Depending on the parity of thesa two
words, bits 6 and 7 of the control register are updated. These bits
can be convemently accessed by the CP1600 for use in branch
instructions.

Branching on Parity

Bits 6 and 7 of the IDB1680 Control register contain the parity
status of the upper and lawear eightbits of the peripharal interface
respactively. The positioning enables the standard branch
mstructions of the CP160D to be conveniently utilized. A typical
exampla is;

MVl CTRLRS, R;Fetch Conlrol Register

RLC R2, 2

B ;Branch if ipwer gight bits have odd parity
BNC ;Branch if lower eight bits have even parity
BOY :Branch if higher gight bits have odd parity
BNOY :Branch il higher eight bits have even parity
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10B1680

The 10B1680 as an Qutput Device

The power clear reset logle of the 1OB1680 zats the Ready bit of
the Contro! Register ¢ a '1°, causing the Peripheral
Enable/Ready” output to go to a ¥, a condition that requires no
activity from the perfpheral. This power clear reset iogic also
disables the 108168('s ability to request en interrupt on the
status of the peripheral by resetting the Peripheral Intsrrupt
Enable bit of tha Control Registar ta a ‘0"

A flow chart for a typical output operation is shown to the right;
the waveform diagram carresponding to this operation is also
shown to the right.

The main program setting up the output operation would go
through the foliowing sequence of operations.

1. The Ready bit of the Control Register would be tested to
ansure that the peripheral was indead inzctive. This would
be sq initialty after power clear,

2. Ifcondition (1) above is met, memory [ocation CHAR of the
CP1800 would be set to the number of output operations
required. This is shown as ‘SET CHAR = n",

3. Send data from CP1600 to [OB1680 using MV instruct,
This operation resets the Ready bit te 4 ‘0 causing the
Paripheral Enable/Ready™ output to go to a ‘1", reguesting
an oparation by the paripheral device. ThisisshownatAin
the waveform diagram.

4. The Peripheral Interrupt Enakle (PIE) kit of the Control
Reyister it now set to a ‘1" by programmer allowing the
1081680 to raqguest Interrupts from the CP1600 via the
INTRQ" output. Enabling the PIE bit after sending the data
o the paripheral ensuras that no false' interrupts are
generated.

5. After the data has been sentto the peripherat (3} above, the
1081680 hardware monitors the status of the Attention
Reaquast input. A ‘1" 1o '’ edge on the input sets the Ready
kit to & *1' and the Peripharal Enable/Ready* cutputto a'd’,
stopping the peripheral activity. The PIE it and the Ready
it both being set to a 1" causes an interrrupt request to be
generated via the INTRQ' output, ¥ no bigher priority
devices are interrupting. Refer to § in the waveform
diagram.

6. When the CP1600 accepis the interrupt it starts the
interrupt sequence by issuing the INTAK acknowledge
sigral which resets the INTRQ® output to its inactive state.
The subsequent [AB signal causes the |nterrupt Vector
Address for the peripheral device to be strobed gnto the
data bus and then used as the start address for its service
routina.

Once entered, the service routine might go through the

following seguence.

7. Decrement n, the number of output operations required
(buffer length).

8. Test the resulting value n.

{a} If it is zoro the output operations are completed. Reset
the PIE bit to dizabie the interrupt capabiiity of the
{OB1680 and EXIT.

(b} [ nis not zero cutput the next datato the 1OB1680. This
resets Feady to a '0" ‘and Peripheral Interrupt
Enable/Ready” to 8 '1°, re-enabling the peripheral
activity automatically.

The peripheral acknowledges this operation by returning

the Attention Request input to a*1’, the timing of this signal

ls not too critical as the it edge triggers the Ready bit of the
control register by a 1-0 transition.

8. The interrupt is terminated by TClinstruction which resets
the acknowledge fiip flop In the IOB1580 Interface logic.
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The 10B1680 as an Input Device

The power clear status of the IDB1680 for input is the same as for
output which is described under the saction The [OB1680 as an
Qutput Device'. !
A Hlow chart for a typical input operation and the correspanding
waveform diagram is shown to the right.
The main program setting up the Input operatian would probably
go through the lollowing sequence: YES
1. Test the Ready bit of the Control Register to ensure that
the periphsral device is inactive, After powsr clear this will SET B GTaRT
be its conditian, i.e. set to '1". AN ADDRESS
2. If condition {1} is true a CP1800 merory location wili be PROGRAK
set to contain the number of input operations required. ‘If
Another memory location will be sat to the input buffer SET READY - D
start address. This is shown as 'SET CHAR = N, SET pgﬁ‘ilpjﬁg‘ni
BUFFER START ADDRESS’. ENABLE = 1
3. The Ready bit of the Controt Register should how be reset 4{

to a ‘U by program. This causes the Feripheral
Enable/Ready” output to go to & "1, requesting an
aparation from the peripheral device. On the wavelorm
diagram, thie is paint A -

4. The Peripharal Interrupt Enable bit, PIE, of the Control I walT
Register is now set to a "1" by program. Thig allows the
1081680 to request interrupts from the CP1E00 via the
INTRQ" autput {see point ). Enabling the PIE bit after the
Feady Bit ensures that inftially no false interrupts are
generatad.

ENABLE .
PERIPHERAL INTERRUPT

¥ES

HAREWARE

5. After the Ready bit has been reset by program, {3} above, READY —1
hardware on the [B1680 monitors the Attention Reguest ;TAEEEB%

input. A ‘1" 1o '0' edge on this input causes the Ready bit to
tie et to a *1” and the Feripheral Enable/Ready” output to
go to a ‘0. The change in state of the output staps the
peripheral operation. As both the PIE bit and Ready bit of INTERRUET

the Contro! Register are set an interrupt request will be __..—_-L-——

generated via the INTRO* output if no higher priority

devices are Interrupting. {
8. When this interrupt Is accepted by the CP1800 the f 0: 1}0 3;5 .ﬂgﬁsﬁ; —ExIT
acknowledge signal, INTAK, wil! reset the INTRQ" cutput I
toits inactive state. The subsequent IAB signal wili cause
the Interrupt Vector Address associated with the |
peripheral to be strobed onto the data bus. This address | DEG N
will be used as the start address for the peripheral’s
interrupt service routine. "}'gﬂﬁlﬁ';‘r | M
A typicai service routine for the peripheral could be: | Ml TSE%'FFEF‘
7. Test vatue of N. the number of input operations required | P‘EE‘I‘F‘?—{YE;;E«L
(a} if it is zero all the required input operaetions have begn | ENABLE = 1
compieted. Reset the PIE bit of the Control Register to
a ‘I’ to disable the interrupt capability of the IOB1680 I
and EXIT. | i
9} if not zero increment the buffer address and decrement L
N. —_
8. Move data from the IOB1880 and CP1B00 by a MVI . FLOW CHART FOR DATA INPUT
instruction. This resets the Ready bit to a '0' and sets the
Paripheral Enable/Ready” output to a '1’, re-enabling the 4
peripheral. The handshake from the peripheral in INTERBLEE N

response to this action is to return the Attention Request
input high to a ‘1'. This timing, haowever, |s not too critical AEATTY /____:\—/__‘"'
as the Input edge triggers the Raady bit. | o
9. The interrupt is tarminated by & TCI instruction which —— l B
rasets the acknowledge flip flop in the QB 1680 interface. ENAGLE % i \ -
|
I hE
HaEL T ¥ \ .
|
|

L
INTAR INTAR

NTAD "

1 ”
WHEN OATA AVAILABLE NPT
PERIFHERAL PLM.LG DOWH DATA READ
ATTENTION REQUEST BY CR1tg

TIMING DIAGRAM FOR MVI INSTRUCTION
{DATA FROM IOB1680 TO CP1600)
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DAC1600

Dual Digital to Analog Converter

DESCRIPTION

The DAC1600 Digital to Analog Converter has been designed to
sorve as & powerful, vet sconomic interface to a process coniro!
loop. The DAC1800 provides two 10-bit Pulse Width Modulated
outputs and an array of switch inputs and light driver cutputs,
Essentiatly the DACI1600 contains four registers which can be
toaded or read through g 10-hit 1/0 date port. Fig. 1 shows the
data base information in these registers.

ANALOG OUTPUTS

The value of the anaiog outputs SF and VO are determined
respectively by the ten-bit numbers icaded in the Set Point
Register and the Valve Register. An putput is a pulse train with a
pericd of approximately 1KHz {1MHz/1024) whose high/low ratio
is inversely related 1o tha 10-blt value stored in the register. (Ses
Fig. 2.

The high/fiow ratic |s unaffected by temperature and supply
variations and is the basis of the 10-bit D/A accuracy. The length
of the high or low portions of the pulse will never be in error by
more than a fraction of an LSB.

if the chip output (SP or VO I passed through s fow pass filter
the resuit will be approximately equal to the desired analog
voltage. However, it will not be accurate because , while the
output ratic is accurate, the chip's output voltage levats ara not,
and would thereby degrade the accuracy of the signal. The chip'’s
output should bg used to drive a good switch which, in
conjunction with a voltage reference and filtaring will yield an
anatog voltage having 10-bit accuracy.

VALVE REGISTER (Manual Mode}

In addition to being a register, the Valve Registar (B) is also an
UF/DOWN counter, By satting M1 (Manual Interrupt) toa "1"and
either UP er DN to & “1%, the B register will ba slewed up or down,
Thigs allows an operator to manually adjust the B register valug,
The design allows bumpiess, balenceiess transfers between
computer and manual controt. [n order to provide both a precise
degree of manual contrel and &n abitity to slew the B register
threugh a substantial change, a varlable slewing rate has been
incorporated in the chip.

PIN CONFIGURATION
40 LEAD DUAL IN LINE

fop Mraw
Lot 4 [0 LD2
Liw) 2 a3 Qoo
f L ] 23 0O Ve
WS 4 (15
oM b 1. [ vo
CM?E E kN =N]ad]
oMz T 3 0oz
MO e Ecpulle]
MB1 D 9 2 P
ME2 O 10 7 s
oMt ] 1 v O s
P O -2 w 0o
Mo O 1g 28 1 108
vpp 1 » Qi
2w O 13 26 [ 10
a0 O g 25 P Gho
(=4 1w wa F 15
F41 13 23 71 FA
swsmon o -a 2 0 by
Wz |:|_?u M 0w

MODE REGISTER

The first five bits of Mode Register {A) may be usad to store tha
muode of control. Manual Interrupt is in bit 1. Bits M2, M3, M4 and
M5 can ba read or loaded via the |10 bus or set by inputs from
threa switch inputs CM1, CM2, or CM2. The condition of these
bits is encoded and output on light drivers MB1 and MB2. The
Wade Register may be used 1o inform the cparator of computar
determined conditions or infarm the computar of operator
actions.

SWITCH/LAMP DRIVER REGISTER

The Switch/Lamp Driver Register contains three light drivers
which can ba used for panal alarm lights. It also stores six switch
inputs.

ADDITIONAL ALARM FEATURE

Light driver MO outputs a 2 cps signal which can flash a light to
attract an operatar's attention.

BLOCK DIAGRAM : :

|

BH
R
-3

B4

g -
2=

18k

=
=1

L]

e

Br

L]

L

e

= i

aATING
LI

U4 AEGISTER
TUMET N BLEGRIA

b
L, BE
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PIN FUNCTIONS

101-10: 10 bit bidirectional data bus. Data can be loaded
synchrorously or asynchronously. Data are read onto the 1/0
tus without strobing.

ME Manual input line. 1t forges the chip into 2 manual mode of
operation.

€5 Chip select lina. 1t islow attive for sychronous data transter,
high active tor asychronous data transfar.

18: Input strobe line. 1t loads one of the four internel registers
defined by FA1-3, when C3* is low, If the chip is in the manua!
mode via Mi, the ability to load ane of the four registers namely,
the vaive register, s unconditionaily inhibited Independent of the
CS" signal.

FA1-3: Function select lines. It is used to specify ana of the four
ragisters and whather an input or output function is to be
performed. See Tzbie 2 for definition.

CM1-3: Control mode lines. A pulsa on ane of these lines will
alter the bit M3, M4 or M5 in the modae reglster. See Table 3.

UP1, ON1, RD1: Up counting, down counting and reversing lines.
They are used to control the direction of counting serially in tha

orcisoo [5]

valug register during the manual mode. Overflow or underflow of
the register is provented by internal circultry. See Tahle 4 for
definition.

SD: DAC1E00 shed signal. It is used in conjunction with manual
input line to farm ditferent manual mode cutputs, See Table 5,
MQ: DAGCTE00 manual mode output. It oscillates around 2Hz
whenever M1 is low and SD is high. See Tabla 5.

MB1, MB2: Mode bit-lines. Thay are used to indicate the status of
the mode register. See Tabie 6.

YO: Valve register output, 1t is a 10 kit pulse width modutated
waveform. See Fig, 2

SP: Set polnt register autput, It s a 10 bit pulse width madulated
waveform. See Fig. 2.

CC: DACTE0T counter clogk input,

SW1-8We: They are used by CPU as switch word. SW3 (RD1} is
also used in reversing the direction of counting in valve register
during manual mode,

LD1-LD3: Panet larnp driver outputs.

10-10 10-9 1c-3

10-7 10-6 10-5 10-4 13-3 10-2 10-1

WO Buffer
Regtster A (mode ragister) 1 1 1 UpP+ DN+ M3 M4 M3 M2 M1+
Register B (valve register} Vi Vo VB8 L Ve Vs V4 V3 vz W1
Register G {set paint register) 5P10 5Pg SP8 5P7 SP6 5Ps 5P4 SP3 sp2 5P1
Register D
{switchAamp driver register) o SWB+ | SWh+ | SWd+ | SW3+ | SW2+ | SWt+ LD3 LDz [Ea)}
+Read only locations
Fig. 1 REGISTERS DATA RASE
Valve Reglater Vailue Register Duput VO
Set Pnir::rﬁegiater Set Point Fl:grlstsr Output (5P)

ASSUMING MMz CLOGK
s~ fo— 10175 |

1

[

bt 513115 — el 51305 — ]

L1
bt 9B0ps ] B4ps f———

Fig. 2 PULSE WIDTH MODULATED OUTPUT WAYEFORMS
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ELECTRICAL CHARACTERISTICS
Standard Condltions {uniass atherwise noted)

Ta=0°Ctlo75°C
Voo = #12V L 5%
Vop = +5V & 5%

Symbol Characteristic Min. Max Units Conditions

Vy Input Low Voitage -0.5 +0.85 v »

Vi input High Voltage 2.2 Voo v *

e (nput Current - EER T WA Viy = OV to 5.25V

ton Output Lkg. Curr. — 10 WA C5*= 2.2V 10 (1-10) = 4.0V )
o, Qutput Lkg. Curr. - -10 pA C8" = 2.2V; Ve = 5.25V; 10 {1-10) = 0.4V
Cin Input Capac - 8 pF f=1MHz
Cour Output Capac - 10 pF t= 1MHz @ Vour = 0.0V

Tri-State Mode

VoL Cutput Low Voliage - D.45 v ¥y, = 1.6 mA

Vou Output High Voltage 27 Vee v lgy = 300UA™ C__ = 100pF

lee Supply Current — 5 mh

ioo Supply Current — 25 mA No Load

* Applies to TTL compatible inputs and outputs. Ses Table 1 for other inputs and outputs.

Tabla 1: THE FOLLOWING TABLE DEFINES INTERNAL
PULL UP CURRENT SOURCES

Signal | In/ Out | Pull Up Comp Loading
FA1,23 In To +5V TTL = tma & 4V
LD Out — - Load Type A
LDz Out — — Load Type A
Wl In None Comp Type 1
MO Qut — — Load Type A
CM1 in Mona Comp Type 1
cM2 In MNone Comp Type 1
CM3 in Nang Comp Type 1
MB1 out — - Load Typs A
MB2 Cut — — Load Type A
SW3 (RD1 In To +5¥ TTL =tma @ .4V
Sw2 In To +5V TTL =1ma @ 4V
sSwi in To +5V TTL =1ma @ .4V
Vo Qut — — Load Type B
5F Qut — — Load Type A
UP1 in None Comp Type 1
SWs n MNone Comp Type 1
DN In MNane Comp Type 1
SW6 n None Comp Type 1
SWa in None Comp Type 1
LD3 Qut — — Load Type A
sD in To +5Y TTL <ima @ 4v
cC in Saries RC to Common
13 in To +5¥ TTL Flma @ 4
cs in To +5V TTL =1ma @ .4Y
191, ~10 In/Qut § Tl State — Load Type C
COMPATARILITY
Comp. Type 1 High ............ e 4V to 12V
Low i i iie . 04V
LOADING B
SOUFCE . ......... Cerinee.. 2 4
Load TYPEA itk v.oveerioeiin sogi:%%mymai:
SOUrCe® ..o 10 uA @ 9V Min
toad Type B g ..o vy @?2\! Max
tosd Type G SIMK oo 1.6 mA 0,45V Max
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300 pA @ 27V Min
..... 100 pF Max Load

LOAD ABCD

Vi MIN
Wi MAX

FA1-3

B

XX

— tr = 2ns MAX
s 49 VM'NH \ th = 10ns MAR
W e !
- 500 MIN—=]
S0 BN - e SOMIN
¥, I
ca MMIN 250 MIN ——w—ay
) MaX
4,000 WIN ASYNGH OPER.
T WO MAR PERMITTED
NO ASTNCH OPER. PERMITTED
RAEAD A,B.C,D
FA1-9 X x
DUTPUT
DATA ! (
101-10
ra— GO0 M.AX—-I
[o1:3 \

A 000 MIN
10,000 MAX

—— o ]

MO ASYNCH OPER. PERMITTED

Fig. 3 TIMING PHAGRAM

ASYNCH OPER.
FERMITTED




Table 2 REGISTER AND FUNCTION SELECT

Table 3 MODE CONTROL

D;\.C1600

Table 4 MANUAL MODE FUNCTION CONTROL

FA
‘31241 Operatlon Condition
a0 (0 Load ‘A’
al011 Load ‘B MH =0
gr140 Load ‘G’
D11 Load ‘D’
11040 Read ‘A’
1101 Read ‘B’
11110 Read 'C'
TP 1 Read 'IY
M} | C3" | UP1| DN1 | ADI Opertion
1 1 a a o Mo Op
1 ] o o] 1 Mo Op.
1 1 o 1 o nor 'B"
1 1 ¢ 1 1 Decr "B
1 1 1 0 0 Decr "B"
1 1 1 ] 1 Iner "B
1 1 1 1 0 indetarminate
1 1 1 i 1 Indetarminate
1 o X X X No Op.
0 o] X X X Asg speciftad by FA1-3
0 1 X 3 X No Op.
Table 5 MANUAL MODE QGUTPUT
M1 SD MO
(] Q 0
0 1 S I I O BV
1 a 1
1 1 1

cM
3| 2|1 M5 e M3 M2
gl 0
I 0 1
JL 0 0
CM1-3
\I'I HM IN / \
Vi max /

0.02 MIN

20 MAX |

MSEC

INCR/DECR speed is contralied by an internal variable
frequency clock, The clocking rates are as follows:

16Hz for 2 Sec
GaHz for 2 Sec

128Hz thereafter untll UPY or DN1 are deactivated

*If CS* remzins low for longer than 10 psec. normal
operation (per UP/DN) will resuma.

Teble § MODE REGISTER STATUS

MB
M5 M4 M3 M2 2 1
0 a 0 1 0 0
0 0 1 o 0 1
v] 1 0 [ 1 t]
1 0 Q 4] 1 1
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MUX1600

18 Channel Analog Multiplexer

FEATURES
® Connacts 1 of 18 analog fnputs to analog output pin PIN CONFIGURATION
m  Address latch on-chip 28 ILEAD DUAL IM LINE
B 0tc & volt input range
B Single +12V supply
& Analog output controlled by chip select signal
Top View
GO O e 26 |3 Analag Cutput
Chip Select O 2 27 53 INIE
DESCRIPTION Addrass Strobe O 3 25 3 war
2 Address O 4 25 3 IN18
The MUX1800 i= a binary addressed 18 channel analog multi- = Adaress I 5 20 ms
plexer fabricated in General Instrument's advanced N-ghanne! 2 Address ge 20N
lon lmplant pracess. Featuring on-chip address latches and ;m:::g ; ?g::::
sgparate address strobe and chip select signals, the MLUX1600 Voo (+H12v} O & 0 | Nt
operates from a single +12 VoMt supply. w10 w oo
we 1 [ INg
INa 12 ¥ [ INS
INd O 13 +8 [ N7
INE [ 14 15 71 H4G
BLOCK DIAGRAM
IN 1 IN 18
™ N
l MULTIPLEXER SWITCHES }—H ANALOG QUTPUT
18
/]
2
>2 ATC S/
L H Ste 18
ADDRESS 28 REGISTER 4 DECODER
23
rd
2!
( VDU
———< GND
ADDRESS . e
STROBE |
I
FaN
CHIF SELECT
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ELECTRICAL CHARACTERISTICS

Maximum Ratings®
Voo and all other input/output voltages

MUX1600 E

With respectio GND ... ..o ittt ee e e iiieee e aneas -0.3Vto +18Y ‘Exgeeding these ratings could cause
SIOrage TEMPEIAtUIE ..\ ovveverrreerierriiitasisrorsrs. -55°Clo+180°C permanent damage. Funstional operation of
Operating TeMPEFATUTE .. ..ui ittt aie i aie e e aeaaeaaaaenns 0°Cta+70°C this devico at these conditions is not
implied—operating ranges are specified

Standard Conditions {(unless otherwise noted) helow.
All voltages referenced to GND
Vop = +12V = 5%
Operating Temperature (Ta) = 0°C to +75°C

Charactertstlc Symbal Min Typ Max Unlt Conditlon

input Load Current (al! digital inputs) Y —_ - =10 HA Viy = OV to 5.25V

Power Supply Currant lop — —_ 8 md All digital inputs = 525V

input Low Voitate Vi 0.5 — 0.80 v

Ingut High Voltage Viy 22 - Voo ¥

Analog Input Voltage ' 0.0 — 8.0 V'

Channel on Resistance Ron - - 600 1 Vs = OV to BV

Channel leakage {each channel) oL — — H] nA Va - Your = BV

Vop Leakage Ja - — 10 nA Voo - Your = 17V

Source to Drain Capacitance Csp - - 5 pF f=1MHz

Analog Input Cap. C, - — 5 pF f=1MHz

Analog Output Cap. Ca — — 20 pF f=1MHz

Digital tnput Cap., Ch — — 5 pF f=1MHz

Substrate Leakage [ — - 410 nA Vg - Vg = BV

1Blo + et s I+ — — 500 n# Vg - Vag = BY

SWITCHING CHARACTERISTICS

ADDRESS
7 7 -
: INFUT SIGNALS:
ADDAESS ! 0.8 10 +22¥
STROBE
sons 206 Sone
™ MiN, WK i,
PR BEL| "7
Bov
ANALOG
oUTPUT ooy
. Ay ——————-

TO #4%% INTO TEST LOAD

OF tMil and 20pF.

Va

LEAKAGE CURRENT DIAGRAM
Vou
-
C.
S0 63 IpL
J:. —s
T
e lcL
T
—Q_r
L T
__Ca
L Vour
18 TOTAL
T .
Co
If Vgs = GND
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GIMINI

16-Bit Microcomputer Sysiem

FEATURES

B Built around the General Instrument's CFIGD0 MOS N-
Channel Microprocassor.
& Complete microcomputar system to enable rapid program
development.
® Separate Data, Address and Control Buses,
B Up to 85K memory space.
B Unlimited DM#A channels.
 Mested interrupt system with full priotity resolution.
8 [ncludes-— MCI160C Microcomputer Module
RM180Z 8K RAM Memory Modula
1401800 TTY High Speed Reader Punch
Interface Module
CCI600 Control Console (Operators Front
Fanal} and Control Console Module
CF1800 Carg Filg
CAI800  TTY/EWA Cable Assemily
CA1601  Reader/Punch Cable Assembly
A full set of Software necessary to prepare and
debug programs.

DESCRIPTION

To simplify microprocessor hardware and software deveiop-
ment, spead the product design cycle, and support product
prototyping, a microcomputer development systern and its asso-
ciated components are a must. The Series 1600 family fills thegse
requirements with the GIMINI Mlcrocomputer—a versatile, gen-
eral purpose, stand alone computer system built with the Series
1600 Semiconducior Components.

The GIMINI utilizes a totally modular design aliowing the system
designer maximum cenfigurabitity. The system provides direct
addressing to 85K words, unlimitad DMA channels, and a multi-
ling/multi-level nestect interrupt system with fuil pricrity resclu-
tior and self-identifying addresses. All control and timing signais
as well as data and address buses are fully buffered and avaliabie
for use in expanding memory or designing specialized 1/0
Interfaces. .

The basic hardware includes & card cage, front panel, and four
printed circuit boards: the MC16800 Mlcrocomputer Maduls, the
AMIBU2 AR <16 RAM Memory Module, the CC1800 Control Con-
sole and Control Console Module, and the /01600 TTY-
ElA/High Speed Reader Punch interface Module. Up to 8
additional cards of any type can be added as required. With the
additien of a TTY and a high speed reader/punch, the GIMINI
fpecomas a test bed for customer designed interfaces and related
hardware as well as a full program preparation facllity, its
resident On-Ling Debyg Program allows testing of hardware and
software directly on the system in real time and alsc totally
eliminates the annoying bootstrap procedure. The Cn-Line
Software Package provides the necessary pragram preparation
aids, such as the Assembler, Super Assembler, Text Editor, the
Relocating/Linking Lcader and the Object Module Linker.

All of the card level modules of the GIMINI are avallable on an
DEM basis for turther system integratian.
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CA1600 CF1600 PS1600

CA1601 EX1600 PS1601

CA1602 Ww1600
GIMINI Accessories

CARD FILE

FEATURES
CF160d CARD FILE
= 13-position

u PG packplang with wirewrap capability
& Rack-mountable

» Cards are keyed to connectors

= 1.5" high x 19.0" wide x 12.0" deap

EX1600 EXTENDER CARD
= For use with all GIMINI cards
& Two 70-pin connactors

WW1600 WIREWRAP CARD

u 126 16-pin positions

= Power and ground planes providead
& 10 Test points on edge of card

PS1800/PS1601 POWER SUPPLIES

# Provides alt required voitages for the GIMIN! Microcomputer
Bystem.

® PS1600 {115V, BOHz): +5V at 124; +12V at 2A; -12 V at 2A
capability.

= P31601 (200/250V, 50Hz): +5 at 15A; +12 at 2A; -12V
at 2A capabllity.

= 1% line and load regufaticn,

= Ramote sansing capability.

CAT500 TTY/EIA CABLE ASSEMBLY

u £-ft. cable for connecting 1701600 Interface Madule to TTY or
ElA compatible device,

CA601 READER PUNCH CABLE ASSEMBLY
= g-ft. Cable for connecting 1/01800 Interface Module with
high speed reader-punch.

CA1602 GP1600 MODULE CABLE ASSEMBLY
= &t cable for connecting GP1800 Interface Module with
external device.

DESCRIPTION

The CF1600 Card File is designed to hause up to 13 cards of the
GIMINI family, The MC1600 Microcomputer Moduile, tha CC1606
Control Console Module, and the 1/01600 TTY-ElA/Reader-
Punch interface Module each have one assigned position. The 10
remaining positions are availabie for memory modules, general
purppse input-output cards, or special interface cards.

The printed clrcuit backpiane paratlels the power supply rails and
the data, address and control buses for all 13 cards. There are
separate voltags and voltage sense lines on the P.C, backpiane
for the +12V, <12V and +5V supplies. The bus system can be
extended to another card file by wirewrapping or soldering a
ribbon cable to one of the rear connectors.

The EX1600 Extender Card can be used with any other card of the
GIC1B00 famify.

The WW1B00 Wirewrap Card contains 128 16-pin sockets for
prototyping special interface cards. Power ang ground planes
are provided.

The PS1600/PS1501 Power Supply provides all the power
necessary to run the GIMINI Microcomputer System. The user

has 2A of +12V and 2A of 12V avallabie for extra memories ang
intarfacas.

CF1600 CARD FILE

SLAT CARD

1 MC1800 Microcomputer Modula
2 CCA600 Control Console Module
312  Memoryor /D Cards

13 1/01600 TTY-EIA/Reader-Punch

interface Module

Also available is A of +5V if the system uses only one BK AAM
Memory Module. Special power supply configurations are
availableé upon request.

The CAIS00 TTY/EIA Cable Assembly is a 6 cablo that has g 10-
pin 3k connector to interface with the VO1600 TTY-EIA/Reader-
Punch interface Module on o~2 end. The other and |5 split into
two sections: one 13 left unterminated for connection 1o & TTY;
the other is terminated in a 25-pin data connector for connaction
to an EiA device,

Tha CA1501 Reader/Punch Cable Assembly is a 5 cablo that has
& 3-pin 3W connector to Interface with the 101600 TTY-
ElA/Reader-Punch Interfaca Module on one end. The otner end
is split inta two sections: both are terminated in 25-pin data
connectors, one for connection to the reader and the other for
connection to the punch.

The CA1602 GP1600 Module Cable Assembly is 2 6' cable that
has & 34-pin 3M connector to intarface with the GP1600 General
Purpose Interface Module on one end. The other end is
unterminated.
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AD1600

Analog to Digital Module
FEATURES

12-bit Analog to Digital Conversion

L10 volt inputs.

26KHz Standard Throughput Bate, Option 35KHz,
50KHz, 100KHz.

16 Channel Input.

Plugs directly into GIMING System.

Opearates from +5Y DG source.

Program controlled.

Interrupt capablity.

Interfaces directly with MC1600 Module.

DESCRIPTION

The AD1600 is a multichannel analog data acquisition module
which |ntarfaces directly to General [nstrument GlMINI
microcomputers. The AD1800 provides 18 channels of =10 Volt
Ansiog to 12-bit 2's complement digital data with a standard
conversian rate of 28KHz. Conversion rates of 36KHz, B0KHz and
100KHz are available,

The AD1600 is controlled via three operational registers which
are used to select a specific anzlog input channel, start data
conversion, getermine when conversion is complete and input
the resuitant digitel data. These registers are cleared initially
when a conscle master clear is issued and set under program
control,

The AD1800 is operated by first setting an anaiog input channel
address (0-17) in the Channel! Selact Regisier (C5R). Analog to
digital convarsion is started by setting the Start Converslon bitin
the Conversion Control Register (CCR). When the analog to

ANALOG TO DIGITAL MODULE

digital conversion is complete the End Conversion bitinthe GCR
pecomes & "17. Thig bit may be sampled under program control
or if the CCR Interrupt Enable bit is set, an interrupt is generated
when 2nd of convarsion occurs. If after a start converd signal is
generated an end of conversion doesn't occur, the CCR Error bit
is set instead of the End Converston bit. This bit may atso be
sampled unger program cantrgl or if the CCR Interrupt Enable bit
is s6t, an interrupt is generated when the error bit becomes a ™",
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AX1600
DA1600
SC1600

PRELIMINARY INFORMATION

AX1600: Auxiliary Module

FEATURES

Companion to MGC1800 and RM1602
1K=16 PROM

UART 11T

Interrupt Capabllity

16-Bit Qutput Latch

18-Bit Input Port

Automatic Start-up Circuitry

R5-232 or 20 MA TTY Loop

Selectable BAUD Rates: $10 to 9600 BALUD

DA1600: Digital to Analog Moduile

FEATURES

| 4 D/A's on One Card
m  12-Bit Resolution

| =10 Vot Quiputs

DESCRIPTION

The DATBD0 i3 a multichannel digital to analog data cutput
module which interfaces directty to Gi's GIMING Micro-
computers. The DA1600 provides four separate 12-bit 2's

DESCRIPTION

Tha AX1600 Auxlitary Module is the third card of a sat of threa of
the Series 1600 modules that form s comptete 16-bit
microcomputar. The first two ara the MC1800 Microcomputer
Module and the BK=16 ARAM Memory Module. The AX1600
Auxlliary Module contalns all other computer functiens other
than processing and memory; specificaliy, it has serial 1/Q, a 16-
bit cutput port, a 16-bit input port, 1Kx16 of PROM, interrupt
chreuitry, and automatic start-up circuitry. It is contalned on a
& 9.75"«<9.25" PC board which mates with a dual 7O pin
connector.

complement digital to .. 10 Volt anaiog outputs. Each of the four
anaiog outputs is controlled by a corresponding Analog Data
Registar {(ADR) which has a unique bus address. A astabilizeg
analgg putput signal is generated in a maximum of 3us aftera 12-
bit digital guantity is placed in the corresponding ADR. Tha four
analog outputs are initlally set to zero Volts when a console
master clear is issued and are under program control thereafter.
The DAT600 Digital to Analog Module {s contained on a
9.75"x9.25" PC board which mates with a dual 70 pin connector.

SC1600: GIMINI Single Card Microcomputer Module

FEATURES

m CP1800 with multi-leve! priority interrupt structure and DMA
channel for floppy disc

| 16K words of RAM

a 4K words of FROM sockets

& Real Time Clock - crystal controlled with 4 strap
selectable frequencies

® Power Cown Interrupt

B B-bit Systern 1/0 Port with full handshake controt lines

® Two UART-RS8232 compatible Serial /O Channels with strap
selectable baud rate

w Up to 32 Digital Qutput Lines with interrupt capability
{IOB1680)

m Up to 32 Digital Input Lines with intarrupt capability
{IOB1680)

W Up to 5 Programmable 16-bit Timers

B Resident Operating Systems in PROM

2 ROM Resident Utility Functions including MUL, DIV,
SQRT, Floating Pnt. Operations, Code Conversions, etc.

& Resident Drivers for all 170 Functions and Floppy Disc

B |ntagral Power Supply with power-down detection output
and power-up initialization output

GIMINI SINGLE CARD MICROCOMPUTER

Under Developmant
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CC1600

Control Console and Control Console Module

FEATURES

= 16-Git Data/Address Display

® 16-bit Switch Register

B Easy to use Contrcl Panel:

Display/Modify all 8 internat registers.
Digplay/Modify the CPU Status Word.
Display/ModIfy all 65K Memory Space.

Single Instruction operation,

Program Counter Inhibit capability

ROM bhased Operating System:

Conversational Monitor

On-Lina Debug Program/Software Breakpoints
Relocating L.oader (Eliminates Bootatrap)
Memory Dump Pragram

General Utilities/ Input-Cutput Drivers

B Standard 19" = 10'%" rack mountakle Control Panel

DESCRIPTION

The CCI800 Control Console and Control Console Moduls s
designed to provide a convenient method of controlling and
monitoring the GiviN Systern. The CC1600 consists of a front
panel and a printed circuit module that are connacted with two 34
pin ftexible cables. The module containg the control logle to
handle all front panel commands as well as the required interrupt
logic to interface with the Microcomputer Module.

The Control Console Modula consists of six contral ROMSs,
scratch pad memory {256x16),a 16-bit Switch Register, a 18-bit
Display Reglster, and the control logic to service any front panel
request.

All functional operations for the Controt Console are parformed
by the exegution of program stored in the controt ROMs. Press-
ing any actioh switch on the Control Console resufts in an
interrupt request to the CP1600. After thls interrupt is acknowl-
adged, the CC1600 supplies the starting address of the Control
Conscle service routine which performs the required function. In
addition, the program automatically stores ail CP1600 register in

CONTROL CONSOLE

‘RICHDTOMPLTERS. -

S om g hy & LN

BP9 BEE UES BEE BEE

ERAL TNSTRUMENT SORPORATION | &

the scratch pad memory which is eccessible vie front panel
solection. Consaquently, whenever the CP1800 is in tha HALT
mode, tha Cantral Console has direct access to all updated
CF1600 information.

The control ROMs also contain all the firmware necessary forthe
development of micro-processor based systems. An On-Line
Debug program |s included so that software breakpoints and
memory search routines may be executed. The system monitor
allows the user to maintain conversational control via teletype
interaction. The Relocating Loader can be used to input data
from either a TTY or High Speed Reader, while the Memory
Pump program allows any block of memory to be punched onto
paper tape.

The Control Congote Module Is packaged on a 875" x 9.25" P.C,
board, which mates with a dual 70-pin connector. 1t alse inter-
faces with two 34-pin connectors for connection to the control
console. lts aperating temperature iz 0° C to 55° C. Itrequires +5v
5% at 1.0A.

BLOCK DIAGRAM

CONTROL CONSOLE MODULE
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GP1600

General Purpose Interface Module

FEATURES

= 116-bit Addressable Input Port

o 1 18-bit Addrassable Cutput Port

® 2 Addressable Status Registers

® Interfaces directly with MC1800 Module

B Space provided for sockets for YO Contrel Legic
B Full Interrupt Capability.

DESCRIPTION

The GP1600 Gensral Purpese Interface Modulahas two softwara
addressable ports: ong 16-bit inpet port and one 16-bit output
port. Each port has an associated 4-bit status register that is
addressable via program contrel, Provigion is made so that the
peripheral device can be operated on an interrupt or polling
basis. Address decoding for the module is provided on the card
although speacific port assignmants ars determined by backplane
salection. It is theretore possible to use up to eight GP1600 in a
given system.

Connection to a given peripheral device isaccomplished by a flat
ribbon cable. Dual 34 pin connectors are mounted at the top end
of the module. Space has been provided to accommodate wire
wrap sockets so that speciflc intarface circuitty may be incorpor-
ated on the moduls. Control and data signals have been brought

GENERAL PURPOSE INTERFACE MODULE

The maduie will zccept dual-in-line package companents
mounted in standard wire wrap sockets, Locations for 14, 16, 22,
24 pin sockets are available.

The &GP1B00 Genaral Purpose I/O Moduie iz a 9.75" x 9.25"
printed circuit card. Its operating temperature range is 0°C to

out ta wire wrap pins to facilitate prototype developmant. 55 C.
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1/01800

TTY-ElA/Reader-Punch Inierface Module

FEATURES

B Teletype Asynchronous Transmitter-Recelver snd Controd
{UAR/T) _

® High Speed Reader/Punch Contrallar

m ElA (RS-232C) Interface

B Interfaces directly with MC1600 Microcomputer Module

s TTL Compatible t¢ 170 Peripherals

DESCRIPFTION

The 1YO1600 TTY-ElA/Reader-Punch Interface Module handles
full duplex communication between a Teletypa, High Speed
Reader/Punch combination or any RS-232C compatible device
and the MC1800 Microcomputar Module, The |/O1800 Module
has complete interrupt capability with four separate channels:
two for the receiver section, High Spead Reader and TTY Read-
er/Keyhoard; and two for the transmitter section, High Speed
Punch and TTY Punch/Printer. These four interrupt channels
operate independently with the receiver sections taking priority
over the transmitter sections on simultanequs interrupts. The
High Speed Reader/Funch has a higher priority than the TTY.
Elactrically, the /01600 Modute has a 20 ma currant leop for TTY
operationand s TTY reader control line which allows the micro-
processar to controd the Teletype resder during en-line opera-
tion. The High Speed Reader/Punch interface contrals a high
speed Reader/Punch combination capable of reading paper tape
at 300 characters per sacond and punching tape at 60 characters
per second. The /31800 module also provides the additional
capability of interfacing with any R5-232C compatible terminat,

TTY-EIA/READER-PUNCH INTERFACE MODULE

The /0 Module is 3 3.75" » 9.26" P.C. board, which mates with a
duat 70 pin connector. It also interfaces with a 10 pin connector.
for the TTY and a 34 pin connector for the high gpeed
reader/punch. Its operating temperature is 0°C to 55°C. |t
requires +5¥£5% at \BA, +12Vi5% at .2A and -12V25% at .24,
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MC1600

Microcomputer Module

FEATURES

u Complete microcomputer module with system clocks,
memory interface, and fully buffered Address, Data, and
Control Buses

B Built with General instrumeant's CF1600 MOS N-Channel

microgrocessor

Two Phase CPU Clock

Direct and Registor Addressing up to BSK memaory space

Memory stack pointer

Two Programmable Interrupt Lines/Multi-Level and Salf

Ildentifying

DMA Channel Capabillty

16 External Sense Conditions for Conditional Branching

Generalized |nitialization Logic

Real Time Clock {nterrupt

Power Fail Interrupt

DESCRIPTION

The MC1500 Microcomputer Module is a complete 16-bit parallel
pracessing unit. it containg the hardware necessary to interface
with memory and 1/Q. This is the main module in the GLMENY
Systern.

TheMicrocomputer Module is designed around the CP1600, a 16-
bit microprocesser on a chip. The MC1800 containg a 16-bit wide
Bidirectional Bus Driver, Address Register and Driver, Bus Con-
trol Decoder-Drivar, Crystal Oscillator, Clock Driver, an External
Branch Multiplexer, A Real Time Clock Interruptand a Power Fait
Interrugt.

Two lfime, multi-level interrupt capability ang Direct Memory

Access are provided on this module. In response to an interrupt,
the microcomputer automatically saves the current Program

MICROCOMPUTER MODULE

Gaunter on the Memory Stack, resolves interrupt priority and
vectors to the device's interrupt service address. The direct
memory access capability allows an alternate source to access
mamory or I/Ct while temporarily suspending processor opera-
tion. At the completion of a DMA operation, normal program
axecution continues in normal fashion.

The Microcomputer Module is 39.75" « 925" P.C. board, which
mates with a dual 70 pin connector. Its operating temperature
range is 0°C to 857 C. It requires +5W25% at S5A, +12V+5% at 1A
and -12V+5% at 4 ma.
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PM1600

PROM Memory Module

FEATURES

Provides sockets for up to sistean PROMs (40086x16)
Static Memary - no clocks required

Field programmable

Eragsatile with short wave ultra-violat light

1 W& MAax. access thme

Buffered TTL inputs -~ 1 load

Open collector TTL output - 30 loads

Moduie decoding for B5K memary expansion

DESCRIPTION

The PM1E00 PROM Memory Madule s a standard 4006=16
memaory module for use in the GIMINI Microcomputer Systam.
itis useful during the initlat product design phase before fraezing
the program for a production quantity of lower cost masked
ROMs, such as Genaral Instrument's 16K AC-3-8316A(2K=B).
This mamory module has sixteen sockets for 4098-bit static read-
oaly memories. Each row of 8 rows wlll provide 512 16-bit words
of memory. Each row containg 2 PROMs.

Tha Address bug inpuis from the GIMIN 1o the memaory card are
puffered to provide the necessary addrass Inputs to the PROMs.
The sixteen data gutputs from the PROMs are buffered onto the
Cata bus of the GIMINI System. For memaries larger than 4K=16,
decoding on the moduie allows addressing for a total of 65K
memory.

A special memory delgy cirguit is also provided on the board and
ts uged to inzure that the CP1600 microprocessor waits unthl
stabie dats is available from the PROMz.

PROM MEMORY MODULE

The FM1800 PROM Memory Module is 2 9.75"x8.25" P.C. board,
which mates with a dual 70 pin connector. its operailng
temperature range is 0° to 55°C. A board fully leaded with all 16
PRAOMs will require +5t5% at .5A and -1245% at .5A.
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RM1600

2Kx16 RAM Memory Module

2KX16 RAM MEMORY MODULE
FEATURES

u 2048—16-bit words per module

m Static memeory, no clocks required

u Single +5 Volt Supply

u Byte or Word Capability

B Module dacoding for B5K memory expansion
W 750 ns Read/Write Cycla Time

u Open Collector TTL Qutput—30 Loads

u Buffered TTL Inputs—1 Load

DESCRIPTION

Tha RM1600 Mamery Card is a standard 2Kx16 mamaory module
for uze in the GIMINI Microcomputer System. This memaory card
contains address and data buffers, read/write circuits, low or
high byte word selection logic, and is implemented with General
Instrument's RA-3-42568 1024 bit static Random Access Memo-
r¥. There are thirty-two 22 pin 256x4 static RAM's packaged on a
975" x 925" x 062" printed circuit board, which mates with a
dual 70 pin connector. Its operating temperatura is 0° C to 55°C.
It requires +5Y * 5% at 2.0A typica!.

The Address bus inputs from the GIMINI to the memory card are
buffered to provide the necessary address inpuis to the RAM's.
The sixteen data outputs from the RAM are buffered onto the
Data bus of the GIMINI Systam.

If more than one 2K memory card is used in the GIMIN| Systern,
pravislons are provided for proper selection of 2K increments, up
to 65K {32 modules) memory space.

2Kx16 MEMORY CARD TIMING DIAGRAMS
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RM1601

8Kx16 RAM Memory Module

FEATURES
8Kx 16 RAM MEMORY MODULE
& 8132 — 16-hit words per moduie,

& Static memory, no clocks required.

W Byte or Word Capability.

B Module decoding for 85K memory expansion.
® 400 ns Read Tima.

w 500 ns Cycle Time.

u Dpen Collectar TTL Outputs—30 Loads

» Buffered TTL Inputs—1 Load

DESCRIPTION

The AM1607 Memory Card is a standard 8Kx16 memary module
for use In the GIMINI Microcomputer System. This memory carg
contaings address and data buffers, read/write circuits, low or
high byte word selection logic, and |3 implamentad wlth General
instrument's RA-3-4402 4096 bit static Random Access Memory,
There are thirty-two 22 pin 4Kx1 static RAM's packaged on a
A.75" x 9.25" x 082 printed circult board, whilch mates with a dual
70 pin connector. Its operating temperature is 0°C to 55°C. It
requirgs +5Y #5% at 0.5A typical, +12¥ 5% at 0.5A typical and
=12V +5% at 0.1A typical. The Address bus inputs from the GiMINI
to the memaory card ars buffared to provide the necessary ad-
dress inputs to the RAM's. The sixtesn data outputs from the
RAM are bulfered onto the Data bus of the GIMINI System.

{f more than one 8K memory card is used in the GIMINI System,
provisions are provided for proper selection of 8K increments, up
to 65K (8 modulas) memory space.

BKx16 MEMORY CARD TIMING DIAGRAMS
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RM1602

8Kx16 RAM Memory Module

FEATURES

8192 — 16-bit words per module.

Dynamitc memary with Refresh logic {Refresh
during no-action state of CF 1600).

Byte or Word Capability

Madule decading for 65K memory expansion
400n5 Read time

500ns Cycle time

Cpen collector TTL cutputs - 30 loads
Buffered TTL Inputs — 1 Load

DESCRIPTION

The RM 1602 Memory Card is a standard 8Kx16 memory modute
for uza in the GIMINI Microcomputer System. This memory card
containy address and data buffers, read/write clrcuitg, refresh
logic, address muitiplexar, low or high byte word gselection legic,
There ara thirty-twe 16-pin 4Kx1 dynamic RAM's packagad cna
9.75"%x9.25"0.062 printed circuit bpard, which mates with a dual
70 pin connector. Its operating temperature is 0° C to 55° C. It
requires +5v 5% at A, +12V 5% at 5A, typical, and -12V
+ 5% at 0.02A typical. Theaddressbusinputs fromthe GiMINIte
the memary card are buffered and multiplexed to provide the
necessary address inputs to the RAM's. The sixteen data cutputs
from the RAM are buffered onto the Data bus of the GIMIN|
Systam.

8Kx16 RAM MEMORY MCDULE

it

If more than ona BK memaory card is used in the GIMINI| systam,
provisions are provided for proper selection of 8K increments, Up
to 65K (B modules) memory space.

BLOCK DIAGRAM

REFRESH
CHTR

REFRESH
LOQIC

BADRIFS  HWA-D BAR' Dws®
DELG-T5 BADA-12
INPUT CARD READAVAITE
BUFFER DECODER Legic
BADAD* \L
| ADDRESS
MPLX
O DYMAMIC -
& ane1e 15, 15,
oo ca > Ty BUFFEA DBLN*-DALIS
I MATAIX ’|ﬁ
o8 |
1
oHl

OC TO OC -
CONVERTER

BLi5
CONTHOL
LOGIC
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51600

Software

FEATURES

m Cross Software Package including Assembler/Simuiator
Programs.

m On-Line Software Package for Pragram Preparation on
Microcomputer.

® Rasident Firmware in ROMS on Control Console Module in
GIMIN! Microcomputer allows conversstional debugging of
programs.

u Subrouting Library: Math packages, Code Canversion
routines, String Operators, etc.

DESCRIPTION

Software is fundamental to meking every microprocessar coms
alive and the Series 1600 is no exception. The entire proguct
family is supported by an extensive software system designed to
make program development fast and afficiant. Most important,
the software structure is designed to grow with the hardware to
Insure a long term product continuity.

The Series 1600 Cross Software Package contains a versatile set
of program preparation tools including compatible As-
sembler/Simulator programs operating at twa different compu-
ter aystem levels—large machine or tims share, or popular
minicomputar systems. Each accepts Series 1600 assembly lan-
guage statements as input and praoduce relocatable, tinkabla
object code as output. In addition, the fuli mlcroprocessor en-
virohment, including IYQ operations, is simulated on the host
machine so that complete program debugging and testing can
be performed before committing to hardware. The combination
of these features along with the ability to use 2 minlcomputeras a
host processor results |n the lowest cost easiest to use, Cross
Sottware Package in the industry.

The GIMINI Microecomputer System alsg serves as a program
preparation and hardware debug fachlity with the aid of its resi-
dent firmware and the On-Line Software Package. The resident
firmware consists of a besic operating system containing a
tonitor, the On-Ling Dabug Program, the Relocating t.oader, the
Memary Dump Program, and a number of other basic utility
routines. The firmware aisc supports the system 1/ with ganer-
alized routines for input/output from a TTY, high speed paper
tape reader/punch, or any RS232 compatible device.

The On-Line Software Package includes the Symbolic As-
sembler, the Text Editor and the Relocating/Linking Loader, the
Qbject Module Linker ang the Super Assembler, The Objgct
Medule Linker prevides the same features as S16LNK allowing
generation of relocatable or ahsclute load modules on-line. The
Super Assembler allows programs 1o be coded using high level
procedure griented statemants while providing all the fiexibility
of basic assembly languags.
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S1EXSFT CROSS SOFTWARE PACKAGE

The Series 1600 Cross Software Package is coded in iow levei
Fortran IV and is specifically designed to operate in a 18-bit
minicomputer environmeant, The Cross Software package has
been installed on many popular minicomputer aystems such as
DGE NOVA and DEC POP11. The Cross Software package has
also been installed on many popular time-sharlag computer
systams.

SIGXAL CROSS ASSEMBLER

Symbholic reprezentation of all instructions

User defined six character symbols

Octal, decimal, hexadecimal and ASCI literals
Expression evaluation

Extensive assambly directives

Absciute, Aslocatable or Relocatabla/linkable assembly
Full program and sorted symbol listing
Extensive error detection

S1BXAF CONCORDANCE GENERATOR
Assembly sytnbol cross reference map

§16LNK OBJECT MODULE LINKER

Aesolves globel/external symbol linkages
Relocates and merges object modules

Produces relocatable/absolute load module
Produces foad module map

S168IM SIMULATOR

Full Series 1600 Instruction set simulation

Full 65K word memary simulation

I/ and interrupt shmulation

Memaory and/or Reglster breakpoints

Memuory and/or Register traces

Simulated program sxecution time accumulatlon
Program axecution time and stack size limits
Inspection and mod|fication of memory and registers
Symbolic memory addressing

518BPT BINARY PAPER TAPE GENERATQR
S16RTG ROM PATTERN TAPE GENERATOHR

S16SXAL SUPER ASSEMBLER
High level progedure oriented instructions plus all
features of STEXAL.

GIMINI RESIDENT FIRMWARE

The resident firmware in the GIMINI Microcomputer System
creates an efficient, sasy to use, prototyping tool for the
developmant of microprocessor based products. The firmwate
performs all front panel functions as weli as creating a terminai
driven operating anvirocnmeant. Featuras include the following:
S16MTR MONITOR

Convarsaticnal systam control

TTY communications

S160DF ON-LINE DEBUG PROGRAM

Eight program breakpoints

Register/Memory display and modify

Memory search and initialize

Single step/Execute commands

Modify Brangh and Jump destinations

Maodule Retocation Origins

S16LDR RELOCATING LCADER

Fuli relocatton capability

TTY or H.5. Faper Tape Reader input

S16MDP MEMORY DUMP PROGRAM

Punches in S16_DR format

TTY or H.5. Paper Tape Punch cutput

Generalized Code Conversions

TTY input/cutput driver

H.3. Faper Tape Reader/Punch driver

$1600

SERIES 1600 QN-LINE SOFTWARE FACKAGE

The Series 1600 On-Line Softwara Package is written in
assembly language and runs on the GIMINI Microcomputer
Systemn. All programs are designed to be directly input/output
compatible with the S18XSFTCross Software Package so that
gither means of program preparation can he used
interchangeably.

S16AL ASSEMBLER

Same features as S16XAL

S16TXE TEXT EDITOR

Multiple line buffering

Symbaol search

Character, line, string sditing

316RLL RELOCATING/LINKING LOADER

Global and external symbol resolution

Full relocation capability

Loads and links multiple object modules

Memory map

S$16DGS DIAGNOSTICS

Memary diagnostic

Instruction test

1/Q Cantroter exerciser

S$160ML OBJECT MODULE LINKER

Same features as S16LNK

S16SAL SUPER ASSEMBLER

High tevel procedure oriented instructions plus

ali features of S16AL .

SERIES 1600 SUBROUTINE LIBRARY

The Serles 1600 Microprocessar System is supported by an
gxtensive and growing lbrary of usefui subroutines designed
to relieve the user of many time consuming software chores.
All of Subroutine Library programs are written in Series 1600
Assembly Language making tham both fast and effficient. Thay
are compatible with both the Series 1600 Symbolic Cross
Assembler (S16XAL) and the Series 1600 On-Line Assembler
{S16AL). In addition, all library programs are gdesigned to be
diractly compatible with hardware extensions to the Series
1600 product family so that increased performance can bea
achieved without software complications,

S16BMR BINARY MATH ROUTINES

Signed Multiphy/Divide

Square Raoot

Double Precizion Multiply/DHyide

Doubie Precision Square Root

SBCCR CODE CONVERSION ROUTINES

Binary io BCD—BCD to Binary

Binary to ASCI—ASCI to Binary

Binary to HEX——HEX to Binary

Binary to OCTAL—OCTAL to Binary

Fixed to Floating---Floating to Fixed

516100 INFUT/QUTPUT DRIVERS

TTY Input/Output

H.5. Paper Tape Reader/Funch Input/Cutput

Byte Table Pack—Byte Table Linpack

S16FPR FLOATING POINT ROUTINES

Floating Add/Subtract

Floating Multiply/Divide

140 Conversion

S$16DMR DECIMAL MATH ROUTINES

Decimal Add/Subiract

Decimal Muitiply/Dividge

Decimal Squara Root

Decimal Compare
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SAL1600

Super Assembly Language

FEATURES

High level oparations: LET, GOTO, GO@,
CALL, IF. IF-THEN, IF-THEN-ELSE, DO, DO-FOR,
DO-WHILE. '
Array subscripting
Literal representation in Binary, Octal, Decimal,
Hexadecimal and charactar notation.
Symbolic rapresentation of all CP1600 instructions.
Ciractives for:
Controlling register utilization of high leval operations
Controlling storage allocation
Initializing storage
Specifying character strings
Declaring a program entry point
Beclaring global and axternal symbols
Ceclaring a program entry point
Specifying assembiy output form
Cantrolling canditlonal assamblies

Absolute and Relocatable load module output

Absolute and Relocatable linkabie object
module output

Program listing
Extensive error diagnostics

DESCRIPTION

' The General Instrument Super Assembly Language enables the

CFP1600 user te implement programs at a procedural level using
FORTRAN-like statements rather than at the machine level of
conventional assembly languages. Super Assembly Language
includes LET, iF, CALL, DO, GOTO, and GO®@ high level
operations ag well as all the instruction mnemaonics ang assembly
directives of basic CP1600 assembly language, Super Assembly
Language provides poth the novice and the experienced
programmer with the convenience and efficiency of procedural
level programming while retaining the flexibility and economy of
basic assembly ianguage. Many applications can be completaly
coded using the high level operations, but when required, basic
assembly statements can be intermixed freely with high level
statements. The CP1600 Super Assembly Langusage is based on
ihe popular Mgh level programming languages, FORTHAN and
BASIC, .

The Super Assembler Program converts source programs written
In CP1600 Super Assembly Language into binary machine code.
This conversion process is accomplished by making two passes
through a source program. The Super Assembler Program also
produces a listing of the assembled program: the fult instruction
expansion into machine assembly language for each high leve!
statement may be printed on the listing, if the expanded listing
option is selected by the user.
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HIGH LEVEL STATEMENTS

GOTO

The GOTO statement is used to transfer program control
unconditionatly to a specified destination.

Ex.: GOTO SCAN

GO@ .
The GO@ statement is used to transfer program control
uniconditionatly indirectly through a specified storage designator
to a destination. The destination is defined by the current
contents of the storage designator.

Ex.: GO@ TABLE {1}

CALL

The CALL statement is used to transfer program control to a
subroutine. Arguments, t.e, parameters to be passed to the
subroutine, follow the subroutine name enclosed in parenthesis
and separated by commas.

EX. CALL  SQRT{Lh

LET

The LET staterment is used to perform data transfers, arithmetic
computations and togical operations involving constants,
variables and subscripted variables, Addition, subtraction,
multiplication, division, negation and logicai NOT, AND,
excfusive OR and inclusive OR operations may be pearformed
using the LET staternents.

EX:LET X = NOT. ¥ ANDL 2.5



IF

The IF statement is used 1o perform tests on single quantities and
make comparisons hetwesn two quantities. The quantities may
be constants, variables, assembly expressions and subscripted
variables. An IF statement may be of three types: arithmetic,
conditional or relational. The arithmetic |F is vsed to test a
quantity for nepative, zerg and positive and directly transferto a
corresponding destination. The conditional IF is used to test a
quantity for positive, negative, zero and non-zers and the
relational IF is used to compare two guantities. The conditional
and relational IF statements may execute a GOTO statement if
true. They may also cause a THEN-ELSE {THEN, if true and
ELSE, if false) sequence of instructions to be execuied. The
THEMN-ELSE capability is 2 feature not found in FORTRAN or
BASIC and is similar to the IF-THEN-ELSE facilities in more
powerful languages such as ALGOL. COBOL and PLAL

EX: IF ANSWR ZERO. GO TO NEXT
IF QUANT .EQ. LIMIT THEN
CALL SQRT(A]

END

= \F A EQ. 2 THEN
LET B8=5
ELSE
LET B=6
END

SAL1600 E
DO

The DO statement is used to perform looping and iterative
operations by causing a sequence of slalements hetween the
DO statemnent and & ceorresponding CONT  (CONTinue)
staterrent to be executed repeatedly. Such a statement
sequence isknown as & DO loop. DO loops may be nested i e,
contain other DO loops up to a depth of four levels. When DO
loops are nested, inner loops terminate before outer loops. OO
laeps may he controlled by FOA or WHILE conditions,

EX: ABC DO ABG FOR | = INIT, MAX, INGR
IF {TBL {I] .[EQ. QTY) GO TO GETOUT
CONT

EX:  xvz PO XYZ WHILE QTY GT. LIM

LET # = K _AND. MASK
LET QTY - K + [NCR
CONT
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H 5000 RUOMRD LH
PART PAGE
FUNCTION DESCRIPTION NUMEBER NUMBER
Tne_! 1__P 8000 Logic Processor LP 8000 10B-2
unil is a complete 8-hit
singhe chip MOS-LS1 Micro-
processor. It has a modern LP 6000 10B-2
:5-1h] computer architecture with forty
MICRO- eight general purpose internal LF 1030 10B8-2
FROCESSOR registers. The B-hit Data
highway is supplemented by a 6- -
bit Address bus ta give 2 14- LP 1010 108-2
bit address capability which
permits access to 16,384 wards. LP 1000 108-2

SERIES 8000
MICROPROCESSOR

MICRO

ELECTRONICS

iy IS
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LP&0O0 LP1010

LP8O00 , hi030  LP1000

8-Bit Microprocessor System

FEATURES

2 Chip Minimum System {plus clock}

48 Accessible § Bit Internal Registers

48 Basic Instructions )

Binary and Decimal Arithmetic Capability

Dirgct and Indirect Input Cutput Capability
Automatic subroutine nesting on memory devices
Family of development devices

DESCRIPTION

The Series 8000 Logia Processor System is designed to perform
any digital function using far fewer packages than a TTL or
CMOS implementation. Typically a2 100 package system can be
reduced to & three chip solution of LP80OD Processor, LPGOOO
Program Memory and LP1030 Clock Generator {two 401ead DIP
pius one B lead DIP). The consequent savings In development
and production ¢osts and increased reliability give the usger
many of the advantages of a customized LS| solution but without
the restriction that it must be a high volume product.

The System is fabricated with General Instrument’s P-channel
Mitride Process which has & proven reliability and production
history. All members of the Series 8000 family including Read
Only Memories, General Purpose Input Qutput and Memaory
interace parts are fully compatible with each other.

The LPB0Q0 Logic Processor Unit itself is a complete 8-bit single
chip MOS-LS| Microprocessor. It has a modern computer
architecture with forty eight general purpose internal registers.
This, coupled with a binary and decimal ¢apabllity arithmetic
unit, gllows a versatile and sophisticated implementation of a
microcomputer system. The 8-hit Data highway is supplemented
by a 6-bit Address bus to give & 14-bit address capability which
permits access to 16,384 words In combination of program
memory, data memory or peripheral devices, The addressspace
consists of 64 "modules” which can be either 258 words of
memory or one 8-bit bidirectional 140 port,

LOGIC PROCESSOR - LP {Part number LPE000)
The logic processor {LF) is the haartof the Series BO0D system. It
performs all of the arithmetic and logical functions regquired and

also controls all activities occurring in the Series 8000 system_ It
has 48=8 bit working registera and an & bit input/output interface
to which external peripherats may be attached directly.

PROGRAM MEMORY - PM (Part number LP 6000}

The program memary PM contains a 1K x 8 bit memory which
stores the usar's program. This chip alse includes the program
counter which paints to the current address. |t is arranged at the
top of a four word hardware stack which is controlled by the LP
for subrouting nesting. Twe directly addressable 8 bit 1/0 inter-
faces are included, so that a minimum systemn consisting of one
LF and one PM has 24 /0 leads. Extra PMs can be connected to
the main system bus, up to a maximum of 16K words, Each PM
and 1/Q interface can be addressed by the LP, the module
addresses being programmed at the same time as the customer’s
BFOGrAmM. -

MEMORY INTERFACE CHIP - MIC {Pari number LP1000)
The memory interface chip consists of an 11 bit program counter
at the top of four word hardware stack. The address ocutput arg
TTL compatible and enable any external 2Kx8 bit memory to be
addressed. Other circuits allow the MIC to interface directly to
the Series 8000 system without any external components, it is
intended for use when breadboarding systems or when using
non-standard memory, .4, dicde matrix, core, etc.

The memory area can be extended by using severat
MIGC/external memory combinations. The addresses are
selected by hardwiring pins to Vg of Ve,

INPUT/QUTPUT BUFFER - I0B (Part number LP 1010)
The input/output buffer consists of two addressable 8 bit YO
interfaces. The addresses are selected by hadwiring pins to ¥gg
or Vee.

CLOCK GENERATOR - CG {Part Number LP1030)

The Series 8000 neads only an BOOKHZ clock, a power-on-reset

-gignal to clear and synchronize the system and two power

supplies. Virtually all external componeants may be eliminated by
uging the clock generator {CG). The freduency of the built in
oscillator iz determnined by an external resistor or can be
aptionally ovar-ridden by an input from an external cscillatar. A
dala synchronizing signal g, is provided to act as an
oscilloscope trigger and as a Data Valid signal for exteral
hardware.

COMPLETE MINIMUM SYSTEM
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MEMORY IMPLEMENTATION FOR DEVELOPMENT
SYSTEMS

: i | MERACRY CHIF
; | ENABLE ENABLI

MEMOHY PAGE

2haBXE BIT WORDS .
ROM. RAM. PROM, CORE, ETC.
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LPSOO0 ® LPGOOO0 ® LP1030 ® LP1010 ® LP100O

PIN FUNCTIONS
Frocessqr Signals

DAB 1-8

Bidirectional 8-lead precharged data bus, used in conjunction
with address bus to implement 14-bit address word.

ADB1-6

Push pull 6-tead address bus. This 6-bit word specifies the
memaory ‘'madule’ address and the B-bit data bus specifies the 1 of
256 'intra module address’.

Processor Control Signais

oils}

indicates direction of data flow on data bus.

CDA

Indicates if data bus is carrying data or address information.
cQZ

Used to seiect the ( counter or £ regisier for memory addrassing.
CRA

Used to control the internal addrass stack.

Peripheral Signails

PES 1-8

This is a hidirectional 8-bit latched input/output port with an
apen drain output configuration. In the case of the LP8000 chip
the 8-bit portis organised such that only bits 5-8 are bidirectional,
hits 1-4 are only availabte as inputs. For all other chips in the
family the peripheral interiaces are 8-bit all bidirectional,

Drive Hequiremenis

CLOCK

A single phase high level clock is required by the system and this
would normally be provided by the LP1030 Ciock Generator. The
clock frequency used can be salected between 500 and 800K Hz.
With an BOOKHz clock the machineg provides a SuSec machine
cycle time.

RESET

This is a clock syhchronized high level signat, normally provided

by the LP1030 Clock Generator.

POWER

Voo 45 Valt supply

Voo 0 Volt (GND) supply
Yoo —12 Volt supply

PIN CONFIGURATIONS
40 LEAD DUAL IN LINE
LPR000 LOGIC PROCESSOR
Top View
Voo CJ@ 1 an [ v
Fower on Resat [ 2 39 [ Vaa
Ciock 3 ar O CRA
M Lsed 4 ar ooz
W Upad 5 35 [] DA
Dala Bus 2 i 3 O cho
DamBua 7 O] 7 3+ [ Mot Uesd
Drata Bus 6 [ & 33 [ Nat Lesd
Daia Bua 5 (] 4 32 [ Nat Lised
Drala Bue 4 O] 50 A1 [ Mot Used
Crala Bue 3 1 3 [0 Mot Lisad
Date Bus 2 25 [ Mot Lwed
Daea Bug 1 26 [0 Mot Ugad
Puriphwral Bus B 27 [0 Addroae Pus &
Peripherat Bus T 26 [0 Address Bus §
Perlpheral Bus & 25 [ Address Bus 4
Faripharal Bus & 24 [0 Address Bus 3
Peripharal Buk 4 23 [ Addvaas Bus 2
Peripheral Bus 3 22 [3 Address Bus 1
Peripheral Bus 2 I3 20 [ Poripharal Bus 1

40 LEAD DUAL IN LINE

.LPEDOD FROGRAM MEMORY

Top View
Yoo [ Panphersl Bus At
Date Bus 1 K [ Faripheral Bus A2
Dala Bus 2 3 Il Penphede Bus AJ
DamBusd O 4 | Pariphesal Bua Ad
OntnBuad G 5 35 [ Patiphersl Bus AS
Tiala Bus § L 35 [ Paripharal Bug A5
izl Bus A ’ 34 [ Parpharel Bus AT
Catn Bua T £l 33 [ Patipheral Bys A
DataBusd O © 32 [ Patigharal By 811
Nat Usad 0 10 3 [ Periphtrsl Bus B2
Powear on Raged 0] 11 30 [ Petipheral Bua B3
Adarags Bus t O] 12 29 [ Paripherat Bua B4
Addrags Bus2 O} 13 28 [ Paripheral Bus B5
fddrags Buzd O 14 27 [ Peripherai Bus B6
Arcrass Bus 4 [ 15 26 [ Pariphamt Hua B7
Address Bes 5 O 16 25 [1 Peripheral Bus BS

Addrees Bus & T 17

24 v,

Gleck ] 1R 21 O Yan
oA g 19 22 O GRA
[o1l= -] 23 0 ooz
B LEAD DUAL IN LINE
LP10230 CLOCK GENERATOR
Top vsew
A=
Voo [ &[] Fasel Duiput
Timing nput ] 2 7 [0 g Output
Synetvonlzing inpus ] 3 6 [] Slock Outpul
Fasat Input L] 4 S oo

40 LEAD DUAL IN LINE

LF1010 INPUT/OUTFUT BUFFER

Top View .

Voo CJWA 40 [ Penpheral Bus A1
DataBus1 O 2 a8 5 Penipheral Bus A2
CatgBus 2 O = Ap [ Poeripharal Bus A3
DataBusy O 4 AT [0 Peripheral Bus A4
Dats Bund [ 5 36 [J Peripharal Bus AS
Date Buy 5 O & 35 3 Paripheval Bus AG
DatmBasg ] 7 34 [ Perlpheral Bus A7
DaimBus7 [ @ 33 3 Perlpharal Bus AR
Datn Bul O 9 3z [J Pariphearal Bus B1
Chip Swiecy 0] 10 a1 [ Paeripheral Bus 82
Pewer on FAeser L] 11 30 [ Peripharal Bus B3
Address Buea1 O 2 26 [1 Periphsral Bus B4
Address Bua 2 [ 13 28 [1 Peripheral Bus BS
Aggress Bua 3 O 14 77 [ Paripherat Bus BS
Address Bus 4 (] 16 26 [ Peripharal Bua B7
Address Bus 5 [ 16 24 [0 Peripharal Bus B8

Addmeas Busb [ 17 4 O Papae

Clock [ 18 Z [ ¥eg
oha o e 2 O PADA
cio O M O PAD2

A pair of adjacent addresses is selected by PAD 4. PAD Sand PAD 2 in
the range 48 16 63, 8.9. 11 selects peripheral addresses 54 and 55,

40 LEAD DUAL IN LINE

L1000 MEMORY INTERFACE

Toe vigw
Ver O@ 1 =) Vo
DamBuat [ 2 38 [ Vag
DeaBuaz O 2 95 [J Address Bit 11
DawBusd O] 4 3t O Addrags Bit 10
DateBuyd [] 5 # [ Addreses BB
DataHue 5 [ & 35 [J Addrees BItR
DataBups [ 7 34 [1 Addrese Bit 7
DataBus? [ B 3 O Addrass Bid 6
Data Buzg [ 9 32 [ Address Bith
Power on Resst [] 16 31 O Addreas Bt ¢
Arddraes Buy 1 [ = 30 [ Adress Bit 3
Address Bus 3 [ 70 [0 Addeacs Bit2
Addrass Bus 3 [ 12 28 [ Addreaz Bit 1
Acdreas Busd 7] 14 27 [ Chlach
Address Bus§ [ 15 O AW
Addrass Bus 8 [ 16 #5 [0 Memory Engble
PaD 4 [] 17 24 [ MG Enabils
PADS O] e 23 [0 CRA
PADE O 18 - m v S
S0 O 2 2! O Ccoa
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LPBODO = LP60OD ®= LP1030 = LP1010 = LP1000

ELECTRICAL CHARACTERISTICS

Maximum Ratings”

*Exceeding these ratings could cause
permanent damage. Functional operation of

All pins with respectto Ve, . . . . . . . . .. ~20¥ 1o +0.3V these devices at these condltions is not
Storage Temperature . . . . . . . . . .. —55°C to +150°C N . . e
Operagt'mg Te?nperature ............ 0°C to +70°C gglil‘::d"o‘mratmg ranges are specified
Standard Conditions {unless otherwise noted)
Weo = +5Y 2026V
VY = GND (substrate at Vi)
Voo = 12V 11V
Characteristic Min Max Unlts Condltlons
Clock Fregquency 400 600 KHz
Machine Cycte Time 6.7 10 us
Clock and Reset Inpul
Logic 1’ Voo -15 — Voits
Logic 0’ — -9.5 Volts
Data Bua
tnput Conditlons
Logic "1 Vee =18 - Volts
Logic ‘0’ — +0.8 Voits
Qutpul Conditlons
Logic 1" Voo -1.0 — Voits Capactive load
Logic 'O’ - +0.4 Voits only, maximum 275pF
Control & Address Bus
Input Conditlons
Logic'Q Veon ~1.5 - Yolts
Logle 1’ — +0.8 Yoits
Output Conditlons
Logic o Voo =10 - Voits Capactive load
Logic 'T’ - =7.0 Volts 200pF
Perlpheral Bus
Input Conditions
Logic "1 Ve 1.8 — Yolts
Logic 0 — +0.8 Valts
Ouipul Conditions
ON Current: LP1010 2 — mA Yoyt = Vo -1V
Other Devices 1 - ma, Your = Ve -1V
OFF Current: All Devices — 1 vy ¥in = Vg at 25°C
LP1000 Memoty Controla
(Address, /W, Enable}
Logic 1 Vee-1.0 — Volts lon = 100pA
lLogic "o" — +3.4 Yolts loL, = B.5mA
Power Consumption: LF 8000 — 1000 mw
All other devices — 500 myy

TIMING DIAGRAMS

+ v NI Ho

-\‘. . llr" - ....rT‘.LI._

i
v

Sk HGIE |
— 5% ROM REL

W NEARMATIGA FROCN L ROTO
ALY 5 COMPORERT

12t YFORRAT.Cy FRCE &1 PS .
CLMPGAERT 10 L. = H |

- 13
E

. SoNERENT |

i conETIoN- |

\ e

RIECHARGES I
GATA BuS

L P READS I
14 2076
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LPE000 w LPGOOD = LP1030 » LP1010 = LP1000 E
Mnemphlcs Oparatlon Cycles Comments
LAR Load Accumulator from Ragister 1 These instructions are used tomanipulate the
SAR Store Accumnulator in Register 1 contents of the agcumulator with one of the
DEC Decrement Register by ong ” 1 48 internal registers. They have a four bit
INTERNAL ADR BCD Add Accumulator with Register * 2 argument and direct addressing is assumed
REGISTER BAD Binary Add Accumulator with Regisier 1 far 0-11 but indirect for 12, 13, and 14. For
INSTRUCTION AND Lagical AND Accumulator with Register 1 indirect addressing the register address is
EOR Exclusive OR Accumuiator with Register 1 hetd in §,T. Argument 12 gives register point-
*The results of these operations are stored in ed to by S & T; 12 gives the same then S is
the respective register. The result of all other| decremented. 14 also addresses viaS & T and
operations is stored in the accumulator. then 5 is incramentad,
LSS Load § with Short {2-bit) Literal 1
LST Load T with Short {3-bit) Literal 1
REGISTERS SAT Store Accumulator in Register T 1 Lower order bits {(1-3) of accumulator are
S&T 1 copied in register T,
I 88T Store Accumulator in Registars S& T 1 Bits (1-3) of accumulator copied in register 3,
i bits (4-6) copied in registar 7.
L}
LAL | Load Accumulator with 8-bit Litaral 2
LAS ' Load Accumulator with 4-bit Literal t
ALL | Logical AND, Accumulator with B-bit Literal 2
: OHL | Logical OR, Accumulator with 8-bit Literal 2
EXTERMAL ! EOL . Exclusive OR, Accumulator with 8-bit Literal 2
REFEAENGCE ALA Add Accumulater with 8-bit Literal 2
CMP Compare Accumulator with 8-bit Literal 2
iNSTRUCTlDNs} LIX LoadpAccumutator Indirect Module X 4 The lower 3ix bits Of the X and Y ragisters are
L Ly Load Accumulator Indirect Module ¥ 4 used to address 256-bit modules of data and
SiIX Store Accumulator Indirect Modula X 3 program respectively. The B-bit data bus Is
used io provide the intra-modale addrass,
These three instroctions reapectively fetch or
store data using the address in the register to
specify the module.
SAX Store Accumulator in Register X 1 Used in normal registar operation ang also
SaY Store Accumulator in Register Y 1 for setting up module addresses for program
LAX Load Accumulatar from Register X 1 and data manipulation.
LAY Load Accumulator from Register ¥ 1
8ZX Store Accumulator in 2 Register Module X 3 Used to set O Counter or Z register of re-
SIMULATOR rad Store Accumulator in 2 Register Module 3 quired madule.
& ADDRESS S0x Storg Accumulator in Q Counter Module X 3 The Y register points to the agtive program
CONTROL sQy Store Accumlator in @ Counter Module Y 3 module, the X register points to an alternative
REGISTERS madule or a data space,
sav Store Accumulator in Begister V 1 These four instructions allow diréct acoess to
SAW Storg Accumulator in Register W 1 the internal registers which are masked by
LAV Load Accumulator in Register V 1 the aperand code used for indirect address-
LAW Load Accumulator in Register W [ ingi.e 12,13
CLA Ciear Accumuiator to Zeros IJ 1
1
LSA Shift Accumutator Left 1-bit , 1 Carry Flag set unconditionally
RSA Shift Accumulater Right 1-bit [ 1 Carry Flag clearad unconditicnally
SHIFT LSN | Shift Accumulator Left 4-bits 1
RSN Shift Accuntutator Right 4-bits 1
LAM Load Accumulator from Module Drirect 2
INPUT/OUTPUT SAM Store Accumulator in Module Direct 3
INSTRUCTIONS Lim Load Accumulator from Module Indiract 4 The indirect |/0 operations use the X register
StM Store Accumdlator in Module Indirgst 3 for module addressing. The SAX instruction
i5 uged to set up the system for the indirect
rode,
JMP Jump Unconditional 3
plrd Jump if all Zeros /2 3 if true, 2 if false
JUMP JINZ Jump if not ail zeros 3/2
WITHINZK Jie Jump if sign bit positive 3/2
PAGE JRS Jump if Begister S not equal to 32 Used to sequence through a 'page’ of internal
seven ragisters,
. JCS Jump if carry hit set a2
i JON Jump if carry bit not set 3z
SUBROUTINE GOSs Go to Subroutine 3 Fragram counter automatically stored in
INSTRAUCTIONS RET | Raturn from Subrouting 2 memaory chip stack,
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LPBOGO w LPEOO0 & LP1D30 = LP1D10 = LP1DIJO.

DEVELOPMENT FAMILY

A proguction system may consist of only a Yogic Processor,
LP80OD, and ROM, LPBOCD, (plus Clock Generator, LPI1030),
However, the practical development family which complements
the LP8ODD allows the user to implement his hardware and
software in a real time replacemant mode for his final mask
programmed product, LP1G0% and LP1010 parts, plus PROM, can
directiy replace the LPS003 ROM. Indeed the development tamily
may weil be used as the complete salution for short run multi-
variety systems,

DEVELOPMENT SUPPORT

Clrouits

LP 8000 systems use only a small number of integrated clreuits
for cost effective implemantation. For development and pre-
production LP 1000 {Memory Interface Circuit) and LP 1010
{Inpui-Output Buffer) can be used with PROM, EAROM or RAM
to replace the final mask-programmed ROM (see diagram), The
system using PROM or EAROM behaves identically with thafinal
mask-programmed ROM version. When the program has been
proved, the LP100G, LP1010, and PROM/EAROM can all be
replaced by LP 6000 to give the final low-cost system using
perhaps as few as two 40 lead DIPs (LP 8000 + LP 6000), and one
8 jead DIF {I.P 1030). Small production runs, or systems needing
extensive RAM memory can remain with LP 1000 and LP 1010,

Prototype System

To simplify hardware and software development and help speed
the users product design cycle time, a complete hardware pro-
totype developrment systemn is available to support the Series
BO00 family. The GIC 8000 Microcomputer Systern provides a test
had for user designed interfaces and related hardware as well as
a program preparation facility with resident, on-Hne hardware
and softwara debug aids. The users program can be tested and
madified under real time operating condltions. To make program
development fast and efficient, peripheral interfaces and their
related software inciuding TTY high speed reader, high speead
punch and serial ling printer are included on the prototype
system, In addition, all of the card leve! modules of this system,
rangtng from complete microcomputers to memory or Y0 mod-
ules, gre available on an OEM basis for further system
Hitegration.

Software

For pure program development 1o check the flow of instructions,
a complete assembrler and simulatar written in FORTRAN 1V is
available for operation on minicomputer systems or on internal
or external time share networks,

Manual

A manual describing complete hardware aspects of Series B00DO,
and datails of the program preparation software is available from
all General Instrument Microelectronics Sales Offices, Agencies,
and Distributors.

Series 8000 Cross Assembler — Program Specification

INTRODUCTION

The Symbelic Cross Assembler is capable of convering
programs written in Series 8000 symbolic assembly language
into a tape tormat suitable for lpading into the prototyping
systam. The program runrs on a General instrument GIMINI
protatyping system with 8K of 16 bit RAM memaory using either a
teletype or reader/punch for input/output operations. The
symboiic agsembly language usad by this cross-assembler is an
extansion of the original specification and closely resembles the
language format of the Series 1600 Assembier.

FEATURES

The Symbalic Cross Assembler provides the fallowing major
features:
A Symbolic language representation of all instructions and data,
B Up to 250 user defined names for variables/registers.
® Binary, octal, decimal, hex and character representations
for literals.
8 Arithmetic evaluation of operand expressions.
B Assembly directives for
— Cantralling memary allocation
— Defining character strings
— Specifying input/autput aptions
— Establishing and controlling conditional assembles,
® Program listings - which are optional.
B Comprehensive error detection and diagnaostics.

OPERATION

The Symbolic Cross Assembler converts symbolic source
programs into machine cade fartnat in a two pass process,
During the first pass through the source file, all user specified
symbols are placed in a symbol tabie contaiming the symbol, its
value, and several other attributes. During the second pass
through the source file, symbolic instruction mnemonics are
translated, symbol references resolved, errors diagnosed, a
machine code file genarated, and an optional program Hating
produced.

The machine code file produced by the Cross Assembler is an
absolute load module that ¢an be punched on paper tape for
subseguent loading in a GHCB000 microcomputer system by the
resident loader. Both standard and modified hexadecimal codes
can be generated.



GIC8000

&

8-Bit Microcomputer System

FEATURES

m Auilt around the General Instrument LF8ROD Microprocessar

m  Complete microcomputer system to enable rapid program
development

m Up to 16K = 8 of mamaory space

PROM resident system monitor

B {oad and dump routines far Teletype, Reader, Punch, V.D.U.
and Line Printer )

B Examine/Store all 48 internal CPU registers, user memory
lzcations and user WO ports

B Auta increment for examining and storing in sequential
locaticns.

B 'Breakpoint’ facility for halting execution of user program

at specified address

‘Start from address’ facility for starting execution of user

program at any specified addrass

Up to 6K = 8 of user RAM or FROM memory

Up to 15 8-hit user I/0 ports

8-bit data and 14-bit address displays

Internal power supplies

DESCRIFTION

The GICE00D Microcomputer System is a complste development
systern designed to support the General Instrument Series 8000
famlly, It provides a test bed for user designed interfaces and
related hardware as well as a program preparation facility with
resident, on-tine hardware and software de-bug aids. It aise
ailows the user program to be tested and modified under real tims
operating conditions, To make program development fast and
effictent, peripheral interfaces and their related software
including TTY, high speed reader, high speed punch and serial
line printer are included. in addition all the cards of the system,
ranging from complete microcomputers to memory or /O
madules are avaitable on an QEM basis for further system
Itegration,
The GICBI00 is of modular design, the basic hardware cansisting
of a steel cabinet, 12 position card file, front panel control
consale, power supply and 5 plug-in cards:

MCE000 MICROCOMPUTER MODULE (INCLUDING

USER 10B)

058000 SYSTEM MONITOR MODULE

IOBODG TTY/RDR-PCH MODULE

BRBO0O 2K » 8 LUSER RAM MODULE

CCB000 FRONT PANEL DRIVER MODULE

In additlon, the fellowing moduies are alse avallable;
GFB000 GENERAL FURFOSE /0 MODULE
EX8000 EXTENDER CARD
PMB000 2K = 8 USER PROM MODULE

10B-8
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OPERATING MODES

The machine can operate ih aither SYSTEM or USER made. In
SYSTEM mode, the PROM rasident System Monitor program
controls alt the operational features of the machine and provides
a wide range of monitoring and editing facilities which can be
used to rapidly develep user programs. In USER mode, the
machine is undar the exctusive control of the user program and
can therefore be used as a test bed for user defired interfaces and
related hardware as wel| as testing the program itaelf,

OPERATIONAL FACILITIES

Load and Dump Tapes

Load and dump routines allow user program tapes to be read and
dumped from a standard teletype, teletype compatible V.D.L.,
high spead raadar, high speed punch or serial line printer. Ready
and fault lamps on the front panel indicate the status of the
machine during these operations. In dump mode, the whaole o
only certain specified argas of user mamory can be punched out,

Examine Memary, I/0 Modules and CPU Registers

The user area of memory (vp 10 BK = 8), altusar YO modulas and
ail 48 internat CPU registers can be examined from the front
panel. A 14 bit address register and an 8 bit data register are used
to set and display address and data Information respectively. Ta
allow sequential locations to be rapidly examined, a speciai
increment key has also been provided,

Start Execution at Specified Address

Normally, execution of the user program starts from ling zero.
However in certain circumstances this may not be convenient
and 5o a start from address facility has been incorporated, This
allows the user to start sxecution of his program at any spacified
address in it and is controled by a special key on the front panel.
Store In Memary, /O Modules and CPU Reglaters

Data can also be written into user memory, user 170 modulas and
CFPU registers via the same address and data registers, Again, the
auto increment facllity is available to rapidly store data in
saquential locations.

—
Stop Execution at Specified Address

Execution of the user program can be stopped by cperating
MASTER RESET to return contral of the maching to the System
Maonitor Program. However as it is not possible to define exactly
where execution ceases using this method, a ‘Breakpaint’ facility
has been provided. This allows the user to execute his program
up to a specified pointand then automatically switch Into Monitor
mada whare the fill rangs of monitoring and editing facilities can
be used.

USER MEMORY MODULES

The tatal memary area of 16K is divided into 8 pages of 2K and
each page is further sub-divided into 8 modules of 256 words.
The bottom three pages, 0, 1 and 2, ara available to the user and
can consist of up te 3, plug-In static RAM or UV Erasable PROM
cards or any combination of the two. To prevent accidental
corruption of the RAM modules during development, each card is
providad with & Memory Freeze switch which effactively converts
them tc volatile ROM memory, One 2K = 8 RAM module is
normally supplied with the basic kit.

USER /0 MODULES

The top 15 modules in memory ara allocated for user as user 1O
ports. Each part ig 8 hits wide and oecupies one module address.
The microcomputer module has two 108", one of which is used
by the |PEO00 microcomputer chip but the other is available to
the user. If the user requires addltional IY0 ports, then General
Purposa /0 Modules can be added as ngcessary.

Each General Purpose I/ Moduie supports two, dual 8 bit IOB's
giving the user four, individually addressable & bit O ports, i.e.
32 bi-directional lines. Puli-down resistors fitted on the card
make the 1/O lines TTL compatibla {one load). In addition up
to eight 16 pin DIL packages can be added to the cards for usar
dasignad circuitry, Ail 1/0 lines enter the machine via sockets on
the rear panai.
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FUNCTION

DESCRIPTION

NUMBER

PAGE
NUMBER

88T
SINGLE CHIP
MICRG-
COMPUTER

The PIC 1650 MOS/LS! circuit
array 13 a hyte gnented pro-
grammable conlroller, The array
is a completa chip controlied
with an inlernal custamer-
defined ROM program specify-
ing the averall functional
charactensbies and operational
waveforms on each of the gen-
eral purpose input/output
lines.

PIC 1650

MICRO-
COMPUTER

The PIC 1664 girguitis exactly the
same as the PIC 1650 axcept
that the RGOM paortion of the PIC
1650 has been removed. Any ex-
ternal RAM or PROM can be
used tg aid in the develop-
ment of a final FIC 1850 con-
figuration.

PIC SERIES
MICROCOMPUTER

MICRO

ELECTRONICS



PIC1650

'PRELIMINARY INFORMATION

Programmable Intelligent Computer

FEATURES

u User Programmable

& intelligent Controller for Stand-Alone Applications

m 32 8-Bit Registers

m 512 x 12-Bit ROM for Program

m Arithmetic Logic Unit

m 4 Sets of 8 User Defined TTL-compatible Input/Output Lines,
® Real Time Clock Counter

® Self contained Oscillator

B Access to RAM Registers inherent in |nstruct|on

DESCRIPTION

The PIC1850 MOS/LSI circuit array is a byte oriented program-
mable controller designed to satisfy the requirements for a low-
cost, stand-alone 8-bit micro-computer. The array is a complete
chip conteolled with an internal customer-defined ROM program
specifying the overall functional characteristics and operational
waveforms on each of the general purpose input/foutput lines,
The array can be programmed to scan keyboards, drive
multipiexed displays, control vending machines, controi traffic
lights, contrel printers and ta control automatic gasoline pumps.
Since it contains ROM, RAM, 1/0 as well as the central
processirg unit on one device, the PIC1650 is truly a complete 8-
blt micro-computer on one chig,

The PIC1650 |15 fabricated with N-Channel lon Implant technob-
ogy resuling in & high performance product with proven
reliability and Production history. Only a single +5 volt power
supply |5 required for operation, and an on-chip oscillator pro-
vides the operating clock with only an external R/C network to
establish the frequency. Inputs and cutputs are TTL compatible.
The PIC1650 is supplied In & 40-pin dual-in-iine package.

Tha PIC praduct family (PIC1850 and a!l extensions) is support-
ad by an axtensive software and hardware package. The software
pachage Includes Cross Assembler/Simulator programs
designed to run on the largs maching, on time share and
minicomputer system levels. The hardware package includes a
prototype TTL Emulator Board with which the user can varify, in

PIN CONFIGURATION
40 LEAD DUAL IN LINE

Top VIPW

40 (W
B idvee
38 OJRTLCT
3T Oncue’
36 D8
35 188K Out
3a[]o7
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IRALE
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VO REG B
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FOREG G

“Astive Low Emval,

his actual system, the program in either RAM or PROM before
committing it to mask tooling. For added flexibility, the board can
be interfaced Inte the GIMINI developmental system for con-
versational capahility ¥ia a terminal with the PIC TTL Emulator's
RAM memaory. The PFIC program is stored in RAM on the PIC
Emulator board as memory a2 part of the CPiG00 micro-
processor address space. Thus, on-fine changes in code can be
implemented without the tneonvenience of reburning PROMs.
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PiN FUNCTIONS

PIC1650

Signal

Function

OSC (input)

ATCC* {input)

RAD-7, RBD-7, RCO-7, RDO-7
{inputfoutput)
MCLR* (input)

CLOCK (output)

Osciliator input. This signal can be driven by an external oscillator i a precise frequency of
cperation is required or an extarnal R/C network can be used to set the frequency of oparation
of the internal clock generator. The maximum oscillator frequency is TMHz.

Real Time Clock Counter. Used by the microprogram to keep track of elapsed time between
evenis. The maximum RTCC™ frequency is 250KHz. This register can be loaded and read by tha
program.

User programmable input/output lines. These fines can be inputs and/or cutputs and are under
direct control of the program.

Master Clear. Used to initialize the internal ROM program to address 777,. Should be held low
at least 20 us past the time whan the power supply is valid,

A signal derived from the internal oscliator. Used by external devices to synchronize
themselves to FIC timing.

ARCHITECTURAL DESCRIPTION

The firmware architecture of the PIC1850 microcomputer is
basad on a register file concept with very simple, low leval,
commands des|gned to emphasize bit, byte, and register transfer
operations. The primary purpose of the PIC is to perform logical
processing, basic code conversions, formatting, and to generate
fundamental timing and control signals tor 1/0 devices, The
instruction set also supports computing functions as well as
these control and interface functions.

Internally, the PHZ1650 is composed of three functional elements
connected together by a single bidirectional bus: the Register
File composed of 32 addressable 8-bit registers, an Arithmetic
Logic Unit, and a Control ROM composed of 512 program words
each 12 bits in width,

The Register File is divided into two functional groups:
cparational registars and general registers. The operational
registers are addressed as FO to F& (the flrst 9 of the total of 32 file
registers) and include, among others, the Real Time Giock
Counter Register, the Status Register, the Program Counter

REGISTER FILE ARRANGEMENT

{PC), and 140 Registers A, B, Cand D (RA, RB, RG and RD). The
general registers are addressed as F9to F31 and are used for data
and control information under command of the instructions.
The Logic tInit contains cne temporary working register or
accumulater (W Register) and gating to perform Boolean
functions between data held in the working register and any file
register.

The Control ROM contalns the operational program for the rest
of the logic within the controller. Sequencing of a micro-
inatructions iz controltad via the Program Counter {PC} which
automaticaily increments to execute in-line programs. Program
control operations can be performed by Bit Test and Skip
fnstructions, Jump instructions, or oading computed addreszes
into the PC. In addition, an gn-chip pushdown stack is employed
with the return address register serving as the top eiement of the
stack, This permits easy 10 usé subroutine nesting. Application of
the +5V power supply initializes the ROM microprogram 1o
address 777a.

Flle Function
FO Not a physically implemented register. FQ calls for the contents of the File Select Register {low order § bits) to
be used to select e file register. FO is thus useful as an indirect address pointer. For example, W+FO — W will
add the contents of the file register pointed to by the FSR (F4) to W and place the result in W.
F1 Real Time Clock Counter Register. This register can be loaded and read by the microprogram, Clock keeps
courting up after zera Is reached.
F2 Frogram Counter {PC}. The PC is automatically incremented and can be written into; e.g., MOVWF F2. If
cannot be read, howeaver.
F3 Status Word Reglster. Thae bits in this register can be set or cleared only by the Bit et and Bit Clear instructions; they
cannot be altered by othar comimands operating on F3.
(4) m @M a
1 |peeazloe] ¢ |
PC9: Tenth bit of PC for future use. Future ROM space of 512-1023 can be addressed with this bit set.
C (Carry): Stores the carry out on arithmetic operations, and acts as a bit link on rotate operations. This bit is set
kigh on an SUBWF instruction if the addition of f, the one's complement of W, and a 1 results in a carry.
DC (Digit Carry): Stores the carry out of low order digit on arithmetic operation. This bit is set high on 2 SUBWF instruction
if the addition of f, the one’s complament of W, and a 1 results in & carry from the low order digit.
Z (Zero}: Set if the result of the arithrmetic operations is zero.
F4 File Select Register (FSR). Low order § bits only are used. The FSR is used in generating effective file register
addresses under program control. When accessed as a directly addressed file, the upper 3 bits read as a logic "17.
F5 12 Register A {RA}
F& 170 Register B (RE)
F? 1O Register G (RC)
FB WO Aegister O (RD)




PIC1650

Insfruction Set Summary

For an osciliator frequency of 1MHz, the instruction execution
time ig 4 psec, except if a conditional test is true or if the PC
register is changed as a result of an Instruction. 1n these two
cases, the [nstructlon execution time is B usec,

In the following PIC instruction descriptions “k" represents an
elght bit constant or literal value, “f" represents a file register
designator and "d" represents a destination designator. The file
refgister designator specifies which one of the 32 PIC fils reqgisters
is to he utilized by the instruction. The destination designator

specifiss where the result of the operation performed by the
instruction is to be placed. If “d” is zero, tha resultis placed inthe
PIC W register, if "d" is one, the result is retumed to the file
register specified in the instruction. if the "d" cperand is omitted,
the f ragister iz assumed ag the destination. "f* and “d" may be
numbers, characters, or symbols as described in the PIC
Assembier and PHC Simulator instructions. “C" represents the
carry hit, "Z" represents the zero bit, and “DC" represents the
digit carry bit.

GEMNERAL FILE REGISTER {6} (5)
PERATION.
o s OP CODE 1 (FILE #)
for d = Q, § =W
d-1,14
instruction (Octal) MName Syntax Operation Stalus
000000 O 00000  {QO0DY o Operation MO — — —
0ooO00 1 S {004a0) Move W to f* MOVWF t W-f -
Q000 O fEff (0100 Ciear W CLAW -~ O w Z
Q00001 1 fffff [(3140) Clear 1 CLRF 1 O-+t z
DO0OI0 o fEFff (0200) Subtract W from f SUBWF f.d f - We-d c.bc2
000011 o TS [0300) Decrement f DECF f.od f-1—d Z
DOGi00 o fiffF {0400} fnclusive OR W and I IDRWE f,d wiyf—d Z
0001 d  FIfF (0500} AND W and t ANDWF f.d W <3 z
00010 o FfEf (0600} Exclusive OR W and f XORWF f, o Wyi—d 2
000111 o FHfE {10700} Add W and f ADDWF f.d W-f--d [of il ol
oo1gag o e {1000} Move § MOVF f.d f—d z
00100t d THff {1100} Compiement f COMF f.d t—d Z
oJoRToal 1 S i {1200) increment { INCF f d f+1--d Z
o g i {1306} Decrement f, Skip of Zero DECFSZ f d f-1-d, gkap if Zero —
001100 o fffff {1400) Rotate Right f RAF f.d finj—di{n-1}, (M- -C, C-di7} c
001101 o fffff {1500) Aotate Left f RLF f.d fni—din+1), §{71—C, C-d{0) c
Q01t10 d i {1600} Swap halves T SWAPF id HO-3)==f{4-F)--d —
001111 o ffsff {1700) incremend §. Skip ¥ Zero INCF52 f.d t+1--d. skip iF zero —
BIT LEVEL FILE REGISTER 4) (3) {5)
OPERATIONS
OP CODE |{b(BIT#)| 1 (FILE #)
Instructlan {Octal) Name Syntax Operation Status
0100 bbb fftf {2000 Bit Clear § BCF f. b Q-+t{b} —
G101 bbb fifff  {2400) Bit Bet f BSF f.h 1-f{b) —
9110 bbb i (2000) Bit Test f, Skip if Clear BTFSC f b Bit Tast (b}, skip if clear —
0111 bbb fHE [3400) Bit Test f. Skip it 3et BTFSS f.b Bit Test f(b}: skip if set —
LITERAL AND CONTROL {4) (8)
QOPERATIONS
QP CODE [ I (LITERAL)
Instruction {Cctal) Name Syntax Operailon Slatus
1000 Kkkkkkkk {4000 Return RET — 0—~W, RAR —~PC —
1000 kkkkkkkk (4000) Return and place Literal in W RETLW k Kk —W, RAR —PC -
W kkkkkkkk (4400) Call subroutine * CALL . k PC — RAR, k—FC —
10t kkkkkkkk {5X00) Go To address GOTO k k—PC —
1100 kkkkkkkk (p000Y Move Literal to W MOVLW  k k—w —
1101 kkkkkkkk {5400 Inclusive OR Literal and W ORLW K KVW—w 4
1110 kkKKkkkk (7000 AND Literal and W ANDLW  k kAW —W Z
1111 kkkkkkkk {7400) Exclusive OR Literal and W XORLW Kk kyw W z

*The 8th bit of the program counter in the PIC1650 is zero for a CAL L and & MOVWF F2. Therefore, subroutines must balocated in
page 0. Howaver, subrowtines can be called from page 0 or page 1 since the RAR is 2 bits wide. (Page 00 0-255. Page 1: 256-511).
**If X =0, the address Is {n page (; if X = 1, the addressis in page 1. The PIC assembler takes care of assigning the correct op codes.
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OTHER INSTRUCTION MNEMONICS REGONIZED BY THE PIC1650 ASSEMBLER

PIC1650

Equivalent
Instruction (Octal} Nama Syniax Operation(s) Status

0100 000 00011 {2003} Cilear Carry CLAC BCF3, 0 e
01071 000 00D11 {24083) Set Carry SETC B5SF3.0 —
0100 00t 00011 {2043} Clear Digit Carry GLROC BCF3,1 —
0101 00t 00511 {2443} Set Digit Carry SETDC BSF3.1 -
0100 010 00611 {2103} Clear Zero CLRZ BCF3, 2 —
0101 016 00011 (2503} Set Zero SETZ B5F3,2 -
0111 00G Q0o11 (3403) Skip on Carry SKPC BTF353.0 -
0110 002 00011 [3003) ZSkip on Mo Carry SKPNC BTFSCaD —
0111 201 G001t (3443) Skip on Digit Carry SKPDC BTFS53,1 —
0110 ot 00011t {3043) 8kip on No Digit Carry SKPNDC BTFSC3, 1 -
0111 010 00011 (2803) Skip on Zero SKPZ BTFS83, 2 —
0110 01¢ 60011 {3103) Skip on No Zero SKPNZ BTFSC3, 2 —
001000 1 FFf1ff {1040} Test File TSTF MOVF £, 1
OO0 O fifif {1000} Move File to W MOVFW [ MOVF £, 0
001001 1 FEfid (1140} MNeagate File NEGF, f.d COMF t 1
QIO dfffeef (1200} INCF f, d £
011000 ¢ 00011 {3003) Add Carry to File ADDOCF f, d BTF3C 3.0
Q01010 dfifif {1200} INGF f, d A
0110300 Q QDO1t {3003) Subtract Carry from File SUBCF fd BTFSG 3,0
000011 dffift (030D DECFf, d z
011000 1 00014 {3043) Add Digit Carry ta File ADDDCF fd BTFSG 3,1
Q01010d Fifif {1200} INCF f.d z
011000 1 00011 {3043} Subtract Digit Carry from File SUBLDCF fd BTFSC 3.1
ooooi1dfffif (300} DECF f.d z
101 kkkkkkkk {5=00) Branch B K GO TOK —
G110 00000011 {3003} Branch on Carry BC K BTFSC 3.0
101 kkkkkkkk (5=00) GOTOK —
0111 00300011 {3403) Branch on No Carry BNGC K BTF85 3.0
101% kkkkkkkk {52000 GO TOK —
0110 46100071 {3043} Branch on Digit Garry BDC K BTFSG 3,1
101% kkkkkkkk (5=00) GO TOK —
0111 00100011 (3443} Branch on No Digit Carry BNDC K BTFSS 3.1
101% kkkkkkick (5=00) GO TOK —
0110 01000011 (3103) Branch on Zero BZ ¥ BTFSGC 3,2
101% kkkkkkkh (5=00) GO TOK —
0111 01000011 {3503) Branch on No Zero BNZ K BTF85 32
10%% kkkkkkkk {5200y GO TOK -

it = =, address is in page 0.
if x = 1, address is in page 1.
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PIC1650

Sampie Programs

in tha fallowing program steps, .dddd means literats, In decimal form, otherwize they are In octal form.
1 OBJECTIVE: To display the fiie pointed to by F31 via 1/0 post A (F5), Assume .20 in F31 and .100 n F20.
Henca, the following program will display (100 via F5.

Program steps

Deacripiion

MOVF 31, W
MOVWE 4
MOVF O, W

MOVWF &

Maove tha contents of F31 to the working register W. After execufion W contalns .20,

Move the contents of W to FSR (F4), After executicn F4 contains .20,

Maove the contents of the file pointed 1o by FSR, that is, the contents of F20, to W. Thus W contains 100
after execution.

Mowve the contents of W to F5. Hence 100 is in F5 now.

II OBJECTIVE: To compare F31 to a constant, if equal GOTO OK, if not egqual GOTO NO.

Progtam Steps

Description

MOVF .31, W
XORLW GONST

BTFSS 3,2
GOTO NO
GOTO OK

Maove the gontents of F31 to the working register W
Exclusive Oring, bit by bit, the contents of W and the literal CONSTANT. If the are equal, all zero bits
will result in W and the second kit in the status regiater {F3) will be set.

If the second bit in F3 is one, skip the next step.
They are not equal.
They are equal.

IIL OBJECTIVE: To clear files F5 to F31.

Frogram Steps Description
MOVLW 4 WMove the hiteral 4 to the working register W.
MOVWE 4 Move the literal 4 from W to the FSR {F4). These two steps Initialize the potrter F4 to 4,
LPt INGF 4.5 Increment the contents of FSR by one. This s the same as saying that the pointer points 1o next flle.

CLRF 0.F Clear the contents of the file pointad to by FSR.

MOVLW .255 To sense the end of the file, which is F31, move the literal 255 1o working register W. The literal 255 is used
since tha top three bits of F4 are read as one.

XOAWF 4, W Compare bit by bit tha contents of FSA and W. If they are equal, the second bit in the status register {F3)
will be set.

BTF33 3.2 If they are not egqual, go back to the step labelled LP1, otherwise stop.

GQTO LP

END
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PIC1650

W OBJECTIVE: BCD to 7-Segment Code Conversion

a

f b
(S — Digit is displayed in sither 1/0 Register 5, 6, 7, or 8. F20 contains
o the 8CD numbers,
d
Pregram sleps Description

MOVLW TBLSTR ; Starting addrass of table
ADDWF 20, W . Add BCD number as offset to Tablestart
CALL CONVRT B Obtain canverted cods
MOVWF S L Move the T-segment cade to the file pointed to by the file select register

CONVRT MOVWE 2 . Move the computed address inte the PC
TBLSTR RETLW B1111110 0 in seven segment {abcdefg)

RETLW BO110G00 1 in seven segment {abcdefg)

RETLW B1t011071 ; 2 in seven segment {abcdefg)

RETLW B11110601 3 in seven segment {abcdefg)

RETLW BO110011 4 in seven ségment {abcdefg)

RETLW Bt0t1011
RETLW BOGOt1117

: 5 in sevan segment {abcdefg)
: A in seven segment (abcdefg)

RETLW B 1310000 ; 7 in seven segment {abedeig)
RETLW Bti111111 ; B in seven segment {abcdeig)
RETLW BT1110011 9 in seven segment {abcdefg)
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PIC1650

I/O Timing

Electrical Characteristics

Operating Parameters
Vo Voltage = +5 volts = 5%
Vyey Voltage = +4.75V to +10.0¥
e Current = 50 ma fypical; 75 ma max,
Temperature = 0°C to+50°
Storage Temperature Range: ~55°C to +180°C

D.C. Parametars

Input Logic *1* Vi = 2.4V min,
lnput Logic "0" ¥, = G.8V max,
mput Leakage i = 15 YA max.
Input Capacitance G = 5 pF max.
Cutput Logle 1" Von = 2.4V min. @ 100 pA
Qutput Logle 0" Voo = 0.4V max. @ 1.8 ma
Quiput Leakage lpL = =5 pA max.
Qutput Capacitance Cg = 10 pF max.
A.C. Parameters
QSC Frequancy 1T MHz
RTCC” Frequency 250 KC

LED Direct Drive

Vi drives the gate of the output bulfer, allowing adjustmant of
LED drive capability:

Vix Vour dsiie {1YP-)

SV 0.4y 2.5mA
5V 0.7V 4.2mA
10V 0.4y S.BmA
10v 0.7V 10.0mA
iov 1.0V 14.TmaA

@1

[ Y A

pol——— - 1115

SR JE VY N U

INCREMENT GATE
ADDRESS ROM EXECUTE ANSWER WRITE
FOR NEW ™ INSTAUGTION T ST0 TO 1O
INSTRUCTION: BUS
0.5, MOVE W f
WRITE TG 1Y
%%
~2uNusaEucn PIN SIGNAL
AFTER 1 VALID
INFUT
STABLE

SIGNAL

READ FROM
i
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/0 Interfacing

The equivalent circuit for an 10 port bit i3 shown beiow as it st the port and the pin gan be connected directly to a TTL pgate
would interface with either the input ot a TTL device (CPU chipis input. When inputting data thru an 1/0 Port, the port latch must
outputting) or the output of an open collactor TTL device (CPU first be set to & logic 17 level under program control. This turks
chip is inputting). Each I/C part bit can be individually time off Qp, allowing the TTL open collector device to drive the pad,
multiplexed between input and cutput functions under software puilad up by Q,, which can source abaut 100pA.
control. When outpulting thru a PIC 0 Port, the data is latchead
T T T T T T e [,
Vi i7a T oo
VKI |
1 R ||
(INTERNAL o
GATA BLS) _ b
° |
1 —_—
WRITE o l
HIMTERNAL |
BIGNAL) T G | i_'m. DEVICE INPUT
MCLR"
READ
TTL DEVICE GUTFUT
[INTERMAL
SR ’ |_{0PEN-COLLECTOHJ
10 STRUCTURE
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PIC1664

PRELIMINARY INFORMATION

Programmabile Intelligent Computer Development Circuit

FEATURES

B PIC1650 computer with ROM removed

m Useful for engineering prototyping and field trial
demonstrations

m PICTEED's ROM address & data lines brought out to pins

& PIC1650's ROM can be reptaced by extarnal RAM or PROM

PIC1650 can be single stepped or stopped via the hait pin,

DESCRIPTION

The PIC1664 MOS/LSI circuit array is exactly the same as
PIC1B50 except for the fact that the ROM is removed and that the
ROM address and data lines are brought out, resulting in aB4 pin
package. The addition of a halt pin has aiso been madse to the 64
pin package. This pin gives the user the ability to stop as well as
single-step the chip. The PIC1664 is designed as a useful tool for
engineering prototyping and field trait demonstration.

PIN CONFIGURATION
64 LEAD DUAL IN LINE

HALT ACK €——
HALT — Ko AAOD-T
ROM ADDR § <—r~< ‘2, nBOT
ROM DATA 12 ——< <= RCO-7
OSC —  p|C1e64 Ke—> RDOT
RTCG® ———>
MOLR* —-3 [ Vix
Ci.OCK <— je—— Voo
SPARE €——f e GND

BLOCK DIAGRAM

&
[
FILE SELECT <l 8
RTCC REGISTER (F4) REGISTER 0 k-3 RBO-T
W REGISTER (FSR) 2 FILE u
[F& to F31) p
b =
o | RTCC REG (F1)
@
[
ARITHMETIC | s
LOGC o e REO-T
UMNIT §
RETURAN ADDRESS 5
REGISTER (RAR} Y
[+ 4 2 LEVEL
PUSHDQWN STACK INSTRUCTION i
STATUS REGIF3 DEC&OKJE Sl os
9 > o Ml ROO-T
3 CONTROL e
PROGRAM c
COUNTER {F2) h—y =
I (PC) !
Vee £
al &
Hext o Mt RDO-7
CLOGK E} 12 u
> i1 g
o5C | GENERATOR o
Cext I | |
= CLOCK MCLR™  ROM  HALT ROM HALT
ADDR DATA AGK
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PiC Hardware

TTL PiC Emulator
FEATURES

m Provides hardware emulation of the PIC1850

B PIC program can be in RAM or PROM.

B Interface with GIMINI provides interactive debugging of the
PIC's program.

B /O Data for all 512 instruction steps stored in RAM,

DESCRIPTION

The PIC Emulator is a hardware tool useful in the prototyping
state of a product. It consists of a 180 1C wirewrap card
containing a TTL emulation of the PIC chip, a cabile terminating
in g 40-pin male plug which would plug into the FIC's 40-pin
sockat an the end product's breadboard, an interface card to the
GiIMINI Micracomputer and 2 cables between the wirewrap card
and the interface card. Thainterface card permits the FIC's ROM
program o be interrogated {if the PROM/RAM switch on the PIC
Emulator's wirewrap card is in the FROM position) or to be
interrogated and medified (if the PROM/RAM switch is in the
RAM position) via the GIMINI's front panel or via the GIMINI in
conjunction with a terminal device. Thus, with & GIMINI and a
terminal, an-ling changes in the PIC's program can be imple-
mented immediately in an interactive mode between the user and
the GIMIN! Microcomputer. The interface card also contains
512x16 of RAM to store the data present on sachof the 4 10 ports
corresponding to the iast execution of each of the 512 instruction
steps of the PIC1650. This /O history feature is quite useful In
prograrm debugging.

TTL PIC EMULATOR

-

CLOCK

BLOCK DIAGRAM e —
e I[ 1 z INTERFACE
) Ll | =
ATCC! REGISTER |F4) REG:STER : b coCNATF;?Ns
W RBGIETEH (FSR) 32 F.LE | i} h
s iF9 1 F3T) T 1¥0 HISTERY
& : i 2 MEMORY
| KTEC ARG 4F 1) =
—_ o
5 u f
AAITHMETIC =,
LOGI g
LM Ll
RETLIAM AGDRESS T
REGISTER IRAR! g
- Y-
_____ | GIMING
INSTRUCTION i i ADDRESS
NECODE S 1 TI000-T7IN
& PEEREN|
CONTRGL o= . 1FOCD
i T LoAEMING
COUNTER (FR] b | N = ,  ADDRESS ;
(PO [ | TBOLLTOTTY
9 12 l & ! i
Ver MOGLR® @ | ALLOWS PIG i
—— il MEMORY TO |
Rext PROGRAM 512x12 RAM = @ BE WRITTEN i
CLOCK RAM/FAOM "\_ g INTQ DR
oze | GEnemaTom [P P12 {GIMINI ADDRESSES . = READ FROM
Cexr 7200072777} FROM o = GIMINI

T Gkl
OATA BUS
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PIC Hardware PRELIMINARY INFORMATION

MOS PIC Emulator

DESCRIPTION

The WMOS PIC Emulator is useful for debugging a PIC
applications pregram. The card containg 512«12 of RAM, a
PIC 1650 containing PICBUG {see page 100-19), a TTY intarface
and a PIC{664. A reset butten is provided, which halts the
PIC18684 and places FICBUG in the command moda.

BLOCK DIAGRAM

'~
BIDIREGTIONAL |
BUFFERS _ I~ DIRECTION

12
sizx12 | 2,
RAM >
CONTROL
{RAW, CS}

HLT ACK
5
*
’ SINGLE-
STEP
HLT CONTROL CONTROL
PIC1664 PIC1650 U‘TJT
HLT COMMAND PICBUG 8 INTERFACE
. ADDRESS
- - 9
o DATA
71z
L
iaz Ag
USER'S 12 BIDIREGTIONAL
[Ze) BUFFERS DIRECTION
78

JO
TTY
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PIC Hardware

PRELIMINARY INFORMATION

PIC Field Demo Card

DESCRIPTION

The PIC Field Demo Card is used to demonstrate a PIC 1650's
capability in the field before commitling to masked ROM. The
card gontains a FIC16864, 2 PROMSs (512+8 organizationwith 1ps
or iess acceass tima) to hold the users program, and lugic to allow
a single-siep or free-run mode. The card terminates in a 42-pin
plug to simulate the PIC1650's pinout.

SINGLE-STEP

1

BLOCK DIAGHAM
PROM
I\
ADDRESS Y 9 12 ¥ DATA
HLT ACK
-
PIC1664
e
HLT
h M M
3 4
r ] 40-PiN
CABLE & PLUG
v
/o 1 osc +5
RTCG® MCLR*  GND

SINGLE-
STEP
LOGIC

e

S

FREE-RUN
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PICAL

PIC Assembier

FEATURES

Symbolic representation of all instructions.
iser defined six character symbols.

Qctal, decimal, hexadecimal and ASCII literals.
Expression evaluation,

Extensive assembly directives.

Full program and sortad symbol listing,
Extensive errar detection.

DESCRIFTION

The PIC assembler converts sythbalic source programs for the
PIC1850 inta suitable code. Programs for the PIC may be coded
symbelically using methods and technlques common to
assambly level coding fur conventional stored program
computers. The PIC assembler produges a binary paper tape
output which may be loaded and executed by the FIC TTL
Emulator or used to directly mask program on PIC chip,

The PIC assembler is available in two versions allowing
execution on a wide varisty of computers. Ong version, coded in
FORTRAN IV is intended tor use on popular mini-computer and
larger computer systems and time sharing systems. The other
version, coded In CP1600 assembly language executes on &
GIMINI microcomputer witiv at least 6K words of 16-bit RAM
storage.

USING PICAL ON GIMINI

A terminal and a high speed reader/punch are required to use

PICAL on the GIMIN! microcomputer system. The PIC
Assembler is first loaded via the loader command "LH". To
execute, command 'Eis typed in. PICAL identifies the varsion in
use, indicates assembly pass 1 and requasts source input device
identifications by printing “SRC DEV? [H/L}:"” The user response
with "L" (low spead taps reader, i.2., teletype) or "H” {high speeg
tape reader). Mote that all user responses are terminated by a
carriage return, The user is then requested to select the 7 lavel
tape option by the message: "7 leval? (Y/N]." If the source tape
contging valid 7 fevel ASCI| characters, the respense is Y™
otherwise the response is “MN”. Next, the assembler requests the
user to seiect a pass 1 listing option by printing “Listing? (Y/N}."”
A pass 1 program listing s compigte except for forward symbol
reterences and undefined symbol diagnostics.

Assembly pass 2 beging when “Pass 27 (Y/N}" iz printed at the
end of pass 1. The "LISTING? (Y/N)" is printed to allow the user
1o select a pass 2 lsting. Next, the device upon which the object
madule i to be punched is reguested by “OBJ DEV? (H/L/N)."
being printed. If the high speed tape punch is to be used, "H" is
entered, if low spead taps punchisto be used, “L" is entered. If no
object module is to be generated, “N" is enterad, If apass 2 listing
and object output on the low speed punch are sglacted, “DEV
CNFLCTIM ig printed and the pass 2 options again requested
because the fisting and object code cannot be mixed on the
tetetype during the same assambly pass. If object output is to be
punched on the low speed reader, the user must mapually enable
the teletype punch before entering the “L” rasponse. Since pass 2
starts when the object option is entered, the source tage must be
rapositioned on the appropriate reader hefore the option is
entered. Atthe end of pass 2, pass 2 may bererun by entering 'Y
in response to the message “Pass 27 (Y/N}: If “N" is enterad, pass
1 g reintiated, )
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A pregram assembly can be aborted by depressing the telstype
“CRTL" key while simultaneously striking the "C” key. This
causes the assembly to be cancelled and control fo be returned o
the resident maonitor.

SOURCE PROGRAM FORMAT

A PIC source program is composed of a sequence of statements
with &ach statement contained on a single line terminated by a
carrlage return character, A staternent may contain up to four
fiedds, identifled fram laft to right as fallows:
LABEL OPERATOR OPERAND COMMENT

The labal and comment are optional, while the operator is always
required. The presence and nature of the operand depends upon
individual operators. Statements should net excesad
approxirmately 50 characters so that assembled programs can be
printed on a teletype or similar terminal.

LABEL

A label is & user defined character string, used to symbolically
reference a specific location within a program. If a stetement
containg a {abel the label must begin in the first character
position in the statement. Labels may contain up to six
characters, the first of which must ba a letter {A-Z), a currency
symhbo! {§), a question mark (?) or an ampersand (&). The
remaining five optionat characters may be any combination of A-
Z, 0-8, §, 7 or &

OPERATOR

An operator follows the label field in a staternent. A statement
operator contains up to six characters and may be an instruction
mnemonic or an assembiy directive. Instruction mnemonics are
symbolic character strings which represent the various PIC
micro instructions. Assembly diractivas are symbolic character
strings used to represent certain actions periormed by the
asgembier. H a statement dpes npt contain a label the operator
must be preceded by at least ene blank space, If the operator is
the kast figld in & statement, it may be followed by a carriage
return, otherwise it is followed by the comment field.

OPERAND

An operand follows the statemant operator separated by at least
one blank space. Operands may be blank space. Operands may
be symbols, literals or expressions, When multiple operands are
uzed, they ara separated by commes. |f an operand is the last field
in a statemnent it is followed by a carriage return, otherwise it is
followed by the comment fletd.

COMMENT

The comment field is optional in all statements and must be
preceded by a semicolon(y). The contents of the comment field
are printed on the program lsting but have no effect on the
assembled program. Entire lines may serve as comments if the
first non-blank character is a semicolon. Blank linasmay be used
tu separate statement lings in order to enhance program
readability.



S5YMBOLS

A symbol is 8 user defined character string which appers in an
operand and is used to reprezent the value assigned to the
symbot by the assembler. A symbol is given a value by direct
asslgnment via an agsembly directive or by appearing in the labsl
field of a statement. tnstruction labeis are given the vahue of the
assembly location counter associated with the instruction. The
assembler recognizes the exclamation merk (!} as a special
symbat for the current value of the program counter.

LITERALS

Literals are character strings which serve as sources of data, i.e.,
cannot be changed and are interpreted by the assembler as
constants. Literals may be sxpréssed as octal decimal,
hexadecimal, binary and character and may be preceded by a
plus (+) or minug {-) to signify sign. Plus is assumed unless a
minus is present.

Octal

50000 - & = optional + or -, + assumed
o=0-7 0to 7777

Decimal

s.dddd- s = optional + or -, + assumed
= leading character
d=0-8,0to + 2047

rea [3]

Hexadecimal

s¥X'hhh’ - s = optional + or -, + assumbed
¥ = leading characters, ' = trailing character
h =08, A-F, 0to FFF

Binary
sB'bhbbbbbbbhbt’ - s = optional + or -, + assumed
B’ = leading characters. ' = trailing
character
b=0 1,0t 111111711114
Character
s'C"ar'C' - s =optional + ar -, + assumed

"o = lgading and trailing characters
< = any ASCH character

EXPRESEIONS

Arithmetic operators + and - may be used to form opserand
gxpressions containing up to six elements. An expression
element may be a uszr defined gymbol, the assembty location
counter {!] or a literal. Expression elements are separated by + or
~and an expression isterminated by acomma, carriage return or
a semicolon {;). Expressions are evaluatad from left to right with
no parenthatical groupings alipwed.

ASSEMBLY DIRECTIVES

ORG exp Set the assembly location counter of the value of expression.
FProgram assembly starts at zero by default,
Symbol EGU operand Asslgn the value of the operand to tha symbol. The operand may be a
Symbol = operand symbol, a literal or the assembly location counter symbol (1), IT! is specified
it may be followed by + or- and a literal. Note that only one level of forward
symbal refarence is allowed.

(Label) ZERO expression Zoro 4 block of storage whose length is specified by the expression. If a
label is spocified it is assighed a valug equal {o the address of the first word
in the blgck.

(Labal) DATA expr, [ expr... .expr | Generate a data word for each operand expression. The contents of each
word is set equal to the value of the respective expression. If a label is
specified it s assigned a value equal to the address of the first
word generated.

END Eng of the program, the assembly is terminated on the previous statement.
PAGE Advance the listing to the top of the nexi page.
TITLE name Use the specified six character name in the listing page heading.

PROGRAM LISTING This format permits the program to be |ovaded into suitable

The PIC assembler produces a listing of the agsembled program
containing the following fields: Line number; address; contents;
label; cpertor; operand(s} and comment. The address field

contains three octal digits {eight its}, the contents field contalns:

four nctal digits (twelve bits) and the label, operator, operand(s)
and comment fields are columnized to enhance program
readability. Each page of listing containg sixty lines and begins
with & one [ine heading. At the end of the program listing ali user
defined symbols and the number of diagnostics issued are
surmmarized.

BINARY MACHINECODE

The PIC assembler produces binary machine code punched on
papar tape formatted for loading by the CP1600 resident loader.

CP1800 microcomputer memory locations for execution by aPIC
emulator. The paper tapes are formatted into ane or more
variable iength binary records. Each record conteins a four frame
header and up to 132 data frames followed by a check sum frame.
The firgt frame in gach record containg a 001 except for the last
record which containg a 377. The second frame containg the PIC
assemnbly base address, the third frame contains 000 and fourth
frame contains the number of data frames following in the record.
The last data frame is followed by record check sumirame which
iz used to verify the data when the tape is read. Each PIC
instruction is punched in a three frame sequence which contains
001, the least significant eight bits and the most significant four
bits. Address adjustments resulting from imbedded ORG or RES
assembly directives regultin a three frame sequence containing a
000, the address adjustment and 000,
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PICAL

DIAGNOSTICS

The PIC Assembler issues the following diagnostic messages when the inglcated error conditions are detected:

SYNTAX Syntax error

LABEL Lakel illegal or missing

OPF UNREC Operator unracognized

UNDF SYM Undefined symbol referenced

CBL DEF Double or mutti-defined symbo!

MDEF SYM Daouble ar multi-defined symbol referanced
FILE REG FHia Register designator illegal

BIT NUM Bit Number designator illegal

OPRN VAL Cperand value illegal

LITERAL Literal illegel

DEST Destination illegal

PHASE Phase error, i.e., symbol has differant gefinition in pasa 2 than in pass 1
MBYNTAX Questionable syntax

FLABEL Questionable use of labal

ADR/DEST Questicnable address or destination

7USE Cuestioneble use of directive
MEM LiM PIC ROM limit exceeded
TRUNCATN Staternent field too long, truncated

USING PICAL

The PIC Assambler (PICAL) requires 8 GIMINI microcomputer
with 8192 words of RAM and a ASA33 teletype terminal or
equivaient for execution. A high speed paper tape reader/punch
may be used for available. PICAL is loaded into the GIMINI by
mounting the load modute tape in eithar the low speed or high
spegd tape reader and entering “LL" {load via low speed reader)
or “LH" {load via high speed reader} when at the monitor “§” tevel
Note that alt user inputs must be terminated by a carriage return.
When the load is completed, a loader sumimary is printed and the
monitor returns to the “$” leval. Exacution of PICAL i started by
entering "EQ" when at the “§” level.

Upon initial start-up, PWSAL identifles the version in use,
indicates assembly pass 1 and reqguests spurce input device
identification by peinting “SCRYMH/L)". The user must respond
with “L" {low speed reader) or "H" {high speed reader). If the
source tape contains valid 7 leve! ASC11 data, i.e., was punched
on a parity generating device, a “7" is entered immediataly
following the device indicator. If only a carriage return is entered
in response to the "SRC? request, controf is returred to the
resident monitor. Next, the user may select a separated tape
mode by responding to "SEP TAPES?IY/N]" with "Y' If this
mode is selected, PICAL will pause (GIMIN! halts) after each
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physical {ape segment is read {indicated by text ending with a
form feed character). When the next source tape segment is
mounted in the appropriate reader, the GIMINI START/STOP
switch is depressed, continuing the assembly process. Finally,
“LETRY/NY" is printed alowing the user to select a pass 1
program listing i desired.

it the end of pass 1 “PASS 22(¥/N)" is printed allowing the user
to elect to rerun pass 1 or proceed to pass 2. Prior to running pass
2 the saurce tape must be repositioned at the beginning. Hin the
segrmented tape mode, physical tape segments must be read in
the same order as in pass 1. Alter the pass 2 listing option is
selected, "DEVH/L/NY" is printed allowing the user to select
object tape output on the high speed punch, low speed punch or
specily no object output. If a pass 2 listing and object outpat on
the low speed punch have been setected, "DEVONFLCT™ is
printed and the options are requested again,

If object output is on the low speed punch “PUNCH ON” s
printed to remind the user to manually enable the teletypa punch.
PICAL waits untli the userenters a carriage returnto indicate that
the punch has been enabled. At the end of pass 2, "PASS
27(Y/N}" is printed, aliowinp the user to rerun pass 2 er return to
pass 1.



PICSIM

PIC Simulator

FEATURES

B Simulation of all PIC instructions.

B Accass to all PIC operational registers.

Execute, Trace and Step Modes,

Consolé — interrupt and up ta eight program breakpoints,
Real time clock simulation,

Input/output simuiation.

Execution time accumulation.

Symbaelic instruction mode,

Numeric quantities expressed in octal or decimal,

DESCRIFTION

The PIC simurator (PICSIM) is a program which simulates the
FIC1650. Programs assembled by the PIG symbolic assembleror
programs entered marnually may be quickly and easily debugged
and verified using PICSIM,

The PIC simuiator is avaitable in two versions allowing execution
an awide variety of computers. One version coded in FORTRAN
I¥ is intended for use on popuiar minicomputer and larger time
sharing systems. The other version executes on a GIMINI
microcomputer,

FICSIM executes on & GIMINI microcomputer with at least BK
words of RAM memary and a teleptype or equivalent console,
FICSIM iz supplied as a relocatable load module which is loaded
and executad using the GIMINI resident monitor. The user
communicates interactively with PICSIM using a set of
commands which are used te contro ithe simulation environment
and program sxscution,

USING PICSIM ON GIMINI

A terminal and a high spead reader/punch are required to use
FICSIM an the GIMINI microcomputer system, The PIC simu-
lator program taps s first loaded via the high speed réader by the
lovader command “LH". To execute, command "E" is typed in.
FICSIM identifias the version in use and prints gut “Command
summary? (Y/MN):" The user responses with “N", if the printout of
those commands are not required. Mext PICSIM will request the
next command to be executed by printing "Command?" To load
the object tape, "LH" is entered. PICSIM will again request
another command. The user can then enter any of the commands
described below.

COMMANDS

The foliowing commands may be entered on the console
keyboard whenever a command promipt is displayed. Numeric
guantities in commands, indicats by n, a. i, j in the descriptions
mey be entered in octat or decimal format. Decimal quantities are
preceded by a period, i.e., ".15" is decimal 15 which "15" is cetal
15, Quantitiss displayed by PICSIM are always in octal. If a
command is unrecognized Or contains an error, 277" is display-
ad followed by another command prompt. All commands must be
entered as indicated foltlowed by a carriage returm,

7 — Disptay Commana Sumrary

Bn, A-— Set program tireakpoint n {0-7) at memory address a (0-7
777

Bn — Remove program breakpoint n (0-7}.

B — Rsmove alt program breakpoints.

Cn — Continue program execution from the gurrent breakpoint.
If optional n i specified, n subsequent program breakpoints that
may he encountarad will beignored. This featura is useful when a
program loop is to be breakpointed after n executions. If the
current program was not breakpointed, the message "NO
ACTIVE BRK PNT" is issued and the cummand |s rejected.

DB — Display the currently spacifisd program breakpoints, if the
program was breakpointed, that breakpeint is preceded by “@".
If a console interrupt (CNTRL/C) caused a breakpaint
“@ C=address” is displayed. {f there are no breakpoints sat,
“MONE!" is displayed.

Pl — Display the instructions from memaory locations | to |
inclusive in symbolic format. See note 1.

DMi,j — Display the contents of memory from location | to
inciusive in dump format. See note 1.

DR — Display the cantents of the W register, the RAR (Return
Address Register Stack) and the 32 file registers. See note 1,
DT — Dispiay the acocumulated program execution time in
micrazeconds.

Ea — Execute starting at memory address a. If a is notspecified,
axecution starts at the currant PG (File Reg. 2) address. When
program execution starts, the execution time counter is zerced.
See note 3,

Fn — inspect/change the contents of File Register n {0-.32). See
note 2.

la — inspect/change the instruction at memory address a in
symbolic format. See note 2.

Lda — Load memory from device d {H=high speed, L =low spesd}
starting at address a.

Ma — Inspect/change the contents of memory address a. See
note 2.

Pdi,j — Punch the contents of memary on device d (H=high
speed, L=iow speed)} from address i to | inciusive,

Rn — Set the interrupt repetition rate to n PIC machine sycles and
activate the real fime clock counter. ’

A — Deactivate interrupts.

R7? — Display the gurrent interrupt repetifion rate.

Sa — Step the program starting at memory address a. If 3 is not
specified, stepping starts at the cwrent PC (File Reg 2)
address.

Ta —Trace program executions starting at memory address. If a
is not specified, tracing starts at the curent PC {File Reg 2)
address. 43 each instruction is executad, the contents of the PC
{program counter) is indicated by the display "@aeas", where
aasa is the current address. See note 3.

W — Inspact/change the contents of tha W register.

X — Exit to the GIMINI resident monitor,

ZM — Zarc memory.

ZR — Zero registers, (W, RAR and File Registers).

Z5 — Zero RAR Stack.

ZT — Zero the accumnutated exacution time.

MNOTES:

1. Striking consale key “C” while depressing the "CTRL" key
causes the console putput to be terminated on GIMINI Systems.
On time sharing systems the "Break™ key is used,
2. Entering /" opens the next location or register,
previous location or register.

3. Striking console Reg. "C” while depressing the "CTRL” key on
GiMINI Systems causes program execution 1o be suspended and
interaction with the user resumed. The display “ 1 C@aaaa"
indicates which instruction, i.e., aasa is its address, was about to
be executed. CTRL/C acts just like a breakpoint. Ontime sharing
systems the “Break™ key i5 used.

- ppens the
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PICSIM

INPUT/QUTPUT

PIGSIM provides for simulation of both input-and ocutput
operatlons through PIC file registers 5, 6, 7, 8 (104, |0B, 10C,
100). Whenever an instruction sample file registers 5, 8, 7 or B,

the following display is cutput on the console: “@aaaa, T=n .

LISEC, ENTER I2REG DATA:" and program execution is
suspended. In the display, "@aaaa” indicates the memary
address of the instruction, “T=n USEC" indicates the
accumulated execution time and “f* is ABC or D. Program
execution resumes after the user enters appropriate data.
Whenever an Instruction places datain file registers 5,6, 70r 8, the
tollowing display 13 cutput on the conzole: “@azaa, T=n USEC,
ICREGf=dddd” and program execution continuas. Inthe display,
"{@aaaa” indicates the memory address of the instruction, “T=
USEC” indicates the accumulated execution time, “f"is A B, Cor
D and “dddd" is the current contents of the register,

SYMBOLIC INSTRUCTIONS

Tha foligwing symbalic instructions may be enterad into memary
from the console:

NOP COMF f.d aTFss fd
MOVWF { INCF RETLW i
CLRW DECFSZ CALL i
CLRF f RAF f.d GOTO x
SUBWF f.d ALF f,d GOTOD i
DECF fd SWAPF f.d GOTO |
HIRWF f.d INCFSZ f.d MOVLW i
ANDWF 1,d BCF 1.d |ORLW |
XORWF f,d BSF fd ANDLW i
ADDWF 1,d BTFSC fd XORLW §
MOVF f.d '

where f = file register 0-37 {031}
d = destinatlon: Cor W, 1 er F
i = literal 0-377 {0-.256)
X = literal D-777 (0-.5%1)
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ERROR CONDITIONS

PICSIM detects several error conditions while simulating the
execution of PIC programs. The following error messages are
issuad as a result of the indicated error conditicns. After the error
message is displayed program execution is suspended and a
command prompt is issued.

{@aasa, Moaore than two levels of CALL ingtruc-
STK OVERFLOW!! tions hava been sxecuted.

{Eeaaa, More than two levels of RET instruc-
STk UNDERFLOW! tions have been executed.

{@aaaa, The program has attempied to read

INVALID READ OF the contents of PC {File register 2},
PCH i.e., the program courter,



PICBUG

PRELIMINARY INFORMATION

PIC Debug

DESCRIPTION

PICBUG is a debug program contained in a PIC 1650, whitch will
enable the user to debug his PIC application program contained
in 512x12 of RAM on the MOS PIC Emulator Card.

PICBUG COMMANDS

PICBUG contains the debug sommands listed below {underlined
items are typed by the user), the TTY service routines and the
ahility to terminate a lengthy disptay listing, and issue another
command prompt, by the user depressing Control C.

1. $Aa{CR): Inspect address 200
Example:
$A200{CR)
200 = 07142.(CR)
H
$A200(CR) tnspect addresses sequentially. Note that /" causes the next address to be displayed, that "~ causes
200= 071427 the previous address to be displayed and (CR) terminates activity.
201 = 10712~
200 = 0T142:{CR)
SA200{CR) Modify address
200 = 07142:0{CR)
$A200{CR) Modify addresses sequentially
200 = 0714204
201 = W20
200 = HCH)
$
2 $Rna(CRY: Jinspectymodify all PIC registers; W register is Rd0q,
Example:
$R20(CR) :Mofifying registers sequentialiy is not permitted — each registar
go = 367377 must be queriad separately.
3. SLa{CR}): Load memory contents of PHC Instruction memory from the teletype
reader, beginning at address a. If a is not specified, loading begins at the origin specitied on the tape.
4. SP.LhCR): Punch memory contents of PIC instruction memory on the teletype punch, baginning at address 1
and ending at address n.
5. $DA1hCRY: Display contents of instruction addresses 1 to h inglusive.
Example:
$DA202, 213(CR)
200 17036 17777 17776 01106 12571 Q0741 00741 00777
210 12525 06252 05252 12525 Q0000 00ac 000az Q0000
]
6. SOR(CR): Display contents of all PIC registers and W register.
Examgpie:
$DR{CR)
W 131 141 172 100 404 303 312 121
7 000 77 123 421 727 777 121 1M1
17 oo 121 515 172 200 S56 553 554
27 000 3 161 172 400 000 222 111
37 101
$
r.  $Ea(CR)k Execute program from instruction address a. By default, a = 777,
Example:
$EO{CR)
a. $Bn.a({CR): Set and execute program to breakpeint st address a. The breakpoint is automatically removed upon
execution. The program continues from the tast breakpoint upon setting a new breakpoint. If the
previous breakpoint is not specitied, the program is executed from 777,
Example: Set breakpoint 0 at address 100 and execute program from address 777, to address 100,
$B100(CR): |
8. S$T(CR) Trace {step) program one instruction at a time, Displays the contents ot the W register each time, Use

the breakpoint command 1o get to the desired starting address.
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MEMORY PART
QRGANIZATION NUMBER
RA-3-4256
256 » 4 RA-3-4258A
fA-3-42568

RA-3-4200

RiA-3-4402

4085 = 1

STATIC RANDOM
ACCESS VMIEMORIES

[S]MICRO

ELECTRONICS




RA-3-4256
RA-3-4256A
RA-3-4256B

1024 Bit Static Random Access Memories

FEATURES
u 256 x 4 Organization PIN CONFIGURATIONS
m 3ingle +5 Voit Supply 24 { EAD DUAL IN LINE
® True TTL Compatability RA-3-4256/RA-3-4256A
u Static Operation—no glocks required Top View
® 500ns Access Time: AA-3-4258 fe1 — 24
W B g 24 T Data Out 1
u 650ns Access Time: RA-3-4256A, RA-3-42568 = b 2 | data 0ot 4
» Separate Data input and Qutput Lines EEI L 3 22 proam in 4
» Low Power ZEiL 4 20 Vg (+5W)
® Three State Qutputs—under control of Chip Select :ngnals Ll ] 20 A4
®» Power Down State: BA-3-4258, RA-3-4256A B 18 3 A5
® Zener Protected Inputs Azl T 1 A8
Al 8 17 [ AF
Rwd e 16 DI ¥pp (+5v)
Gno 1w 15 IFD
DESCRIPTION Datatn 20 1 14 D Data in 3
The General Instrument HAA-3-4256, RA-3-42564 and Data Ot 2 12 13 [ Data Out 3
RA-3-4256B are 1024 bit, high-speed static random access mem-
ories organized as 256 4-bit words, Low voltage N-channel ion
implant technology resulis in true TTL compatibility from a
single 5 volt supply, and static operation. These devices are
extramely useful in small read-write memory systems for termi- - 22 LEAD DUAL iN LINE
néls, periphsrals, microcomputers, and & wide variety of portable RA-3-4256B Ton v
equipment. Op\_jew . _
The AA-3-4258 and RA-3-4256A can also utilize a back bias W Substrate ] 81 22 [ Data Out 2
substrate and split supply for appiications where a low standby ‘Data Out 3[] 2 21 [ pata in 2
power drain 18 required. These devices may be switched 1o Data In3[] 3 200 srD
the power down state under system conirel with no danger of a7l 4 19 Rew
memary storage errars. a6 s 18 A
The RA-3-42568's 22-pin package, which has a 0.4” width, per- : 4507 & 11 Az
mits tight packing density on printing circuit cards, asl] 7 B
A A-3-4256 | AA-3-4256A{HA-3-42550 NG-[J a8 jan] AEE
R . . Veg (vviJ 9 1w[&s
Package 24-pin 24-pin 22-pinh ;:m e Y
Mo, of Chip Select Inputs 2 2 1 pata out 4l 1 12 |7 e 0w 1
Power Down Capability Yes Yes Mo
Max Access Time 500ns 850ns §50ns
BLOCK DIAGRAM K 1]
DATA N 4 N e it T R - |oars, N1
ST S ] | || et ] S e B
e BUFFER PLNE | ! ] ; FLAKE HirfeRe oy
T
o> T e
a ]
! ? : : Vyp, [FLA-S-4 85642554, only)
: : - —aV¥r ouly
g e b
“2D—DO—‘ [ ] _’—;"‘—’i'—' - —aVgp
E H | Eman1t14
‘:D—Dp—‘ ! v | ¥
i — | —
DATR M 3 ] T gl cata IN 2
] (et eaeat| me : 'Eu"m%n%” e e L
DaTa U‘UTui v—=1 BUFFERS [ Pl JINF s EILIFFERS TATE LUT 2
FOR  pn LAPLITE POWER 7D MEMORY
Hl-3;425§ 1| Pl anFs,
Rﬂ-E"EﬁGII\vCE glI:}P:PIL.IIrES{ PGHER TG ALL OTHCR
i [HA-3- 4288/ 42564 only}
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POWER DOWN OPERATION

The RA-3-4256 and RA-3-4256A bring out, to separate ping, the
circuit Substrate, the memory plang supply {Voo) and the pe-
ripheral circuit's power supply {Vco). These three connections,
plus the Powsar Down input, allow extremely flexible control of
the memory during standby andfor reduced voltage and power
dissipation aperation.

In a static memory the memory cell is a flip flop ard, In order to
retain information, one side of the flip flop must be on continu-
ausly. Thus the static memory power dissipation is higher than
for a dynamic memory and technigues for reducing this dissipa-
tian whan the device is in the standby conditicn bacome attrac-
five for the systam user.

The power down pin (F'—D pin 15) isolates tha memory from the
address decoders, so that incorrect data cannot be written into
the memory when Vo is not within its specified limits. Even if Yon
is maintained by a battery, if ¥ falls in a manner such that the
R/W circuitry considers itself to be in a write mode for a short
interval of time, then false datawill be written into the memory. To
pravent this from happening, PO is driven low by a signal (Power
Down In) that senges Voo IS going below its 2llowakle range; this
is usually done by monitoring the power supply's A input
voitage. Fig. 1 shows the timing required hefore Vec fallg, to
pressrve a memnory with a battery bagkup on Vop.

To prevent miswriting a data word, the fal of the PD signal must
not intersect the RAw pulse. Otherwise, the write operation may
not be complete at a given address when PD falls. The fall of FD

Voo
A
* 478y
,,,,, "
Foa |

|—\"1H

:| I—-— 10ons Ml
¥
Vi

Eig.ta POWER DOWN TIMING

™ TRICKLE CHARGE | SILICON
% T3]

AA-3-4256 » RAA-3-4266A = RA-3-4258B E

during the R/W pulse would prevent that address {and all ethers)
from having aceess to the memory section of the device. The
axternal gating in Fig. 1b disallows PD from falling during a write
operation.

Battery backup tor Yoo can be acnomplished as shown in Fig. 2.
Tha germanium power tranststor {2M3612) 1s used here as a
power diode. For a card with 10 RA-3-4258"s, Voo would draw 2
maximum current of 500 mA, The ZN3612 would have a maximum
collector emmiter voltage drop of .25 v de at 500 mA base current,
During narmal cperation, if Ve, varied from 4.75 10525 volts, Voo
would vary from 4.5 to 5.00 volts, which is within the operating
spacification. |n the power down made, Voo would be supplied by
the 5v standby battery. The battery voltge could fall from 5v to
4.5v¢ (which would be fram 4,25V to 3.75Y for Vi, because ot the
sillcon diode} and still keep the memaory alive.

Once the memory is powered down so that the total supply
current is reduced by a factor of 2 {since Yoo = 0 and is not
drawing any gurrent), Inp can be reduced in half by placing —5
volts on Vs — pin 1. This back-blases the substrate which
reduces the current drawn in each flip-flop in the memory during
this memory hold state. The ~5 volts on Vz: can only be uzed {o
ratain the information inthe memory and must be removed (Ve =
0} before writing into or reading from the mamory.

Thus, using the power down mode and placing ~-5 voits on the
substrate, total power dissipated would be reduced 75%, from a
maximurn of S00rmW [Sv # 100 mA) to 126 mW (v X 25 mA).

POWER DOWN 1N
= TO PG
Row [TO Pine 15)

5 (TO PN D)

Fig. 1 POWER DOWN GATING

2N3E1E

3+ 5

15 21
R~ 3= 4256, 4

Fig-2 BATTERY STANDBY SCHEMATIC
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AA-3-4256 = RA-3-4256A = RA-3-4256B

ELECTRICAL CHARACTERISTICS

Maxlmum Ratings*

Voo Voo and input voltages (with respsct to GND) ... .-0.3V to +8.0V
Storage Temparature .......ooovnviinnnnnnnnns v..—B5°C to +150°C
Cperating Yemperature .....ooviiiiieeriiisnsaea., ., 0°C 10 +70°C

Standard Conditions {unless otherwise noted)

*Exceeding these ratings could cause
permanent damage. Functional operation of
these devices at these conditions s not
implied—operating ranges are specified

below.

Weo = +5Y 5% (Voo is the peripheral circuitry supply for the RA-3-4256/42584,

and the power supply for RA-3-4256B.)

Viep = 5V +10% (Voo is the memary call supply for the RA-3-4256/42564.)

Vg = GND
Operating Temperature (T,) = 0°C to +70°C
Output |oading: One TTL Load, Crrara: = W0pF

Charecteristic Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
{nput load current {all inpuis) Tin — — 10 ph Vin=0V to 5,25V
Qutputleakage current lon — — 10 17y V=40
Output leakage current luoo - — -10 KA Yinn=0.4Y
input low voltage Vi - — 0.65 ¥
Input high voltage Vo 2.2 — — v
. Cutputlow voltage Voo - — .40 W L=t 8mA
Outputhigh voltape Vou 24 — — v Lern=100A
inputcapacitance (all inputs) Cin — 5 pF f=1MHz
Cutput capacitance (all
outputs} Cunr — 10 — pF f=1MHz
Total Power Supply Current Vioes & Ve — 60 100 mh Ri-3-4256, HA-3-42564
Pawer Supply Current [ — a0 50 mA RA-3-4256, RA-3-42564,
FPawer Supply Current lun — 30 50 mé RA-3-4256, RA-3-42564,
Power Supply Current lee: — a0 100 mA RA-3-4256B '
AT CHARACTERISTICS
Access Timo RA-3-4256 Tacu: — — 500 ns
Cycle Time RA-3-4256 Torene 500 — — ns
Access Time RA-3-42584 T — — 650 ns See Timing Diagrams
Cycle Time RA-2-4258A Teyok 650 — — ng
Access Time RA-3-4256B Tace — — 650 ns
Cycle Tima RA-3-42568 Tevere 850 — - ns
POWER DOWN DC CHARACTERISTICS (RA-3-4256 & RA-3-1256A OMLY):
Power Down Sink Current Iro - - 100 pA V=04
Memory hold voltage Yon 3.76 - 7.0 v Vo=l
Substrate Power Supply Vs -5 — 0 ¥ -5V in Power Down Mode only
Substrate Power Supply
Current las — 20 100 pA Yi=—8Y, Voe=0

*Typical values are at +25°C and nominal voltages.

TIMING DIAGRAMS

el e —m e
e—i0tns MaX

i|-— —_—

READ ACCESS

— e e - . Cy
ACARESS by .1 H
INPUTS
B .
p— U —

L

% ™
. e e et e e e VL

ADDHENS
INFLTE

L 250nE MIN

OaTA
MPLTE.

b ICOAS MAK

s AN

‘ =N

g LTS AN —at

WHRITE CYCLE
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RA-3-4256 = RA-3-4256A = RA-3-4256B E

TYPICAL CHARACTERISTIC CURVES

T, = e Ty @ 254 ] LRA-3- 4356 + Ra-3-42560)
24 [ v +sv za Vg m Y -
|
1 40 foomr
A “ * '
~ | N 3 i
E A ! i £
12 d — EST — -~ . ~
d A | z 5o
§ | K , | i
s / I & ! i ' T —
T ' T I3
o - I o _l i } 1y
f 1] : [ 1] [
a ! 2 3 4 9 ' 2 3 4 [ 1 I3 'y o)
Vg, iWOLTEI Wy LYOLTS) Vg IVDLFS!
TYPICAL QUTPUT SINK CURRENT TYPICAL OUTPUT SOURCE CURRENT TYPICAL lop VS, Vss
VS. OUTPUT VOLTAGE VS, OUTPUT VOLTAGE {for memory hold during power down)
BT LTS L
] e | [ [ de
vep: 45y 1 TUATL LEaD +H00pF
. 150 irriasen e L L 1L 00— bt
; ! [ ‘ I L 1
Toq+lpg IFA-9- 4266 + Ra-3-425641 L | /l/ oI LT
7 BTN, IociRa-3-42%6a1 E i L ¢
i L opo | £ : L
L " T ! = : . L4
—- ap 1) L e i 400
Ty PR -3-8E96 + RA-3-42965 LTI | /"‘( | L1 f.m, i
L 4] o
I e S |~ SLOPE 5= 2504 104 oF
2 400 T 300
_{ i
T 1 | t
o B 50 75 I [ =00 = o =5 50 ™
™ CRRREITIE © tpFl e
LOADING
TYPICAL POWER SUPPLY CURRENT 1 (Typical} VS. CAPACITIVE LOADING Tacc V5. TEMPERATURE

¥S. TEMPERATURE
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RA-3-4200

4096 Bit Static Random Access Memory

FEATURES
®» 40961 Organization PIN CONFIGURATION
» Static Memaory-no refresh required 22 LEAD DUAL [N LINE
= TTL Compatible inputs {except CS)
B TTL Compatible Cutput
" Wire-Orable Cutput-under control of a ‘Chip Sefect’ input Top View
& High Speed: 215ng access time, 400ns cycle time S
" Low Power: typically 450mW operating, 3bmW standby Vac SV 81 2 GND
" Pin and Voltage Compatibls with Papular 22 pin 4K Ao 2 il i
Dynamic RAMs a0 3 a7
antf] 4 1946
NE[ 5 18 [¥ppi+1av)
DESCRIPTION Data in[] & 17 [ Chip Saf
Gata Gui [ 7 18 LINC.
The General Instrument RA-3-4200 is a 4096 bit static Random A0[] 8 151745
Access Memory ideally suited for memery system applications MO a 14 [Jaa
where there is an advantage in utilizing a static memory without sard 1w 13 D aa
sacrificing the hligh spcleeds thlat current dynamic memaories offer. vppirswgd 12 [
The RA-3-4204} is fabricated in GY's advanced GIANT {l N-chan-
nal lor implant process and features a fully static memory cell to
eliminate the need for any refresh or charge-pump cirguitry and
TTL compatibility except for a+12¥olt Chip Select which dynam-
ically accesses the memory.
The RA-~3-4200 is a direct replasement in pin connection and
operation for the EMA&M/SEMI 4200.
BLOCK DIAGRAM
Ag = ¥ % = VDD 412V}
! ADDRESS ROW MEMORY oAb
I | BuFFERS DECODER MATRIX e
fg oLyl ,_._) ——ENI-EM

i——— War {+5¥)
Rty ———rol MODE OUTPUT
it 1 S R gurear |

——

¥
COLUMN
BECODER

b
| ADURESS
BUFFERS

Ag
At

-




OPERATION

The 4096 static bits of memory are organized in an array of 64
rows by 84 columns. Tha memory cells are loaded or interrogated
by simuitaneously decoding the X addrass Ag through Ag for the
rows (see Block Diagram) and the Y address Ag through A,, for
the columns. Each column contains a presense amplifier, the
outputs of which are "OR-ed"” and connected to the output TTL
bufter. Each it or memory cellis a standard flip Bop consisting of
Ay, A, Q20 and Q4D with two access devices Q1D and Q3D (See
Figure 1). The load resistors R, and R, are 60 megohms typical
and connectto the -, supply. Q10 and Q3D are used to connact
the cell to the sense lines whenever the X access line is high, In
the read mode the cell pulls one of the sensea lines low from its
narmally tigh state. The selected presense circuit detects the
differentiai voltage on the sense lines and amplifies it. in the write
mode one sense line is forced low by the presense circuitand the
selocted celf assumes the state of the sensé lines.

RA-3-4200
Chip Select

The Chip Select controls the operation of the mamory, When the
Chip Select input is high the input address butfers, decnders,
sensing cirguits and output stages are held in the “off” state and
power i supplied only 1o the memory slements, Whan the Chip
Select Input is pulled low, the memory is enabled, The Chip
Select negative going edge clocks the TTL logic level addresses ,
R/W, and data input into “D” type flip fiops, and enables the
cutput stage.

Data Output

While Chip Select is high, the cutput is high impedance to aflow
“wire-or" connections. When Chip Select goes low, the output
data will ba presantsd within the spacified access time, and will
remain untit Chip Select goes high again. The output data signal
i$ specified to drive any TTL series with good noise immunity at a
fan-out of 1. Output data is inverted with respect to the input data.

R H2

X ACCESS T EIM BIM

-
+4

amie Q30

Q2 Q40

SENSE LINE A SEMSE LINE B

Fig.1 MEMORY CELL

Fang
7416
417
Tags

Flg.2 TYPICAL CHIP SELECT DRIVER

CUTPRIT
UNDER
TEST

IMZ064
ZIDDES

c5 -
AZRD
“Cap lnading 12 efect of

seyen addilignal puipies plusone TTL inpot

Flg.3 OUTPUT TEST LOAD

Battery Operalion/Power Fallure Data Retention

The memory cells (because they are cross coupled high
impedance static cells) will retain data down to Vi, = 4V,

Input Clrcuits — R/W Select, Data in and Address Input

The input signal is latched by Chip Selact and can changea aftar
the specified holg time. The inputs can be driven from standard
TTL open collector cutputs with pull-up resistors. The inpuldoes
not put any OC loading an the TTL driver.

Read/Write Mode Select
Ta WRITE, the A/W Input should be high prior to Chip Selact. Ta

READ, the R/W Input should be low prior to Chip Select. When
Chip Select goes low, R/W is latched into & register.

Brata In

During a WRITE cycle the Data In {either high or low} should be
stahle prior to Chip Select. When Chip Select goes low, R/W is
fatched into a register,

Address

Addresses should be stable prior to Chip Seflect. When Chip
Selact goes {ow all addresses are latched inte an Address
Register,
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E RA-3-4200

ABSOLUTE MAXIMUM RATINGS (See Note 1) {Referanced to GND}

T This device contains circuitry to prolecl he Inputs against
i Rating Sym Value Unit ul ge due tonigh stalic voltages or electric flelds, howaver_ Itis
| LT —-5to 415 Yo advised that normal precautions be 1aken to avoid application ol
" X - any voltags higher than maximum rated voliages to this high
; Suppty Voitages Ve t+&5t0+7 Vdc impadance cireuit.
P Wax +5t0-7 Vde NOTE % Permanent device damage may oocur if ABSOLUTE
F MAXIMUM RATINGS are axceeded. Functional operalion
InpuL & Output Voltages ) should ba restricted to RECOMMENDED OPERATING CONDL-
{Except Chip Select) Vi Vo Vi 1o +18 Ve TIONS. Exposura tg higher than recommended or maximum
Chip Select Input Voltage Vos Vaxta 4158 | Vdo volteges for exlended perinds of lime could affec! device
Power Dissipation Pr 1.6 {Note 2) W NOTE 2 ;\l 25°C ambignl Darats 12.5m WS
Operating Ambignt Teamperature Range| Tame 0t +70 °C
Storage Temperature Hange — CBS 1 H1S0 | °C
RAECOMMENDED CPERATING CONMDITIONS T = 0°C to 70°C
Parameler Sym ; Min Nom Max Unli i
Supply Voltage Voo | 114 120 126 vdc
Qutput Reterence Voltage Var 1 475 5.0 5.25 Wde
Substrate Voltage Vex | —4.5 -5 —55 Ydo
nputHighlevel | Viw 3 — 5.25 e
Input Low Level o X T O
Chip SelectHign Level : Vord | Vde
Chlp SetectLow Levet M 0 - 05 Vdo

DC ELECTRICAL CHARACTERISTICS {Full Qperating Voltage and Temperature Range Unless Otherwise Noted)

Ch Istics Sym Min Typ Max Unli Condltions
Input Gurrent SR T - T s e
Chip Select Input Current lew - £10°7 [T =00 | T p
Cutput"Low" Voliage Vo — 0.3 Q.5 YVdc lo=2.0mAFiIg.5
Qutput “High" Voltage Yo 2.7 3.5 Ve Vde 1o=500 pA Fig. 5
Qutput Current {Unselectsd) loo — —50 uh Ve =27V Vs +18Y
Suppty Current{Selected and
Averaged over oneayclel I — a6 a0 m#A, Vo F12Y
CSW=215nzac V= +5Y
TC=400nsec S ) I | S ¥e=w T
For Qther Gonditions, See Fig 3 B : Taw= r25°C
Supply Current{Unselected) Taup=4+25C | lonc - 2 __!_ _ 5 omA Moo= H12%
Supply Current (Unseleated) Tawe=+70°C| lnnu ~ | 45 |35 ma Var=-8Y |
Substrate Current lsn — ;22 \ -3 mh Vax=—5Y
Reference Supply Current I — s | 1o "y o= = 19Y
Standby Current at Reduced Voltages ) [ i
Tamn=425°C|  Ipos - o8 | 2 mA | Vemdviotsv
1 You=4V
Standby Currentat Reduced Voltages Wi =—8¥110%
Tama=+70°C Ines — 1.8 B ma Vir =0V
AC ELECTRICAL CHARACTERISTICS {Full QOperating Voltage and Temperature Range Unless Clherwlse Noted}
Characieristics Sym Min Typ Max Unlt Fig
" Chip SelectRead Pulse Width Tose 215n3 - 1ms —_ 1
Chip Selsct Write Pulse Width Tesw 215ns - 1ms — 2
Chlp SelsctRisg and Fall Time Ten Ter - 10 50 ng 182
SetUpTme ] ng 1&2
Acciss Time ns 1
Lyale Tirhé. TexTor= 10ns"{'E§—e'aH11_oEWFite‘ I The T T1&27 1
Data Hold Time : ns 142
Cutput Recovery Time I Tur 10 15 — ns 1
Read Recovery Time t Terr 150 = —_ ng 1
Write Recovery Time Towa 150 — | — ns b
CAPACITANCE {Over Full Temparature Range and Worst Case Voltags Conditions)
Chargclarlstics Sym Min | Typ Max Unii | Cuonditiona
T
' [
Input Capacitance {Except Chip Select) Cir - ] _— pF ; Vi =24y
inpui Capacitance Chip Select Ces = - — BF Vo= 10V Or v
Ouptut Capacitance Cu - 8 — pF Vo=2V
i ] Y= 12V
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TIMING DIAGRAMS
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RA-3-4402

4096 Bit Static Random Access Memory

FEATURES

B 4086X1 Organization

| Statle Merory-no refresh required

m TTL Compatible Inputs {except CS)

» Differential Cutput-two complemantary Data Qutput signals
are provided.

Wire-Or'able Crutputs-under contra!l of a*'Chip Select’ Input.
High Speed: 20003 access tima, 350ns cycle time.

Low Power: typically 400mw

DESCRIPTION

The General instrument RA-3-4402 is a 4,096 bit static Random
Access Memaory ideally suited for memory system applications
whers there is an advantage In utHizlng a static memory without
gacrificing the high speeds that current dynamic memaorias offar.
Tha RA-3-4402 is fabricated in GI's advanced GIANT |l N-chan-
nel lan Implant process and features a fully static memory cell to
eliminate the need for any refresh or charge-pump circuitry and
TTL compatibility except for a +12¥olt Chip Salect which dynam-
ically accesses the memory.

The RA-3-4402 is a direct replacemant in pin connectlan and
operation for the EM&M/SEM| 4402,

PIN CONFIGURTION
22 LEAD DUAL IN LINE

Top View
Vaxl-S¥IT] @1 22 C1GND
Asl] 2 21 [JAs
A s 20 Har
ATIL] 4 19 FAs
nod s 18 [ ¥pg (+12¥)
Data In[J & 1¥ [ Ghip Sal
Cota DUL] 7 16 [ Data Qut
A0LT & 15146
s e v [1Ad
a2 10 13 A3
NGO N 12 R

BLOCK DIAGRAM

ADDRESS

ROW
BUFTERS DECODER
Rl —'—)P }—)

MEMORY
RMATRIM

Rl W mmemcsnsms g

AUTPUT
TRANSMISSITN
GATE

COLUMN
DECODER

Ag —

Ay

ADDRESS
BUFFERS

[}

[

oo
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OPERATION

The 4096 static bits of memory are organized in an array of 84
rows by 84 columns, The memory cells are loaded erinterrcgated
by simuitaneously decoding the X addrass Al through AS for the
rows (see Block Diagram) and the ¥ address As through A1 far
the columns. Each column cantains a presense amplifier, the
outputs of which ara “OR-ad” and connected to the output stage.
Each bit or memery cellisastandard flip flop consisting of R1.RA2
12D, and Q40 with two access devices (1D and Q30 (See Figure
1}. The ioad resistors A1 and RZ are 80 megohms typical and
connect to the Vpp supply. Q10 and Q3D are used to connect the
ceil to the sense lings whenever the X access line is high. in the
read mode the cell witl pull one of tha sense lings low from itz
normally high state. The selected présense circuit will detect the
differantial voltage on the sense lines and amplify it. 1n the write
mode one sense line is forced low by the presense circuitand the
salected cell assumes the state of the sense lines.

5 ACCESS

SENSE LIME & SENSE LINE B

Fig.? MEMORY CELL

Chlp Select

The chip select controls the operation of the memaory. When the
chip select is low the input address buffers, decoders, sensing
circuits and output stages are held in the "off” state and power is
supplied only to the memory elements. When the Chip Select
goes high the memery is enabled. The Chip Select pulse clogks
the TTL logic level addresses, RAW, and data input into "D type
flip flops and enables the output stage.

RA-3-4402

Data Output

Oneof the two outputs will source current {DO for data originally
input at Vi, DO for data originally input as V. ). With the output
lad as shown in Figure 2, the voltage at the cutput sourcing
current (Vo) will approach a value batween 0.35V and 2V (typ-
ically 1V) above ground. The voltage at the other output (M) will
be below 100 m¥. A differential amplifier is used to detect the
polarity ofthe signal. A differential output of 25mV (Voo or more
is considered a valid output,

oo L [ula}
50 PF

470 I S0 PE I 470

ohrn — = Ohbm

Fig.2 QUTPUT LOAD

Battery Operatlon/Power Failure Data Retention

The memory cells (because they are cross coupled high imped-
ance static cells) will retain data cown t0 Vop = 4V, At Voo = 4V,
the: typical power dissipated is 1uw/bit.

input Clreuits — RAW Select, Data tn and Address Input

The input signal is latched by Chip Select and can change after
Chip Setect is high. The inputs can be driven from standard TTL
open collector outputs with pull-up resistors. The input does not
put any DC loading on the TTL driver,

Read/Wrlie Made Select

To WRITE, the B/W Input should be HIGH prior to Chip Select.
To READ, the R/W Input should be LOW prior to Chip Select.
Whert Chip Select is high, R/ is tatched into a registar.

Dalo In

During a WRITE cy¢le the Data In {eithar HIGH or LOW) shoutd
be stabie prior to Chip Select. When Ghip Selectis high, Data In is
tatched into a reqister.

Addrass
Addresses should be stable prior to Chip Select. When Chig
Select is HIGH all addresses are latched into an Address
Ragister,
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- RA-3-4402

ABRSOLUTE MAXIMUM HATINGS {Sec Note 1} (Refersnced to GND)

Raitng Sym | Value i Unit
1———=-] This devlce conlaing clreuitry to protect the inputs againgl
Supply Voitages Voo DA to+H15 T Yo :::rilagedue!o high static voltages or electric flelde: hawaver, itis
sed thal normal pracautlons be taken W aveid application of
Vsx 18510 +7 Vde any voltage higher than maximum rated voltages to this high
Input & CutputVoltages {except Ghip Select) | Vy, ¥y | Vsxto+15 | Vdo | impedancs clrcuil
Chip Select Input Voltage [ Veix 10 115 Vdc mﬁll‘UF;:rr;T]?mgsew::aadamags may pecur I} hBSOLUTE
Power Dissipation Pu 1.6 (Note2) w ghould be restricted to AECOMMEND OPEFMTING CONDI-
[ e - TICNS. E o higher than recommeénded of maximum
Operating Ambient Temperalure Range Tasts 0o =70 “C | vokhages for extended pericds of time could affsct device
Storage Temperature Hange Tac | -85to+150 | *C reliability. _
L Heds 20 At+25°C ambient, Derate 13.5m W C.
RECOMMENDED OPERATING CONIMTIONS T, =0"C to —70°C
Parameler Sym } Min [ Nom ; Max |: Unit
Yoo 14 2 1 e | v |
Supply Voltages o 2% | - | =5 ll v
LogicLevels: ! t
Input High Voltage [except Chip Select) Vil 3 : — 5.28 i Vv |
™7 inputiowVollage jexceptChipSaiect | Vo | o = 07 I ¥ i
| __ChipSelectHigh Voliage Ven Von . ¥oottV \hm+2\.l’ : v |
Chip Select Low Yoltage Ve, i | i | v 5
DC ELECTRICAIL CHARACTERISTICS {Full Qperating voltage & temperature rangs unless otherwiss noted)
Characteristica Min Typ Max Unit
input Current (except Chig Select) Viy = 5.0V {V, - 5 2B ph
Vo = 08Y (Ves = Vou) {ir — -5 25 wh
Unselected Input Current (Ve: — Vo) ¥ = 2.4V I - 5 25 A
| Chip Select High Input Current, DC (Ve —12V) 4 e | = |30 1. 40 mA
Chip Select High Input Current, {Puise Peak) |
Wes=12Y  Tew = 25ns fcr — 70 -~ ] __mA
Chip Select Low Input Current (Ves= 1) [ let — 2 3 ] ma
Supply Current, {Tawe = 25°C, Vop, Vix | Unselected [ Mo, 25°6C — 1 5 ' ma,
= nominal; atl ¥l = max V,: DO, DO {Chip Select= 0V} lppu 7070 — 3 15 ma. Ai
terminated as shown in Figure 2) T3xu — 2 -3 mh '
Selected . |
Chip Select = 12V, ’-—,—' 2 = 1_?25 ! 2_2:'35 ::
50% duty cycle
Standby Current at Reduced Voltages  25°G - loos - 5 1.8 ma
Von = 4V, Vix — 3V, Vs = OV o T s — 15 5.3 mA
Substrate Current at Reduced Voitage  25°C Ves=0 : A e _"'-1
¥8X=-3 lsxs — 1 -15 mA
Output Low Voltage Terminated par Figure 2 Ty = 1usec Wi — o] i v
Qutput High Voltage Terminated per Figure 2 Tesgs = tusec Yor 35 1 2 v
Qutput Disabled Current Ver = OV, Vo = 2V e 10 - ] -0 ph
AC ELECTRICAL CHARACTERISTICS (Full Operating Voltage and Temperature Range Linless Otherwise Noted)
Characteristice ’ Suyrn - Min | Typ Max Unit
Ch ﬁ}_iect Read PuisaWidth Tesn 200 [ — L] ns
ChipSelectReadRecovery Time | ™ Tem | 125 | — |77 =& 7 [""Tag |
Chip SelectWrite PulseWidth Toow . 200 - e “ns
Chip Select Write Recovery Time 126 — = ng
Chip Select Rise Time — ; 10 50 nE
[ ChipSeisctraTime e - N A S S
-_WSE? UpTIl.';'le—“_‘_“I“ T 14 — | - ng
S 50 i — ns
L [ Access Time {Ten=10n8) : T — — 200 ng
CycleTime (Read or Write, Tee =10ns, Tee= ‘IGns]‘ Te 350 — — ns
DataRecovery T T 10 15 — s
CAPACITANCE {Gver Fuli Temperaturs Range and Worst Caae Voltage Condltlons)
Characteristics ; sym | Min ) Typ Max | Unit ¥
Input Capacitance {except Chip Select) o
_ S - ] - .l._._PpF
' ChipSelect npui Capagitance Ces - - T T S pr_
Cutput Capacitance (Vo=2.0V. Ve =0) Co - 5 — pF I
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TIMING DIAGRAMS
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MEMORY PART PAGE
BITS ORGANIZATION NUMBER | NUMBER
ER2050 122
512 32718 ERZ051 122
4 024 556 % 4 ER1105 124
i 1400 100 ~ 14 EA1400 12-9
ERzaD1 1212
ERZA01A 22
4096 1024 4 o T
ER3401 1218
ER2800 122
8192 2048 x4 ER2805 12-22

ELECTRICALLY ALTERABLE

READ ONLY VMIEMORIES

[=]

MICRO

ELECTRONICS




ER2050 ER2051 -

512 Bit Electrically Alterable Read Only Memories

FEATURES )

® 32x16 Organization PIN CONFIGURATION

= 5-Bit Addressing -

» TTL Compatible 28 LEAD DUAL IN LINE

= Chip Selsct Top Wiew

» Word Alterable mcler —  afioe
® 10 Year Linpowered Date Storage par] 2 27 O s
B 105 Acoess Time (ER2050) ol a 20 a2z
m 3us Acgess Time {(ER2051) - pad s 26 0 ¢

B Write/Eragse Time 100ms/ward (ER2050}, g: g ; :: g ::e (-28¥;
, Somstword (ER2051) wiowdr  mp

- upplies ) proa s
_® No Voliage Switching Peguired paCla A
NOTE: Use ER2051 for all new designs, [N = ] 183 a0
fogn 8 I Clack

DESCRIPTION o o v 7 0 ves fo5v]
The ER2050 and ER2051 are fuily decoded 32 = 1€ electricaily oz g1 w0 o5
erasable and reprogrammable ROMs. Write, erase, and read oA e 15 1 oid
voltages are switched internaily via a 2-bit code applied to C1 and

c2.

Data is stored by appiying hagative writing pulses that selectively

tunnel charge into the oxide-nitride interface at the gate insulator

of the 512 MNOS memory trangistors. When the writing voltage is BLOCK DIAGRAM

removed the charga trapped at the interface is manifested as a

negative shift in the threshold voltage of the selected memory 1 £z o5
transistors. g 4 &
Two TTL compatible controd pins switch voitages internaily for ] GONTROL LOGIC l
write, read and erase control, l i ’L
OPERATION o

MEMORY

Data is stored in a two transistor memory celf. After the call Is e o maTA oo e cLuax
preconditioned by an erase signal {which lowars the threshold of ' CONTROL " ™
both transisiors), data is written Into one of the transistors : woTRUT

lowering its threshold. A sensing flip flop is uged to read the e BLFFER

memoty cell and presents a logic high or low to the output o

dapending on which transistor is “written”. B

It is important to nota two things: first, that 2n erase is required 1

before a write to precondition the call, and second, that after an A A A2 KD AE
erase, both transistors will have the same threshold voltage and

valid data will not be present at the cutput.

PIN FUNCTIONS

i ioa 5-Bit Word Address
Do-Dns Data input and output pins
[vi] Chip Select. Ghip selected at {ogic "1, When chip select |5 at logee "U7, aulputs are opan circuit, read, wrile and erasa
are disabled. Power i$ reduced.
o, C2 Mode Comratl Inputs
<1 oCE

1 1 Hold 8Mode: output data from grevious read aperation stored at output pins. {For the ER2050 only. This code
i “read mode" for the ER2051).

0 1 Erase Mode: stored data Is erased at eddressed location,

1 0 Read Mode: addressed data read after ¢lock pulse. Gutput data retained at output pins until next read operation.

00 writa Mode: input data written at addressed |gcation. Clock not required.

HOTE: Care must ba exarcised ta ansure that G5 is held at lpgic “0” during power up or pawet down to protact ail
addrassgs from spurious writg or erase [nputs.

CLK Clock Input. Pulsea to Ingic “1" far read gperatian, Tha clock may ba repetitive or may simply ba pulsed whan dataisto be

read, When lhe clock is repetitive the ER2050 shouid be maintained in the standby mode when dala is not being read, as

every clock pulse will constituta a read operaiion. When the clock is not repetitive data witl remain valid for 20 1o 60

seconds; Lhe cutpuls will than bacoms open circuit until another clock putsa is received. The ¢lock should not be

repetitive for the ERZ0S7.

Vae Substrate supply. Normally at +5 volts.
Val Gripund [nput.
Vos FPower Supply Input. Mormally ab -28 walts.
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ER2050 m ER2051

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

All inputs and cutputs (with respecttovss) .......... =35V to +0.3Y "Exceeding these ratings could cause
Storage t@mMpPeratura oo oiii i -65°C to +150°C permanent damage. Functional aperation of
Soldering temperature of leads {10 secands) .. ..o ooveeentn. +300°C this device at these conditions is not
implied—operating rangas are specified
Standard Conditlons {unlass otherwise noted) beliw. 8 9 g P
Van = +5YI15%
Vg = -28Vi5%
Vo = GND
Operating Temperature (T.)= 0°C to +7DC
Quiput Load = 100pF, 1 TTL load ER2050 ER2051
Characleristie Symbol Min Typ** Max Min Typ** Max Units
DC CHARACTERISTICS
Input Logic “1" Vi Veg -1.5 — Vs ¥03 | Ves-15 — Vgs +0.3 Volts
Input Logic "0" Vi -10.0 — +0.8 ~10.0 — +0.8 Volts
Cutput Logic 1" Vor Vg ~1.5 - — Wge -15 - - Volts
Cutput Logic "0" {lgL = 1.5mA] Vg - — +0.8 - — +1.8 Volts
Power Supply Current
Read . fae - -1.0 -8.5 — — -13.8 ma.
Write lag — 6.0 75 — — -10.3 mA
Erase lza — -4.0 -5.5 - - -10.2 A
AC CHARACTERISTICS
Access Time tase —_ 6.0 10.0 — — 3.0 usec
Clock Width tow i — 20.0 2.0 — 200 HEEC
Write Time b 100 - 200 50 — 200 msec
Erase Time ts 100 — 200 50 — 200 msec
Address-Clock Time tec 100 — — 100 — — nsec
Write/Erase-Address Time toe 1 —_ — 1 — — neac
Address-Write/Erase Time taw 50 - - 50 — — ngec
Clock Period tc 104 — — 35 — — uses
Data Setup Time tas 50 - - 50 — — jal-t
Data Hold Time tan 50 — — a0 - n nsec
Number of read accasses/’
ward between refresh Mpa oM — — 1" — — —
Number of times word may
be rewritten My — — 10 — — 108 —
**Typical values are at +25°C and nominal voltages.
TIMING DIAGRAM ) o, . ) _
ERALE WIRITE Hal HEAL HGLO HEALD ENAsE WTE
e ks

lnietd

L I 0 r t | !
’ I

: ‘ace —me b oo s | !
Toh ] f— Lo bl o] p—
(I [

*Hira madi Par 2050 only When wses with 1w 2051 205 mude 0T 302 - 8) & UBS 8 6 Rk khode WIth 40 Gy Luler s cordilen no Asac
wrll oEcur.

|

i I +
| .
f
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ER1105

1024 Bit Electrically Alterable Read Only Memory

FEATLIRES

w 256 x 4 Organization

w 5-Bit Binary Column Address
w One of B Ling Row Address

u Electrically Erasable by Row

m Elzctrically Reprogrammable
= 10 ma/4-Bit Word Write Time

PIN CONFIGURATION
24 LEAD DUAL IN LINE

8 2 us Access Time Top View
m Minimum Data Retentlon: 200x10° Vs 12y e~ b Data (/04
Read Accesses/Word between Refresh Deta a1 O} 2 23 1 pam o 3
= Chip Select Input DetaliQz O] 2 22 11 Writs
w Unpowerad Nonvolatile Data Storage—10 Yoars ey 2113 Ginek 2{$)
NGO S A Clcnkl(qh.)
Yoo (-12v) O & 1% [0 Rs
DESCRIPTION mo 7 18 3 Re
Rzl 2 7 A7
The ER1105 iz a 256-word by 4-bit, electrically erasable and Ral] 9 w0 Ra
reprogrammakie ROM that takes advantage of the unique pro- R4 O 10 180 As
perties of P-channel MNOS technology. Data is written into the Ao n 140 A3
device by tunneling a chargs into the oxide-nltride interface at A1 DR B QA2
the gate insulator of MNOS memoery transistars. This is accom-
plished by applying a-24 ¥ , 10 ms rowinput pulse. The resulting
charge trapped In the gate nsulator causes a change in the
threshold voliage of the memory transistors that iz sensed
duting subseguent readout. Data is erased by applylng a +30V,
100ms pulse fo the row inputs. There are & blocks of 32 wordsx4
bits, each block being separately elterabie, -
BLOCK DIAGRAM Writs
ROW ADDRESS ?
INPUT ‘
e metnos oo ces 1o ] T’ |0
Selacted [T Driver
o
1 T +=
T Outpur
2G5 MNOS Storpge Delis 1 Diimr 0O
v}
a 1 T | infOut
i —
356 MNOS Storege Calls [|—»| %':‘,,f:‘ Loy
.
[ =
™ Output
266 MNQE Storage Calla —=1 Orivr |—C
Lo
1of 32
Sabacted |
- Column Add
o o1 Decods Cirouns
Colurmn Address
Binery Input




ELECTRICAL CHARACTERISTICS

Maximum Ratings*

ER1105 E

Supply voltage (Woo) relativeto Ve . . . . . . L L L +0.3 to =30V
Input voltage (excapt row input) relative to Ve, . . . . . +0.3V to -30V
Fow input voltage relative toVss . . . . . . . . . . ., +35Y {0 -35¢ ‘Exceeding these ratings could cause
Operating ambient temperature . . . ., ., . . . . -25°Cte+70°C permanent damage. Functional operation of
Storage tempsrature. . . . . . . . . .. .. ... -B5°C to+150° C tnis device at these conditions is not
Sctdering temperature of leads (10 seconds) . . . . . . . . . +300° C implied—operating ranges are specifed
Thermal resistance chip to ambient . . . . . . ., ., | a0 C/watt below.
Power dissipation . . . . . .. ... . oL 0L 500 mwW
Standard Conditions {unless otherwise noted)
NOTE: This data sheet assumes negative logic.
Vs = H12V15%
Voo = -12¥+6%
Qperating Temperature (Ta) =-25°C to+70°C
Characteristic Symbol Min, Typ'© Max Unils Conditiong
DG CHARACTERISTICS
Input leakage current (ail
IMputs except row inputs) Iin _ — -1 A at ¥,..=-15V, all other pins
grounded, T,=+25"C
Aow input leakage current le — — -1 fres at Vin=130V, ail other pins
grounded, Ta=+25°C
Input load current {all Inputs
exeept row inputs) In — — -20 res at ¥\,=-27V, all other pins
grounded, T,=+25"C
Vro power supply current b — -8 -12 mA at Vo relative to
V24V T.=125°
dnfd input high voltage Vangh Wau—1.5 — V0.3 W
i input low voltage Vg Vi _ Vu—22 v
Read Cycle
Column address and chip select
input high voltage Wim Vee=1.5 — Varr00.3 v
Column address and chip select
input low voltage VL, Yoo — V—9.0 v
Row input high voltage Wi Vs—1.5 — Vet 0.3 Y
Row input low voltage Viez Yee—13.0 — Ve—10.0 Y
Data output high voltage Yo VYs—1.0 — Vi—0.5 1Y Riosc=6.8K returned to Voo
Data output low voltage Yo Vo — — Y Reoan=68.8K returned to Yoo
Erase Cycle
Row input high erase voltage Viae Vst 28 — Vs +32 W
Write Cycle
Col. add.. C8, and write
input high voltage Vim Ya—15 _ Vart0.3 Y
Gol. add., C3, and write
input low voltage Yus Wius — V—0.0 Y
Row input kigh write voltage Yina Vou—15 — V03 v
Row input low write voltage i Vi—26 — W22 Y
Data in high voitage Vinn Viu—1.5 — Vi +0.3 v
Data in low voltage Wi Yun a Vi—22 v

**Typical values are at +25° C and nominal voltages.
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. ER1105

ELECTRICAL CHARACTERISTICS

Characteristic Symbod Min Typ™ Max Unlits Conditiona
AC CHARACTERISTICS
Read Cycle
Access time ta - - 2.0 ué Rroap=6.8K 10 Vup Croap=20pf.
Cycle time te 3.5 —_ _— us
& pulse width e 05 — — us Rise and fall times <100 ns
&; pulse width ten 0.5 — —_ us Rise and fall times =100 ns
Column address change to row
inpui rise gelay tm 07 — _— e
o fail to row input rise delay toz 0.0 — — ug
Row input rise to ¢ rise delay i 0.3 — — us
¢ rise to data output delay tr — 0.4 us RLoan=6.8K 10 Voo, Croan=20pf.
Row input fall to ¢ rise dalay ti a0 —_ us
& fall to &, rise delay i 0.0 —_ — us
Row input fall to column
address and/or O8 change
delay tim a0 — — u
1, chip select, and colurmn
address overlap ton 0.2 —_ us
¢n and row input overlap trna 0.2 — — us
Row input pulse rise time ki 0.5 — — us
Number of read accesses/word
subsequent to data being .
written M 200x10° — -
Erase Cycle
Row input erase pulse width te 100 — — ms
Wrlle Cycle
¢ pulse width teh 05 - — S
Row nput write pulse width tw S 10 15 ms
¢ fall to row input write
pulse rise delay toa oo -— - 123
Colurmnn address change to row
ihput write pulse rise delay o o7 - - s
Qata input change to row input
write pulse rise delay i 0.0 —_ — us
Row input write pulse fall to
¢n rise delay ton 0.0 - - 7L
¢ and write input overlap toes 0.2 — — s
Number of times werd may
be rewritten Nue — — 1x10°
Capacitance
Row input capacitance Cr 32 ar 42 pf
Column address capacitance Ce — 5 7 pf
Write input capacitance Cw — 3 7 pt Y=V Yolts
¢ capacitance Can — 3 7 pf =1 MMz
¢n capacitance Cn — 2 7 pt All other pins grounded (V)
Data In/AQut capacitance Cp - 4 7 pt
Chip Select capacitance Cs — 5 7 pt

128
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ER1105 E

TIMING DIAGRAMS

wirlte =17 Wrta 0" i

S— l .r

Write ¥iHa I j m I[I .f,.-"f';-l.-" \\\‘
Vies | i N | f LTI iy
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1har Ayl | !
:::: ! 4 I [ s ! Teaudition
™ a1 tp1 Output
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Viug ! A i 1 D16 [ D10 for ' !
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e it Ly
ViLE ! | | N |
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Fig.1 ERASE AND WRITE CYCLE
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LT RS I \\ J
+ A |
Flg.2 READ CYCLE
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ER1105

APPLICATION EXAMPLE:

Figure 4 illustrates a 1024-word by 4-bit memory implementation employing four 1105 EAROM's in a wire-OR'd
configuration. Each row input is driven by individual external row driver girguits, shown in figure 5, Erase voltage
and write voltage, required as inputs to the row driver circuits, are generated by the circuits shown and nsed be
implemanted only once per gystem (as indicated In figure 4) uniess selective erasure by row is deaired.

Write
Clprailt

Erase Dirruit

FOmat 5
,/ Raw Deracrs
e,

—
'
8

ER110G ER110&

ER1105

ERT1S

P
#0—]
2 o—

Flg.4 1024 WORD X 4 BIT MEMORY

2l o]

mzv Ry -
"INt
Brmwen
By TrL
ZN43EE
. Eraa
Eraw O——Mr— o g_uhs
o
Erase
ERASE CIRGUIT Aaalty
Hipurt
~5Y GNE
? Faw 7,
y Drive
Mirste
£ Wodmy
hd Dutgan
Write
Write
T Wolts Cr
- volinges
e it = #0f 110s Druea
Assumn
Weg = HIV

WRITE CIRCLHT [»)
13

ROWDRIVER CIRCUIN

Flg.9 SUGGESTED ROW, ERASE AND WRITE CIRCUITS
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ER1400

1400 Bit Electrically Alterable Read Only Memory

FEATURES
PIN CONFIGURATION
w100 Word « 14 bit arganization Standard package Special order package
& Word alterable 8 LEAD TO-99 8 LEAD TO-8
& 10 years unpowered data storage
& Write/Erass time 100ms/word
N Single -35 volt supply
B No vpltage switching required Bottom View Bt View
W MOS compatible signal levels

DESCAHIPTION

The ER1400 is a serial input/output 1400 bit electrically erasable
and reprogrammable ROM, organizad as 100 words of 14 bits
each, Dalz and address are communicated in serial form via a
ong-pln Ridirectional bus.

Addressing is by two consscutive ong-of-ten codes. ; 3‘“ o : S"’“k
. Wiy L1

Mode selection is by a 3 bit code applied to C1, C2 and C3. 5 Vg 7 G2

Data is stored by internal negative writing pulses that selectively 4 Vag 8 c3

tunnel charge into the oxide-nitride interface of the gate insulator
ot the 1400 MNOS memory transistors. When the writing voltage
is removed the charge trapped at the interface is manifested asa
negative shift in the threshold voltage of the selected memaory
transistars,

BLOCK DIAGRAM

14 BITS oatha REGISTER H

N DATA
s
L)
E — BU’FFEH —‘“>
¥ MEMOEY
ARAAY
n DATA FLOW
5] 10414
5]
2 READ MODE  K——
WRITE
2 DECODE K———Ca
A ERASE LOGIC [E—0C;
5]
B
R
E
8
8 DECODE ‘
CLOCK CLOCK
[= 1= e—

UMITS ADDRESS K——

10 RITS
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E ER1400

PIN FUNCTIONS

Pin No. Name Function

1 Data In the Accept Address and Accept Data modes, this pin is an input
pin for address and data respectively. In the Shift Data Out mode thig
pin is an output pin dasigned to drive MOS. in Standby, Read, Erase
and Write, this pin is left floating.

2 W Used for testing purposes only. Must be lett unconnected
for normal operation.

3 Vs Chip substrate. Normally connected to ground.

4 Vean D supply. Mormally connectad to -35% volt supply.

5 Clock 14KHz timing refarence. Fleqtl;ired for all operations. May be left at logic
zero when device is in standby.

5,78 ¢1.02,C3 Modea control pinz. Their operation is as follows:
¢t G2 8 Function

Q a 0 Standby - contents of Address and Data Reqister
remains unchanged. Qutput buffer is left floating.

0 1 1 Accept Address - Data presented at the 1/0 pin s shifted
into the Address Register with each clock pulse.

1 0 0 Read - The aridress word is read from memory into the
data reglster.

1 o] 1 Bhift Data Qut - The gutput driver |s enabled and the
contents of the Data Register are shifted out one bit
with each clock pulse.

0 1 0 Erase - The word stored at the addressed location is
arased te all zeros.

1 1 1 Accept Data - The data register accepts serial data
presentad at the /O pin. The Address Register
remains unchanged.

1 1 a Write - The word contained in the Data Begister is
written into the location designated by the Address
Register.

a ol 3 Mot Used

ELECTRICAL CHARACTERISTICS
MaxImum Ratings*
Al inputs and outputs
{exCept Voo | with respect 10 Vag - ovoeonnn ns ~20V Lo 10,3V "Exceeding theze ratings could cause
Ve With respectto Ves ooovivini oo -40 permanent damage. Functional operation of
Storage temperature {No Data Retention) .. .., -65°Cto-150°C this device at these conditions is not
Storage temperature {with Data Retention) implied—operating ranges are specified
Operaling ... ... -25%tg 175°C below.
Unpowsared ... ... ... o 657 Cto180°C
Stendard Conditions {unless otherwise noted)
Vss = GND
Veo= -38Y - 8%
Operating Tempsrature (Ta) = 0°C to ~70°C
Characteristics Symbol Min Typ™" Max Units
DC CHARACTERISTICS
Input logic 1" WIL Y150 — Vs -8 Waolts
fngut loguc: Q" WiH Vas-1.0 — Vis-0.3 Valts
Qutput logic "1™ WOL — — Yis-12.0 Wt
(¥ meg, 100 pf load)
Qutput logic "0” YOH Vs -1.0 — Vas—0.3 Wolts
Power — — 300 miy
AC CHARACTERISTICS
Clock Freguency fip 112 14.0 16.8 KHz
Write time tw 16.0 200 244 ms
Erase e 18.0 200 240 ms
Rise. fall time tr. tf — — ta 73
Propagation delay tpw — — 200 Hs
Unpowered non-volatile data storage Ts 10 - — ¥oars
Number of erase/write cycies Ny = - e -
Mumber of read accesses betwean writes Maa 1 - — —

**Typical values are at +257 G and nominal voltages.
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TIMING DIAGRAMS

# i}
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1 - 0
1
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T Ed
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1 : 1| 1
l
c3 T 7 | - o
ﬂ : : = 0K TO CHANGE MODE 1
| |
& — r Fig.2 READ
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DATA I‘l ;
1ouT) I |
e tew Lpw ——=y [
:---7 14 CLOGCK PERIODS —M-HI
Fig.3 SHIFT DATA OUT * dpipEplpipEnlulplyln i
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1 ¥ {
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cZ —I o
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| __l 1
[ te
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*Output data changes on the positive-going o i
clock edge. Data and address inputs are ! y —I_ ]
shifted an the negative-golng clock edge. o) 0
| t [

&

Fig.6 WRITE
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ER2401 ER2401A

4096 Bit Electrically Alterable Read Only Memories

FEATURES

m 1024 x 4 Organization

u 10-Bit Binary Addressing

| 2 Chip Select inputs

s Electrically Reprogrammeabig

= 2 ps Access Time (ER2401A), 2.4 ps (ER2401)

& 20 ms/4-bit Word Write Time

m 100 ms Simultanegus Erasure of All Data

= Minimum Data Retention—2 x 10'" Read Accesses/Word

Between Refresh
B Three-State Qutputs (Strobed on ER24(1)
» Unpowered, Monvolatile Data Storage—10 Years at +70°C
m Control, Address and Data Inputs TTL Compatible
NOTE: Use ER2401A for all new deasigns.

DESCRIPTION

The ER2401 and ER2401A are fully decoded, 1024 x 4-bit
electrically erasable and reaprogrammable RCMs utllizing
second-generation MNQS epitaxial processing technology.
Datais stored by applying negative writing pulses that selectively
tunnel chargeinto the oxide-nitrlde interface at the gate insulzator
of the 4086 MNOS memoery transistors. When the writing voltage
is removed, the charge trapped at the interface ismanifested as a
negative shift in the threshold voltage of the selscted memory
transistors.

PIN CONFIGURATION
24 LEAD DUAL IN LINE

Top View
Ly

Clack 1l{¢1) C{#1 24 [ Yoo
Vs [(+5W) O 2 23 [ va
#5743 2z (1 c51
vee [ 4 21 B oae
mOs 20 [ A%
kN miy: 12 a8
v 15 1 A7
mda 7 [T A8
wQe 18 [ A5
¥a ] W0 15T Ad
arn 14 A3
a1 012 130 A2

* HC on ER240A.

Stored data may be accessed a minimum of 2 < 10" times without
refresh and is non-volatile in the unpowsered state In excess of ten
years. Data is erased by applying a Vg-28VY pulse to the erase
substrate of the device. Data can be erased and rewritten uptc a
maximum of 10f times. All outputs are at logic high when the
device is in the erased state.

BLOCK DIAGRAM
g [ g g
H——-
Vopl————
VagO——————= Calumn Address
Dogode Cirouts
VEEQ——— = {
[¥Ye . *
Ag O—n - = -
A, (}_-' .
’ L8 : 2 5 & =
£z | s & 3 || 53 =%
Ag—wl L E i A= &= &z 5
24 i == = = - =
TE ! g g2 e 4
Ag0—w 232 i BE £ 2E 2E
ez | ! 2 - 2 2
Ay O] H
1
1
A O L |
oe T
L1 o SO Sen:e F_|__, Sunic FF Senze FFl o] Sen;e FF
crie |7 autaut [ cutnw output [ Cuiput
Selec: Driver - Jrives Drver [ Drivar
Cirgil T (L (L
C!) é Q
oS, Gy ST il Dy Ty By
*Only an ER20T.
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ER2301 & ER2401A

ELECTRICAL CHARACTERISTICS

Maximum Ratings”

Al inputs or outputs relative 10 Vs . . . . . . . . . . . +0.3V to -30V ‘Exceeding these ratings could cause

Operating ambient tamperature . . . . . . . . . . .. C°Cio +70°C permanent damage. Functional operation of

Storage temperature . . . . . . .. ... ... -B5°C to +150°C this device &t these conditions is not

Soldering temperature of leads (10 secongs) . . . . . . . . . +300°C implied—opperating ranges are specified
below,

RECOMMENDED OPERATING CONDITIONS, T, = 0°C to +70°C

Erase Mode Wrile Mode Read Mode
Symbol Par t Units
Min Typ Max Min Typ Max Min Typ Max
Yoo Supply Voltage 475 Was Wust(0,2 | V29 Vig-28 V527 Vss-20 Vse-19 V=18 v
Vs Substrate supply
woltage 475 50 525 4.75 5.0 5.25 4.75 5.0 5.25 v
1Y Memory voltage — Was —_— V29 Vis28 Vs 27 | V105 V10 Vi85 W
Ve Reference voltage — Wz — Vs Ve Wes Va-20 Vo199 V=18 v
Veeur Erase substrate input
high Wa-0.4 Was Vet 0.3 | Vse-0d Vs Vart0.3 | Vie-0.4 Vs Vot 1.3 v
Vew Erase substrate Input
low Voe-28  Ve-28  Wee-27 Not Applicable Not Applicable v
Yy Whrite control input high| Vss-1.5 Was Ves+0.3 | Vis-15 Vss Vest03 | W15 Vs VutD.3 y
WL Write control input low | W29 — Vs-d.d4 | Vi-29 — Vaz-4.4 Not Applicahle W
Van o input high voltage — Wz - Va8 Vs Vest0.2 | Vss-0.B War, Vsst0.3 W
Vi ¢y input low voltage Mot Applicable Vo209 V28 V27 Wer-28  Wes-19 V18 v
org Strobe input high
voltage — W — Not Applicatle V=1.5 Wss Vs t0.3 v
*Were Strobe input low voltage Not Applicable V28 Va8 Wee27 | Va-25 V19 Wis-18 v
Vin Address and GS input
high Don't Care V1.5 Vss Wertl3 | Vae-15 Vs Vet 1
Vi Address and CS input
low Don't Care Vou - Vse-4.4 Voo - Visd.4 Y
Von Data input high voitage Dan't Care Viz-1.5 Vss Vegt0.3 Not Applicable Y
Voo Data input low voltage Dan't Care Won — Vis-4.4 Nat Applicable W
“Strobe only on ER2401.
STATIC ELECTRICAL CHARACTERISTICS, Ta = 0°C ta +70° G {{NO EXTERNAL LOADS EXCEPT AS NOTED)
Conditions
Symbol Parameter All Ping at Ves Unleas Noted Min Typ Max Unlit
iy Input lsakage current {except pins 1,2,
4,5,6,7,8,and 24) at Ve 15Y = V=V 20 — e 2.0 72
I & leakage current at Ves-29V W= Vas-29, ST=W=V=-25 — —_ -200 2T
lo Output leakage currant at Wa-154 Chip deselected - — -10.0 A
bk, Erase substrate leakage current at
Vas-28Y TW=ET=Vy-25 -_ —_— =200 uh
Ty Yoo supply current - read made at
Viu=19Y Qutputs open (See Figure6) —_ 8.5 2 ma
lzog Yo Supply current - write mode at
Ve-28Y Outputs open (See Figure 5) - 18 25 ma,
lone Data output high currant - TTL load One Series 7400 TTL load with -2.0 —_ — ma
Rs=2K{}, Vrc‘\l’sg
lai, Dataouiput low current- TTL load (SeeTTL Notes} +3.2 — - mA
Won Data Gutput high voltage - MOS W15 - - W
Weu Drata Cutput low voltage — MOS 5, =100 pF - - Ve 10 v
T Unpowered nonvolatile data storage Typical write conditicns 10 - = Years
*Strote only on ER2401
CAPACITANCE AT V. = Vs35, ALL OTHER PINS GROUNDED (Vss), =1 MHz
Symbol Parameter Min Typ Max Unit
Cr Address and chip sefect input capacitance — 5] 7 pf
Cuw Write control input capacitance - 10 20 pf
o Strobe input capacitance — 10 15 pf
Cp $, Input Capacitanca — 40 50 pf
Cue Eraga subsirata capacitance el &00 700 pf
Cn Data input/output capacitance — -] 10 pf

*Strobe only on ER2401.
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E ER2401 ®m ER2401A

ERASE CYCLE CHARACTERISTICS, T, = 0°C to +70°C

Symbol Parameter Min Typ Max Unlis
tr Ver erase pulse width 100 — 1000 ms
t b Ve risetime, Vi falltime 001 — 1.0 ms
ta Write-erase overlap 10 — — Pt
Write Cantrol W,
ik WH =
W) %E y v
VL

¢ v ] - te AR

rasa EEH —*————
Substrate —b-i foat—— 1 — /F— 4
Wegl Vel —_— 2

e 5 SIS

Vi

I Vo

e T T,

WRITE CYCLE CHARACTERISTICS, T, = 0°C to +70°C (8T=Vpp for ER2401) {SEE NOTE 3)

(]

[T
Erose W o7
Substrate

Vgl W

|
WL 4
|
i

|
-
I
1
SEL ' |
& tog—-] ]‘—‘Da—- e Ty} ]
andfur L i
itp Setert 165 €541 o — (-tpg| —=] |=1ng —] b1
Pulsed &, Von | ” ] | II “”H ||” ]]l ||
1g4] v ] |
o [t —»—I T ! LDIOI‘-D-I | Ioni |-4—| ‘Dl[)i‘— -»-I "1
oy B VAN 77 AVIN
tD, >0, v |
|-q—-—-—-—— Write Q" ---—-—-I-E-q—-—-—-— Write ™17 —»»—u—.-l-u—*——-\l\'rite o ——r—|

Symbol Parameter Min Typ Max Unlts
N Mumtzer of ¢, write puises at 100 us +108%, 5 us min. dead time betwaean

_ pulses) 100 200 300 Pulses
tor ‘Writecontml rise to pulsed ¢, rise delay 500 — — ns
to: Address change and chip select fall to pulsed i, rise delay 500 - — ns
toe Puised ¢, fall to address and chip selectchange delay an — - 1]
toe Datainput changete pulsed ¢ rise delay 0.0 — — us
ton Puised ¢, fall to data input change delay 0.0 — — us
I Mumber of fimes word may be rewritisn — — 108 -
Write Control VWH

NOTES: 1. Due to the dynamic nature of the circuit a ¢ NOT time in excess of 40 usec. may result in a floated ou

tput condition,

GConseguently data must be resampled with & 40 usec. time period following the fall of ¢, to ensure its validity.

2. 5everal seconds may be required following a programming operation for the clrcuil to become operablg in the read mode. If
data is to be verified immediately following programming, & forward current of +1 mA £10% may be forced into the erase
internal girguit

substrate junction {Pin 4, Vi), for a period notto excead 10 milliseconds, to quickly dissipate charge trapped at
nodes,

3. Maximum power dissipation oceurs during programming. When programming multichip systems where the application of
programming voltages is required for several minutes, forced air cooling is recommended to reduce package temperature.

Power is not reduced when chip is deselected.
4. All typical values are at +25°C and nominal voltages.
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READ CYCLE CHARACTERISTICS FOR NCN-STROBED OPERATION, T, = 0°C to +70°C (ST = Vpp for ER2401}

ER2401 m ER2401A

Symbol Parameter Min Typ Max Units
{See Figures 1 through 4)

Ta Access time (ER2401A) b - 2.0 ®s
Ta Access time (Strobe = V, for ER2401) — — 24 us
taby Fulse width {rise and fall times =50 ns ) (SeeNote 1) 850 - 2000 ns
tm Address and chip select change to &, rise delay 400 - — ns
tn o1 Fall to address and chip select change delay o0 - — e
tin ¢ Fallto data output valid delay (See Notes 1 and 2) —_— — 750 ns
'™ & Rise to floated output dalay . 300 ns
Mua Number of réad accesses/word between refrash 2 x 10" - -—
Chip Select Viy

IC5y Byl v, Selected

Address VIH

(g >Ag) v LA X X

4—‘D2—b-_1—tm—r1
[ ]
e try 04

Dsta Cutpu Floating Fluating

Dy =0, D, _“-:____Tq ————— i —_— it
READ CYCLE CHARACTERISTICS FOR STROBED OPERATION (ER2401 only) T, = 0°C to +70°C
Symbol Parameter Min Typ Max Units
[S$ee Figure 1through 4)

tn ¢n Pulse width {rise and fall times =50 ns} {Ses Nots 1) 850 — 2000 ns
i Address and chip select change to & rise delay 400 - - ns
o ¢ Fallto strobe risa delay 0.75 — — HE
tsr Strobe pulse width (rise and fall <50 ns} 500 b - ns
tos Strobe rise to strobed data output valid delay (see notes 1and 2) - - 500 ns
tor Strobe rise to strobed flozted sutput on deselect delay - - 300 ns
Nsa Number of read accesses/word between refresh 2% 401 — —

Chip Select \H =

Selected

ics; €s,) v, elect \

Achdress V|H r

9 N/

Strobe t

E25] 5T

Strobed Dy —d — e e — — |'_"l_95""1 'DF — e

Data Dutput Fioating Wakrd Flgating

{D; +Dgl oy = - -

12-15



E ER24H ® ER2401A

TYPICAL OPERATING CHARACTERISTICS, T4 = +25°C and +70°C, R = 2K Ohms, Vi = OV

-20 -2
w
o 3 ] 2
3 \ \e_.?u"c NORMAL 2 X NORMAL
> 149 ™ QPERATING > a9 = " OPERATING
I s } N RANGE i 25 C—H (—1 C | RANGE
PO AN B - s 2 2 2
2 N < \
p N\
STz MIN f’-n MIN
EPEC a M AN SPEC
a LT 2] LMIT
A6 > -6
> 100 700 300 00 00 -~ 700 BOD
tyy — TIME IN NANOSECONDS 141 — TIME IN NANOSECONDS
Fig.1 TYPICAL 1 DELAY IN NANOSECONDS Fig.2 TYPICAL 1 WIDTH IN NANOSECONDS
VS. POWER SUPPLY VOLTAGE VS. POWER SUPPLY VOLTAGES
it 0 20
» \ \ 5
o N NORMAL =) NORMAL
2.0 \ GPERATING > ap N OPERATING
| 2s°c-‘\ Ne 0% “ANfE ;_ 25°01~\ \t-m"c HAN;‘.E
< e o g fral
g N\ z ]
“ ] < \ \*\‘\\
@17 f { < \ ™~ max £ 47 N s MAX
> SPEC o SPEC
Bs LIMIT S 6 LMt
= 200 400 5an 4,1 T BOO ann 1.0 1.2 14 16 18 2.0 22
tng — TIME IN NANOSECONDS t, — THAE IN MICROSECONDS
Fig.3 TYPICAL DATA SETUP TIME IN NANOSECONDS Flg.4 TYPICAL ACCESS TIME IN MICROSECONDS
VS, POWER SUPPLY VOIL.TAGES VS. POWER SUPPLY YOLTAGES
@ 70°¢ 2;100 o°c - 707C 259: | g2l
‘g" -3 / ¥ g -0 V4 /1 +
! / MAX > / mMax NORMAL
w73 SPEC] b, e A ——spec -E’i] OPERATING
T Limrr < LIMIT | RANGE
= (=, | MORMAL T +
g~ [*+- oPERATING a -8 - 7
P / / RANGE B / /
_,ﬂ / V A,
—16 18 -20 -2 -24 -28 -7 -8 8 10 -1 12
Ippz — WRITE CURRENT IN ma 15y — READ CURRENT IN ma
Fig.5 TYPICAL WRITE CURRENT IN MILLIAMPS Fig.6 TYPICAL READ CURRENT IN MILLIAMPS
V4. POWER SUPPLY VOLTAGES V5. POWER SUPPLY YOLTAGE
(For deselected, lgg, = % Graph Ipga} (Chip selected or deselecied)
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ERZ401 m ER2401A

ER2401/ER2401A OPERATION

PIN FUNCTIONS
Chip Select {C51, C52)

Both mustbe in the high state to enable the data output terminats ( el e AN ey i
or write data into the device, AT I T | T [
SN T H : 4 waL
Data Input/Qutput (D1—D4) Fuoly L ——— Ealr (%
D1 through D4 are bidirectional data terminals. Data are enteraed — [ | s
on these tarminals during the write cycle and read out during the b i iy r - e
read cycle. When deselected, these terminals are in a floating . i : i Gk
condition. l 1 1 i v

Write Control {W) !
The write contro! terminal must be in the low state in order to ;

write data into the device, Ij-“ LT I.‘n T
a2 [

Strobe {ST) ER2401 anly !

A strobe input is provided for delayed data clockout. In e— | b — — At
applications where this feature is not desired, the strobe terminal [ | _seor
should be maintained at VDO throughout the entire read cyle, - i [—-—)csn

The ST input is high-level and not TTL-compatible, l-

!
!
A A e | | L ]
Phase One ($1) [
During the write operation. multiple 100us puises must be applied Mo oo e m e l. ; REAG
to the @1 terminal to fully shift the memory transistor threshold I | b :':,'.:F
voitge to its most negative state. Thig is required far valtage e
bootstrapping in the row-selection circuitry. The @1 inputis high |
level and not TTL-compatibie. i
— MG on ER2401A.
NOTE:  Allcontrol, address and data inputs are TTL-compatible
with pull-up resistors.
A 4096 < 4 EAROM SUBSYSTEM ORGANIZATION
OTHER CONTROL
AND POWER
INFUTS ‘ * l ‘
ER2401/ ER2401/ Erz4a01/ ] ER2401
—] ERZ24D1A g ER2401A —1  ER2401A ERZ2401A
Cs1 1
o052
o7
Dz
D3
D4
“Vee

*Vee MUST BE ISOLATED FOR INDIVIDUAL ERASE. MAY BE CONNECTED FOR BLLK ERASE.

TTL INTERFACE MOS INTERFACE

Mgg = +8  Rg = 1K= 5% Vg = Vg
Gg = 1000 pF - 20%

!
1
|
I
!
!

Jd

ER2401/

I

!

1

ER2e01 ER240TA }
7400 i |

SERIES t _| |

TTL i i

- -~ L — .
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ER3400 ER3401

4096 Bit High Speed Electrically Alterable Read Only Memories

FEATURES

1024 = 4 Organization, Fully Decoded
Single Word or Block Electrically Erasable
TTL Compatible with Resistor Pull-ups
Three State Qutput

ER3400: 850ns Access Time

ER3401: 850ns Access Time

1.8 us Cycle Time

10 ms Word or Block Erase Time

1 ms Write Time

22 Fin DIP

P-Channel Metal Gate MNOS Technoiogy
0" C to 70°C Operation

+5, —12, =30V Power Supplias

10% Erase-Write Cycles per Word

2= 10" Read Cycles per Word

10 Year Unpowersd Nanvolatile Data Storage — 10 Years

DESCRIPTION

The ER3400 and ER3401 are word alterable ROMs intended far
use as read-mostly memorles. Each operates with one clock,
CHIFENABLE (CE}, which also serves for chip selection. All
other pins of each device can be paralleled with other EARQMs.
Any ane of four possible oparating modas can be salacted by
getting the proper binary code on the CO-C1 control lines and
pulsing the device with CE. The four modes are Read, Write,
Woard Erase and Biock £rase. The ER3400/3401 will sense the
control lines and change modes enly whan pulsad by CE. When
in the Read mode, data is read during each CE pulse. Writing or
erasing of a word continues for as tang as the device |5 In the
Write or Erase mode. Each write or eragse word cycle must be
anded by & dummy read operation.

A WRITE ENABLE {W_E) input pulse indicates te the
ER3400/3401 that the data on the Dg-Dy3 data input/output lines
is valid input data. This data is then stored intarnally for use
during tha write aperation.

PIN FUNCTIONS

PIN CONFIGURATION
22 LEAD DUAL IN LINE

Toap View
Yogi-30v) Clet Y FJ Vaal+54)
Vool-12¥1 [ 2 2 [ as
Ll amE: 20 [ &d
AY[] 4 19 [ a3
a8 s 15 [ Az
Aplla 17 [ A
co] 7 16 [ Ag
[l ] 15 [1 G
Vg(GNDY [ & 14 [ WE
oag w 1w [ oo
oz 1 12 o

BLOCK DIAGRAM

[ CONTROL LORIG

Y
(_'I‘“

e E

w0 vo je—{ ‘e e =
A pata e BLFF
07 = conTROL
02— ANE
e ouTesT
0% BUFFER

Al AT AZ AT Ad Tl

No particular order of power supply sequencing on or off is
required far the ER3400. Circuits are provided to force the device
into the read mode during power furn on, Erasing and writing are
inhibited if Vpp or Vgg are not at proper operating levels.

For the ER3401, Vgg must be turned an after Vo is stable and
removed befare Ve is turned off,

Ag-hg 10-Bit Word Address
Dg-Ds Cata input and output pins
CE Ghip Enable. Chip selected when CE is pulsed to logic “0".
Cg. Cy Mode Control Inputs
c ¢l
0 1 Block Erase Moda: arage operation performed on all words.
1 1 Word Erase Mode: stored data is erased at addressed |ocation.
0 0 Read Mode: addressed data read after leading edge of CE pulse.
1 0 Write Mode: input data written at addressad location.
WE Write Enabie. Input data read when WE is pulsed to logle 0",
Vsg Substrate supply. Normally at +5 volts.
Val Ground Input
Voo Powsr Supply Input. Normally at -12 volis.
Vaa Power Supply Input. Normally at -30 volts.




ELECTRICAL CHARACTERISTICS

Maximum Ratings*

ER3400 ® ER3401

Allinputs and outputs {withrespectta g} .. ...l =40V to +0.3V “Exceading these ratings could cause per-
Storage temperature (with data retention) ............ -40° Cto+70°C manent damage. Functional operation of this
Storage temparature (withoutdataretention) ........ -B5°Cto+150°C device at these conditions is not implied—
Soldering temiperature of leads (10seconds) ................. +300°C operating ranges are specified below.
Standard Condltlons {unless otherwise noted)
Vgg = +OV £5%
Voo = =12V 5%
Vag = —30V +5%
Vg = GND
Operating Temperature (T} - 0FC to =70°C
Characteristle Symbol Min Typ"" Max Units Conditions
DC CHARACTERISTICS
Input Logic “1" Vin Vgg-1.5 — Vgz+0.23 | Volts
input Legic “0" Vi -10 — aB Yolts
Output Logic 1" You Veg~1.6 - - Wolts | 1oy = -2mA
Output Logic 0" VoL — — 0.4 Volts | 1y = 2mA
Control Input Leakage he - — -2.0 HA Vi = VWgg —15 Volts
Data Input Leakage hip — — -10.0 Wy = gy 15 Volts
Power Supply Current
VYoo Supply Current: Chip selected lop - — -25.0 mA | Voo = Vgg -17 Volts
Chip de-selacted oo — — -7.0 mA | Vag = Yeg -17 Volts
Veg Supply Current laa — — -3.0 mA | Vag = Vg —35 Volts
Vas Supply Current: Chip selected lgs —_ — -28.0 mA | Vop = Vgg —17V, Vigg = Vg -35V
Chip de-selected Igs — - -11.5 mA | Yoo = ¥ag —17V, Vigg = Vg 35V
AC CHARACTERISTICS
Input capacitance - contral inputs < e B B pf
input capacitance - data inputs Cp — g 0 pf
Raad Mode Characlerlstics
Address and control to CE ten 0 - -~ ns
Address and contral hold fime tpe 250 - - ns
CE to Data /O Off os 50 — 200 ns
CE high tos 90 — — ns
Access time: ER3400 1, — — 650 ns _ _
ER3401 - _ B 950 ns } AL = 2K to Vgg, CL = 100pf
GE puise width: ER3400 e 650 — 100000 na
ER2401 taE 950 — 100000 ns
Read cycle time toy 1650~tp+15 — — —
CE rize, fall time tr ty a — 100 ns
Write/Erasa Mode Characterlstics
Address and control to CE tgiq 0 — — ns
Address and control hold time the 250 — - " ns
GE rail to WE fail detay tng o — ns J— _
WE rise to CE rise detay to1e _50) _ _ s \WE rise may overiap CE rise
Data stabls to WE tons o _ _ ns by a maximum of 50ns.
WE rise to End of Data Stable thig 50 — — ns
CE pulse width: ER3400 g 850 — 100000 | s
ER2401 tZE 350 — 100000 ns
WE pulse width twE 400 — - ns
Write time ty 1 - 2 ms
Erase time te 10 — 20 ms

**Typical valugs are at +25°C and nominal voltages.
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E ER3400 ® ER3401

TIMING DIAGRAMS

it oy =
Ag-hg  Yin -
X Stable K Can Change X Stable
CoCy VL = K
—— f—— 1[4
e 100 o] D4 o et
Yim
 B—
c \ \
Vi
- tce - ns
- a -
Vi e mim ats st e v ——— — — e
Open Stahble QOpen
DDy Vol e o e v e o o o e i e e _——_———— = —
Fig.1: READ MODE TIMING
Aghg Vg - —i F
X Habie K Can Change X
Coly VL ke
—e o iy U
- t o
012 =] €
VM — #F
® \ /
Vil > 7
- tEE -
bt {0313 e t— T01 4 —
Vi | +F
[ /
ViL
UFE ——a
015 ——pd Lt e ro——1D18
Vin - ;I
Can Change X Stable X CanChange
Dg-D, W X, A %
03 I 13

Fig-2: WRITE AND ERASE MODE TIMING




TYPICAL CHARACTERISTIC CURVES

ER3400 B ER3401 E

Normal MNermal
Dperating Crperatlng
. ARarge 1800 Range
|' : ‘T’max Spectimit !
| !
800 + J| 1800 i b
| | |
|
) |
Access OO RN } Cycla 1400 ! |
Time \ | Tims : |
(ns) 2 | frs)
L:{ulx]} T 1200 T T
R e | C
! | -—_—-—-_"“"'—,— I
500 N 1o0¢ T T 25°C
l EA3400 I | Il
L
‘0915 -1 -17 -13 -18 Bcllz15 -16 -7 -1 19
Vpo-Vgg (Vaits} VDD'VSS [Volts)
Flg.5: TYPICAL ACCESS TIME vs. Flg.4: TYPICAL CYCLE TIME vs.
POWER SUPPLY VOLTAGE @ 25°C POWER SUPPLY VOLTAGE
Mormal
Oparating — vpop-vYgg=-t7v
Range
-8 - . 2
] [
Max Spec Limit I
-7 : 4 + -2 ]
| s gL
-6 L s -1 s
Inp ! / y Do [ i
(A I ‘___l,. (A /,A
-4 = — -0 = -t
/ I ! /
-4 — i T : -6 —"‘j
| !
-3 | 1 9
-15 -18 -17 -18 -9 a 200 400 B0} BDT
VBID-VEE (Volts) Cperating Freguancy {KHz)
FIQ.5: Igp vs. Vpg-VYgg POWER SUPPLY VOLTAGE Fig.6: Inn vs. OPERATING FREQUENCY
IN AEAD MODE AND NOT SELECTED IN READ MODIE AND SELECTED

r-.?

Mormal Operating

—..(

Rangsa
=40 T T
I |
! I
-35 } T
|
| Max Spec Limit t
_30 I &4 |
e | ___...—---_....----1"" 2506
(mA}
sg | S .
-.—‘-"'.-
! Fivied
-2
[
| |
15 L L
-3z -33 =34 -35 36 -37 -3

VYaaVeg (Vons)

Fig.T: g vs. VaG-Ves POWER SUPPLY YOLTAGE
IN READ MODE AND NOT SELECTED
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ER2800 ER2805

8192 Bit Electrically Aiterable Read Only Memories

FEATURES

| 2048 x 4 Organization

® 11-Bit Binary Addrassing

» Chip Selsct Input

u Elegtrically Reprogrammahla

| 2.6 s Access Time (ERZBO0)

® 1.85 ps Access Time {ER2BO5)

& 20 ms/4-bit Word Write Time

a 100 ms Simultanecus Erasure of All Data

w Minimum Data Aetention—2 x 10"* Read Accesses/Word
Between Refresh

# Three-State Outputs

w Unpowered, Nonvelatile Data Storage—10 Years at +70° G

m Controd, Address and Data Inputs TTL Compatible.

DESCRIPTICN

The ER2800 and ER2805 are fully decoded 2048 = 4-bit
electrically erasable and reprogrammable ROMs utilizing
sacond-generation MMOS epitaxial processing technology.
Datais stored by applying negative writing pulses that selectively
tunnel chargeinto the oxide-nitrids intarface at the gate insulator
of the 8192 MNOS memeory transistors. When the writing voltage
ig romoved, the chargatrapped atthe interface is manifested as a
negative shift in the threshold voltage of the selacted memory
transistors.

PIN CONFIGURATION
24 LEAD DUAL IN LINE

Top View
Glock 17¢1) w1~ 2 Flung
Wes [vSW0 T & M v
510 % g2pcs
weL O o 2t [ A10
w0 s 20 [ A8
[y = 189 [ A8
ol v 18 [ A7
mOa 17 [0 A8
Wi 16 [1 A5
v I 0 15 0 44
A M 14 [0 A3
ai oz ] Az

Stored data may be accessed a minlmum of 2 = 10" times without
rafresh and is non-volatile in the unpowered state in excess of ten
years. Data is erased by applying a Vg--28Y pulse to the erage
substrate of the device. Data can be graged and rewritten upto a
maximum of 105 times. All outputs are at logic high when the
device is in the erased stats,

BLOCK DIAGRAM
g E b s
Vop O

i

VSS‘O"_"""—-'

VEEO———

Cilurm Addiess
Jecade Cirgints

Vig O——

Ag(O—n

A ]
Ay Ol
Ag O]

Fow Adeires
Decode Cirguits

A el ]

2048 Call
Mermory BBt

— -]
“: 0| =E ]| <E
s H 28
gg gg Né

OS5 ===—m  Szlect
Crout

Chia Culput
Dinvet

FERL]



ER2200 m ER2805 E

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

All inputs or outputs relative to Ve . . . L L L H03Y to —30V ‘Exceeding these ratings could cause

Operating ambient temperature . . . . . . . . . FCto170°C permanent damage. Functional operation of

Storage lemperature e . -B5TC g +1E0°0 this device at these conditions is not

Soldering temporature of leads (10 seconds) . . . . . . ., i300°C implied—operating ranges are specitied
below.

RECOMMENDED OPERATING CONDITIONS, Ty = 0°C to +70°C

Erase Mode Write Mode Read Mode
Symbol Parameter e Units
Min Typ Max Min Typ Max Min Typ Max
- S Ep—— y
Wi Supply Voltage 4.75 Wi Vi 103 | V28 V28 Wam27 Va2 V18 W18 W
Vi Substrate supply
voltage 4.75 50 5.25 4.75 5.0 5.25 4.75 5.0 5.2% v
W Memory voltage — oy — Wim28 Wa=28 W27 | V105 V10 V95 Y
Wi Reference voltage _ Wy _ Wi Ve Wi W20 W19 V1B v
Vira Erase subsirate input
high WVl 4 W Vo 0.3 | Vom0 4 W Vet03 | Vee-04 W V04 W
Vi Erasze substrate input
low V=28 W28 Wer27 . Not Applicable Not Applicable v
Vn Write contral input high| V..-1.9 Ve Veir3 | Wem15 0 Ve Ve tD3 | W15 Vs Va3 i)
W Write control input low | V..-29 — Yot d | Yo -20 - 2 Mot Applicable W
Vet o input high voltage — Wy - Yer0.8 Vs i V(0.8 W Voo 0.3 W
Wi o, input low voltage Not Applicable V-3 W28 W27 Ver23  Vise19 Va8 W
W Strobe input high
voltage — W — Not Applicable Vo100 W Vo3 ¥
Vi Strobe input low voltage Mot Applicabls V28 V28 V27 | V28 V18 V18 Y
AU Address and CS inpul
high Don't Care e ] Vs Vet0.3 | Vis-1.5 Wen Vet0.3 V
Wi Address and C3 input
low Don't Care Vi — V-4 4 Vi — Vi-d.4 v
Wous Datra input high voltage Daon't Care Via-1.5 W Vest 0,3 Nol Applicable Y
Viu Dala input low voltage Don't Care Vi — Yas-4.4 Nat Appiicable Y
STATIC ELECTRICAL CHARACTERISTICS, Ty = 0°C to +70°C {NO EXTEAMAL LOADS EXCERT AS NOTED Y
Conditions . .
Symbol Parameter AN Plng 2t V., Unless Nolad Min Typ Max Unit
[T Inputfeakage current fexceptpins 1, 2,
4.5.6,7.8 and 24) at V.-15Y STV~ Ves20 _ — - 20 LA
I - leakage current at ¥..-28v Vi~ Ve-29, ST—W=V=-25 — — -200 e
In Output leakage current at V- 15Y Chip deselacted - -~ -100 A
[P Eraze substrate leakage current at
Wi 28Y W=8T-V..-25 — — -2(H3 ey
[T Vpp supply current - ERZ2800 ) — 8.3 12 m#
read mode at vss-wv} ERzgos| Qutputs open (See Figurs 6) - 11 13 mA,
I - . —
e :25'3 :Ligg.lf current Egiggg Qutputs open (See Figure 5} . ;‘3 gg m:
L Data output high voltage - TTL load One Series 7400 TTL Inad with WVeg-1.9 - — v
Rs = 1TKQ, VYoo=Vss
[ Data output low voltage - TTL load {SeeTTL Notes) - — Vgg-6.6 v
Vi Data Qutput high voltage - MOS Yaual B - — v
Vo Data Output low voltags — MOS C: 100 pF — — Vg -7 Vv
Ty Unpowered nonvolatile data sterage Typical write conditions 10 — _ Years
CAPACITANGCE AT Vi = Ve, ALL OTHER PINS GROUNDED (Vss), I=1 MHz
Symbol Parameter Min Typ Max unit
c Address and chip select input capacitance — 5 7 pf
Cw Write contral input capacitance — 10 20 pf
Cu Strobe input capacitance — 10 15 pf
Gy - Input Capacitance a 40 50 pf
Cir Erase substrate capacitanca — 600 700 pf
Cu Data inputfautput capacitance — 6 10 pf
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E ER2800 ® ER2805

ERASE CYCLE CHARACTERISTICS, T = 0°C to +70°C

\F‘wr"l’te Control ::,: ._'__.__|| T e nen———
v l— "o -t te ot Ve
EeooowT e ——
smeemo O LTI T T T T T
Yy —]
. Vo |
N T 7 T T 77777777,

DL'r

WRITE CYCLE CHARACTERISTICS, T.=0°C to +70°C (ST=Vpn} ({SEENOCTE3)

Symbol Parameter Min Typ Max Unity
Mty Number of ¢ write pulses at 100 us £170%, 5 u5 min. dead time between
pulses) 100 200 300 Putses
tie Write control rise to pulsed ¢, rise defay 300 - — ns
tow Address change and chip select fall to pulsed ¢, rise delay 500 - —_ ng
tis Pulsed ¢, fallto address and chip select change delay [Nl — - 11
Lo Datainput change ta pulsed 4, rise delay 00 — — S
tin Fulsed ¢ failto datainput change dalay 90 — - us
Ny Number of times word may be rewrittan - - e -
Writa Control W )
bl WH i
W) v &_ L !
e oty e _i i
£ v "
S:::nb-alc EEH I i 1
Wee VEEL |
ot T 155 e FTDS+ g tog—m |
Address [hg—A g} M &
and/or v m_ L
Chip Salect {35} L
v —| (=—tgg| ] |ty —I-{ -1—1991
Puked ¢, #H ” “ ! [HH
by YV I| 1 1 l t l‘, : |‘_ y
tadli] o1 s} fi} - o D‘Ioi-ﬂ—— ol
Data Input VUH—W —’1 --I
. 77 TR
oL - . .
|<—~—W'rltk o | Write 1" —-—--—whvrﬂ—-—-—-——Wntc “0'
NOTES: 1. Due to the dynamic nature of the circuit a"@, NOT time in excess of 40 #5ec, may result in a floated putput condition.

40 na

Consequently data must be resampled with a 40 psec. time period following the fall of ¢4 to ensure its validity,

2_Several seconds may be required following & programming operation for the gircuit to become operable in the read mode. It
data is to be verified immediately following pragramming, a forward current of +1 mA £10% may be forced into the erase
substrate junction (Pin 4, Vi), for a period not to excesd 10 milliseconds, to quick|y dissipate charge trapped at internal cirguit

nodes,

3. Maximum powser dissipation cceurs during programming. When programming muitichip systems where the application of
programming yoltages is required for several minutes, forced air cooling is recommended to reduce package ternperatura,

Power is not reduced when chip is deselected.
4. All typical values are at +25°C and nominal voltages.




ER2800 m ER2805

READ CYGLE CHARACTERISTICS FOR NON-STROBED OPERATION, T.= 0°C to +70°C (ST = ¥pu,)

Parameter ER2B0H EA2808
Symbol (See Flgures 1 through 4) Min | Typ| Max Min | Typ | WMax Units
T Access time (strobe=Vpp) — 20 2.6 — - 1.65 15
4y Pulsa width {rise and fall times <£50ns) (Ses Note 1) 850 — 2000 o0 — 2000 ng
toy Address and chip select changes to ¢, rise delay 600 - - 400 — — ng
tne &1 Fali to address and chip select change delay 0.0 — — 0.0 — — HS
tha w1 Fali to data autput valid delay (See Notes 1 and 2} — - 350 s — 550 ns
by o+ Rise to floated output delay — — 300 — — 300 ns
Nga Mumber of read accesses/word between refresh 2= 10 — — 2= — — —
Chip Select W
[{e3:3] V”: Sefarted \_
r
Adddress W
IH ;
WX X X
v Uy~ p ] -1—tD2—b--1—‘D1—l-r
& At =] -t
Vo
o Fet tg-a ‘D4 b _
Tratg fhutpit H Flzanng Walier Flauting _>< walid ¥ Floating
Dy Uy O — e e ——— — — — — - —_ P = = —
;e — L e !
READ CYCLE CHARACTERISTICS FOR STROBED OPERATION, T.<0°C to +70°C
Parameter ER2B0{ ER2B05
Symbol {See Figures 1 through 4} Min Typ| Max Min Typ | Max Unils
tg ¢ | Pulse width (rise and fall times < 50ns) {See Note 1}] 850 — 2000 700 — 2000 ns
to, Address and chip selecl change to &, rise delay 600 B - 400 — — ns
toa ¢4 Fall to strobe rise delay 0.75 — — 075 — - s
ter Strobe pulse width {rise and fail <50 ns} 500 — — 500 — — ns
L Strobe rise to strobad data output valid delay
{See Notes 1 and 2) — - 500 - —_ 500 ns
ter Strobe rise to strobed floated putput on deselect delay — — 300 — — 300 ng
Nea Numnber of read accesses/word between refrash 2107 — — 2=10" | — —
Chip Seles v
{C.."I‘: " \«"::_I Salected \
Address Yiw 3 F
(Ag-=Aqg) ¥ ZX—
2 N/
Stroba lST’I
(5T

L
Etroban 8] OF

S 2
:;)S!a.?ll:;tr;m o Floating _K Valid X
1775 L= -i- ————————————
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ER2800 = ER2805

ER280¢ TYPICAL OPERATING CHARACTERISTICS, T, = +256°C and +70°C, Rg = 2K Ohms, Vgg = OV

Brivd o -20
e \ N } £
g Ne—70° NORMAL g NOAMAL
> 18 Sy OPERATING * g o OPEHATING
| \ RANGE | xC—= 70 RANGE
& 267¢ - \_ ¥ < ¥
s as h g 18 &
: \\ p \ \
w17 MIN Panl 5 MiN
= NI seee o . N\ SPEC
g LIMIT =] LIMIT
o8 T
100 200 300 400 UG J060 BOD
tf)' — TIME IN MANOSECONDS l‘m — TIME IN NANODSECONDS
Fig. 1 TYPICAL ©1 DELAY IN NANOSECONDS Fig. 2 TYPICAL 1 WIDTH IN NANOSEGONDS
vs. POWER SUPPLY VOLTAGE (ERZB00) vs, POWER SUPPLY YOLTAGES (ER2800}
@ Brid) \ \ * E -0 *
ar N NORMAL, ] NGRMAL
=t \ OPERATING > a8 N OPERATING
[ 25“::-\ N 70°¢ RANGE L 2s°c-—\ | 70°c RANGE
g‘--m N ¥ 5 18 5 f4} ¥
E \ 2 \ *\._\
7 N, Ml ax 4 N P ] ™ max
> N SPEC i sPEC
ja] LIMIT = LIMIT
S6 w8
- 300 A0y S00 600 0 BOD S0 1.0 1.2 1.4 1.6 18 2.0 22
tng— TIME {N NANOSECONDS "A — TIME IN M:CRDSECONDS
Fig. 3 TYPICAL DATA SETUP TIME IN NANOSECONDS Fig. 4 TYPICAL ACCESS TIME IN MICROSECONDS
vs. POWER SUPPLY VOLTAGES (ER2800) vs. POWER SUPPLY IN VOLTAGES (ER2800)
@ 7P 25°c |o°C 70°¢c 25% | %]
K ; @
p W / ¥ o4 % *
g / ¢ / /Lol
\ MAX MA L
w29 j ;"P"’é’é J =19 A seec ~f§] oPEraTinG
x LIMIT } 4 LIMIT | RANGE
= | MORMAL w *
g -28 T*T-| OPERATING o ~-18 Y
> / / RANGE " / /
/ ¥ L/
—16 -8 -—20 -2 -2a4 -2 7 -8 -8 -10 -1 -1
IDDZ_WHITE CURRBENT IN ma IDDI = READ CURHRENT IN ma
Flg. § TYPICAL WRITE CURRENT IN MILLIAMPS Fig. 6 TYPICAL READ CURRENT iN MILLIAMPS
vs. POWER SUPPLY VOLTAGES {(ER2800} ve. POWER SUPPLY VOLTAGE (ER2800)
{Deselacled Ipn; = % Graph I5az) (Chip selected or desslected)
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PIN FUNCTIONS

Chip Select (CS)

Must be in the high state to enable the data output terminals or
write data into the device.

Data Input/OQutput (D1—D4)

01 through 04 are bidirectional data terminals. Data are entered
on thess terminals during the write cycle and read out during the
read cycle. When deselected, these terminals are in a floating
condition,

Write Control (W)

The write control terminal must be in the low state in order to
write data imta the device.

Strobe {5T}

A strobe input i3 provided for delayed data clockout, In
applications where this feature is not desired, the strobe terminal
should be maintained at VDD throughout the entire read cyls.
The 8T input is high-level and not TTL-compatible.

Phase One ($1)

During the write operation, multiple 100ps pulses must be applied
to the @1 terminal to fully shift the memary transistor threshold
voltge to its most negative state. This is required for voltage
tootstrapping in the row-selection circuitry. The @1 input is high
level and not TTL-compatible,

NOTE:  Allcontrot, address and data inputs are TTL-compatible
with putl-up resistors,

ER2B00 m ERZ2805

ER2800/ER2805 OPERATION

Ur Bz oa -5 WOy T

VOLT
5T R —— o |
-5 vOLT 4 A BT
-4 vOLT M ¥OLT
3waLT -3 wOLE
£ vgLT -5 vaLT
- 3 voLT
AL E—————— ] = el o6 YOLT
: 8 voLT
i lunac CLOCK
a WAITE CLOCK
I S vOLT

] cavar b
] ! 230l

YT
e . -5 LT
B +5 VOLT
A s ] | L 5es
1
e
—— | 1 READ

[FAEE ] H g

=3 yaLt

2 WRITE
3 ERMEE

TTL INTERFACE
Veg =+ Fs=1KR > 5%
Cs = 1000 pF= 20%

Voc = Vag

Voo = Vag ~19V GND

MOS INTERFACE

Vo = Vs -19
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READ ONLY MEMORIES

MEMORY PART PAGE
ORGANIZATION NUMBER NUMBER

256 = 4 RO-7-1024/4 13-2
128 < B RO-7-1024/8 15-2
RO-5-1302 13-4
RO-T-2048/8 13-8
512 %4 RO-7-2048/4 13-6
512 x5 RO-3-2560 13-8
512=8 RO-3-4096 13-10
512 % 10 R0O-3-5120 13-12
2048 x 4 RO-5-8192 13-14
RO-3-8316A 1317
AQ-3-8316B 1317
RQ-3-8318C 13-22
RO-3-9316A 13-17
RO-3-93168 13-17
RO-3-9316C 13-22
40096 « 4 RC-3-163684 13-23
2048 * 10 RO -3-20480 13-26
RQ-3-93324 13-27

256 = 8

2048~ B

READ ONLY VIEMORIES ﬂ

[S]MICRO

ELECTRONICS



RO-6-1024/4 RO-6-1024/8
RO-7-1024/4 RO-7-1024/8

1024 Bit Static Read Only Memories

FEATURES

Static operation. No clock required.

Access time typically 1 zsec.

Three-State cutput for wired AND capability.
Chip anable control.

tput, Cutput directly interface with DTL/TTL.

Choice of Operating Temperature Ranges—
RO-7: 0°C o +70°C
RO-6: -55°C to +125°C

DESCRIPTION

Tha AO-6-1024/4, RO-7-1024/4, RO-6-1024/8 and RO-7-1024/8
are 1024 Wit static Read Only Memories belonging to a standard
family of DTL/TTL compatible circuits which are constructed
using low threshold sillcon nitride passivated P-channel
enhancement mode field effect transistors,

The RO-5-1024/4 is packaged in a 16 {ead ceramic Dual In
Line.The RC-7-1024/4 ig the plastic version of this device. The
memory organization is 266x4 bit words.

The RO-6-1024/8 is packaged in & 24 lead ceramic Dual In
Line.The RO-7-1024/8 is the plastic version of this device. The
mamory organization is 1288 bit words.

PIN CONFIGURATIONS
16 LEAD DUAL IN LiNE
RO-6/7-1024/4

Top Vieaw
=
Input A3 5.1 6 v,
Input 22 [ 2 15 [Jinput a4
input A1 G 3 Ll DIrIpu‘ AL
Cutput 81 4 1a P impur g
Cuiput B2 5 12 [Tinput AT
Output B2[] & W vy
Ouigm B[] 7 ¢ [ Ghip Enahla
."’ccE; ] % [input A3
24 | EAD DUAL IN LINE
RO-6/7-1024/8 Top then
I o ]
Input A3 C| @1 24 [ va
Input A2 O 2 23 NG
Input &1 ] 3 2z PN
Ouiput 810 4 21 [ input A4
Quiput 82 £ & 26 [0 Inpul AS
Cupum B30 & 18 T npul A6
Output B4 [ 7 8 [ input &7
Qutput BS [ 8 17 O¥aa
CQutput BE [ % 18 [Ip
Qutput 87 O 10 15 [AChip Enable
Output 88 L 1 14 ON.C.
Ve O 12 13 QNG

BLOCK DIAGRAMS

OUT QUT QUT QuT
CE B1 B2 Bl B4

| .
i P ¢t

DUTPUT STAGES

P+ ¥4

MG DEC 2 MEMGHY MATRIX

AF -

BB — b -

RO-6/7-1024/4

&G
—— VGt

A
a2

AT
LY
&%

aT

QUT OUT QUT OUT OUT QUT QUT

CE Bl Bz B2

Bd BES

BE RT BY

[

1 1

I}

I {

DEC 1 OUTPUT STAGES

rriry by

DEC 2 MEMORY MATRIX

VGG
— Yal
 — \icc

RO-6/T-1024/8




ELECTRICAL CHARACTERISTICS

Maximum Ratings*

RO-6-1024/4 = RO-6-1024/8
RO-7-1024/4 :m RO-7-1024/8

Vi & Yoo (With respect to Vo). . . . . . —20V to +0.3V *Exceeding these ratings could cause
Clock & logic inputs {with respact to Vee} . —20V to +0.3¥ permanent damage. Functional operation of
Storage Temperature, . . . . . . . . . —55°C to +150°C these devices st these congditions is not
Operating Temperature . . . . . . . . —55°C 10 +125°C (RC-6-1024/4/8) implied—operating ranges are specified
...... 0°C to +70°C {RO-T-1024/4/8) below.
Standard Conditions (uniess otherwise noted)
Voo =45V £ 0.5V
V(ju =—12V £y
Ve = GND
{Substrate at Vi)
COperating Temperature {T,) =-55°Cto +125°C (RO-6-1024/4/8)
= PG o +70°C (RO-7-1024/4/8)
Characteristics Min, Typ.™ Max Units | Conditions
Data Inpuls
Logic 0" level — — +0.8 W
Logic “1" level Voo 1.5 - —- Vv
Nolse Immunity 04 — —_ v
Input Leakage — — 10 1.8 Measured at Vin = Vg at 25°C
Input capacitance — 5 — pF Measurad at Vix = Veo
Data Quiputs
Laogic “0" level — — +0.4 v lor. = 1.6 mA
Logic “17 level Yee—1.0 - - v loon = 100 pA
Access Time
Address —_ - 1.0% 15 Measured at 25°C
Chip ehable — — 1.0 ps Measured at 25°C

**Typical values are at +25°C and nominal voliages
“** Testing Conditions

TIMING DIAGRAM

i nSEC

TYPICAL CHARACTERISTIC CURVE

INPUTS 1600

CHIP ENABLE

TEST POINT

1200
1000

— ¢

" YPICAL ACCESS TIME

|
}
|
[
|
|
AN
+0.4 700

QUTPUTS i

Vee-1.0 400

-55 -25

a +26 +50 +76  +100 +1269C

ACCESS TIME VS. TEMPERATURE




RO-5-1302

2048 Bit Static Read Only Memory

FEATURES

PIN CONFIGURATION
Static QOperation. No clock required. 24 LEAD DUAL IN LINE
Accass tima typically 1.2 uses.

Three-state output for wired AND capability.
Chip enable control,

Input, OQutput directly interface with DTL/TTI.

Top Yoew

A2 O Vo
DESCRIPTION sz Vi
ADE] 3 Vi
Drata Ot £ 0] 4 A3
The AO-51302 ie a 2048 bit fully static Read Only Memory Gats oz ] 5 "
belonging to a standard family of DTL/TTL compatible circuits Date Out 3 T & A5
which are constructed using low threshold silicon nitride tataoutal] 7 Ad
passivated P-channel enhancement mode field effect Dats Qut s (4 & AT
wanslstors. The RO-5-1302 Is packaged in a 24 lead Duat In Line. g::: s E 8 :"é
The memory organization is 256x8 bit words. Data Ol & 01 CE o T
Ve O n.C.

BLOCK DIAGRAM

QUT OUT OUT OuUT OUT QUT QUT CoUuT

CE 12 2 4 8 6 1 8
T IR ! “"L )
Al | S Vi
A2 » DECT ~ OUTPUT STAGES ' VG
Al - = Voo

I I 20 I B B

Ad ¥ -
AR - -
DEC 2
Al e - MEMORY MATRIX
A7 - T
AB o -
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

RO-5-1302 E

WVur & Vo (with respecttoVee). . . . . . o . o . L. —20V 10 +0.3v *Exgeeding these ratings could cause
Clock & logic inputs (with respecttoVer) . . . - . . —-20V to +0.3Y parmangant damage. Functional operaticn of
Storage Temperature, . . . . . . . . . .. .. —55%0 +150°C this device at these conditions is not
Operating Temparatura. . . . . . . . . . . . . .. 0 to +70°C implied--operating ranges are specified
balow.
Standard Conditlons (unless otherwise noted}
Voo = +5Y £ 0.5V
Vo =12V £ 1V
Vo = GND
(Substrate at Ve.}
Operating Temperature {T,) = 0°C to +70°C
Characteristics Min Typ** Max Units Conditions
Data inputs
Logie 0" level — — +0.8 v
Logic "“1* leve! Voc—156 — - W
Moige immunity 0.4 — — v
Input leakage — - 10 HA Measured at Vin = Vag at 25°C
Input capacitance -_ 5 — pF Measurad at Vin = Ve
Data Oulputs
Logic "0 leveal - — +0.4 v lon= 1.6 mA
Loglc 1" lovel Vee—1.0 — — ¥ on = 100 pA
Accoss Time p
Address — 1.2 1.5+~ e Measured at 25°C
Chip enable — 0.8 1.5 us Measured at 25°C

*“*Typical values are at +25°C and naminal voltages
“**Testing Conditions

TIMING DIAGRAM

|——Access TIME-—.-I

#NPUTN 108
Al AS

|

L

,,,,,,, -+
CHIP ENABLE

Vee-15s !

| I

-
[
|
+0.4

CQUTPUTS 1

Bl....... B8

VoD

TYPICAL CHARACTERISTIC CURVE

nSEC
2100
1800
TEST PGINT

1500

"'"‘;:Plc,m. ACCESS TIME
1200
600 _
85 .26 0 +25 460 +78  +100 +1259C

ACCESS TIME VS, TEMPEAATURE
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- RO-6-2048/4 RO-6-2048/8
RO-7-2048/4 RO-7-2048/8

2048 Bit Static Bead Only Memories

FEATURES
PIN CONFIGURATIONS
& Static Operation, No clock required. ;gl__;?_DzOE‘J‘I;ﬁL IN LINE
® Access time typically 1.2 usec. Tap Yiew
# Three-state cutput for wired AND capability. sder ™ by
m Chip enable ecntrol. 2oz ah NE.
® input, Cutput directly interface with DTL/TLL. s a 2 NG
B Choice of Operating Temperature Ranges— NGO 4 N A
RC-7. 0°C 1o +70°C 8105 20 [ A5
RO-6: -B5° to +125°C NG O 8 18 1 AB
Bel s 8 [ A7
MC.C] 8 17 O A8
83 s 16 3 Vg
DESCRIFTION Ne O 16 15 [ NE.
B4 O] 1" 14 [ Chip Enable
The RO-6-2048/4, RO-7-2048/4, RO-6-2048/8 and RO-7-2046/8 Voo O 12 B
are 2048 bit jully static Read Only Memories belonging to a
standard family of DTL/TTL compatible circuits which are 24 LEAD DUAL IN LINE
constructed using low thrasheld silicon nitride passivated P- RO-6/7-2048/8 Top View
channel enhancement mode field effect ransistors, The RO-6- —
204B/4 is packaged in a 24 lead ceramic Dual In Line. The RO-7- AZ e 24 H Vg
204874 Is the plastic version of this device. The memory s 2 1 NG
organization is 512x4 bit words. :: E : 221 g :f‘
The RO-6-2048/8 is packaged in a 24 lead ceramic Dual In Line. 2O 5 20 [ A5
The RO-7-2048/8 is the plastic varsion of this device. The memary paC & =]
organization is 2568 bit wards. B 7 18 1 Ar
BE L] 8 i7 0 AR
BE L & 18 [ Vg
B7 O 10 15 1 NG
BE N 14 0 Ghlp Enable
Voo 012 13 [ Ne.
BLOCK DIAGRAM
oUT ol auT gut QUT OUT fUT BUT GUT OUT U1 OuT
CE Bl gz B3 B4 Ce Bl B2 B2 ue BS m5 W BB
! JF% | | | N S N T
! i J_l L i S I O
a1 . | —vac Al - aod] . ! Ve
a2 DER i DUTPUT STRGES + [ vy Az —--1 BECT ;‘ OUTPUT STAGES | Vil
B e | —— Voo A3 __-1__._ _——-L o i L "J — WECE
| T | £ T
e 2 ] ]
A et DEC 7 MEMORY MATRIX . DEC 2 MENGRY MATRIX !
o — |
AT - I
Al + )
BH - — e — i
a8
RO-6/7-2048/4 RO-6/7-2046/8




ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Vo & Voo (with respectto Vo). . . . . . .
Ciock & logic inputs {with respect to Vgg) .
Storage Temperature, . . . . . .

Operating Temperature. . .

- 20V 1o +0.3V

—20¢ to +0.3V

-55°C to +150°C

-55°C to +125°C (RO-6-2048/4/8)
0°C to +70° C (RO-7-2048/4/8)

RO-6-2048/4 ® RO-6-2048/8
RO-7-2048/4 m RO-7-2048/8

‘Exceeding these ratings could cauge
parmanent damage. Functional operation of
these devices at these conditions is not
implied—operating ranges are specified
below,

Standard Conditlons {unless otherwise noted)

Voo = 5V 1+ 0.5V
Vi = =12V + 1
Vo = GND
{Subutrate at Vi.)

Operating Temperature {T,) = -55°C to +125°C (RO-8-2046/4/8)
= 0°Cto +70°C  (RO-T-2048/4/8)

Characteristics Min Typ'” Max Units Conditions
Data inputs
Logic "0" lavel — — +0.8 v
Logic '17 level Yee—156 — — W
Moise immunity 0.4 — — ')
Input leakage — — 1.0 A Measured at V. = Vo, at 25°C
Input capacitance —_ 3 — pF WMeasured at Vi = Voo
Crata Quiputs
Logic "0" level — — +0.4 ¥ b, = 1.6 mA
Lagic 17 level Veo- 1.0 -— — y lons = 100 A
Access Time
Address - 1.2 1.5 1S Measured at 25°C
Chip enable — 0.8 1.5 HE Measured at 25°C

**Typical values are at +25°C and nominal voitages
***Testing Conditions

TIMING DIAGRAM

|-—ACCEss TrME——-—I

: |

+0.8 "

INFUTS i
CHIP ENABLE

Vo, 1B [

|

|

+0.4
QUTPUTS 1
1.0
I
1

/ UCC

TYPICAL CHARACTERISTIC CURVE

nSEC

2100

1800

TEST POINT

165003
"#::NCAL ACCESS TIME

1200

200
-8B -28 o +25 +60  17% 100 +1289C

ACCESS TIME VS. TEMPERATURE
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RO-3-2560

2560 Bit Static Read Only Memory

FEATURES

® 512+5 Organization—ideal for many general
purpose applications.

m  Single +5 VoIt Supply.

m  TTL Compatible—all inputs and outputs.

w  Static Operation—no ciocks required.

B 450ns Maximum Access Time

B 175mW Maximum Power

m  Three-Stats Outputs—under the contrel of an‘Output inhiblt'

input to simplify memary expansion,

Totally Automated Custom Programiming.

Zener Protected inputs

B Giass Passivation Protection

DESCRIPTION

The Genera! instrument RO-3-2560 is a 2560 bit static Read-Cnly
Memory arganized as 512 five bit words and is Ideally suited for
many general purpose memory applications. Fabricated in GV's
advanced GIANT II N-channel lon-lmplant process ¢ enable
operation from a single +5 Volt power supply, the RO-3-2560 can
stare a full 512 words of 5 bits each,

The RO-3-2580 is one of a family of 512 word RAead-Cnly
Memories offered by General Instrument; two others are the RO-
3-4006, with a 51248 memory crganization, and the RO-3-5120,
with & 51210 mamory organizatian.

PIN CONFIGURATION
18 LEAD DUAL IN LINE

Top Yiew

Vncl"5""ld L ~ 18 []A3
NGO 2 17 Oad
os[]a 16 {3As
w4 15 A6
w]s 14 Jar

oz[ s 13 [as
o7 12 Oag
Outinh[] 8 ¥ a1
GHND] 9 16 Az

A sgeparate publication, “A{-3-2560 Custom Coding
Information.” avallable from Gl Sales Offices, describes the
punched card and truth table format for custom programming of
the AO-3-2560 memory.

BLOGCK DIAGRAM

v?c &ND
Ao > ot
Al
a2 > 02
A3 ADDRESS MEMORY > 03
INPUT ADDRESS o| outeut >
Ad surreRs =2 Secooe MATRIX BUFFERS
a5 S2x%
a6 > 04
aT
s » 05
A
ouTPUT
INHIBIT

13-8



ELECTRICAL CHARACTERISTICS

Maximum Ratings”

Vo and input voltages (with respect to GND)

Storage Temperature

Operating Temperature (Ta). . . . . . . . . . .. ..

Standard Conditions {unless otherwise noted)

. —03V to +8.0V
. —B5°C 1o +1580°C
0°C 1o +70°C

"Exceeding these ratings could cause
permanent damage, Functlonal operation of

this device at thess conditions

iz not

implied—operating ranges are specifiad

DaTA

helow.
Voo =+5Volts £5%
Operating Temperature (TA) =0°C to +70°C
Output Loading: One TTL load, Cy. oy = S0pF
Characteristic Sym Min Typ™ Max Units Conditions
DC CHARACTERISTICS
Address, Ouipul inhikit Inputs
Logic "1 Wi 2.2 - — v
Logic "0 V. — — Q.65 v
Leakage 7] — - 10 i
Data Qutputs
Logic "1 WYom 2.2 — — v ban = 1008
Logic "0" Voo — - 0.45 v loL=1.8m#A
Leakage [IFsS - — 10 i
Power
lec - - 25 33 ma, Outputs Open
AC CHARACTERISTICS
Inputs
Cyacla Time 1 400 — — ns
Capacitance Ci - 5 8 pF f=1MHz
Data Qutputs
Access Time tace 75 250 450 ns
Inhtbit Response Time te - 150 200 ns
Capacitance Ca — 8 10 pF f=1MHz
“*Typical values are at +25° G and nominal voltages.
TIMING DIAGRAMS
s tg—
ATDRESS - o iy ouTRT M
INPUTS ;QL - 14HIBIT . ey
ty e cend 1y e
20 CATA CUTRLTS quTALTS outpuTs 8
VELIT HIEH e
IMPEDAMNCE -

QUTRTS

ACCESS TIME {ADDRESS TO OUTPUT-
QUTPUT INHIBIT AT LOGIC 0}

DQUTPUTS “hinH TMEEGANCE

iNHIBIT RESPONSE TIME
(ADDRESS INPUTS STABLE)

3-8



RO-3-4096

4096 Bit Static Read Only Memory

FEATURES
— P oNIouATION
m  Single +5 Volt Suppiy
a TTL/DTL Compatibie
& Static Operation—no clocks required
®  500ns. Maximum Access Time R
& 150 mW Typical Fower pu
m  Tri-State Qutputs—under conrod of 'Output Inhibit’ signal GHD L] e 22 [Jout1
m Totally Automated Custom Programming asl] 2 2t [QQut 2
& Zener Protected Inputa a7 A 0w a
m  Glass Passivation Protection sel] 4 18 [Jout 4
a5 18 T out 5
DESCRIPTION a4 6 17 [1Qut &
azl] 7 18 [Jout 7
The Gensral tnstrument RO-3-4096 is 2 4096 bit static Read- veo & 50w s
Only-Mermnory_ It is arganized ag 512 gight bit words and requires a2 g 1a QNG
9 bits of addressing. An 'Output Inhibit' function is provided to a1 E o 13 One
simplify the connection of several ROMs to a common bus. The o e B
RO-3-4096 | constructed on a single monoelithic chip utilizing uipul Infit
low-voitage W-channel lon Implant technology.
A separate publication, "RO-3-40%6 Custom Coding
Information,” available from G| Sales Offices, describes the
punched card and truth table data format for custom
programming of the RO-3-4095 memory,
BLOCK DIAGRAM
Voo GND
A0-> 3 0t
Al (
A2 > > 02
LN
a1y . S 03
At - INPUT ADDRESS “n:"i"i?{f: OUTPUT >0
DECODE 7
.5 BUFFERS 6128 BUFFERS 368
LY
A5 rav:]
N
A7 ',L > 07
3 > 08
AR D
Fay
QUTPUT

{NHIBIT




ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Vee and input voitages [with respect to GND) . . .
Storage Temperature . . . . . . . . . . . . . -
Qperating Temperature (T3, - . . . . . . .. .

. —0.3V to +8.0v
—B5°C to +H150°C
0°C to +70°C

Standard Conditlons (unless otherwise noted)
Voo =10 Volta * 5%

Operating Temperature (T.) =0°C o +70°C
Output Leading: One TTL load, Cy. total = 50 pF.

—

*Exseeding these ratings could cause perma-
nent damage to this device. Functional cper-
ation @t these conditions is not implied—
operating conditions ars specified below.

Characteristic Sym Min Typ*® Max Units Conditions
BC CHARACTERISTICS
Address, QOutput Inhiblt Inputs
Logic “1" Vin 2.2 —_ — v
Logig “0" Vi — — 0.65 v
Leakage lia — - 10 oA
Data Cutputs
Logic "1* Vou 2.2 — — v lon=100uA
Legic 0™ Vo, -— — 0.45 Y lon="1.6maA
L eakage o - — 10 nh
Power
fer — - 30 45 ma
AC CHARACTERISTICS
Inputs
Cycle Time tc 500 — — ns
Capacitance G - 5 8 RF = IMHz
Date Gutputs
Access Time tacc — 350 500 ns
Inhlbit Response Time tr — — 200 ns
Capacitance Co — 8 10 pF i~ IMHz

“*Typical values are at +25°C and nominal voltages.

TIMING DIAGRAMS

te
ADBRESS i " Mn
INFLTS .
. dp,
tacg - am|
DATA A
DUTPUTS
_...,: i: 45

ACCESS TIME (ADDRESS TO OUTPUT-
OUTPUT INHIBIT AT LOGIC “0*)

QU PUT S E
NHIBIT .
JRPE N PRy L -

oaTa _ _ DUTPUTS T oLTRLTS ouTPUTS 28
OLTPUTS “YiGh TMPEDANCE ¥AL D L OHITH L
IMPEDANCE

INHIBIT RESPONSE TIME
(ADDRESS \NPUTS STABLE)
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RO-3-5120

5120 Bit Static Read Only Memory

FEATURES
2 51210 Organjzation PIN CONFIGLURATION
B Single +5 Volt Supply 24 LEAD DUAL IN LINE
a TTL/OTL Compatible
® Static Operation—no clooks required
B 500ns Maximum Access Tims
B 150mW Typical Power
& Three-State Qutputs—under control of 'Cutput Top View
Inhibit' signal S a——
® Totally Automated Custom Programming GT; E ‘?‘ :; gu.c.
B Zener Protectad inputs P - jg::;
B Glass Passivation Protaction = 1 Bout 3
AsO s 20 [out 4
A6 18 Cout 5
DESCRIPTION FXTull: 18 [Jout &
MC[E W Oout 7
The General Instrument RO-3-5120 is a 5120 bit static Read- Ve O @ 16 d0ut &
Only-Memory. It is organized as 512 ten bit words and requires 8 A2 10 15 Pouts
bits of addressing. An ‘Quiput Inhibit’ function is provided to A0 n 14 Hout ¥
simpiify the connection of several ROMS to a common bus. The ApQg 12 13 [ Cutput Inhiti
RC-3-5120 iz constructed on a single manclithic chip utilizing
low-voltage N-channel \en Implant technclogy.
A separate publication, "RQ-3-5120 Custom Ceoding
Information,” evaitable from Gl Sales Offlces, describes the
punched card and truth table data format for custom
programming of the RG-3-5120 memory.
BLOCK DIAGRAM
vee GND
3 01
A rd
Al S 02
A1) 7
A2 D > 03
¢ > 04
A3 > KMEMORY (
as > INPUT AUDRESS MATHIX OUTPUT r
\r BUFFERS DECODE 512510 BUFFERS ) 06
a8 2 > 07
A > hY
58
a7 > 7
4 > 09
a3 > 4
> 010
A
QUTPUT

INHIBIT

LR L




ELECTRIC CHARACTERISTICS

Maximum Ratings*
Ve and input voltages {with respect to GND)
Storage Temperature . . . . . . . . L L L L L L
Operating Temperature {Ta}

...... —0.3V to +8.0V
~B5° G ta +150°C
0*C o +70°C

Standard Conditions {unless otherwise noted)

RQ-3-5120 E

“Exceeding these ratings couid cause
permanent damage. Functional oparation of
this device at these conditions iz not
implisd—operating ranges are specified

below,
Ve = 45 Volts =5%
Temperature {T.) = 0°C to +70°C
Output Loading: One TTL Load, C1 torac = S0pF.
Characteristic Sym Min Typ*~ Max Units CondHions
DC CHARACTERISTICS
Address, Output Inhibit Inputs
Logic "1” W 2.2 — — Y
Logic 0" Vi — — 0.65 v
Leakage [}%] — — 10 nh
Data Outputs
Logic "1™ WVau 2.2 — — v loie = 100uA
Logic "o" Vau - - 0.45 v o = 1.6mA
Leakage leo — — 10 pA
Power Supply Current
I°8 — — 30 45 mA Gutputs open
AC CHARACTERISTICS
Inputs
Cycle Time te 500 — w— ns
Capacitance C — 5 8 pF f=1MHz
Data Cutpuls
Access Time tace — 350 500 ns
Inhibit Response Time 1 — — 200 ns
Capacitance Co -— 8 10 pF f=1tMHz
*“*Typical values are at +25°C and nominal voltages
TIMING DIAGRAMS
te
o o -y ouTPGt it
4DoRESS ><‘ ><‘ “11: BT .
bace . | P — RSP, -
naTA T - Y] DaTA oUTPUTS T QUTPUTS autpurs 28
BLTEN S ) OUTPUTS "HiGH TMPEDENCE ] vaLin HIGE e
48 IMPECQMNCE
ACCESS THEE (ADDRESS TO DUTPUT— INHIBIT RESPONSE TIME
CUTPUT INHIBIT AT LOGIC ‘) {ADDRESS INPUTS STABLE)
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RO-5-8192

8192 Bit Read Only Memory

FEATURES
o PIN CONFIGURATION
W 2048=4 Organization ) 24 LEAD DUAL IN LINE
= 1.2ps Typical Access Time
m TTL/DTL Compatibility—Inputs and clogks TTL/DTL
compatible without external interfaging components.
B Frogrammable Chip Select—Simplifies design of large
mMemory systems. )
m  Totally Automated Mask Generation—"R0O-5-8192/Custom Fop View
Coding Information”, describing punched card and truth Ve @ M MG
table data specification, is available from Gl Sales Offices. 20 23 [ Chip Salact 1
m Zoper Protected Inputs Zzd 3 ] Ecmp Falecr 2
w  Glass Passivation Protection a3 4 21 [1Chip Salect 3
a1 20 [1Chip Select 4
Az 6 19 P Qutpat
DESCRIPTION A3l 7 18 3 Qutput 2
A & 17 [ Qutput 3
The General Instrument RO-5-8192 isan 8192-bit dynamic Read A 9 18 [ Gutput 4
Only Memary. It is organized as 2048 four bit words and requires &6 0 10 15 P Vg0
11 bits of addressing. Additional features such as programmable 7001 1«; 1410
chip select are provided for greater system flexibility. The RO-5- s [ a8
8192 is constructed on a single monalithic chip utilizing MTNS
P-channel enhancement mode transistors. The RO-5-8182 is
available pre-programmed as a 4 bit random number generator,
BLOCK DIAGRAM
AG AT AB A AID
COLUMN GUADRANT
DECODER ¢ SELECT
vo U
at MEMORY
azs 2 e oW MATRIX
ECODER 2048x% 4
&4
N U
csi < g
cs2 CHIP SENSE CLOCK
C53 SELECT AMPLIFIERS DRIVER el
c54 @2
BEE Ve
—< Yo4
QUTPUT
BUFFERS

¥ v v ¥
i 2 3 4

DATA QUTPRUTS
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ELECTRICAL CHARACTERISTICS

Maximum Ratings®

Yo, clock and Input voltages (with respecttoVec) . . . | . —20V ta +0.3V
Storage Temperature . . . . . . . . . ... ., .. —65°C to +160°C
Operating Temperature {TA). . . . . . . .. . . .. . 0°C o +TO"C

Standard Conditlons {unless otherwise noted)

Voo = +5 Volts t5%

Voo = —12 Volts +5%

Operating Temperature (T,) = 0°C to +70°C

Qutput Loading: R = 8.8K to Voo, G TOTAL = 100p1.

RO-5-8192

*Exceeding these ralings could cause
parmanent damage. Functional operation of
this device at these conditions is not
implied—operating ranges are specified
betow.

Characteristic Sym Min Typ*" Max Units Conditions

DC CHARACTERISTICS

Clack inpuls

Logic "“1* Wi We1.5 — — W

Logic 0" Vi — — 3.8 i

Leakage bk — — 1.0 A Vi = Vo —8Y,
Ta=+25°C

Address, Chip Select Inputs

Logic “1" Vi Veo— 1.5 — — %

Lagis “0” Vi — — +0.8 v

Leakage iu — — 1.0 wuh Vo =WVoo- BV,
Ta=+25°C

Guadrant Enable Inputs=

Logic 1" Won Voo 1.5 — — v

Logic "0” Voo — — 208 v

Data Qutputs

Logic “1" W Vieo—1.5 — — W OME TTL LOAD

Logic “0" Vo — — Ver—d.5 v OMNE TTL LOAD

Power

tec — — 275 400 Ty

AC CHARACTERISTICS

Clock Inputs

Cycle Time Lo 2 — 100 e

¢1 Pulse Width to1pw 800 — — ns thtpw iz 240008

¢ Pulse Separation tepips 1200 — — ns

&: Lead Time tehma 400 — — nS

&: Lag Time taag 400 — — ng

Rize and Fall Times tr.te — — 50 nS

Capacitance Cdr e ] L]l pF 1MHz, Ta=-25°C

Inputs

Set Up Time tis 200 — — nS

Held Time til 200 — — n3

Capacitance o — 5 7.5 pF AMHz, T —+25°C

Data Outputs

Propagation Delay o — 085 1 pS

Access Time tace — 1.2 1.6 us {See Note}

Capacitance Co — 3 5 pF IMHz, T, =+23"C

“*Typical values are at +25°C and nominal 'voltages.

NOTE:
Access Time is defined as tps {min.) -+ tén, (Min} + ton (max.)
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RO-5-8192

LOGIC DEFINITION

Logic “1" = +5¥ DC or the more positive voltage
Logic “0" = OV DC or the mere negative voltape

CHIP SELECT

The RO-5-8192 ig provided with four programmabla bits of chip
gelect. Constructing large memory systems with more than one
BK ROM simply requires wire-working the ROM cutputs and
assigning different chip select codes to each ROM chip (when a
chip is not selected, |3 outputs ara at a logic "0"—the output
device is off). In addition, cascading ROMs with the same chip
select code provides additional bits per word.

Thae four chip salect bits are permanently pregrammed into the
ROM at the same time a5 the custom data pattem. 31 different
chip select codes are possibie—16 unique codes ang 15
additional with "don't care” variztions {in the following x =0ori):

Cst cs2 C53 c54

CUSTOM BIT PATTERNS

Ganeral instrument makes usa of prover computer techniquasto
provide fast and accurate generation of custom bit patterns. All
necessary material, including the data pattern mask, tost dataand
check lists [for customer verification), ae computer-ganerated
and cross-checked. For the full details on data apecification,
request the booklet "RO-5-8192/Custom Coding information”
fram any Gl Sales Office. - :

X X X X — 16 codes
DC X X X —_ 8 codes
DG oo X X - 4 codes
DG DC oc X - 2 codes
] DG oC DC — 1 code
-TIMING DIAGRAM INTERFACE CIACUIT—TTL/DTL
tee 1
I P TS PIND o
-t—- 1] ~( Y ——
i + usora | — 2 CUTBUT UNES
CEJICK ETT \_‘! Y ENAELE LINES [2? i
i &
p— - ""—‘i sevcor Uit -[g:
elbok bo% SR ;-E v
— o— —a
I-J“ 1"'_—| 11 apoRERs Lives | S| ™
s, =
QU.QR?‘I:UE:”LE o] i s
a__D____.: " . 190 0F T TrLIDTL
_!c___ .i“.-. ke

DATA
QUTPYTY

ETD
TTlAaTL

TYPICAL CHARACTERISTIC CURVES

500 T |
’2' Voo —Vgg® IT.EBY
400,
g !
Py e
= |
g 1 ™
& 3p0 : T —
] I ! T
© 1
T 200 | 1
2 I i
[ | 1

100 L .

0 20 [ &0 EL]

TEMPERATURE {*C)
POWER DISSIPATION ve. TEMPERATURE .

15 L Vg~ Vgg *1B.I5Y

w

1

w L4

z

F ]

5 3 o]

W i

g T |

@ 1 i

e | | 1

| | !
| i 1
o 20 40 60 T

TEMPERATURE (*C)
ACCESS TIME v¢. TEMPERATURE
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RO-3-8316A RO-3-9316A
RO-3-83168 RO-3-9316B

16384 Bit Static Read Only Memories

FEATURES

& 2048#8 Crganization—ideal for microprocessor
memory systeéms.

Single +5 Voll Supply

TTL Compatible-—all iputs and outputs.

Static Operation—no clocks required,

450ns Maximum Access Time: RO-3-8316B/93166
850ns Maximum Access Time: RO-3-8316A/9318A
Threg-Stage Outputs—under the control of three
mask-programmable Chip Selsct inputs to simplify
Memory expansion.

u Totally Automated Custom Programming,

2 Zener Protected Inputs.

m (lass Passivation Protection.

DESCRIPTION

The General Instrument RO-3-8316A/8316B and RO-3-
9316A/3316B are 16,384 static Read Only Memories organized as
2048 eight bit words and are |deally suited for microprocessor
memaory applications, Fabricated in Gi's advanced GIANT TI N-
channel lon-implant process to enable operation from a singie +5
Vot power supply, the RO-3-8316A/83168 and RO-3-
3316A/9316B offer the best combination of high performance,
large bit storage, and simple interfacing of any MOS Read-Only
Memorias available today.

Tha ROQ-3-8318A/83168 are direct replacements in  pin
connection and aparation far the {ntel 83164 and 2316A.

Tha RO-2-931B8A/9316E pin conflguration is identical to that of
the Intel 2708 BK. EPROM.

A separate publication, "RO-3-8316/831E Custom Coding
Information," available from Gl Sales Offices, describes the
punched card and truth table format for custom prograrmming.

PIN CONFIGURATION
24 LEAD DUAL 1M LINE

RO-3-8318A/8316B

Top View
ardet 7 2 Bugeew
asC] 2 23 o
agd 3 2z Doz
ATOLY 4 21 Oga
ADLCY 5 20 Mos
AT B :Nali)
a2 7 15 106
Azl @ 17 Qo7
a9 16 [oa
ASL] 0 % Bca
el n W [eaz
annr] 2 M css
RO-3-93164/93168
Top View

A?d
A5
A5
=
3]
A2
a1
A0
"m0
02 O
020
anNo

ot W

W,
BLOCK DIAGRAM gi”f e
AD e 2l
al > O
a2 03
A3 04
ADDRESS . MEMORY -
ACDRESS QUTEUT
AT iR Y BRESE Y M [ sl
Py —— RS > 06
AB e T
AT -3 8
Ag .
an !
&10 —
cs CHIP cHIP |
SELECT -
53 BUFFERS
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RO-3-8316A = RO-3-8316B

RO-3-9316A = RO-3-9316B

ELECTRICAL CHARACTERISTICS
MaxImum Ratings”

Voo and input voltages {with respact 10 GND)
Storage Temperature . . . . 0 L L L L L L.
Operating Temperature {T.)
Standard Conditlons (unless otherwise noted)
Voo — 45 Volts £5%

Opsrating Temperature {Ta) = 0°C to +70°C
Output Leading: One TTL lgad, Ci. o, = 100pF.

RO-3-8316A/9316A and RO-3-8316B /93168

. —03V to B0V
-§5°C to -150°C
............. G to +70°C

"Exceeding these ratings could cause
permanent damage. Functional operation of
these devices at these conditions is not

impligd-—gperating ranges are specified

bl

oW,

Characieristic Sym Min Typ** Max Unils Canditions
DC CHARACTERISTICS
Address, Chip Setect,
Latch Inputs
Logic "1" Yuu 2.0 — — v
Logic "0" i — — 0.8 v
Leakage {1 = — 1G uh
Data Quiputs
Lagic " 1" Wik 2.4 — — v Lot = 1008
Legic Q" W — — 0.4 v ey = 1.6maA
Leakage Lo — e 10 A
Power Supply Current
e — — 50 85 ma Cutputs open
(RO-3-8316A/9316A)
----- — 65 a5 mA Outputs open
{RO-3-83168/33168)
RO-3-BHEA/II1GA
AL CHARACTERISTICS
Address, Chip Select inpuls
Cyele Time t BOO — — ns
Capacitance [} — 5 8 pF f=IMHz
Data Qutputs
Access Time tace — 800 850 ns
Chip Select Responsge Time 1 — 200 3co ns
Capacitance Co — 8 10 pF f=itHz
RO-3-8316B/93168
AC CHARACTERISTICS
Address, Chip Select Inputs
Cycle Time te 400 — — ng
Capacitance G — 5 8 pF f=IMHg
Data Qutputs- )
Agcess Time tace — 350 450 ns
Chip Select Rasponse Time te 100 200 ng
Capacitance Cu — 3 10 pF f=IMHz

' Typical valuess are at +25°C and nominal volteges.
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TYPICAL SYSTEM APPLICATION

A complete systern of 16K words of ROM {8 bits/word) is easily
obtained without any extarnal address decoding by making use
of programmable chip select features and by wiring the outputs
ol gighl different RO-3-8316"s as shown in the figure below.

RO-3-8316A = RQ-3-8316B
R0O-3-9316A » RO-3-9316B

CHIP SELECT TABLE

cs 3

LEWICE
SCLECTED

[
LA
[X]
9]
i

- =~

A6 KD
1541
18K 2
16K3
16K4
165
16KE

I - T T -
. R e ]

1GK7

LUDRERS U

AN-AIG! e

CHIP SECECT RuUs®

Ty —0H ) I - T
S . L L H
pilalnd (Rl a0 ool
RC-2-823 4 . RC-Z-B3IE RC-Z-8316 RO BE
1EHK 14l IEKZ 1EK3
1 H

100

Hix-3-8% 4
16K~

K- 3-A31E
Hn?

i L

[ B

Y ULLAED o5 SULREISES L) Gy

- I . - r‘:;JTf - s

gt

TIMING DIAGRAMS

ADDRESS t
INPLTS
- 1
—
DATA
auUTPU™S

ACCESS TIME (ADDRESS TO OUTPUT—CHIP SELECTED}

CHIF

HIl NoT SELECTED ? NOT V1A
SEECT cpiECTil (45 PROGRAMMED: X! SELECTED
INELTS Wr
th e i tr
DATA OUTPUT CUTPJTS w22
QUTBLTE NG IMPEDANCE Va_'D

i HIGH g
IMPEDENCE .

CHIP SELECT RESPONSE TIME (ADDRESS INPUTS STABLE)
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RO-3-8316A « RO-3-93168
RO-3-9318A = RO-3-9316B.

TYPICAL CHARACTERISTIC CURVES
145 Vgq =BV
Vo 14+ 5Y B
1000 et 550 L
800 450 }
r
» a
£ | LT £ T
o 600 o 350 1
o = e 1 ] "1 | |
= : T = 7 L
] 1
400 |— + 250 ; :
1 : | ' 1
1 1
| : : |
200 L : 80— i i
g ! ! ! ! !
o 20 40 80 80 ¢ 20 40 80 80
TEMPERATURE {°C) TEMPERATURE {°C}
RO-3-8316A/9316A RO-3-8316B/9316B
Flg.1 ACCESS TIME VS. TEMPERATURE
Ta 7 +25°C T, : +25°C
700 Vo = +5Y 450 P
850 100 [ /
g E !
o 600 o 350 :
= ] E g //
1
55C ] : 00 aut ;
! : i :
1 | i 1
500 — : 250 -} .
1 i | :
i - 1 i
3 18 2 23 25 17 i 2. 21 25
Vg (VOLTS} Vou (VOLTS)
RO-3-8316A/9316A RO-3-8316B/83168
Fig.2 ACCESS TIME VS. OUTPUT VOLTAGE
Vo BBy Moo Y
76 L5+ [}
&0
80
- 7 TO
E 50 TR E— R
4] 3] [ ===t
2 -‘-'"“"-‘..____ o e :I --...______-
I
40 1 I.
L} I
: sof a
a0 : H :
t 1 t
1 1 i
o 20 40 &0 80 o 20 a0 80 80
TEMPERATURE (°C} TEMSERATURE (°C}
RO-3-R31BA/A316A RO-3-83168/93168
Fig.3 POWER SUPPLY CURRENT V5. TEMPERATURE
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RO-3-8316A = RO-3-8316B El
‘RO-3-9316A « RO-3-9316B

TYPICAL CHARACTERISTIC CURVES

T, ¢ +25°C Ty = +25°C
I A R .
. i 20
60 : t
~ ~ 7 ;
4 k3 I
E LT £ ="
E s —~I E -
9 T - 1 g = : ,I
| | h
- 1 | 1 w80 1 i ]
i i i i . |
ap ' y L R A k- v + Y
! 1 1 \ \ 1
L. ; ; 4 50 T +
1 | [ 1 | 1
! | [ ! | !
T T LI T T T
| I [ : | | I
1 1 | . L Il Il
4.5 4.8 .0 T2 5.4 46 4.8 50 52 5.4
Vg (WOLTS) Wep [WOLTS)
RO-3-B316A/9316A RO-3-8316B/93168

Fig.4 POWER SUPPLY CURRENT V5. SUPPLY VOLTAGE

Ta = +25°C
24T wgg=+5Y -
'8 i
//
o
€ 2 /-/
d .
£
8 /,
1
° i
|
|
o [ 2 3 a
Yy, [VOLTS)

RO-3-8316A/83168, RO-3-9316A/9316B
Fig.5 OUTPUT SINK CURRENT V5. DUTPUT VOLTAGE

Ty = +25°C
2.4 Vee = +5v 1
1.8
% 12 AV
z h,
a6
|
o T
I
L
© 1 2 3 4
Vg (VOLTS)

RO-3-8316A/8316B, RO-3-8316A/93168
Fig.6 OUTPUT SOURCE CURRENT ¥S. OUTPUT VOLTAGE
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RO-3-8316C  RO-3-9316¢ | PRELIMINARY INFORMATION

16384 Bit Static Read Only Memories

FEATURES
W 20488 Qrganization—ideal for microprocessor PIN CONFIGURATION
MEMory systems. 24 LEAD DUAL IN LINE
a Single +5 Volt Supply RO-3-83160
| TTL Compatible-—all inputs and outpuls.
& Static Operation—no clocks required. Towr ik
B 350ns Maximum Access Time e 24 Pvgatesw
B Three-Stage Qutputs—under the contrgl of three AsC] 2 23 Om
mask-programmabie Chip Select inputs to simplify A9l 2 22 Mo
memory expansion, Aol 4 21 Do
m Totally Automated Custom Programming. :?E : ?g gz‘;
u Zener Protected Inputs, a2l ¢ 18 Dog
B (lass Passivation Protection. asll e 17 Dor
A4l 9 % [og
AsO) 10 5 s
lsll: il 14 ose
GNp ] 12 13 ficss
DESCRIPTION L.
The General Instrument RO-3-8316G/9316C are 16,384 static 24 LEAD DUAL INLINE
flead Only Memories organized as 2048 eight bit words and are RO-3-9316C
ideally suited for microprocesser memcry applications. Top View
Fabricated in GI's advanced GIANT II N-channel lon-Implant arder 24 H Vo <5v)
process to enable operation from a single +5 Volt power supply, s 2 23 | an
the RO-3-8316C/8316C offar the best combination of high ast] 2 22 a9
performance, large bit storage, and simple intarfacing of any AdT] 4 2 css
MOS Read-Only Mameries available today. . ‘“E 5 ’13: gf‘ss
The RO-3-8316C is 4 direct replacement in pin connection ang :f o : 18 3 cse
gperation for the Intel 8318A and 2318A. Al s 1T hoe
The RO-3-9316C pin configuration s idantical to that of the Intel il Bpo
2708 8K EPROM. pog= I I o
A separaie publication, “AN-3-8315/9316 Custom Coding GND ] 12 13 004
Information,” available from G| Sates Offices, describes the
punched card and truth table format for custam programming.
BLOCK DIAGRAM VTC)C c80
| —_
40 >—-r—- e Sas QU]
Al g
AR . o2
Ao T p DRESS || sopmess MEMaRY ouTPUT o4
C DEGEOE BUFFERS >
a5 i § HBUFFERS 2048 X B 3 08
B )—-—-l a7
ar >——7 > 08
EY:! f
aa
AL
cs CHiP -
cs2 SELECT sErEeT
cs3 BLFFERS DECLLE .
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RO-3-16384

16384 Bit Static Read Only Memory

FEATURES
PIN CONFIGURATION
m  4036i=4 Organization
m Single +5 Yoit Supply 24 LEAD DUAL IN LINE
8 TTL/DTL Compatible
m  Static Operation—no ¢locks required
m Address/Chip Select Latch input—may be used to gate in new
Adcress or Chip Select Inputs
B 1 us Maximum Access Time Top View
m 250 mW Typical Power Ve O] e hano
B Three-State Outputs—under control of 3 programmable ADDRESS/CS LATCH a 2 21 f1est
Chip Select inputs, E( 3 22 [lesz
m Totally Automated Custom Programming a 1 [1Cs3
M Zener Protected Inputs [} 20 dat
® Glass Passivation Protection ge 16 pour
[ 1% Plaur 2
H 17 Qout s
DESCRIPTION g B DouT 4
10 15 NG
The General Instrument RO-3-16384 is a 16,384 bit static Read- " Tapae
Only-Memary. It is organized as 4096 four bit words and requires z il sl
12 bits of addressing. Three programmable Chip Select inputs
are provided to simplify the connection of sevaral ROMs to a
common bus. The RO-32-18384 iz constructed on a single
monolithic' chip utilizing Jow-voltage N-channel lon Implant
technology.
A separate publication, "RO-3-16384 Custom Coding
Information,” available from Gl Sales Oifices, describes the
punched card and truth table data format for custom
programming of the RO-3-16384 memory.
BLOCK DIAGRAM
Yee GND
ADDRESS /C8 LATCH >y T T
i
AQ > OUT |
&1 e —t—]
Az
a3 > QUT 2
MEMORY
ADDRESS QUTPUT
a4 ] "DECODE [T} MATRIX > HFreRs
as
INPUT QUT 3
Ag BLIFFER
a7 REGISTER
.1:3 ouT 4
A
fi1le]
Al
eS|
CHIP
cs2 F—> SELECT
cs2 DECODE
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E AO-3-16284

ELECTRICAL CHARACTERISTICS

Maximum Ratings*
*Exceeding these ratings could cause

Vec and input voltages (with respectto GND}y . . . . . —0.3V to +8.0v ermanent damage, Functional operation of
Storags Temperature . . . . . . . . . ... .. —£5°C to +150°C pe ) ge. [Dperal
QOperating Temperature (T4}, . . . . . . . o . 0 . 0°C to+70°C .thls Idewce @ these conditions Is. _nct
implied—opérating ranges are specified
Standard Condlitons: (unless otherwise noted) pelow.
Voo =+5volts 2 5%
Cperating Temperature {T.) =0°C o +70°C
Output Loading: One TTL load, CL 1ytq = 50 pF.
Characterliatic Sym Min Typ'* Max Units Condilions
DC CHARACTERISTICS
Address, Chip Select, Latch Inputs|
Logic 1" Vin 22 — — v
Logic 0" Vi — - 0.65 v
Leakage . lie — _ 10 oy
Data Outpuis
Logic 1" Wou 2.2 — — A lon = 100uA
Logic 0" Yoo —_ - .45 W lon— 1.BMA
Leakage ho — — 10 e
Power Supply Current
lee: — — 50 G5 ma Outputs open
AC CHARACTERISTICS
Addrasa, Chip Select Inpuls
Cycle Time te 1.0 — — 23
Set-up Time tas 0 — — ns
HMald Time tan 200 — — ns
Capacitance G — 5 a pF f=1MHz
Latch Input
Pulse Width tow . 200 — — ns
Data Quiputs
Access Time tace — 0.7 10 o5
Chip Select Response Time th — 200 300 ns Latch at - 5V
Capacitance Co — 8 10 pF - 1MHz

“*Typical values are at +25° C and nominal voltages.

TIMING DIAGRAMS

ADCRESS #
- ClP SELEST
KRS

———
ADGRESS - Vig
INFUTE VL

L coom clape s ——am o -
______ . s : ™ o
DATA \ Vo cHin sEiFET
QUTPUTS Mok Vi LATLH L E— . =W,
t— i — ‘?Vr':- d

CHIP SELECT A - T T T paa
iNp X, e
MRUTS . L GUTALTS

WITH LATCH INPUT HELD AT +5V WITH LATCH INPUT UTILIZED
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RO-3-16384 E

TYPICAL CHARACTERISTIC CURVES

1000

800 =

600

400

Tace NANOSECONDS

)
o
=

o] 25 50 78
TEMPERATURE, °C

80

70

80

40

ICC m#a

30

4) 25 50 75
TEMPERATURE, °C

200

800

700

500

Tace NANOSECONDS

OI,5 & L7 18 19 20 21 22

gy VOLTS
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RO-3-20480 PRELIMINARY INFORMATION

20480 Bit Static Read Only Memory

FEATURES
PIN CONFIGURATION
® 2048 x10 Organization—ideal for microprocessar 24 LEAD DUAL IN LINE
mMemary systerns,
8 Single +5 Volt Supply.
m TTL/DTL Compatible
m  Static Operation—no clocks. Top view
® 500ns Maximum Access Time 7
®  250mW Typical Power o g S
m  Three-State Quiputs—under control of Output Inhibit. a70] 4 22 M out 2
a6l 4 21 Ogut 3
; psld s 20 £ 0w 4
DESCRIPTION a4l B 1% 00t 5
Azl 7 18 0wt 6
. 17 [Tout ?
The General Instrument RO-3-20480 is a 20,480 bit static Read ﬁ:?g : 18 §0:: 8
Only Memory ideally suited for microprocessor memory sord 10 = Reus
applivations. Fakricated in Gi's advanced GIANT I N-channel ISI=K} 14 PQut 10
Ion-Implant process to enable operation from a singie +5 Volt A0 12 13 [1Qutput nhibn
pawer supply, the RO-3-20480 offers high performance, large bit
storage, and simple interfacing.
BLOCK DIAGRAM
W, QUTPUT
ffc G"}I‘)D INHIBIT
AC > 0|
Al > 02
&2 o3
&3 > 04
P INPUT ADDRESS MEMORY OUTPUT S o5
A5 BUFFER CECODE 2048 X 10 BUFFERS 506
AB » 07
av : > 08
[:%:] > 09
AS > 10
AlO
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RO-3-9332A PRELIMINARY INFORMATION

32768 Bit Static Read Only Memory

FEATURES
B 4086x8 Organization--ideal for microprocessor PIN CONFIGURATION
memory systems. 24 LEAD DUAL IM LINE
B 5ingle +5 Volt Supply
u TTL Compatible—all inputs and outputs.
B Static Operatiocn—no clocks required.
& 850ns Maximum Access Time
M Thrae-State Qutputs—under the control of two Tap View
mask-pragrammahble Chip Selact inputs to simplify arder Vg 145V
Memory expansion. a6l 2 48
m  Totally Automated Custom Programming. [iw ] g
m  Foner Protected Inputs. A4 il
B Glass Passivation Protection. EE 2 :‘s;
Al 7 A1l
o TR
DESCRIPTION wd o
The General Instrument RO-3-93324 is a 32,768 bit static Read it os
Only Memory organized as 4096 eight bit words and is ideally GNDL 14 M
suited for microprocessor memory applications. Fabricated in
Gl's advanced GIANT II M-channel lon-Implant process to
enable operation from a single +5 Volt power supply, the RO-3-
9332A offers the best combination of high performance, large bit
storage, and simple interfacing.

BLOCK DIAGRAM

Veg G{?D
an > 0l
&l > 02
az > 03
Az : > 04
ADDRESS ADDRESS MEMORY OUTPUT .
A4 INPUT > ALDRESS > MATRIX i > 05
A5 BUFFERS 4096 X B > 06
A6 > 07
A7 o8
AB > !
ag '
AlQ
At 5
cs | CHIP
cs2 SELFCT > seLECT
INPUT l DECODE
BUFFERS L
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KEYBOARD ENCODERS / CHARACTER GENERATORS

MEMORY
QRGANIZATION NUMBER NUMBER

B8 x3=9
Keyboard Encoder A¥-5-2376 14-2
a0 = 4 = 10 AY-5-3600 14-T
Keyboard Encoder AY-5-3600P ROy 14-13

G4 2«57 B -
Character Gengrator RO-5-22405 14-16

6485 .
Character Generator RO-3-2513 1420

64 =B =9g
Character Generator RG-5-5184 14-25

KEYBOARD ENCODERS/
CHARACTER GENERATORS

[S]MICRO

ELECTRONICS




AY-5-2376

Keyboard Encoder
FEATURES

m One integrated cirguit required for complete keyboard
assembly.

= Jutputs directly compatible with TTL/DTL or MOS {ogic
arrays.

» External control provided for output polarity selestion,

m External cantrol provided for seiection of odd or aven parity.

& Two key roll-over operation.

u N-key lockout.

™ Programmabkle coding with a single mask change.

B Self-contained oscillator circuit,

m Externally controlied delay network provided to eliminate the
effect of contact bounce.

m Static charge protection on all input and output tarminals,

m Entire circuit protected by a layer of glass passivation.

DESCRIPTION

The General Instrument AY-5-2376 is a 2376 Bit Read Only
Memory with all the logle necessary to encode single pole single
thiow keybeard closures into a usable S-blt code. Data and
strobe putputs are directly compatible with TTL/DTL or MOS
lagic arrays without the use of any special interface components.
The AY-5-2376 i3 fabricated with MTNS technolagy and contains
2942 P-channel enhangement mode transistors on a single
manolithic chigp,

PIN CONFIGURATION
40 LEAD DUAL IN LINE

Top Witw

WMo

Frequengy Contral B U
Frequancy Contrel &
Shift Input £

Cantrol lnput ] -

Parlty Invert Input O
Parity Outaut £

Data Gulpul B8 []

Data Dutput B7 [

Data Cutpur BE 0

Data Dutput BS [

Drata Guiput B4 O

Data Qutput B4 O

Data Jutput B2 [

Drata Qutput B4 L]
Strobe Cutput [

Viu O

Ve [

Strobe Contrel Input O
Erata & Strobe Inver Input [ 2

Frequency Contral &

Keyhoard Malrix
Qutputs

Koy rsianed Matkrix
Inputs

BLOCK DIAGRAM
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OPERATION

The AY-5-2376 contains {see Block Diagram), 2 2378-bit ROM, 8-
stege and 11-stage ring counters, an 11-bit comparator, an os-
cillator circuit, an externally controllable deiay network for elim-
inating the effect of contact bouncs, and TTL/DTL/MOS
compatible output drivers.

The ROM portion of the chip is a4 264 by 9 bit memory arranged
nto thrae 88-word by 9-bit groups. The appropriate levels on the
Shift and Contral Inpuis selacts one of the threse 88-word groups;
the S8-individual word locations are addressed by the two ring
countars, Thus, the ROM address is foermed by combining the
Shift and Control Inputs with the two ring counters.

The extarnal cutputs of the B-stage ring counter and the external
inputs to the 11-bit comparator are wired ta the keyboard to form
an X-Y matrix with the B8-keyboard switches as the crosspoints.
In the standby conditlon, when no key is depressead, the two ring
counters are clocked and sequentially address the ROM; the
absence of a Strobe Qutput indicates that the Data Outputs are
‘not valid’ at this time.

When a key is depressed, a single path is completed betwean one
autput of the 8-stage ring counter (X0 thru X7) and one input of
the 11-bit comparator {(Y0-¥10). After a number of clock cyciles, a
condition wilt accur where a level on the selected path to the
comparator matches a level on the corresponding comparator

AY-5-2376

input from the 11-stage ring counter. When this occurs, the
comparatar generates a signal to the clock control and to the
Strobe Qutput (via the delay network). The clock control stops
the clocks to the ring counters and the Data Qutputs {B1-B%)
stabilize with the selected 9-bit eode, indicated by a ‘valid’ signai
on the Strobe Output. The Data Outputs remain stable until the
key is reloased.

As an added feature two inputs are provided for extarnal polarity
control of the Data Outputs, Parity Invert { pin6) provides polarity
control of the Parity Output (pin 7) whiie the Data and Strobe
Invert Input {pin 20} provides for polarity contrel of Data Qutputs
B1 thru BB (pins 8 thru 15} and the Strobe Quiput (pin 18).

SPECIAL PATTERNS

Since the selected poding of each key is defined during the
manufacture of the chip, the coding can be changed to fit any
particular apphication of the keyboard. Up to 264 codesofup to 8
bits {plus ane parity bit) can be programmed into the AY-5-2376
AOM covering most popular codes such as ASCH, EBCDIC,
Selectric, etc., as well ag many specialized codas. The ASCIH
codeis available asa standard pattarn.

TIMING DIAGRAM

SWITCH
CLOSURE
Y
88 CLOCK
CYCLES
SWITCH
BOUNCE

[t B M MM SWITCH CLOSURE —-——1i

5TROBE

SWITCH
RELEASE

Y

(—— STROBE WIOTH

SWITCH
""”sou‘mcs*"

DELAY

¥ KEYBOARD Yoo
MATRIX OUTPUT

sTROBE Yoo
QuUTPUT

[ ]

'

MINIRALIM SWITCH CLOSURE - SWITCH BOUMNCE + (88 X 1/fl + STROBE DELAY + STROBE WIDTH

MAXIMUM
EXPECTED

—.-I---——-5.US

DATA VALID

{

DETERMINED BY
EXTERNAL RC

CETERMINED MINFMUM THVE

BY FREQUENCY REQUIRED BY
OF OPERATION EXTERNAL
{EXTERNAL RC) CIRCUITRY
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E AY-5,2378

ELECTRICAL CHARACTERISTICS

Maximum Ratings

Vg and Vgg (with respectto Vee) . . . . . . . —20V 10 +0.3Y *Exceeding these ratings could cause permanent damage.
Logic input voitages {with respect to Veo) . . . —20¥ to +0.3Y Functional aperation of this device at these conditions is r?ot
Storage Temperature . . . . . . . . . . . —65°C to +150°C implied—operating ranges are specified below
Operating Temperature Range . . . . . . . . 0°C o +70°C '
Standard Condltions {unless otherwise noted)
Yoo = +5 Volts £ 0.5 Volts, {Vee = Substrate Voitage)
Voo = —12 Vaolts 1.0 Volts, Vo = GND. Operating Temperature (T =0°C to +70°C
Characteristics $ym Min Typ** Max Unlts ) " Condltions
Clock Frequency f 10 &0 100 KHz See Block diagram
footnote™ for typical
R - C values
Data Input
(Shift, Control, Parity
invart, data & strobe invert}.
Logic "0" Lavsl Vi Voo —_ +0.8 v
Logic *1" Leval Vo Voo 1.5 — Veot03 v
Shift & Control Input -
Currant Ir¥sc 5 36 &0 A V=5V
-] 16 30 b V=0V
Diata, Parity lnvart Input
Current b — 01 i uh V=5V 1o +5v
X Cutput {(X-X:)
Logic “1" Qutput Current bxt — Q — ul Vot = Voo
80 150 400 uh Your = Ve —1.3V
140 300 &00 pho Vot = Wee —2.0V
280 700 1500 “h, Vaour = Vo -3V
500 1500 000 ud Vot = Vee — 10V
Lagic "0 Qutput Surrent lxo 15 30 ] nh Yo = Ve
13 27 85 uA WVor = Wee —1.3Y
12 25 &0 KA Vo = Voo - 2.0V
5 10 40 HA Vour = Voo —5Y
— 1 20 A Vour = Vee -10V
¥ Input (Yo-Y, o}
Trip Level Vv Voo —5 Voo —3 Vo2 v ¥ Input Going
Pasitive
Hysteresis AVy kS 9 1.4 v Naolte 1
Note 2
Selected ¥ Input Current Iys 30 ¢l 160 uA Vo= Vee
28 54 130 A Vin =WV —1.3V
24 50 12¢ 1A Vin = Voo 2.0V
10 20 80 }LA Yin = Ve —5Y
— 2 20 iy} Vin = Vee —10V
UnselectedY Input Current lv 15 30 80 A Win = Wee
13 27 65 A Yin =W —1.3V
12 25 60 A Vin = Voo —2.0V
5 10 40 #A Vin = Voo 10V
Input Capacitance Cin — 3 10 pF at ov
Swiich Characteristics
Minimum Switch Closure — - — - —_ Bee Timing Diagram
Centact Closure
Hesistance Zoo -_ — 300 £}
Zea 1107 — — 4]
Strobe Delay
Trip Level {Pin 13} Vi Voo—d Vo3 Vo2 v
Hysteresls Vsp 5 g8 1.4 v See Note 1
Quiescent Voltage {Pin 19} -3 -5 —5 W With GBOKIL to Vas
Data Output (B,-Bg)
Logic "0” -— — —_ 0.4 Vv tor = 1.6ma
LCFQ ic"1” — Y1 — — v loy—100xa
Power
lew: — — 5 10 mA Voo = +5V
lac — — 5 10 A Vas=—12¥

“*Typical values at +25°C and nominal voliages,

NOTE 1. Hysteresis is defined as the amount of return required to unlatch an input.
2. Guaranteed number of X & Y loads which may be applied to an X output = eleven,
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AY-5-2378

TYPICAL CHARACTERISTIC CURVES
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1a T T
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TYPICAL OUTPUT ON RESISTANCE TYPICAL POWER CONSUMPTION
(Roon) VS. GATE BIAS VOLTAGE (Vasg) {mW) V5. TEMP {C°}
Voo
Yog
e TO
our KEYBQARD : INTERNAL
1YY S— T INPUT —|— GATING
T
Voo Yeo T Yoo COUNTER
,———d—\ tNRUT
r . N STATIC CHARGE
PH%-?J&%,%%ASSVEICE PROTECTION DEVICE
OUTPUT DRIVER “¥™ INPUT STAGE FROM KEYBOARD
v
66

TO KEYBOARD
COUNTER
iNPUT | T
STATIC CHARGE
PROTECTION DEVICE
Yoo
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. AY-5-2376

STANDARD CODE ASSIGNMENT CHART

Hlustrated using a Logic “O" on the Data and Strobe Invert Input (Pin 20} and tha Parity Invert Input (F’Ih B).

e

B

i
H
4
ied

Rt
i

MOTE 1: This code is an & bif ASCH code (B1-B8). Output BS s included as an odd parity bit operating on outputs B1-B7,

"EXAMPLE
B1 B2 B3 B4 &5 BS B7 B8 PARITY
NS o BIT
[
Ly X0 '
;—: | st 5 = = = g N o=
:_.: ______ 4 ~- i — —f—» NORMAL g =
Yo ———— — — — M= — — = SHIFT ¢ -

— — — — — ——m CONTROL

{CODE REFRESENTATIVE OF KEY DEPRESSION AT
LOCATION X5 — Yy AND PROPER MODE SELECTION)

NORMAL MODE
SHIFT MODHE
CONTROL MODE

QUTPUT LOGIC "17 (SEE DATA B1— BA)

LOGIC "1 = +5V

LOGIC 0" = GND

TAUTH TABLES

DATA {B1-B2) INVERT TRUTH TABLE

PARITY INVERT TRUTH TABLE

DATA AND STROBE CODE DATA PARITY CODE PARITY
INVERT INPUT ASSIGNMENT QUTPUTS INVERT INPUT ASSIGNMENT QUTPUT
{(PIN 20) CHART {B1-B8) {PIN 8) GHART {PINT}
1 1 0 1 1 0
0 1 1 ] 1 1
1 ] 1 1 0 1
0 0 0 0 o ]
STROBE INVERT THUTH TABLE
DATA AND STROBE STROBE MODE SELECTION
INVERT INPUT INTERNAL QUTPUT E Fan
{PIN 20) STROBE {PIN 16) s t-8
1 1 0 T c=C
] ] o 5C=0C
1 ] 1
o 1 1
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AY-5-3600

Keyboard Encoder
FEATURES

™ One integrated cirout required for complets keyboard assembly. | FAN CONFIGURATION
B N key rellover or lock out operation.

® Quad mode operation,

B | ock oub/rotlover selection under external control [option).
® Self-contained or slave oscillator circuit,

® 10 output data bits available. Tap View
B Qutputs directly compatible with TTL/DTL or MOS logic arrays. optonC]1  — [ %
" Qutput data buffer register included. opllon] 2 38 PIx.
® Output enable provided [option). See nextpage § Optiea ) 3 8 x,
m External data complement control provided {option). Option [] 4 57 B%a
& Pyisa or level data ready output signal pravided {option). Option L} 5 36 (%,
& "Any Key Down” output provided {option). Data Outpul B3 O} & ¥ L%
u Externally controiled delay network provided to eliminate the Data Output B304 ¢ 3 X
effect of contact bounce. Detn Output 87 O & i Q¥
Data Qutput B6 I3 9 3 OX

® Pragrammabls coding with a single mask changs,
B Static charge protection on all input and output terminals,
W Entirg cirguit protected by a layer of glass passivation.

Data Cutput BS O [ Delay Noda tnput
Drata Qutput B4 [ 11 0 D

=]
w

Data Outpul B3 [J 12 2 [ 5nift Input
Lata Quiput B2 O 5 2& [1 Gontral lnput
DESCRIPTION Data Qutgut B1 I 14 7 OV
The General instrument AY-5-3600 is a Keyboard Encoder Ven L4 18 B P
containing a 3600 bit Read Only Memory and all the logic Cata Ready [ 16 % 5Ys
necessary to encode single pole singls throw keyboard closures Yol 7 “ By,
into a usable 10 bit code, Data, Any Key Down and Data Ready v-g e 2z O,
outputs are directly compatible with TTL/DTL or MOS logic Y:0 19 22 O,
arrays without the need for any special interface compenents, Yo 20 = v,

The A¥-5-3600 i3 fabricated withMTN3 technology and coniains
5000 P channel enhancernent mode transistors on a single
monalithic chip.

BLOCK DIAGRAM

" Tz ata Ta e Yi e Yo

- T T
LER
r—— - -1 I o i B - I - — i
. _ _ _ENTEAMAL £LIGK
| IWFLT (OPTIAN! | i
o !
Yo 204 e by E - £l [ i
I8 : 7 ”—l FREGUERCY .
vnnq-T{ { |5 BIT COWFASATIR £ Ve - e e —Ah— - conTROL ]
", 2 L e '
o P . RI# | J
I i i ! !
i !
I
| 10 STAGE By naTa RESDF '
| | NG COUN-E | i
| N |
| ; © encgpen | T ! i
: : 4y T eI -
| r73 ; J vEmdRY _’1 cacult [ +}_rs PORE DELAY . L_ AL
| :; o H H [ - ?“f: Icz"" [fo 1 [T |3 [P Y6 | %Yo 5 e
= . — T o
i . e | =
I e *% pan x¢ .
| t
AnFT 23, MY P g i |
42 2 cad
2 +
canraty =284 e | F- i o heedl] [T
| Il 3600 BIT ROM . 9 STAGE ~ T P T 11T
S B +
- UBBIT ¥ B0 REYE A WOLEI tau TR = P — ]
|:\’ 1 1 T ) T =11
| | HET) P i
| ar: MY 1 1
Lo d 1
| J ';, ANY KEY DOWH 39 Spsy
| TRUT CATA BUFFER ————— L L snites KEYEDARD
i - . i SuITCHES
| TLEVELL j
e LonReuTr ROLLOYER 10PTI0K:
COMPLARERT | TTL/BTL W05 !
CINTROL EOURATRRIE e 4 % CHIP EMABLE (GRTIDN}
TopTian} DIAPUT DRIVERS | .
| . WOTE: REFER Td FiG. 1 FOR DFTICK Pil SELECTRME.
e A A A D o #A] 100K |, €I I48RF]

FRCVIDES ARRADK. SOWME CLOCK FRED.
##0Z 130an5 CELAY/ CPF} A2 SUPPLIED TNTERNALLY.

#ARDIODES NECKSGaRy FOA COMPLETE nkET
ROLLOVER GWERATION,

K183 BT HGAZ B4 KL 4z 61
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CUSTOM CODING INFORMATION

The custom coding information for General Instrument’'s AY-5-
3800 Keyboard Encoder ROM should be transmitted to General
Instrument In the form of 80 column punched cards. Each ROM
pattern requires 82 cards (1 title card, 1 circuit option card and 80
ROM pattern cargs). (See Nota 1)

I it is not possible to supply punched cards, then the Truth Table
should be completed (See Note 1). However, there would be a

PIN OPTIONS

Pins §-40 ol the AY-5-3600 are permanently assigned. The func-
tions d to pins 1-5 dep&nd on which functional oplions arg
selected from the following:

External Clock

—requires one package pin to input an external clock sgurce,

Internal Osclliator

—requires three package pins interconnected with an extarnal
RC network to develop the clock reguired.

Lockoul/Rollover (LO/RO)

—requires one package pin toexternally select N-Key Lockout or
MN-Key Rollover. 1LQ = +5¥, RO= GND,

Complement Control (CC)

—requires one package pin to externally control the |ogic state of
the data bits {B1-810) and, if required, the Data Ready output,

substantial savings in both the coding charge and turn-around
time if punched cards were used. Upon receipt of the punched
cardg or the Truth Table, General tnstrument will prepars a
computer-generated Truth Table which will be returnad to the
user for verification,

NOTE 1: Card and Truth Table format availabls upon request,

Chip Enable [CE}

—requirgs ong package in to contrel the data bits (B1-B10) and,
if required, the Data Ready and Any Key Output.

Any Key Output {AKQ)

—Trequires ong package pin to inditate a key depression.
OCutput Daia Bit 10 (B10)

~-tequires one package pin when ten gata bits are required to
encode each key,

Select the pin opti desired:
External Clock + 4 of the following functions
OH

Internal Osclilator + 2 of the following functions
LO/RO, CL, CE, AKGQ, BIO

The following chart lists the pin asslgnments according to the functions selected above:

PIN1 PIN 2 PIN 3 PIM 4 PIN 5
External Clock LO/RC cc CE AKQO
External Clock LO/RO cc CE BIO
External Clock LO/RO co ARO BIO
External Clock LO/RC CE AR BIC
External Clock cC o CE ARG BIO
LO/RO ]
LOVRC CE
LEWRO AKO
LO/RO BIO
Internal Oscitiator CC CE
cc AKO
[ BIQ
CE AKO
CE BIC
AKD BIC
ELECTRICAL CHARACTERISTICS
Maximum Ratings*
Voo and Voo (with respecttoVe) . . 0 . . 0 . . ~20V to +0.3V "Exceeding these ratings could cause
Logic input voltages {with respectto Yeo) . . . . . . —30% to 1.3V permanent damage. Functional operation of
Storage Temperature . . . . . . .. . . ., .. —85°C to +150°C this device at these conditions is not

Operating Temperature Range. . . . . . . . . . . .

Standard Conditlons {unless otherwise noted)

Voo =15 Volts 10.5 Yoits

Voo =—12 Volts 1.0 Volts, Voo = GND

(Voo = Substrate Voltage)

Operating Temperatures {Ta)=0°C 1o +70°C

14-R

0°C to +70° 0

implisd—aoparating ranges are specified
bslow.



ELECTRICAL CHARACTERISTICS

AY-5-3600 -

Characteristics Sym Min Typ™™ Max Units Conditions
Clock Frequency f 10 5 100 KHz ZSee Block diagram footnote”
fer typical R-C values
External Ciock Width T — — us
Dala & Clock Input
{Shift, Control,
Complament Control,
Lockout/Rollover,
Chip Enable
& External Clock)
Logic “0" Level Vi Wi — +H.g v
Logic 17 Level ™ Wi—15 — Veet0.d i
Shift & Control Input
Currant Inse: 75 95 120 LA 1= By
X Output {X-Xz)
Logic "1™ Qutput Current I 40 170 400 A Vour = Vo (See Note 2)
600 1300 2500 fr28 Vo = Vee— 1.3V
Q00 1600 3500 wh Vour= Veo-2.0V
1500 3800 S000 nh Wi = Vo5
3000 5000 10200 1A Vour = Vor—10V
Lagic "0" Output Current Txo 8 15 50 fre) Vo = Voo
3 11 35 A Your = Veor-1.3Y
5 10 30 uh, Worn = Vo200
2 5 15 uh Your = VoDV
a— 05 5 A, Yoo = Voo 10V
¥ Input (YY)
Trip Level W Vo5 W3 Vee—2 W Y Input Going Positive (See Mote 2)
Hystaresis Ay 0.5 [0 1.4 Vv {Sea Note 1)
Selected Y Input Current lvs 18 36 100 nh Viu = Voo
14 28 80 pA Wi = Ve 1.3V
13 25 80 vA V= Wee 2.0V
6 2 a0 sA Vix = Vo6V
— 1 an ub Yoo — Voo 1OV
Unselected Y Input Current i ] 18 50 wA Wi =%Yoo
7 14 45 fre. Wiw = Yoo 1.3V
] 13 40 A, Vin— Vo—2.0V
a 3] 30 JIr:s Yoy = Weoo--5Y
— 0.5 15 frz.s Vs = Vo= 10V
Input Capacilance Cin — 3 10 pF at OV (Al Inputs)
X-¥ Precharge
Characteristics &P 1500 3500 5000~ 1A V=V
200 600 1500 72 ¥ =V —5 {See Nota 2)
Switch Characteristics
Minimum Switch Closure — — - — — See Timing Diagram
Contact Closure
Rasistance Zir — — 300 0
Lo 1107 — — 0
Strobe Delay
Trip Level {Pin 31) Vip Ve d Vor—3 Vor 2 v
Hysteresis Vi 05 LR ) 1.4 Y [See Note 1}
Quiescent Yoltage {Pin 31) -3 -5 -8 ¥ With Internal Switched Resistor
Lrata Qutput (B1-B10),
Any Key Down Qutput,
Data Ready
Logic "0” - — — 0.4 v low = 1.6m A
Logic "1” — Ve — - v low = 1.0m A
— Ve 2 — — ¥ lon=22m A
Power
lee — — 8 12 mA Wee= 45V
lag - - ] 12 mA Vo, = —12¥

**Typical values are at +25°C and nominal voltages.

NOTE

|.Hysteresis is defined as the amount of return required 1o unlatch an input,

2.Precharge of X ocutputs and Y inputs occurs during each scanned clock cycle.



AY-5-3600

OPERATION

The AY-5-2600 contalns (see Block Diagram}, & 3800 bit ROM, 9-
stage and 10-stage ring counters, a 10 bit comparator, timing
circuitry, a 90 bit memory 10 store the 1ocation of encoded keys
for n key rollover operation, an externally controllable delay
network.for eliminating the effect of contact bounce, an output
data buffer, and TTL/DTL/MOS compatible cutput drivers.

The ROM partion of the chip is a 360 by 10 bit memory arranged
into four 90-ward by 10-bit groups. The approprlate levels on the
Shift and Control Inputs selects one of the four 90-word groups;
the 90-individual word locations are addressed by the two ring
counters. Thus, the ROM address is formed by combining the
Shit and Control Inputs with the two ring counters,
Thegxternal outputs of the 9-stage ring counter and the external
inputsto the 10-bit comparator are wired to the keyboard to form
an X-¥ matrix with the 90-kevboard switches as the crosspoints.
In the standby condition, when no key is depressed, the two ring
counters ara clocked and sequentlally address the ROM, theraby
scanning the key switches for key closures.

When a key is depressed, a single path is completed between one
cutput of the 9-stage ring counter {X0 thru XB) and one input of
the 10-bit comparator {¥,-Y). After a number of clock cycles, a
condition will occur where a level an the selected path to the
comparator matches a level on the corresponding comparator
input from the i0-stage ring counter,

N KEY ROLLOVER

— When a match cecurs, and the key has not been encoded, the
switch bounce delay network is enabled. If the key Is still de-

pressed at the end of the selected delay time, the code for the
depressed key is transferred to the output data buffer, the data
ready signal appears, 4 one is stored in the encoded key memory
and the scan sequence is resumed. If a matsh occurs at another
key location, the sequence is repeated thus encoding the next
key. If the match occurs for an already encoded key, the mateh is -
not recognized. The code of the last key encoded remains in the
output data buffer.

N KEY LOCKOUT

— When a match occurs, the delay network is enabled. If the key
is still deprossed at the end of the selected delay time, the code
for the depressed key is transferred to the output data buffer, the
data ready signal appears and the remaining keys are locked out
by halting the scan sequenca. The scan sequence is resumed
upon key release. The output date buffer stores the code of the
last key encoded.

SPECIAL PATTERNS

— Sinee the selected coding of each key and all the options are
defined during the manufacture of the ghip, the coding and
options can be changed to fit any particular application of the
keyboard. Up to 360 codes of up to 10 bits can be programmect
into the AY-5-3600 ROM covering most popular codes such as
ASCI, EBCDIC, Selegtric, ete., as well as many zpeciakized
codes, The ASCI code in conjunction with internal oscillator, 10
data cutputs and any key down output, is available as a standard
pattern (Ses Figure 2).

TIMING DIAGRAM

SWITCH
CLOSURE

QE

[—— MINIMUM SWITCH CLOSURE
90 CLOCK CYCLES

SWITCH
RELEASE

le_ SWITCH STROBE __ i
™ BOUNCE DELAY :
|
KEY |
CLOSURE | FOUR | |
. _a CLOCK i
I | CYCLES | |
| | | !
Gt S S 'S B e
e
1 [ IF"‘”"SE n KEY
! Lo b ! ROLLOVER
DATA : [ [ 1
OUTRUT . L. L !
: RN
| | L I RESETS AT FIRST Xo Yo
ANY KEY T AFTER FIRST X| Y|
DOWN_I 1 [
oUTPUT— ——————— X

RESUME SCAN FOR-—
n KEY ROLLOVER |

RESUME SCAN FOR
n KEY LOCKOUT

MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (901+) + STROBE DELAY + S5TROBE WIDTH

MAX | MUM DETERMI|NED BY
EXPECYED EXTERNAL €
DETERMINED MiNIMUM TIME
BY FREQUENCY REQUIRED BY
OF OPERATION EXTERNAL
[EXTERNAL RC} CIRCUITRY
Fig.1
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Fig.2 CONFIGURATION & CODE OF STANDARD ENCODER

i B

OFTIONS PROYVIDED WITH STANDARD ENCODER

®  Davice Marking: AY-5-3600 & M-Key Rollover Only.
N Intermal Osciltator on Pin Mos. 1, 2, 3. & True Cutputs Only.
B Any Key Qutput on Pin No. 4. & Pulse Data Ready Signal.
Any Key Output True (Loglc 1) During Key Depression. m  Internal Resistor to Vo on Shift/Control Fin.
¥ OQutput Data Bit B10 on Pin No. 5, ®  Plastic Package.
EXAMPLE
Xy

Bl B2 B3 A4 B5 B6 BT BE BR% BID

| 1 = e« s+ s &+ 4 e s |0

|
!
— .- — — - — — a--—m % ———nm | NORMAL
1
| |
i—.——;—. ——————— BB ——m | SHIFT
1
Yo i |
—1-.1 ———————————— — W SOH CONTROL
*_., ____________ ——@ S0H SHIFT CONTROL
{CODE REPRESENTATIVE OF KEY DEFRESSION AT
LOCATION X — ¥g AND PROPER MODE SELECTION)
N = NORMAL ‘MODE MODE SELECTION
S = SHIFT MODE E € = N
C = CONTROL MODE s £ = 5
SC = SHIFT CONTROL i ¢ 2 ¢
M = QUTFUT LOGIC "1" {SEE DATA BI-BI3) N c - sC

LOGIE "I ¢ Vgg

LOGIC ‘0" = Vpp TRUE QUTPUTS
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E AY-5-3600

Voo Flg.3 Ves
e O
KEYBOARD + INTERNAL ]
INPUT : 1 [ GATING — 3 TO KEYBOARD
T COUNTER
STATIC NP T
-l g i
v COUNTER FROTECTION
DEVICE te INEYT DEVICE
“¥* INPUT STAGE FROM KEYBOARD Yoo
“X" QUTPUT STAGE TO KEYBOARD
ouUTPUT
INFUT T STATIC
CHARGE
FROTECTION
DEVICE
Yee Veg e

QUTPUT DRIVER

NOTE: Qutput driver capable of driving one TTL load with no
external resistor.

Capable of driving two TTL loads using an external 8.8K0 resis-

tor 1o Voo,

TYPICAL CHARACTERISTIC CURVES

i ]
022
01 ]
T /
S
w005 4
o
2 /
= o0z
2 Ta = 25°C
a HOMIMAL VOLTGE
S Doz DELAY = 30INSEC/ Bpl
o /
a / _
0 2 4 [ B 10 12

Dralay {m3)
Fig.d STROBE DELAY vs. C,

180 —
Iy =100 /
140

i

10G 3

W=
3(‘
[

80 '
i
]

BQ /

40

Ry oyt OHMS

L\

a0

I 25 20 5 10 5
¥gs VOLTS

Fig.8 TYPICAL OUTPUT ON RESISTANCE
(Apon) ¥8. GATE BIAS VOLTAGE {Vgg)

200 —
R » IDOKG
\ Ta* 25°C

NOMINAL SUFFLY
\ VALTAGE

1863

20

oo\

CAPACITANCE igF}
]
=1

L1¢]

o A\

20

20 a0 60 BG L]
FREQUENCY [HHZ)

Fig.5 OSCILLATOR FREQUENCY vs. C,

111

ROMINAL SUPPLY YOLTAGE

T

’ Ve = H5V
\ Ves * ~12Y
\\ War * GND

[

150

[l

TYP. POWER miw
B
[*

[

30

o] 1o 20 30 40 B0 &0 TO

TEMFERATURE °C
Fig.?7 TYPICAL POWER CONSUMPTION (mW)




AY-5-3600-PRO

Keyboard Encoder and PROM/EPROM Application

The AY-5-3600-PRO is pre-programmed during menufacture to
provide spacific yst simpla binary coded outputs thus altowing
the purchase of off-the-shelf devices (distributors, etc). To
enhance the device flexibitity, the binary outputs have been
arganized to provide direct interface with a PROM/EPROM.

AY-5-3600-PRO
KEY KEYBOAAD
MATRIX ENGODER PROM/EPROM >
ROM

The PROM (Prcgrammakle Read COnly Memory) permits the
programming of the required cutput code in the factory or the
flald within minutes, thus making It extremely suitable for small
quantity, fast turnaround keyboard reguiremants. The EPROM
(Erasable Programmable Read Cnly Memory} Is Ideally suited for
prototyping, where patterns are quite variable, allowing the
EPRAOM to be erased and reprogrammed repeatedly. Similar
advanifages are realized in the field where pattern changes are
nacessary In order to respond to redefined requirements or to
subtle system peculiarities not previcusly sncounterad.

Technlcal Description

The AY-5-3600-PRO is 2 binary coded MOS-LS| device
programmed to furnish 360 unique 9-bit codes (90 keys = 4
modes = 9 blts). Option selections include such popular
tunctions es Internal Oscillator, L.ockout/Rollover ang an Any
Key Down cutput. For further, more explicit device
characteristics refer to the preceding pages. The internal
ascillator is a self contained (on-chip) circuit option which
aliminates the nved for any external clock source. For applica-
tiong necessitating an extamal clock source the internal
vecillator input pins may be utilized to function inthe slave mode
of operation. Lockout or. Roilover is selectable via an input pin,
thus alfowing the versatility required on various keyboard
applications. The Any Kay Down output performs the function of
a gating signail by acknowledging both a key depression and
relsaze, making it a convenient signal for use in a repeat
applicaticn.

For ease of translation, each key is assigned an X-Y coordinats
and, In turn, each X-Y coordinate has been identified with a

spacific yet simple binary coded output. Two formats are
described: the first for application with a 64 key 4 mode keyboard
and the segond for a 80 key 4 mode keyboard.

Tha 64 key 4 mode application as illustrated in Fig, 8 utilized
keyboard encoder addresses X0 YO thru X6 Y3, A unlque
combination of one input (YY) and one output (X) is assigned to
each key, for a total coverage of 64 keys. Birary coded outputs
B2-B9 have been arranged to provide the necessary 8-bit address
inputs to the PROM/EPROM, with B2 and B3 represent/ng the
varisble mode identification and B4-B9 each specific key
closure.

When & key is depressed a path is completed betwean one X line
and one Y line thus addressing that specific X-¥Y ROM coordinate
in the AY-5-3800-PRO. The 8-bit binary code for that X-Y lacation
(ref. Truth Tahle page 14-15) is transferred into a cne character B-
kit output latch (B2-B9) thus providing the appropriate 8-bit
address to the 256%8 PROM/EPROM.

Expansion to 5 90 key 4 mode operaticn (see Flg. 9 is identical to
the 64 key 4 mode except: the 90 key 4 mede version utilizes the
full complameant of addresses X0 ¥0 thru X8 ¥9 {30 keys). The 8-
bit binary code (B2-BS) previgusly produced to address the
256x8 PROM/EPROM 12 now expanded to a 8-bit binary code
(B1-B3) for addressing to 8 512<8 FROM/EPROM. With
expansion to a 90 key 4 mode application outputs 81-B3 now
serve as the variable mode identification.

The interface to a PROM/EPROM enabies the custom
programming of the required output data in the PROM/EPROM
to diractly colncide to the specific address Inputs from the AY-5-
3600-PRO. Any PAOM whether it be Bipolar, vitraviolet erasable
or electrically alterable, may be employed to provide a wide
variety of “off-the-shell” keyboards. Once the keyboard
assembly has gone bayond the prototyping stage, and assumling
the guantity/cost permit, the PAOM/EPROM data can be
converted to the standard AY-5-3600 data format (ref. AY-5-2600
Cusgtom Coding Information sheet) and produced in production
quantities, This sliminates the PROM/EPROM expense while
assuring the absence of undefined coding changes.

Summary of Important Features

¥ Ability to deliver complete keyboard assamblies within days
without sacrificing the features offered in the AY-5-3800
Keyboard Encoder.

Abllity to buy off-the-shelf devices {distributor, etc.}

Ability to verify the specific pattarn format using a PROM/
EFROM prior to & ‘custom’ encoder commitment,
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- AY-5-3600-PRO

et ————_——
T § OF 9 8it
ADDRESS

MONDF IDENT. ILLUSTRATED USING
NORMAL MODE DMLY, FOR REMAINING
MODES REFER TO TRUTH TABLE

Fly.2 50 KEY 4 MODE KEYBOARD APPLICATION

NORMAL
|
x v B !B Bll 8, & 8 B B B,
T T
¢ o & |0 @y 0 © 0 0 0 @ 4 x 4 BLOCK [NAGAAN
o 1 1] |[1 0 I 4] 9] 9] 4] Q 1 i v
0 2 ¢ | 0 0 Q 4] 0 0 1 0 3
0 3 1] |[J 0 ! 9] 0 9] #] 1 1 3 ——J
o 4 o 0o olo o o 1 0o o
| i a,
I 2 S 1
| I = v
. — —=- 03
| A8 ~e T GOO -~ PRO =" 25638 w0
| [ PROM/EPROM [ RE
| r — 07
Xa Ba o ¥ —]
' )
| :
! [
] ¥ I ¥ t ¥
[+ 3 u] [ 0 i F ‘1 1 1 1 1 1
6 OF 8 Bit
ADDRESS
WMODE IDENT. ILLUSTRATED USING
NORMAL MODE ONLY, FOR REMAINING
MODES REFER TQ TRUTH TABLE
Fig.B 64 KEY 4 MODE KEYBOARD APPLICATION
NORMAL
x v 8 8 BIlB 8 B B B B8
i 4] 1] 0 1] i 0 0 1] Q )] Q 50 x 4 BLOCK DIAGHAR
a 1 1] ] 0 I a #] 1] 4] 0 1 Yo Ya
1] 2 1] i} 1] 9] 4] o] 0 1 0
o 3 o o olo o o o 1 1 _!
¢ 4 0 0 0o 6 a 1 6 ¢ Xo ar .
- |
I - ] """"g;
. 0
| - AY-5-3600—FRO ] i W
b  PROM/EPAOM =06
! ] -
- E = o
l Ba Ag Og
|
|
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OPTIONS

#  Device Marking: AY-5-3800-PRC

Internal Oscillator on Pin Nos_ 1, 2, 3

B Lockout/Rallover on Fin No. 4
Internat Resistar 1o Vpp on Lockout/Roliover Pin
| True Cutputs Only

AY-5-3600-PRO @

Any Key Quiput on Pin No, 5.

Any Key Output True {Logic 1) During Key Deprassion
Pulse Data Ready Signal

Plastic Package

Internal Resistor to Vg on Shift/Contral Pin

XY | NORMAL SHIFT CONTROL | SHFT/CTR XY | NORMAL SHIFT CONTROL | SHFT/CTR
o} QOOD00O00 DO T GOO000 | 1 GOgMo0 0110000040 45 Qo0101101 0011071101 | 10101107 LARRIRIY]
1 0O0C00001 0O1000007 [ 010000001 011000001 46 Q00101110 001101110 | 010101119 ARREVIRR Y]
s (000000 TRCRT CHHACH G | [F CHHIOMI 1 1 011000010 47 000101111 GOI1G1M11 P 010101111 UARRIORREI
3 LDD00ooT 1 OO100001Y | 010000011 011000011 4% 00110000 DBOT110000 | 010110000 0114 10
4 (NG00 O1D00100 | 010000 10 G11000100 KE] QO0110001 001110001 | 210110001 g111100Mm
=) QOG0T M3 00CTeT | 00001 011000101 G 000110010 Qo111001G | 21011001 Q1110010
& ULV TEE) R] QOIo0o 10 | D1 000H 10 011000110 51 Q00110011 QG1110011 ) 010910011 011110011
7 200000111 00100017 [ 010000111 011000111 B2 000110100 001110106 | 610110100 Qtrit{on
1} (MG T GO0 (O QO D00 | 01RO 20N 077007000 53 Q0119101 001110101 | 010110101 onnom
<] 200001001 (001001 | 10001001 011001001 B4 000110110 001110110 | 010110114 ARIR IR LN

10 GOON 10 oonoimo | Moo 011001010 3% 000110111 001110111 1 010110111 LINA BRI RR

11 DOODoCIGTY OO0 | Moo01011 011001011 56 000111000 001111000 | 010111000 Q1111 1400

12 DOO00 100 HHO0T 100 | (0001100 DU1a011400 B Q00111007 001111001 010111001 URRRRAIVT]

13 AQU0TIN D001 | 210001101 0110011401 553 000111010 oo 110a 4 0101110140 at1111040

14 DOOGC1140 DCI00HI0 | G100 140 0110011110 L] 000111011 001111011 [ 010111011 a1t

15 {0011 L UGS R ROICULRRE 011001111 60 300111190 Q01111700 1010111100 411811100

16 Doo0I 0000 0010310000 | 001 QD00 011071{K00 a1 00111101 001111101 | 01011110 gt

17 DO 0007 DOIDIO001 | 01 001 600 0110719001 82 Q09111110 D010 010111110 atittEiig

18 Q000i0010 DO0T00I0 | 0TO01 00D DARTAEN AR G Q00111111 001111111 o111 1 ARRARAEEN!

19 DOGOI001T 0010100117 | 310010011 011010011 G4 100000000 101000004 | 110000000 111000002

20 G2010100 001010700 | 08001 0100 Q110100 G5 10000004H 101000001 { 11000000 111000001

21 Qooo101o1 0010710107 [ 10010108 011491 m o6 100K Y O 1010000670 ¢ 110003010 111000010

72 DOOMI0I14 DO1010110 | S100Y10 [AAREIRRVRT] 67 100000011 131000071 | 110000401 § 111000011

23 o0oc10111 001010117 [ Q10010511 Q114tary &8 HOOCH01 DX 101000100 3 1100001 00 1711000100

24 0ODG11000 00107119040 | 010011000 011011000 69 10000M 1 1010001301 | 11000 01 111000101

25 Q00011001 0O10114017 | 010011001 Q11411001 Fis TOGQO0 T4 191000113 | 110000110 111000110

26 GOo0110149 001011010 | 010011010 D1I1oNmo rl 100000311 101000111 | 110000111 111000111

27 QGo011011 0010711011 | Q100110711 H1Inn 72 10O OO0 101001000 | 1100031000 111001000

28 000011100 007011100 | 010011100 011071300 73 100001001 10101001 | 110001004 111001001

28 aooo1 1101 Q0101110 | V0011101 (ORI RRTE] 74 100001010 101001010 § 110009010 111001010

30 00011110 0010111140 | 010011110 01101110 75 100001011 101001011 | 110001041 11601611

kal 000011111 Q01011111 [ 0100141111 LRI RR R 76 100001100 101031100 | 110001100 111001100

32 000100000 DOT1A0000 [ 010100000 011100000 17 1000301 101 101001101 | 110003101 111001101

33 000100001 001100001 | 010100001 011 100001 78 100001810 101031107 110001110 111001110

34 Go0100010 0011000143 [ 030100010 11100010 il 1000011119 18410011171 110001117 111001111

35 000100011 001100011 | 010100011 11100011 B0 1001 0000 101010000 | 110010000 111010000

36 (00100100 Q01100100 | 010160100 1100100 H1 1000100601 101010005 1 310010001 111010001

37 N0a10aTH Q01100101 | 010100101 [ R R foX] g2 100010010 00010 | 110310010 111010010

!} 000100110 001100110 | 010100310 411100110 B3 100010671 TIROTOT | 1N 00 111010011

3 poo100111 001100111 | 010100111 011100111 g4 100010100 101100 | 110010100 111019100

40 Qno1014000 QO1191004¢ | 010101000 a1 1moon 35 105010101 1Mgtmat | 110310107 1110101

41 000101001 001101007 [ 010101001 Ot 1101001 a6 100010110 1010 10110 111010130

42 LoA1010140 QO 0] Q10101010 o rmo1n a7 100510111 IO 11§y 0010111 111010111

43 ooo1G1011 001101011 [ 210101011 4110011 a8 100011000 TOMRTTA00 | 110011000 111011000

44 Q00101100 Q011901100 [ 0101011400 21noion 25 160011001 10101100% | 110011001 111011001
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RO-5-22405

Character Generator

FEATURES

FULL TTL/DTL COMPATIBILITY

Mo external intarfacing components requirad.

B 145 TYP. ACCESS TIME/STATIC OPERATION

The putput data remains valid as long as the input
data/internal counter remain unchanged.

COLUMN QUTRUT

22413 bits of storage organized as 64 5x7 dot matrix
characters with column by golumn output.

8 INTEANAL COUNTER

Provides sequential column selection from a single counter
clock input,

COUNT CONMTROL

Allows the selection of either one or two column
intercharacter spacing.

COUNTER QUTRUT

Frovides an “update” signal for external character address
registers.

BLAMKING AND OUTPUT ENABLE

Provide full output control without affecting any other ROM
function.

m ZENER PROTECTED INPUTS

B GLASS PASSIVATION PROTECTION

DESCRIPFTION

The General Instrument RO-5-22408 |5 a 2240 bit Read Only
Mamaory organized as a 320 words X 7 bits character generator
{64 characters, each having 5 columns of 7 bits). Column by
column character data is provided for vertical scan display ap-
plications. An internal counter and a full complement of control
signals silow for the greatesi system cesign flexibility. The

PIN CONFIGURATION
24 LEAD DUAL IN-LINE

Top View

Rle

a2l 7 23 DYoo

Aa 2 22 T Blenking nput

Adl] 4 # Cuiput Enabla

A50 & 20 ANC.

Al & 18 B ou i
Counter Glock O3 7 8 H o2
Golerier Reset T 8 ¥ Ooma

NGO
Gount Gantral O
Ciouatar Owpul O
¥oo O

.-Dm
EER D

I

RO-5-2240S is constructed on a single monolithie chip utilizing
P-channg! enhangement mode transistors.

The memory is available with customn character coding or pre-
programmed with ASCIl encoded characters having the fonts
shown on Page 2 of this data sheet.

BLOCK DIAGRAM

COUNT
CONTROL

COUNTER
RESET

COUNTER COUNTER

CLocK > QUTPUT
ouTPUT
OEGUDER ENABLE

—» OUT |

:; -3 QUT 2

—» OUT 3

e 2l A et

BUFFERS >

Aa DECODE (2240 BITS) —» OUT 5

An oUT &

A6 > out 7

v, ¥, v, BLANK|NG
= oo e TNPUT
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RO-5-22405 E

OPERATING DESCRIPTION OPERATING NOTES
Character seleclion is achieved by presenting a six-bit binary
word at the Character Address inputs. Column selection is

achieved by clocking an internal counter from the Counter Clack The following table summarizes the
input. Gelumn information appears sequentially at the seven RQ-2240S input control states and
Data Qutputs, beginning with the 1eft-mast colurn. corresponding drive levels:

Two additional column positions, aside from the five required for
character presantation, are avaiiable for spacing between adja-
cant characters. The Count Control input is used to determine
whether one or hoth positions will be used. Between characters,
the Data Outputs are high {+5V), the “no-dot" condition. The
Counter Reset input is available to resat the counter into the [ast Counter Reset

{sixth or seventh) siate. Cperate .........oceeiinnnn +5V
The Gountar Cutpul is provided to synchronize other system Resel ... ov
components to the ROM internal counter. An output appears Blanking Input

Counl Control

corresponding ko the last {sixth or seventh) counter state and can U“bfa["k perareerienians Y
be conveniently used to clock an external input data register. Blank” ... ov
The Blanking Input allows all Data Qutputs to be driven high Quiput Enable

{(~5¥} without affecting any other ROM function, Data Outputs Enable ......oooooeiieiennn +5Y
can also be open-circuited for wire-ORed operation by use of the Digable*™ ... ....cooe ov
Qutput Enabile input. * All data outputs high {+5V)

tMemary operation is static; refresh clocks are not required to **All data outputs open-circuited

maintain output information. The Counter Glock input is used
anly to select calumns and need not be puised continuously.

TIMING DIAGRAMS [rep—— N MW ATORES e
Timing diagram (1) shows the time relationships betwean char- . _‘ e —
acter address, data output, counter cleck and counter output P S— _|--![ = -
during typical operation of an RO-5-22405 charactar generator. Lbesias st e e |" D" PR Do e
An output sequence from the!R-5-22405-0011s shown to help — 1
clarify operation. This séquence can be sesn from the top rows 1= ERLINAFELERTES ' [ L
{OUT ) of the characters "I and “N", e . "F :2”- UL U A
e A 'clklnljh-— =telun —I
~ 1 T 1 o Yn R
ouT, 0 0 o0 11 1 8 1 1 1 @6 canges % s i NS
Tt 0 1t 1 1 1 0 1 1 1 0 WAy 98 ;.
i1 0 1 1 1 1 0 0 1 1 @ Fig.1
11 0 1 1 1t 0 1 49 10
i1 611 1 1 0 1 1 0 @ atbAEss  aobREss
i1 0 1 1 1 4+ 0 1 1 1 0 THamacTER tag |- fap —
OuUT, 1 ¢ 0 o 1 1 1 0 1 1 1 @
L—— COUNTOF7 ——
All timing relationships shown in diagram (1) apply to any other Flg.2 counren TT
autput or combination of characters as well, RESET

Relevant input conditions assumed but not shown in timing
diagram 1) are as follows:

Count Gontrol, 1 5V

Countar Reset, +5V

Blanking Input, +5V

Clutput Enabis, -1 3Y j = tera [ T, Py
Had the Count Control input bean at- 12V, the counter sequence couniER £5 s I 7"=
would have been six positions instead of seven and the Counter o s an

Output would Kave been high during the sixth position, coonren |95 | —
clack o |G"\-N:"—-"'—l=

New character addresses are shown cainciding with the rising

edgeof the Counter Qutput waveform in diagram {1}, This condi- Fig.a o m"}"""" oo
. E . _
tion was selected to demonstrate use of the Counter Output to BLARNING o

T W A

advance an external input register 1o a new character address.
Character addresses can be changed at any other time as well. oulare * j;*;/j:
Timing dlagram (2} depicts output response to a character ad- 5 0= A-—

dress change when, for example, the counter is stationary in gne —rflagni - Tago— Flg.5
of the five character column positions. . “-igwxli(; . L
Ny E
o ..:,t_

Timing diagrams {3) through {6) show timing relationships for

g
5

the Counter Reset, Blanking nput, and Cutput Enable, The tatTa i
"open” condition in (6) implies that both the pull-up and pull- D_Ié//////éﬁ
down devicas in each data cutput push-pull buffer are turned off. Fig.6
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RO-5-22408

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Vuc and Vop with respectto Ve . . L . . L . —20V to +0.3V *Exceeding these ratings could cause

Inputs with respectto Ve, . . . . . . . . . =20V to +0.3V permanent damage. Functional operation of

Storage Temperatura . . . . . . . ., ., —65°C to H50°C this device at these conditions i not

Oporating Temperaturs . . . . . . . . . .. 0°C to +70°C implied—operating ranges are specified
below.

Standard Conditlons (unless otherwise noted)

WVeo = +5 Volts £0.25 Volts (Ve is the substrate voltage)
Yae =—12 Volis £0.6 Volts

Voo = GND

Cperating Temperature (Ts) = 0°C to +70°C

One TTL load {(C. total =15 pF)

Characleristic Sym Min Typ™ Max Unils Conditions

DC CHARACTERISTICS
Inputs {(Mote 1)

Lagic 1 Levet Vin (Vo158 — b Volts
Logic O Levet Vu. — — +0.8 Voits
Leakage I - - 10 JTE. Vi = Ve BY, T.=25°C
Couni Control
+6 Operation Voo ~12.6 -12.0 | 114 Volts Reaturned to Vs for + 6 operation,
+ 7 Operation Vieo +4.75 +5.0 +5.25 Yaolts Returned to Vo for + 7 operation
Leakage teee - — 10 A Vi = Voo~ BV, Ta = 25°C
Quipuls (Note 2)
Logic 1 Level Yo 28 — - Wolts lew = 100 pd
Logic O Level VoL — — o4 Voits loL = 1.6 mA
Powar
Supply Current lisis _ 20 40 ma Quiputs unconnacted,
Supply Current fes — 20 40 ma fux = 200 KHz

AC CHARACTERISTICS

Counler Clock

Frequency ™ DC - 200 KHz

Pulse Width Temim 20 - - HE

Pulse Delay Loy 2.0 — — HE trieaky b akip + oo

Rise and Fall Times terotkn iy — — 100 ns +ta () Z5usec
Counler Reset

Puise Width o 1.0 — - HS

Putse Delay i 0.4 — - uE Nota {3)
Capacitance (Note 1) Cia - - 10 pF 1MHz, Ty +25°C
Cuipuis

Address to Output Beiay tao - 10 15 5

Clock to Qutput Delay ton - 10 1.5 Hs

Cleck to Counter Qutput Delay teco - 1.0 1.5 s

Blanking/Unblanking Delay tro - 1.0 1.5 i

Cutput Enable/Disakie Delay tono b 10 1.5 iy

Counter Reset Delay icro — 10 | 15 T

Reset to Counter Output Defay tenco — 1.0 15 K8

Cutput Rise and Fall Time t b - — 0.3 s

“*Typlcal values are at +25°C and nominal voltages.

NOTES:

1. These parameters apply to the character address, counter clock, counter reset, blanking, and output enable inputs.
2. These paramefers apply 1o both the data outputs and counter Gutput.

3. The courter clock must not make a nagative transition within the period b, before or after & pasitive
counter reset transition. The counter reset negative edge may accur any tima.
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RO-5-2240S E

CODING AND CHARACTER FONTS

The RO-3-22405-001 is a pre-programmed member of the
RO-5-22405 series with ASCIl encoding and the character fonts
i Al s i i i
::ﬂ:JeZZ.IZFt;g\;‘t' (_‘,5\3? l.;-.; a :Zprpisl‘-ac:]-tiea:‘;;gnl?s (;rvil::ﬁ;; The RO-5-22405-002 is pre-programmed with a character font
equal to Vop (OV) = 9 P identical to the font for the RO-5-22405-001 below with the

) ) sxception of the characters ‘0", 7, ‘@, and “M'.
An example demonstrating the correspandence of devica out-

puts and sequence 10 the 5X7 dot matrix fonts is shown below: The RO-5-22405-002 font for these characters is shown below:
output
12 3 4 5 sequenca

OUTy ————= 0 0 0 0 0 -

QUTg————» 1 1 1 1 ¢

oUTy———» 1 1 1 0 1

auTy——————» 1 1 ¢ 1 1

OuTg————® 1 0 1 1 1

OTg—————= 0 1 1 1 1

o, ————» 0 0 0 0 0

Ag
RO-5-22405-001 A

Ay Ag Az & Lo

ROW

RS P I R e e R A | - | -
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RO-3-2513

Character Generator

FEATURES

» 54x8x5 Organization — ideal for systems requiring a row
scan 57 dot matrix character generator

Single +5 Yolt Supply

TTL Compatible — all inputs and outputs

Static Operation — no clocks required

450ns Maximum Access Time

175mW Maximum Power

Three-State Outputs — under the cantral of an 'Output
Inhikit" input to skmplify memory expansion

Standard ASCH {RO-3-2513/CGR-001] or Tatally Automated
Custom Programming Available

Zener Protected Inputs

Glass Passivation Protection

DESCRIPTION

The General Instrument RO-3-2513 i3 2 2560 bit static Read-Only
Mamaory organized as 512 five bit words and is ideally suited for
usg as @ Character Generator, Fabricated In Gi's advanced
GIANT II N-channel lon-Impiant process to enable operation
froem a single -5 Vot power supply, the RO-3-2513 can store, for
high speed raster scan CRT displays, a full 64 characters in a
standard 547 dot matrix format.

The RO-3-2513 is available pre-programmed with ASCItencoded
5x7 characters [Gl part po. RO-3-2513/CGR-001} a diract re-
ptacement in pln connection, operation, and character font for
the Signetics 2513/CM2140, The RO-3-2513is also available pre-
programmed with lower case ASCI] enceded 5x7 characters (Gl
part no. RO-3-2513/CGR-005), a direct replacement for the
Signetics 2513/CM3021.

PIN CONFIGURATION
24 1LEAD DUAL IN LINE

Top View
no.ger [ Yeof+5¢)
NC.O 2 23 PING.
NSO 3 22 [yAg

[lw iy} H OAB
az s 20 a7
2a0e 19 DAG
040 ¥ 18 [1as
950 B AT Ak
N e 18 (A3
anod m 15 DAz
AUT INHO 1 14 A1
M. .0 12 13 ONG.

A separate publication, "RG-2-2513 Custom Coding informa-
tion,” evailable from Gl Salgs Offices, describes the punched
card and truth table format for custem programming of the
RO-2-2513 memary,

BLOCK DIAGRAM
Voo GND
Al >
ROW
ADDRESS ] A2 >
A3 >0
rad > o2
ADDHESS MEMORY
as INPUT ADDRESS MATRIX > UTRUT > 03
BUFFERS BiZ X 5 ~
CHARAGTER_|AB > 04
ADDRESS |87 = 05
a8
A8
OUTPUT
INHIBIT

1420




RO-3-2513

ELECTRICAL CHARACTERISTICS

Maximum Ratings”

Veo and input voltages {with respect to GND) . . <0.3V to +R.0V *Exceeding these ratings could cause perma-
Storage Temperature . . . . . . . .. . .. -85°C to +150°C nent damage to this device. Functionai oper-
Operating Temperature (Ta). . . . . . . . . . . 0°C o +70°C ation at these conditions is not implied—

oparating conditions are specified below.
Standard Condltions {unless otherwise noted)

Voo = 15 Volts 5%
Cperating Temperature (T = 0°C to +70°C
Qutput Loading: One TTL load, Ct vorar. = 50pF,

Characterlstic Sym Min Typ™ Max Uinlts Conditlons
DC CHARACTERISTICS

Address, Qulput tnhibi Inpuls

Logle “1* Vi 22 - — v

Logic "0 Vi — — Q.85 v

Leakage [ - - 10 uh

Data Outputs

Logic 1" Vou 22 _ —_ v tou = 100pA
Logic “0" Voe — — 0.45 Y ton = 1.6mA
Leakage o — - 10 #A

Power Supply Current

lee - - 25 a3 maA Qutputs open
AC CHARACTERISTICS

Inputs

Cycle Time tc 400 -— - ns

Capagitance C - 5 8 pF f=1MHz
Data Oulputs

Access Time tace 75 250 450 ns

Inhibit AResponse Time i - 150 200 ns

Capacliance Co — ] 10 pF f=1MHz

" Typical values are at +25°C and nominal voitages.

TIMING DIAGRAMS
te

b - Y]
ADDRESS H

INPUTS v
I~ Il

tace |

DATA 2.0
QUTPUTS 65

A. ACCESS TIME (ADDRESS TO OUTPUT-OUTPUT INHIBIT AT LOGIC '07

DUTPUT
INHIBIT

DATA _  QUTPUTS  _
OUTPUTS “HigH MWMPEDANCE

HIGH
\MPEDANCE 65
B. INHIBIT RESPONSE TIME {ADDRESS INPUTS STABLE)
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RO-3-2513

RO-3-2513-001 STANDARD PATTERN CHARACTER FORMAT {Upper Case ASCIN

The RO-3-2513/CGR-001 |5 a pre-programmed version of the RO-3-2513 series with ASCIl encoding and the character font shown
bedow. & logic “1” reprasents an input or cutput voltage nominally equal to Voo {+5V) and a logic “0" represents a voltage nominally
aqual to GND {0V}, :

An exampla demonstrating the correspondence of device outputs and addressing sequence ta the 5«7 dot matrix font is shown
below: ’

CHARACT
Aogaesgn ﬁDF:!c::ss ouTPUTS
Ay fayfa; G5 Uy O3 07 Oy
RO-3-2513/CGR-001 Han o[o]a]o 0]
Address Bit a9 | ag | a7 | a6 | as | a4 T 3000H
ASC Bit s[5 ]| 4 [3f2]1 §1° 41084
chamoa T Lo [ e e | ol St
T 20008
RC-3-2513/CGR-00) 0 0 0 0 | | I I
P 3
ADDRESS 0 et % % el
Ac Ag A T
oo @ HE B [ E
o B B N OB i
o g d B 2 B =
B E BEE B s
o B E T 2 B e
o ERAH AR 3
o BEHH BB 5
B B H 4 7
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RO-3-2513 E

RO-3-2613-005 STANDARD PATTERN CHARACTER FORMAT (Lower Case ASCII}

The RD-3-2513/CGR-006 is a pre-programmed version of the RO-3-2513 series with ASCH ancoding and the character font shown
below. A logic '"1" represents an input or cutput voltage nominally equal to Vec (+5V) and a logic 0" represents a voltage nominally
equal to GND {0V},

An axample demonstrating the correspondence of device outputs and addressing sequence to the 5»7 dot matrix font iz shown
below,

w5 i &

at

CHARACTER ROW
ADDHAESS ADDRESS OUTPUTS
RO-3-2513/CGR-005 = oole e ”ZE-{.
Address Bit a9 | aB | A7 | A8 | A5 | A4 I O[o|afolal
oo loja|o|o o |
ASCH Bit 6 | slatale]n of1]0 joJala]o,e
ASCH lower case 's' il I 000 (¢
Character 1 1 s} s} 1 1 [1{a]o Yololala
AR OO
e alojeie [
dh R 11 x1 K]0
RO-3-2513/CGR-005 A 0 0 0 0 i | |' | !
CHARACTER 9 |
ADDRESS Ag| O 0 l 0 0 'l | |
7 ¢ | ¢ | Ir 0 | i G |
| Pe hs As N S
~4 o " : T
0 0 0 it a2 il .
i I i .
0 ¢ f ﬁ . % E % I .
( T : o iEis
: - IH .= 1 ) - H
oo b B S L =
4t B k=@
]

s
ey
T

i

R G e e ¢ S5ty S o
fil m

1§

M o L VT EA

LB
1=

e
i
1)
|

e [
i 5
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RO-3-2513

TYPICAL CHARACTERISTIC CURVES

Vo s +5Y
3450
300 -
=
3 T
- =g =
= ] ! ‘
I
I b
2004—+ T v
| | L1
v 1 |
| | 1
150 —r —T +
3 | ll
0 za 40 &0 Ba
TEMPERATURE (°¢)
ACCESS TIME v, TEMPERATURE
T T T
AT !
24— vgg= oV g
1 /
18 e
L
A
o
E iz //
':O' /} —
s 7 4
o i
1] | [ ]
[ ! z 3 4
Vg, (WOLTS)

OUTPUT SINK CURRENT vs. OUTPUT VOLTAGE

1Ta= 4255
a5 Vps 145V
oo
)4
300
"
[ =)
250
g /1
& H
[ L] ||
200 !
] F
¥ 1
; )
150}—1 '
3 I
1 1
5 7 13 21 za
Vou (YOLTS

ACCESS TIME ve. QUTPUT YOLTAGE

[ T s +25°C
24 N
|
" N % |
R e N 'i
fsi 12 o \ '
B pek \, ]
T e \_,ww
1
o | T
| [
o | 2 3 P
Yy (YOLTS)

OUTPUT SOURCE CURRENT ve. OUTPUT VOLTAGE
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RO-5-5184

Character Generator

FEATURES

u Designed to drive Needle Printers.

m Internal counter provides sequential column scanning.

u Forward/Reverse Control for left to right and right to left
printing capability.

m Carry Qutput avallable for synchronization.

8 Three-State putput configuration.

& Two mask programmabie Output Enable pins to allow
MEMOry expanshon,

| ASC |l coded standard part, RO-5-5184-3000.

Mask pragrammable counter iength to allow flexipility in

character organization.

DESCRIPTION

Thie RO-5-5184 i3 2 5184 bit Static Read Only Memory organized
as 64 permanent storage locations of B1 bits each (9X 9 character
ratrix). Six address lines are used for the selection of 84 different
characters. An internal ring counter is provided for column
scanning; celumn information appears sequentially on the 9
output lines. A Counter Reset Input is available to initlzlize the
sequential scanning. A Carry Output is provided to synchronize
external circuiky to the internal colimn counter. The For-
ward/Reverse Control allows scanning from left to right or from
right to |eft,

The 8 cutput lines have tri-state conflguration. Twa mask pro-
gremmable Cutput Enable pins are provided for expansion up to
& 5184 4 bit systemn without external logic.

PIN CONFIGURATION
24 LEAD DUAL IN LINE

Ve-Omt 24 [TA,Input
Carry Jutput O 2 23 [T A, Input
By Tty a 22 DA, Input
B Output ] 4 21 LA Input
By Output O & 20 [ A, Input
By Output] & 19 [J A Ingut
BpOutput ] 7 W OVen
8, Oulpui ] @ 17 OGaunter Clagk
B:Qutpat T 4. 16 [ Cornter Reset
By Qutput 5 OForward:Reverse Contrgl
Bq Outpul [ Cutput Enable 2
Wi, 5 ] output Enebla 1

Low threshoid P-channel enhancement mode metal gate tech-
nology is used for input/output direct TTL compatibllity. All
inputs are zener protected,

BLOCK DIAGRAM INPUTS COUNTER COUNTER CARRY
Al AZ AZA4AS AB CLOCK RESET OUTPUT
BARAR y v 4 ouTPUT
OUTPUT e ENABLE 1
CHARACTER SELECT. COLUMN COUNTER E‘ESSEEn*& OUTPUT
ENABLE 2
[ .
IR 64 FTTTTT
b 123456789
L ttitdtiey
I
X L~ B1
VI
HI{Vil) > > B2
Y o  » B3
IV(Vi)
TR L B4
MEMORY M coLumn T ™ |QUTPUT = BS
MATRIX sELecTion | YUV) _IsTaGES |, oo
vy > o7
vIniy |
- L » B8
1)
- e B
FORWARD/REVERSE CONTROL
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E RO-5-5184

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respect to Ve . . . L -20V to +0.3V
TemperatureRange . . ... . . . . . . .. —85°Cto+H125°C
Operating Temparature . . . . . . .. . ... 0°C to+70°C

Standard Condltions {unless otherwise noted)

Voo = +5Y £0.5
Vi = GND
Voo =—12V iV

Characteristics apply over temperature range unless otherwise stated,

‘Exceeding these ratings could cause perme-
nent damage to this devics. Functional oper-
ation at these conditions is not implied
— operating conditions are specifled belaw,

Characterisfc Min Typ™ Max Units Conditions

Counter Clock Input
Repetition Rate 0. 350 200 KHz
Pulse Width, ¢w 12 — —_ LE At g logic ‘1" level
Pulse Separation, ¢s 1.2 — - iz} At a logic 0 level
Rise & Fall Times, tr, t — — 1.0 us
Logic '0' Level, V. —_ — +0.8 Vaolts
Logic "1’ Level, Vi Ve 1.6 — — Valts
input Leakage, . — — 0 A Meagsored at Vi = Vo — 10V at 25°C
Input Capacitance, G — 10 - pF Vi = Voo, = 1MHz
Address Inputs
Logic 'O Level, Vu. — — +0.8 Vaohs
Lotic *1’ Leval, V. Ver—t.5 — — Vaolts
Input Leakage, |m — — 10 pd Measured at Viy = Ve 10V at 25°C
Input Capacitance, Cix — 10 — pF Win = Yoo, = 1MHz
Reset Input
Counter Clock to Reset
Pulse delay, teeo. 1.0 — — us Fig.1
Reset pulse width 3.0 — -— LE Fig.2
Dala Qutputs
Logic '0' Level, Wy — — 0.4 Volts lon = 1.6mA
Logic 1" Level, You Vo—1.0 — —_— Wolts lom — 100 pA
Clock to Qutput delay tima, teo — 25 3.5 e
Clock to Carry Qutput

delay time tor — 1.5 25 T3 Figs. 34567, 48
Address to Output

delay time, tac — 2.5 3.5 12 1 TTL, 10pF load
Raset to Output

delay time, tues — 25 5.0 LE Ta=25"C
Forward/Reverse to Quiput

delay time, trro J— 2.5 3.5 1]
Cutput Enaile

delay time, toee — 1.5 25 us
Power Consumplion, P, — 250 — mw Ta=25"C

““Typical values are at +25°C and nominal voltages.
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TIMING DIAGRAMS |
4 4
COUNTER CLOCK o LOGIC 1
e N '_J{ S N _ M. Locrco
. T
COUNTER RESET erd A ed T+
A —— 1 } | LOGIC 1
| N _._— i (osIca
COLUMN FORWARD _| | oo, Loy ly
B T Al
REVERSE ™= 3.4 VI X 5. ix vl
Fig.1 CLOCK TO RESET DELAY TIME
~— L LOGIC 1
countercrock f N J N TN Lo

LOGIC 1

CCUNTER RESET 4
[r——

e—————— LOGIC O

trp

Flg.2 RESET PULSE WIDTH

NEW NEW
ADDRESS ADDRESS
CHARACTER - \ F—= LOGIC 1
Artans = A= LoGICO
—h == LOGIC 1
DAT&C:';’"I;S'}JTS e U LOGIC O

t-BCI tao

Fig.3 ADDRESS TO OUTPUT DELAY TIME

f y LOGH: 1
COUNTER CLOCK ——'/'i'- \_:rJ: LOGIC O
|
|
DATA OUTPUTS  —y '] LOGIC
181 1o BO) Hh——— 1k 1LOGIC O
togd—  teot

Fig.4 CLOCK TO OUTPUT DELAY TIME

ENABLE DISABLE ENABLE
CONDITION CONDITION CONDITION
OUTPUT ENABLE | T
FORWARD/ i
P {actual level depenct
REVERSE LOGIC 1 (FORWARD) u::onacog‘:g] pends ———— y————— _z_ LOGEC 1
CONTROL —/ LOGIC O (REVERSE} — e oo o f LOGIC O
DATA  — e LOGIC 1 ~—~——L—/ —— LOGIC1
QUTPUTS )1 — DATA QUTPUTS _///'/W /
{BltoBo) — - LOGIC 0 (81 10 B9 B A ===: LoGico
*r "r Yoeo+—+ qQPen  ++'oeo
lfm tfm 4 s —
3rd state

Fig.5 FORWARD/REVERSE TO OUTPUT DELAY TIME

T SET LOGIC 1
COUNTER RE LOGIC O
LOGIC 1
DATA OUTPUTS } LOGIC O
toatt
COLUMN 1 {FORWARD]

IX {REVERSE)

Fig.7 RESET TO OUTPUT DELAY TIME

Fig.6 OUTPUT ENABLE TO OUTPUT DELAY TIME

B Gk
COUNTER cLoc:K__j{.. Y Ty _)', = Logtco
[
; LOGIC 1
CARRY QUTPUT / 3\ LOGIC 0
tee 4+ e
| e Ix [ FORWARD
coLumnN il ] X REVERSE

Fig.8 CLOCK TO CARRY DELAY TIME
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. RO-5-5184

OPERATION

CHARACTER SELECTION

Six addrass inputs are pravided for salection of the 64 different
characters. The address inputs are binary weighted (A is the
LSB}.

COLUMN SELECTION

Column selsction depends upon Forward/Reverse Control
which permits the scanning of characters either from the first (1)

to the last (¥} or from the last (1X) to the first (1) column as shown
in fig.9. By changing line by line the logi¢c value of For-
ward/Reverse control printing alternatively left to right orright to
laft is possible {see fig.10}.

Thig feature allows faster printing by eliminating the fHy back
dead time between lines, The logic level of Forward/Reverse
Control has to be constant 17 for left to right scanning end
constant “0" for right to left scanning.

Fig.9 COLUMN SELECTION

FORWARD REVERSE
GCount Column Count. Charact. Carry Count Column Count.|  Charact, Carry
Reset State Column Qutp. Resat ' State Calumn Qutp.
0 1 | o] 4] 1 IX 0
] 2 I s 0 2 Wil Q
Q 3 1l 0 a 3 Vil ]
o] 4 v ¢ 0 4 Vi a
0 S v Q 0 5 1's 0
0 6 Ll 0 1] 8 i ¢
0 7 il 0 o] 7 it o]
Q § VHI o] o] g 11l 0
o ] 1X 1 0 9 | 1
] 1 { o 0 1 1X 0
] 2 fl 0 0 2 Vil 0
4] & vl 0 9] 8 H 0
0 ] 1X 1 0 g f 1
1 1 | o 1 t IX 0
1 1 1 )] 1 1 IX 0
1 1 b 0 1 1 X 0
CHARACTER MATRIX
[ I VI L U Y R S TR T IR F- 4
B
B.
B
B.
Bs
Bs
B'.‘
B:
By
tstling -~

J

2nd line
Jrd line [—D

=

4th lina E’

nth line

forward/reverse lagic valus is changed line by line
Flg.10 FORWARD/REVERSE PRINTING
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OUTPUT ENABLE DECODER

Two Output Enable lines are provided for chip selection, when a
chip is not selacted the outputs are disabled (high impedance).

Cutput Enable signals are internally decaded by a mask pro-
grammable decoder to minimize 1ogic for memory expansion.

The cutput enable code assigned to different RO-5-5184 is per-

——

manently programmed into the AROM at the same time as the
custom data pattern.

A system of 4 % 5184 = 20736 bit character generator needing no
external enable logic is easily obtained wirlng the outpuis of tour
differant R0O-5-5184 tegether as shown on fig. 11,

OUTPUT ENABLE CODING
AC-5-5184 Gutput Output DEVICGE SELECTION

Enale 1 Enable 2 B C o
A 0 o selected - — -
B 1 0 salacted - —
c o 1 -— salected -
o 1 1 - — selacted

COLUMN COUNTER

This counter operates on the positive gping edges of the Counter
Clock.

Each counter cell is implemented with a ¢ross coupled flip-flop
50 that the counter position is Tully static,

Carry Output is active (logic '} when the counter is in the last

OUTPUT STAGES

Ning TTL compatible Outputs (B, to B:) are provided to show the
memary content.

The Tri-state contiguration of outputstages allows bus structure
for memory expansion under the control of Qutput Enable
signals.

position, to indicate that a character has been fully scanned.
When active {logic*?") the Countar Reset Input resets the courter
in the first position to initialise the scanning.

The counting length s mask programmable, it is possibie 10
program any langih between five and nina.

QUTPUT ENAELE 1

QUTPUT ENABLE 2

2‘ Al

.

A3

A4

H T “+ AL

T
=]

1 iy

— ROD-5-5184 - RO-5-5184

] A - B L

- RO-E-5184

A

RO-6-5184
c ~{ o

e

Ll 1
w B 2luee

=* B4

BSBE

B7 ...
g8

* B9

Fig. 11
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RO-5-5184

RO-5-5134-050 STANDARD PATTERN CHARACTER FORMAT

=4

S EhaE:

|

_ﬁ H-

+5

+5

+5

+5

a

a

»

GUTPUT EMABLE 1t

DUTPUT ENABLE 2

DEVICE SELECTED

0

+5

+5

1

SHADED
SCOUARE

BLAMK
SOHJARE

DESIRED
ouTruT

VOLTAGE

,m
-3
L)
o
1]
+
™
1]
-
[+1]
» !
8 ppEans
- 2 alls TH
3 Tt i
— -
: muwm R
™~ i i
0 i ] H !
b} NN [ '
- = - a5 sEmEmmESE ] H
“ -
o
-]
P
@
u
o
L
o
f=3 [~ - -
a
a5
[
i)
w
o
- - o o
-
-]
w
L)
@
u
o - a 3
o
-
&
@
~
@
- o o 8
™M
~N
-
L
-]
[
w
&
[=I= - } -4 I
p I
m—
1Y) =
Eulf 2
-t Uﬁ m TZEVGO/ 86 IZEPST/E6 [ZEPSOLEGE T26rsa/86 [Z2EPS9.L85 IZEFGOLE6 T2EFGOL86 TZEPGOLES
« < = | 8%
m M = - o - =3 — =1 -
[ x o =3 o - -~ =3 [ - -
m W <L o = = (=1 - - - -
£ « 2
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RO-5-5184 E

RO-5-5184-3000 STANDARD PATTERN CHARACTER FORMAT

T

ki 2 *
['r]

= +

_.m_ [

.ﬂu [=]

- ~ a

[I¥) u au

— -l -

22|

= = o

['%) w o

- [

2= | ¢

= - =

2 = )

o =] faul

'

=3 ¥ =

&Y L=

2

O w w

[TThi ¥ [

o4 | =2

28| 32 |ocd
=

ino D& wo g
GES
o
w0
[wEw 3~

o
o
~
w
["+3
<
m
L]
—
@
[
Ll
)
('3
]
m
[+']
-
=]
-]
P
o
u
<
m
= - (]
o
[~
- +]
=
[I=]
i
o+
m
L'
S - —
-]
=]
P
o
mn
o+
m
- [+ (']
“
L
o
L
@©
[*7]
- o 3
Ly']
-
=]
an
P
o
uwy
o o o
i
oy
-
@
-]
[
°
&y
o [=] M
o
-
r
i o
Eul| 2
VTS U-.m .m TZEPS9LH6 TZ2EVrGo/80 TZEP59485 [ZEPSLE6 TIEr59L86 [JEVGOLE0 TCEVPGOLBG TSEPEDLE6
« < | 85l &
2 s [~ - a - o - o -
2 S
T & [~ = - - =y o - -
g 2 2 © =) o I - - - -
z =]} o
= < <
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GIMINI TV GAMES

PART
FUNCTION DESCRIPTION/GAMES NUMBER

[ NUMBER

or two players with vartical
paddle motign. Tennis, Socger, —m ——— - -
Squash, Practice. Rifla Game AY-3-8500-1 | 4B-2
I3 RAifle Gameg I )
St selectable gamas far f
one of two players, with AY-3-B55D 4B8-14
BALL & horizontak and verlical paddie !

PADGLE TA moten. Tennis, Saceer, Squash, ;
Practica, Rifle GameI& AY-3-8550-1 |  48-14
Aifle Same I

Converts the black & white ,J
videq outputs of exther the .
AY-3-B501 or AY-3-8550-1 A¥-3-85151 | 48-23
to a single color compasite
video smgnal. |

Eight seleciabie games for ane ]
or two players, with narizantal AY-3-9600 aB-24

BALL & and verticat player mation
PADDLE 1T Tenms. Hockey, Succer. T Tt e

Squash, Practice. Gridball, i
Basketball & Basketoall AY-3-8600-1 |  4B.24
Practice. i
I Converts the black & white |
COLOR + widea outputs of the

CONVERTERIT J AY-3-8500-1 1o a single color AY-2-8515-1 J 4B-33
: composile video signal.

T8 wo player “Tank Batthe" |
game where eacn player has a AY-3-8700
completely steerable lank with
forward and reverse speed
contral and a firing buttan, AY-3-8700-1 ] 4B-34

Six selectable games for one AY-3-8500 182
BaLL &
FADDLE T

COLOR
CONVERTERT

4B-34

BATTLEL

The GIMINI chip et provides P61 | AB-38

the basis lor a user-pragram- .

i med game sefies far up to 'T .

atghl players ard featuring up RO-3-20480 45-38

10b_eigh1 \éier-ci':ontrcll-ed TENING  pees s e e

. abjects, selectable moving _3- -

: PHO(?;%MA:\?I\I:ABLE objects, up to 240 program- AY-3-8900 8 3?_
GAME SET mable background lscabans,

movable background feld, ana | &Y-3-3800-1 4E-38

display in up to s1x colars T T T T et

plug black ang white, User AQ-3-9316A

garne design for such as: - =

Ball & Paddle. Aggression,

Gambling. Racing. etc.

4B-38

48-38

RAM

GIMINI TV GAMES

[S]VICRO

ELECTRONICS



AY-3-8500 AY-3-8500-1

Ball & Paddle 1

FEATURES

& Fuli COLOR operation (see page 4B-13)

® § Selectable Games - Tennis, soccer, squash,
practice and two rifle shooting games,

= (25 LIne (AY-3-8500] and 525 Line [AY-3-B500-1} versions.

Automatic Scoring

Score display on T.V. Scraen, D to 15.
Selectable Bat Size -

Selectable Angles

Selectable Ball Speed

Automatic or Manual Ball Service
Reallsm Sounds

Shooting Forwards in Soccer Game
Visuaily defined area for all Ball Games,

DESCRIPTION

The AY-3-B500 and AY¥-3-8500-1 circults have been designed to
provide a TV ‘games’ function which gives active entertainment

using & standard domestic televiston receiver,

The circuit is intended to be battery powerad and a minimum
number of external components are required to complete the

system. A system diagram is shown below,

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Top View
‘ngrjer  © 2spnct
Vs (Ground) ] 2 27 P Hit Input
Sound Cutput 3 26 [ shot input
Yeel 4 25 [ Rasst Input
Ball Angles) 5 24 [ 5core and Field Quiput
Ball Outpu (] & 23 O Practice
Ball Spead ] 7 22 1 5quash
Manual Serve ] B 21 ) Soccar
Right Player Qutput] # 20 [ Tennis
Laft Player Cutput ] 10 19 D Rifle Gameg 2
Hight Bat Inputd 1 18 D) Ailfle Game 1
Letl Bat fnput [ 12 17 [ Clack npul
Bai Size [ 12 16 [0 Syne Ouput
"NCC) 15 TINC

‘Do not uee as lis point,

SYSTEM DIAGRAM

ALTEANATE
2MHz OSC. !

2WiHz 050,
Yoo
+ 10K
| GAME SELECT l S0pH
/1 = 2M2220
o
RIFLE 75pF 150F
CIRCUIT 3; L T T
FIG.7 F— 1 o
- | L i V4 [
£ = 1 I . . 2
2 51 'E. 28 1% YRS IM“:_H(
+ ) @ i
sl T AY-3-B500/8500-1 A L
a0 1 14| | F10K 20K
T T 5 5
2w ] l { A
2201
15K APy
22222 fgan ; 20z
{_{ I_. Zt / - =
02pF 1 1 : 1 ,mF‘[wF
Yss ) ) : *NORMALLY. '
*AY-3- .
- ¥-3-8500 only. CLOBED

TCO MODULATOR (Fig.8)

4B-2




AY-3-8500 B AY-3-8500-1

! 14

P S T Y e L

Tennis

With the tennis game the picture on the television screen would
be similar to Figure 1 with cne 'bat’ per side, a top and bottom
bpoundary and a center net. The individual scores are countad
and displayed automatically in the position shown. The detall of
the game will depend upon the sefection of the options.
Considering the situation whare smalf bats are used and all
angles, after the raset has been applied, the scores willba 0, Dand
the ball will serve arbitrarily to ane side st one of the angles. If the
ball hits the top or bottorm boundary it will assume tha angle of
reflaction and continue in play. The player baelng served must
control his bat to intersect the path of the ball. When a ‘hit' iz
detected by the logic, the segtion of the bat which mada the hitis
used to datarmine the new angle of the ball.

To expand on this, all ‘bats’ or ‘players' are divided logically inta
four adjacent secticns of egual length. When using the fourangle
ogtion it is the quarter of bat which actually hits which defines the
new direction for the bali.

48-4

The direction does not depend upon the previous angie of
incidence. With the two angle option the top and bottom pairs of
the bats are summed together and only the two shallowsr angles
are used to program the new diraction for the bail.

The ball will then traverse towards the other player, reflacting
from the top or bottom as necessary untll the cthar player makes
his ‘hit’, This action is repeated until one piayer misses the ball.
The circuitry then detests a 'score’ and automatically increments
the carract score ecunter and updates the score display. The ball
will then serve automatically towards the side which had just
migssed. This seguence is repeated until a score of 15 is reached
by one side, whereupon the game is stopped. The ball will still
bounce around but ne further 'hits' or ‘scores’ can be made, Whila
the game is in progress, three audio tones are output by the
clircuit to indicate top and bottom reflactions, bat hits and scores.
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Squash

This game is illustrated in Fig.3. There are two players who .
alternately hit the ball inta the court. The right hand player is the
one that hits first; it is then the left hand player's turn. Each player
is snabled alternately ta ensure thet the proper sequanca of play
iz followad.

Practice

This game is similar to squash except that there is only one
player. Seea Fig. 4.
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[] SALES OFFICES

NORTH AMERICA

UNITED STATES

GENERAL INSTRUMENT CORPORATION
MICRCELECTRONICS

HEADQUARTERS — 600 West John Strest
Hicksvitle, New York 11802

Tel: $16-733-3107, TWX: 510-221-1886
NORTHEAST — Riverside Dffice Park, Suite 103,
Riverside Road, Weston, Magsachusetts 02193
Tei: 617-899-8800, TWX; 710-324-0767

SOUTHEAST — 271 Shilling Circle,
Hunt ¥alley, Maryland 21030
Tel: 301-628-2120, TWX: 710-862-3064

EAST CENTRAL — 200 Witmer Road, Box 345,
Horsham, Pennsylvania 19044
Tel: {215) 874-4800, Telex: 831407

CENTARAL — 3101 West Pratt Boulevard,
Chicaga, lllincis BO&45

Tel: 312-338-9200. TWX: 910-221-1416
SOUTHWEST - 2355 West Williams Field Road,
Chandier, Arizona 85224

Ted: 602-863-7373, TWX: 910-050-1963

WESTERN — 1100 Quaii Street. Suite 114,
Newpaort Beach, California 926860
Tal: 714-833-9400, TWX: 910-585-1730

SOUTH AMERICA

BRAZIL:

GENERAL INSTRUMENT leC Ldta

Av. Faria Lima 1794, Sac Paulo CEP 01452
Tel: 2105508

EUROPE
EUROPEAN SALES HEADQUARTERS:

GENERAL INSTRUMENT MICROELECTRONICS LTD.

57/61 Mortimer Street, London WIN 7T

Tel: (1-836-2023/4/5, Telex: 23272

CENTRAL EUROPEAN SALES OFFICE:
GEMEHRAL INSTRUMENT DEUTSCHLAND GmbH
{MOS Produktgruppe)

Morgendstrasse 1A, 8000 Munchen 40

Tel: (DAD}ZE.40.31, Telex: 326054

SOUTHERN EUROFPEAN SALES OFFICE

Via Lorenzetti 6. 20100 Milane
Tel: 02:4084101, Tedex: 38423

ASIA

HONG KONG:

GENERAL INSTRUMENT HONG KONG LTD.
Aoom 704 Star Mouse, 2 3alisbury Road, Kowloon
Teh 3-675528, Telex: 84806

JAPAMN:

GENERAL INSTRUMENT INTERNATIONAL CORP.
HEAD OFFICE — 17 Shiba-Fukide-cho,

Minato-ku, Tokyo 105

Ted: {03 437-0281, Telex: 26579

OSAKA QFFICE — 299 Yamaguchi-che,

Higashi Yodogawa-ku, Osaka

Ted: (06} 323-1877

TAIWAN:

GEMERAL INSTRUMENT

MICROELECTRONICS TAIWAN

B2-11 Kaehsiung Export Frocessing Zone, Koahsiung
Tel: {07 830402, Telex: 7B5-81901




UNITED STATES
ARIZONA

Electronic Development & Sales
4414 N, 19th Avenue-Suite H
Phoenix, AZ 85015

Tel: {602) 277-7407

CALIFORNIA
Varigon Assoc,

137 Eucalyptus Drive
El Segundo, CA 90245
Tek {213) 3221120
TWX: 910-348-7141

COLORADO
Eggeman Assoc.

3585 Owens Street
Wheat Ridge, CO 80033
Tel: (303) 423-3707

CONNECTICUT
Gerald Rosen Co.
Colonial Square
2420 Main Street
Stratford, CT 06487
Tel: {203) 375-5456

FLORIDA

Hutto, Hawkins & Peregoy
139 Candace Drive
Maitland, FL 32751

Tel: (305} 831-2474

Twi: 810-853-0256

Hutto, HawkIns & Peregoy
2158 5.E. 9th Street
Pompano Beach, FL 33062
Tel: {305) 943-9593

TWX: 510-9566-9402

ILLINOIS

Metcom Assoc,

2 Talcott Road

Park Ridge, IL 60068
Tek (312) 686-1490
TWX: 910-253-5941

INDIANA

V.5 & Assoc.

1000 N. Madison Avenue
Greenwood, IN 46142
Tel: {317) 888-2260
TWX: B10-260-2231
V.5 & Assoc.

2122A Miami Street
South Bend, IN 46613
Tel: (219) 291-8258
TWX: 810-289-2535

IOWA

PMA

18071 |E Tower

Cedar Rapids, 1A 52401
Tel: {318) 362-H177

KANSAS

PMA

9602 Outlook Drive
Overland Park, K& 66206
Tel: (913} 381-0004
TWX: 910-749-6473

SALES REPRESENTATIVES [5]

PMA

2205 S. Seneca
Wichita, K& 67202
Tel: (316} 264-2662
TWX: 910-741-6851

MARYLAND

Component Sales

Hilton Plaza Inn — Suite 208
126 Reisterstown Road
Baltimore, MD 21208

Tel: {301} 484-3647

TWX: 710-862-0852

MASSACHUSETTS
Gerald Rosen Co.

271 Worcester Road
Framingham, MA 01701
Tel: (617) B72-5505
TWX: 710-380-0486

MICHIGAN

V.5 & Assoc.

29551 Greenfield Road
Suite 219

Southfield, M1 48076
Tel: (313) 559-3680
TWX: 810-299-2535

MINNESOTA
Quantum Sales

7710 Compuiter Avenue
Minneapolis, MN 55435
Tel: {612} B31-8583
TWX: 910-576-2908

MISSOURI

PMA

140 Weldon Parkway
Maryland Heights, MO 63043
Tek: {314) 568-1220

NEW JERSEY
R.T. Reid Assoc.
708 Cedar Lans
Teaneck, N.J 07666
Tel: (201) 692-0200
TWX: 710-990-5086

NORTH CAROLINA

_Componenl Sales

P.O. Box 18821

Rateigh, NG 27609
Tel: {918) 782-8433
TWX: 510-928-0513

OHIO

Bear Marketing

3623 Brechksville Road
Richfield, OH 44286
Tel: {216) 6562-3131
TWX: 810-427-8100

OREGON

Jas. J. Backer Co.

2035 S.W. 58th Street — Rm. 207
Portland, OR 97221

Tel: (503) 297-3776

PENNSYLVANIA
Foster-McClinlon

2867 Washington Road
Bridgeville, PA 15017
Tel: (412) 941-4800
Telex: BEBATT

Foster-McClinton

2131 'W. 8th Street

Erie, PA 16505

Tel: {814) 455-3111

Telex: 914462

Knowles Assoc.

1 Fairway Plaza, Suite 30
Huntingdon Valley, PA 19008
Tel: (215) 947-5641

TWX: 510-665-5303

TEXAS

Oeler & Menelaldes
8065 Hilicraft
Houston, TX 77035
Tel: {713) 772-0730
TWX. 910-867-4745
Qeler & Menelaldes
558 5. Central Expressway
Richardson, TX 75080
Tel: {214} 234-6334
TWX: 910-867-4745

WASHINGTON
Jas. J. Backer Co.
221 West Galer Street
Seattle, WA 98119
Tel: {206) 285-1300
TWX: 910-444-1646

WEST VIRGINIA
Foster-McClinton

17 Pembrooks Lane
Huntington, W. VA 25705
Tel: (304) 763-5161

CANADA

ONTARIO
Pipe-Thompson, Lid.
83 Cumberiand Drive
Mississauga, Ontaric
Tel: (416} 274-1269




DISTRIBUTORS

UNITED STATES

ARIZONA
MIRCO

2005 W. Peoria Ave.
Phoenix, AZ 85029
Tel: (602) 9976184

CALIFORNIA

SEMI COMP

4029 Westerly Place
Newport Beach, CA. 92860
Tel: {714} 833-3070
INTERMARK

4040 Sorrento Valley Rd.
San Diego, GA 92121

Tel: {714} 273-5200
INTERMARK

1802 E. Carnegie Ave.
Santa Ana, CA. 92705
Tal: {714} 540-1322
DIPLOMAT

1118 Elko Dr.

Sunnyvale, CA. 84086
Tel: (408) 734-1900
INTERMARK

1020 Stewart Dr.
Sunnyvale, CA. 94086
Tel: (408) 7381111
SEMICONDUCTOR CONCEPTS
20201 Oxnard St.
Woodland Hills, CA 91364
Tel: (213) BA4-4560

COLORADO
CENTURY

8155 W. 48th Ave.
Wheatridge, CO. 80033
Tel: {303} 424-1985

CONNECTICUT
ARROW

295 Treadwell 5t.
Hamden, CT. 06514
Tek {203) 248-3801

FLORIDA

DIPLOMAT

1771 N. Hercutes Ave.
Clearwater, FLA. 33515
Tel: [813) 443-4514
ARROW

1001 N.W. 62nad 5t.

Ft. Lauderdale, FLA. 33300
Tel: {305} 776-7790

ILLINOIS
HALL-MARK/CHICAGO

180 Crossen Ave.

Elk Grove Village, IL.L. 60007
Tel: {312} 437-8800

INDIANA

FT. WAYNE ELECTRONICS
3606 E. Maumee Ave.

Ft. Wayne, IN. 46803

Tei: (219) 423-3422

KANSAS
HALL-MARK/KANSAS CITY
11870 W. 91st 8t

Shawnee Mission, KS 66214
Tel: (913) 888-4747

MARYLAND
ARROW

4801 Benson Ave,
Baltimore, MD. 21227
Tel: {301} 247-5200
PIONEER

1037 Taft St
Rockville, MD. 20850
Tel: {301} 424-3300

MASSACHUSETTS
DIPLOMAT

559 East Street
Chicopee Falls, MA. 01020
Tel: (413) 592-0443
BIPLOMAT

Kuniholm Dr.
Holliston, MASS 01748
Tai: (B17) 429-4120
CRAMER

B5 Wells Ave.

Newton, MASS, 02159
Tal: (817) 964-4003
GREENE/SHAW

70 Bridge St.

Newton, MASS. 02158
Tel: {617} 963-8900
ARROW

960 Commerce Way
Woburn, MASS 01830
Tel: (617) 933-8130

MICHIGAN
DIPLOMAT

32708 W. Eight Mile Rd.
Farmington, MI. 48024
Tel: (313} 477-3200

MINNESOTA

ARROW

9700 Newton Ave. So.
Bloomington, MN. 55431
Tel: {612} B88-5522
HALL-MARK/MINNESOTA
9201 Penn Ave. So.
Minneapolis, MN. 55421
Tel: (612) 884-9056

MISSQURI
HALL-MARK/ST. LOUIS
13789 Rider Trail

Earth City, MO. 63045
Tel: {314) 281-5350
DIPLOMAT

2725 Mercantila Dr.

St. Louis, MO, 63144
Tel: {314} 645-8550

NEW JERSEY
ARROW

Pleasant Valley Rd.
Moorestown, N.J. 08057
Tai: (609) 235-1900
ARROW

285 Midland Ave.
Saddlebrook, N.J. 07662
Tel: {201) 787-5800
DIPLOMAT

490 5. Riverview Dr.
Totowa, N.J, 07511

Tel: {201) 785-1830

NEW MEXICO
CENTURY

121 Elizabeth N.E.
Albuquergue, NM 87108
Tel: (505} 292-2700

NEW YORK
SUMMIT

916 Main St

Buffalo, N.Y. 14202
Tel: (716) 884-3450
ZEUS

500 Exacutive Blvd.
Elmsford, N.Y. 10523
Tel: (914) 592-4120
ARROW

900 Broad Hollow Rd.
Farmingdale, N.Y. 11735
Tel: {516) 624-6800
ARROW

Old Route 9

Fishiill, M.¥. 12524
Tel: {914) 896-7530
SEMICONDUCTOR CONCEPTS
145 Oser Ave.
Hauppauge, N.Y. 11787
Tel: (518) 273-1234
DIFLOMAT

303 Crossway Park Dr.
Woodbury, N.Y. 11797
Tel: (516) 921-8373



UNITED STATES

NORTH CAROLINA
PIONEER

2906 Baltic Ave.
Greensboro, N.C. 27406
Tel: (819) 273-4441

OHIO

ARROW

23500 Mercantile Rd.
Cleveland, OH. 44122
Tel: [216) 464-2000
ARROW

3100 Ptainfieid Rd.
Dayton, OH. 45404
Tel: (513} 253-9176

OREGON
UNITED RADIO
123 N.E. Tth Ave.
Portiand, OR. 87214
Tel: {503) 233-7151

PENNSYLVANIA
PIONEER

203 Witmer Rd.

Horsham, PA. 18044

Tel: (215) 674-5710
HALL-MARK/PHILADELPHIA
458 Pike Rd.

Huntingdon Valley, PA. 19008
Tei: {215) 355-7300

TEXAS
HALL-MARK/DALLAS
9333 Forest Lane

Dallas, TX 75231

{214) 231-6111
HALL-MARK/HOUSTON
8000 Westglen

Houston, TX 77063
{713) 7B1-6100

UTAH

CENTURY ELECTRONIC
2150 So. 300 West

3alt Lake City, UT. 84115
Tel: (801} 4B7-8551
DIPLOMAT

2280 So. Main 5t

Salt Lake City, UT. 84115
Tel: {801) 486-7227

WISCONSIN

ARROW

2925 South 160th St.

Mew Berlin, Wl. 53151

Tet: {414) 782-2801
HALL-MARK/MILWAUKEE
237 South Curtis

West Allis, WI. 53214

Tel: (414) 476-1270

DISTRIBUTORS [=]

CANADA

BRITISH COLUMBIA
RAE Industrial Electronics Ltd.
1629 Main Strest

Vancouver, B.C.,

Tel: (604) 6B7-2621

TWX: (610) 929-3065

MANITOBA

Cam Guard Supply & Service Ltd.
1777 Ellice Avenue

Winnipeg, Manitcba

Tel: {204) 786-8481

Telex: 07-57622

ONTARIO

Downsview

Cesco Electronics Ltd.
24 Mertin Ross Avenue
Cownsview, Ontario

Tel: (418} 6861-0220
Telex: 02-29697

Oitawa

Cesco Electrorics Lid.
1300 Carling Avenue
Ottawa, Ontario

Tel: (613} 728-5118
Telex: 053-3584

Rexdale

Future Electronics Corp.
44 Fasken Drive, Unit 24
Rexdale, Ontario

Tel: {418} 667-7820
Willowdale

Electro Scnic Inc.

1100 Gordon Baker Road
Willowdale, Ontario

Tel: (416) 494-1666
Telex: 06-22030

QUEBEC

Montreal

Cesco Electronics Ltd.
4050 Jean Telon Street West
Mantreal, Quebac

Tel: (514} 735-5511
Telex: 05-25580

Future Electronics Corp.
5647 Farrier Street
Mcntreal, Quebec

Tel: (510) 421-3251
Telex: 05-827789



[2] AGENCIES AND DISTRIBUTORS

EUROPE

AUSTRIA

Elbatex GmbH
Breitenfurter Str. 381
A-1235 Wien

Tel: 0222/869158
Telex: 013128

BELGIUM

C.P. Clare International N.V.

102 Gen. Gratry
Bruxelles 4

Tel. 02-736.01.97
Telex: 24157

DENMARK

A/S MNordisk—Elektronik
Transformerve) 17
DK-2730 Herley

Tel: 84.30.00

Telex: 18219

FINLAND

Jarma Sarkkinen Ky.
Keikintori, P.O. Box 19,
SF-02100 Tapiola

Tel: 46.10.86

Telex; 122028

FRANCE

P.EP.

4 Rue Barthelemy
92120 Montrouge,
Tel: 735.33.20
Telex: 204534

GERMANY
Erankfurt/Maln
Berger Elektronik GmbH
Am Tiergarten 14
Tel: 0611/480311
Telex: 04-12649
Heilbronn

Elbatex GmbH
Caecilienstr. 24
Tel: 07131/89001,
Telex: 728362
Lehrte

Altron

A E. Thronicke KG
3160 Lehrte
Postfach 1280
Tel: 05132/53024
Telex: 922383

A-10

Munchen
Eiectronic 2000
Vertrlebs-GmbH
Neumarkter Str. 75
8000 Munchen 80,
Tel: 0 §9/43 40 61
Telex: 02-2561

GREECE

Elfon Ltd.
Konstantinoupoleos 18-20
Nea Smyrni, Athens

Tel: {021) 93 48 912,
Telex: 214150

HOLLAND

Curijn Hasselaar

V Utenhoveweg 100

P.O. Box 37, Geldermaisen
Tel: (0} 3455-3150

Telex: 40259

{RELAND

Neltronic Lid.

John F Kennedy Road
Naas Road, Dublin 12
Tel: (01) 501845,
Talex: 4837

ITALY

Milano

Adelsy S.p A,

Via Domenichino, 12
20100 Milamo

Tel: 4985051-2-3-4-5
Telex: 38423
Genova

Adelsy S.p.A.

P.zza deila Vittoria, 15/25
16121 Genova

Tel: (10/589674
Roma

Adelsy S.p.A.

P.le Flaminio, 19
001968 Roma

Tel: 06/3606580/3605769
Torino

Adelsy S.p.A.

C.s0 Matteotti, 32/A
10121 Torino

Tel: 011/53914

Udine

Adelsy S.p A,

Wia Marangoni, 45/48
33100 Udine

Tel: 0432/26996
Calderara di Reno
I.C.C. S.rl.

Localita Lippo

Via Crocetta, 38
40012 Calderara Di Reng
Tel 051/726186

NORWAY

J.M, Feiring A/S

Box 101, Bryn, Qslo 6
Tel: {02) 19.62.00
Telex: 16435

SWEDEN

Algers Elektronik AB
Box 7052

$-172-07 Sundbyberg
Tel: 0B-9856475,
Telex: 10526

SWITZERLAND
Ellyptic AG

Postfach 174, 8036 Zurich
Tel: 33.05.89,

Telex: 56835

TURKEY

EFG Inc.

Buyukdere cad. Hayat
Ap. 28/1

Mecidiyekoy, istanbul
Tel: 66 73 61,

Teiex: 22562

UNITED KINGDOM
Kelghley

Semicomps Northern Ltd.
Ingrow Lane

Keighley, W. Yorks

Tel: Keighley 65191,
Telex: 517343

Kelsa

Samicomps Northern Ltd.
East Bowmont Street
Kelso, Roxburghshire
Tel: Kelso 2366,

Telex: 72692



EUROPE

Kenilworth

Semicomps Ltd.

3 Warwick House, Sta. Rd.
Kenilwarth, warwlckshire
Tel: 0825-58411,

Telex: 31212

Manchester

GDS {Sales) Ltd.

24 Broughton 5t
Cheeton Hill, Marnchester
Tel: 061 831 7471

Telex: 668304

Porismouth

505 Components Ltd.
Hiisea Industrial Estate
Portsmouth,

Hants PO3 54w

Tel Q705 65311,

Telex: 86119

5t. Alhans

Semicomps Ltd.
Wellington Road

London Colney

Gt. Albans, Herts

Tel: Bowmans Green 24522
Telex: 21108

Slough

GDS (Sales) Lid.

380 Bath Road

Slough SL1 6JE

Tel: 06286-63611, Telex: 847571

West Drayton

Semiconductor Specialists Ltd.
Prermizar House, Fairfield Road
Yiewsley, West Drayton
Middlesex,

Tal: West Drayton 48415
Telex: 21958

YUGOSLAVIA

Ellyptic AG

Pastfach 174, 8036 Zurich
Tel: 33.05.89, Telex: 58835

AGENCIES AND DISTRIBUTORS

MIDDLE EAST

IRAN

A. Ardehali

138 Vozara Avenye, Tehran
Tel: 621583

ISRAEL

Alexander Schneider Ltd.
44 Pgtach Tikva Road
Tal-Aviv

Tel: 320.89-346.07

Telex: 33613

ASIA
HONG KONG

Astec International Ltd.
Oriantal Centre — 14th Floor
&7-71 Chatham Rgad, Kowioon
Tel: 3-684751, Telex: 780-74899

INDIA

SDM and Associates
A-3/9 Janakpuri

New Delhi — 100 D58
Tel: 393340 or 391225

KOREA

Dongyoung Trading Company
CPO Box 7636, Seoul

Tel: 794-4812, Telex: 27305

PHILIPPINES

Astec Philippines

Makati Stock Exchange Bldg.
2nd Floor, Roam 233

Ayala Ave., Makati Rizal 3117
Tel: 89-99-91, Telex: 07563553

SINGAPORE

Astec Singapore Pta Lid.

1704, Golden Mile Towers
Beech Road, Singapore 7
Tel: 2-920-826,

Telex: 08723489

TAIWAN

Astec Taiwan

Room 803, 8th Floor

282 Lin Shinn Road, Taipei
Tel: 522-4800, Telex: 08523300

AUSTRALIA

New South Wales

G.E.B. {Pty) Ltd.

99 Alexander Street

Crows Nest, N.S.W

Tel: 438-2488, Telex: 25486
Victorla

R and D Electronics (Pty) Ltd.
23 Burwood Road

Burwood, Victoria

Tel: 288-8232, Telex: 33288

SOUTH AFRICA

Bramley

Metlionics (Pty.) Ltd.

F.O. Box 39690

Bramley 2018

Tel: 40-7746, Telax: B-4852
Dunswart

Pace Electronic
Components (Pty) Ltd.
P.Q. Box 6054

Dunswrt 1508

Tel: 52-7025, Telax: B-7823
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