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AM26LS31
CA3054
CA3059
CA3079
CA3139
DS8641
HA1199
LF155
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LF156
LF156A
LF157
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LF255
LF256
LF257
LF355
LF355A
LF3558
LF356
LF356A
LF356B
LF357
LF357A
LF3578
LM101A
LM104
LM105
LM107
LM108
LM108A
LM109
LM111
LM117
LM117L
LM124
LM139
LM139%A
LM140
LM158
LM201A
LM204
LM205
LM207
LM209
LM211
LM217
LM217L
LM224
LM239
LM239A
LM258
LM301A
LM304
LM305

MASTER INDEX

This index includes a// devices in Motorola Linear’s product
line. Devices with Linear in the page number column are fully
characterizedin the separate Linear Data Book; however,
selection characteristics are given in Chapter 10 of this volume
for your convenience.

Function

Quad RS-422 Line with Three-State Qutput ... .....oiiiiiierrnnnetinierenannnans

Dual Differential Amplifier «...oeeiiiiiiiiiiieeiiiiirieireteretesraninnneennnns
ZeroVoltage SWitCh .. ..ot i i it it e e e
Zero Voltage Switch ... . .ot i i i e it
TV TUNING CirCUIt .« ottt ittt ittt iie et tttnetnnersnonosonsonanaenns

Quad Unified Bus TranSCeIVEr .. ...ctettinnneeeeerainrererereinunnersereennnans

AM Radio SUDSYStemM ...ttt i i i i e i e
Monolithic JFET Operational Amplifier ....... ... .. o i ittt
Monolithic JFET Operational Amplifier ...ttt i,
Monolithic JFET Operational Amplifier .....coviiiiiiiiiiiiiiii it iiiiinneees ..
Monolithic JFET Operational Amplifier ........ ittt iiiieiieennnn
Monolithic JFET Operational Amplifier .. ...o.ouiiereret i enrerreraraiaeanenns.
Monolithic JFET Operational Amplifier ......coiiiiiiiiiiii it iiiiiiini e
Monolithic JFET Operational Amplifier ......coiiiiiiiiiiiiii ittt ieenniennnn,
Monolithic JFET Operational Amplifier . ...oiiiiiiiiii it iiiiniienineana,
Monolithic JFET Operational Amplifier ....... ...ttt
Monolithic JFET Operational Amplifier .......... .ottt
Monolithic JFET Operational Amplifier ... ...ttt nas,
Monolithic JFET Operational Amplifier ...t i iiiens
Monolithic JFET Operational Amplifier ...ttt ittt iinnranann
Monolithic JFET Operational Amplifier ...ttt
Monolithic JFET Operational Amplifier ...ttt i,
Monolithic JFET Operational Amplifier .....cooiieiiiiiiiie i iiiiiiinenennnnns
Monolithic JFET Operational Amplifier ..ottt iiiieiieersnnnn
Monolithic JFET Operational Amplifier . ... ..ottt iinenneannnn
General Purpose Adjustable Operational Amplifier ..........ccoiiiiiiiiiiiiaia.,
Adjustable Negative Voltage Regulator ...........iiiiiiiiiiieiiiiiiiiiieeaen.
Adjustable Positive Voltage Regulator ......... ... ittt
General-Purpose Operational Amplifier ... ...ttt iiiininierennnnns
Precision Operational Amplifier ...t
Precision Operational Amplifier ...............ccooiviiiet. et
Positive Voltage Regulator ......ooiii it ittt einsernnereneseennonnans

Voltage ComParator ...ttt tiiiiite i teteaneteaeaeseeenennnneenenas

Positive Voltage Regulator ... ...vviiiiiii it rtineennteiassisnsreneannss
Positive Voltage Regulator ...ttt ittt iiiiiiaianene e eennns
Quad Operational Amplifier ..ottt it ettt iiiaa i eeanen

Quad Comparator (Single SUPPlY) ..ottt i it ititenae it ctinannns
Quad Comparator (Single Supply) ...t i i e e

Series of Positive Voltage Regulators .........cvuiiiiiiiiiiiiiiniieeneenennnnss
Dual Operational Amplifier ........ciiiiiiiiiit it ittt e naeanans
General-Purpose Operational Amplifier .......... . ittt
Adjustable Negative Voltage Regulator ..........ciiiiiiiiiiiiiineiinneenanans
Adjustable Positive Voltage Regulator ...............ciiiiiiiiiiinn. e
General-Purpose Operational Amplifier .........cooiiiiiiiiiiiiiiiiiiinaie,
Positive Voltage Regulator ...... ... i et

Voltage CoOmMPaArator . oot ie et eietnneranseansornsoronsasansosonssnnesns

Adjustable Voltage Regulator .........c.coviiiiiiiiiiininnniiiineeneennnnnannnn
Adjustable Voltage Regulator .........ciiiuiiiiiiiiniiniiiiiernneeeensnnans
Quad Operational Amplifier ... ..ottt ittt

Quad Comparator (Single Supply) ...t et
Quad Comparator (Singe SupPPlY) ..ereriiiiiirer it iiieiretreereoaranrecncanas

Dual Operational Amplifier ...ttt it eiieiiinieaeaaeronnnans
General-Purpose Operational Amplifier ... ... i iiiiiiii it
Adjustable Negative Voltage Regulator ........coiiiiiiiiiiiiiienneiennnenannn
Adjustable Positive Voltage Regulator ...........cc.iiiiiiiiiiiiiiniiieennnnns

1-2

Page

.. 5-3
Linear
Linear
Linear
Linear
.. 5-6
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
.. 7-3

Linear
Linear
Linear
Linear
Linear

Linear

Linear
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LM307 General-Purpose Operational Amplifier ......ocoiiiiiiiiiiiiiniinnrienennennnns Linear
LM308 Precision Operational Amplifier .......ccutiiiiiiiinr ittt iinnreeennennnss Linear
LM308A Precision Operational Amplifier .....ociiiiiiiiiieiiiiiirerisrrereraaneeennnss Linear
LM309 Positive Voltage Regulator ....... ..t ittt iiiiintretnioteseeeiactanenanas Linear
LM311 Voltage CoOmMPArator «.ovut et ettt e e nanceaetoaesoneneanssoasoserenasasnannnans 7-3
LM317 Adjustable Positive Voltage Regulator ...........c.ciiiiiiiiiiiiiiiiiennianeionns Linear
LM317L Adjustable Positive Voltage Regulator ............cccoiiiiiiiiiiiiiiiininannnnn. Linear
LM324 QuadOperational Amplifier ......oieiiiiiriirineiieierereiernronrtnneennenens Linear
LM339 Quad Comparator (Single SUppPly) .« oot e i i e e 7-7
LM339A Quad Comparator (Single Supply) . ..ot et ettt eaaanenn 7-7
LM340 Series of Positive Voltage Regulators .........cooiiiiiiiiiiiiiiiiiiiniiinnnes Linear
LM358 Dual Operational Amplifier ..ot ittt iieitaeenannnnns Linear
LM2901 QUAd CoOMPArator ...ttt ittt ittt ittt e tiat ettt 7-11
LM2902 Quad Operational Amplifier ...ttt ittt i iiirttenerseenrarerannnnnn Linear
LM2904 Dual Operational Amplifier ... ...ttt iiieiirernenetreaanannnnns Linear
MC8T13 Dual Line Driver . .ui ittt ittt ittt e ittt ittt 6-9
MC8T14 Triple Line Receiver with Hysteresis ..........coiiiiiiiiiiiiiiiiiiiiiiiiinainnnn. 5-12
MC8T23 Dual Line Driver ............... e e e 5-9
MC8T24 Triple Line Receiver with HySteresis .......oviiieiiiiiiiieiieeininiieseennnannens 5-12
MC8T26A Quad Three-State Bus TransCeIVEer ......vvviiirtteniineernseeonerneenaaeennans 4-99
MC8T28 Non-Inverting Bus Transceiver ........ouuiuiiiiiiiiiiiniteieniieeeernnensn 4-118
MC8T95 Hex Three-State Buffer/Inverter ..........ciiiiiiiiiiiiin i iieeenniranannneenn 4-113
MC8T96 Hex Three-State Buffer/Inverter ........couiiiiiiiiiiienrrennreenienneneaanns 4-113
MC8T97 Hex Three-State Buffer/Inverter .......c.cciviiiiiiiiiiniiiiiiiiiniininneranas 4-113
MC8T98 Hex Three-State Buffer/Inverter ........ ...ttt iiaeraaannnns 4-113
MC26S10 Quad Open-Collector Bus TranSCeIVEr ... .ivuuuririeinnniiineeieertoeeesenananss 5-16
MC26S11 Quad Open-Collector Bus TranSCeIVer .....c.uuuuiietiiiennniinereseinneneenaennes 5-16
MC75S110 DUAl Ling Driver .ottt ettt ittt ittt e eetenananeneasan 5-19
MC1302 7-Stage Divider ...ttt ittt i i i it i e it e Linear
MC1306 1/72Watt Audio Amplifier ... i i e i e et e e Linear
MC1309 FM Stereo Demodulator ... ..ouuunii ittt iiie i ersannnaes Linear
MC1310 FM Stereo Demodulator . ...ttt iiiiiiiie i eiiiaiasieianaanes Linear
MC1323 Triple Doubly Balanced Chroma Demodulator ..........cooiviiieiiinneneenen, Linear
MC1324 Dual Doubly Balanced Chroma Demodulator ............ciiiiiiiiiiinnnennnn. Linear
MC1327 Dual Doubly Balanced Chroma Demodulator ......... ... .. coiiiiiianeann... Linear
MC1330A Low-Level Video Detector . ..ot iiiiiii ittt i iaiiiceininnes Linear
MC1349 [N 4T 1 1= Linear
MC1350 Ll 01 13 7= Linear
MC1351 TV Sound CirCUIt . oviiiit ittt ittt ittt ittt it ennnannas Linear
MC1352 TV Video [F Amplifier ..ot i it ittt ereaneranreeerorenannaannns Linear
MC1355 Limiting FM IFAmplifier ... et Linear
MC1357 IF Amplifier and Quadrature Detector .......c..ooiiiiviininnensnerennrioneoennnns Linear
MC1358 TV Sound IF AMPIfier .ttt i e e ittt ettt e aa e nanenn Linear
MC1364 Automatic Frequency Control .....oviiiiiriniinneieteienerenerneneranaoanesnn Linear
MC1372 Color TV Video Modulator ........oiiiiuunniinteiiinieneeneennanroinnannnenns Linear
MC1373 TV VIideoModUlator . .ouvtvrenntiieneioeenaneneennnnnereseeecnnenroeoiasennsas Linear
MC1391 TV HoOriZoNntal ProCeSSOr o vt ittt iittieeiiineaie e etnsssoneetnsoansoean Linear
MC1393A TV VErtical PrOCESSOr . .itvtitiitiee ittt it titeetetnentsiesnienersaeenonnens Linear
MC1394 TV Horizontal ProcCessor . ...vu ittt ieiiaineeenannanns Linear
MC1398 TV Color Processing CirCUIt . ..ottt ittt iitciiie i iiiiiaeenraens Linear
MC1399 TV Color Processing CirCUIt ..o vniiiiiii ittt ittt iiite i iiitenenansas Linear
MC1400 Precision Voltage Reference ...........cccivviiiiiniineenncnenes N 9-3
MC1400A PrecisionVoltage Reference .......covuiiiiiiiiiiii ittt ieaieeneennrnnass 9-3
MC1403 Precision Low-Voltage Reference .....oovvniviiiiiiiiiin it iiiineierienecnscnanss 9-4
MC1403A Precision Low-Voltage Reference ..........cooiiiiiiiiiiiiiiiiiiiiiiineiinnnnnn.. 9-4
MC1404 Precision Low-Drift Voltage Reference ...ttt 9-8
MC1404A Precision Low-Drift Voltage Reference .........c.oiiiiiiiiiii it 9-8
MC14056 Analog-to-Digital Converter Subsystem ......... ... ... i il 8-3
MC1406 6-Bit Multiplying Digital-to-Analog Converter ............oiiiiiiiiiiiinnnnnineann 8-17
MC1408 8-Bit Multiplying Digital-to-Analog Converter ..........c.ccoiiiiiiiiiiiiieinneenns. 8-29
MC1411 Peripheral DRiVer ATTay ..ottt ittt iiiette ettt ennnnannenns 5-25
MC1412 Peripheral Driver ATTAY ... vvueunnniensteeeenneisoreonnneeeesenssnnmeseosnassesns 5-25
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MC1413
MC1414
MC1416
MC1420
MC1422
MC1430
MC1431
MC1433
MC1435
MC1436
MC1436C
MC1437
MC1438
MC1439
MC1444
MC1445
MC1454
MC1455
MC1456
MC1456C
MC1458
MC1458C
MC1458N
MC1458S
MC1463
MC1466
MC1468
MC1469
MC1472
MC1488
MC1489
MC1489A
MC1494
MC1495
MC1496
MC1500
MC1500A
MC1503
MC1503A
MC1504
MC1504A
MC1505
MC1506
MC1508
MC1514
MC1520
MC1530
MC15631
MC1533
MC1535
MC1536
MC1537
MC1538
MC1539
MC1544
MC1545
MC1550
MC15562
MC1553
MC1554
MC1555
MC1556

Function Page
Peripheral DriVer ArTay o .vuvttteietenerenerenoeeeneeonsesensosonneranesnnneennns 5-25
Dual Differential Comparator .........ouuiuuiiuiiitinineeeeterstiieenesnnnnneeanss 7-15
Peripheral DIiVEr AITay . ...oitivriiiieieterenanenieronsnonnenesssossnnssnessones 5-25
Differential Output Operational Amplifier ......coiiiiiiiiiiinreierereneeennoens Linear
Timing Circuitwith Adjustable Threshold ......... ... o ittt iiin.. Linear
Operational AmMplifier ... iiieriiiieie ittt iitstreennesertrasorsosnennns Linear
Operational Amplifier ....oooiiiiiiiiiiriiiiiitiriiiinnnrsscssnstenens PRI Linear
Operational AMPlifier ... iieitiiiit i iiieenerereneatonanesesaronnnenenees Linear
Dual Operational Amplifier ...ttt ittt et iieiiianannnnns Linear
High-Volitage Operational Amplifier ........ ...ttt iiiiiianns Linear
High-Voltage Operational Amplifier .......ooviiiiiiiinieiiiiieinnnnneennnannns Linear
Dual Operational Amplifier .......cuttiiiiitiinneiiereinieconeronsnecnceranans Linear
Lo TV =T = oo T (- T A PP Linear
High-Slew-Rate Operational Amplifier ........ccoiiiiiiiiiiiiiiiiiiiiiiierannns Linear
AC-Coupled 4-Channel Sense Amplifier .........cciiiiiiiiiiiiiiiiiiiiinnennnn. 4-3
Wideband Amplifier .....ooooiiioiinriiiiiiiiriiiriirreeneetestioteennnrnes Linear
T-Watt Power Amplifier ......oiiiiiiiiiiiiiiiiiiiiiiiiet ittt iennenananannnas Linear
TimING CirCUIt o ouii ittt ittt it terateie st eesasiassssonnosnacasnsnannns Linear
High-Performance Operational Amplifier ..........coiviiiiiiiiiinieierrnnnnas Linear
High-Performance Operational Amplifier ........0. .00 iiiiiiiiiiiiiinenennnnnen Linear
Dual Operational Amplifier ........coiiiiiiiiininneereeecronanrneasonnanaeennn Linear
Dual Operational Amplifier . .....c.uiiiiiiiiiiiiiiiiiiiiiiiiissriereennsnananss Linear
Low-Noise Dual Operational Amplifier .......coiiiiiiiiiiiiiiiiiiiiiiiiennnn,s Linear
High-Slew-Rate Dual Operational Amplifier ...........cciiiiiiiiiiiiiiiiinnens Linear
Adjustable Negative Voltage Regulator ...........cciiiiiiiiiiiiiiiiennniann. Linear
Voltage and Current Regulator .........cciiiiiiiiinerinineeeinannnannenenanns Linear
Dual + 15-Volt Tracking Regulator ........c.c.oeiiiiiiiiiiiiininiierennnnnsneees Linear
Adjustable Positive Voltage Regulator ........ooiiiiiiiiiiiiiiiiiiiiiieiiennnns Linear
Dual Peripheral Positive NAND Driver ........iiiiiiiiiiiiiiiiierenennninsnneens 5-29
QuUad MDTL LIiNe DriVer . .vuuttettrettttttiteiiiniriananseeeestosesesseasnannsas 5-32
QuadMDTL Line RECEIVEr ...ttt ittt e iianasesastonenanannnas 5-38
QuadMDTL LINE RECEIVEr .. .iiiirtiietiittt et ieitrerecennssessoronnnanesesas 5-38
Four-Quadrant Multiplier .......c..iii ittt iiirinanereeanes Linear
Four-Quadrant MUltiplier .....ouuiuiiitiiiiiiii i iiiinnneestereranseaannnes Linear
Balanced Modulator-Demodulator .........c.ceeeiiiiiiiiiiiiiiiiiiiiiieeeens Linear
Precision Voltage Reference ..........cciviiieiiiiiiiiiiiiiiiiiieienineenineee. 9-3
Precision Voltage Reference ...........ccooiiiiiiiiiiiiiiiiiiiiiiii i 9-3
Precision Low-Voltage Reference ........cooiiiiiiiiiiiiiiiiiiiiiertenenseenannsanes 9-4
Precision Low-Voltage Reference ..........oiuriiiieiiiiiiiiteeererrnenanansennns 9-4
Precision Low-Drift Voltage Reference ...........c.cocvviiiinnenns e 9-8
Precision Low-Drift Voltage Reference ............ciiiiiiiiiiiieiinrenreenneenes 9-8
Analog-to-Digital Converter SUbSYStEM .....oivitiiiiiiititriniinererenannnenns 8-3
6-Bit Multiplying Digital-to-Analog Converter .........ooviiiieiineinnncersnsnnenns 8-17
8-Bit Multiplying Digital-to-Analog Converter ...........ccctiiiiiireninrennnnnnnens 8-29
Dual Differential Comparator ........c.viereiineennernaeseenssroessosseannesanns 7-15
Differential Qutput Operational Amplifier ............ooiiiiiiiiiiiiiiiiiinne.. Linear
Operational AmMpPfier .ot iiiiiierire it iiiiiriie i irntensseeesetornesssnanns Linear
Operational AmMpPlfier ...t itiiieiiie it iiininieresianriseececessanssrsnans Linear
Operational AMpPlfier ... iiretiieiiiiieneeneeeeernsoenseeeeeosnnsnaennns Linear
Dual Operational AmpPlifier . ....cvuiiieireirereeeeerrerneneereeroransnaennes Linear
High-Voltage Operational Amplifier .....c.oviiiiiieiiiiiiiiiiiiiiiieeennnnnnns Linear.
Dual Operational Amplifier .......oiiiiiiiiiiiiiii ittt iiaenearaaees ‘Linear
POWer BOOSTEr ...ttt ittt i i i e e e Linear
High-Slew-Rate Operational Amplifier .......ccouiitiiiiiieirninnnnrnnennnnn Linear
AC-Coupled 4-Channel Sense Amplifier ...........c.ciiiiiiiiiiiiiiiiiiiiinnennnn. 4-3
Wideband Amplifier ......oviiiiniiiiiiiii ittt ittt ittt Linear *
LT oo 1 o 1 =Y U Linear
R T 1o 1 ¥ o 1= Linear
Video AMPlfier ..o oii it it i ittt i ittt it e Linear
1-Watt Power Amplifier ...ttt ittt it i ieeanannnens Linear
TimiNg CirCUIt o v e ettt ieieeeeeeeteteereseennnaaaaanetnnnennasasesasnnns Linear
High-Performance Operational Amplifier .......c.ooiiiiiiiiiiiiiiiiiiiinnnnns Linear
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MC1558 Dual Operational Amplifier .......oonniiiiiiiiiiiiiriiiiinrieetrsoeeinneasennns Linear
MC1558N Low-Noise Dual Operational Amplifier .......cooiiiiiiiiiiiiiiiiiiiniieinannnnn Linear
MC1558S High-Slew-Rate Dual Operational Amplifier ..................... e, Linear
MC1563 Adjustable Negative Voltage Regulator ..........coiiiiiiiiiiiiiiiiiieirinnnens Linear
MC1566 Voltage and Current Regulator .........coiiiiiiiiiiiiiiiiiiiiiiiiiiienneennas Linear
MC1568 Dual £15-Volt Tracking Regulator . ....... ..ottt iiiiiiiiiiiieeinroenennss Linear
MC1569 Adjustable Positive Voltage Regulator ................. e i e Linear
MC15690 Wideband Amplifierwith AGC . ... ... ittt iiereeannnanns Linear
MC1594 Four-Quadrant Multiplier ..ottt ittt ittt teittetetenenernrnennennans Linear
MC1595 Four-Quadrant Multiplier ....... .. ittt it it ittt e e e e ianann Linear
MC1596 Balanced Modulator-Demodulator .........c.coiiiiiiiiiiiniianeerieaereannnn Linear
MC1709 General-Purpose Operational Amplifier ...ttt iiiiiiiiiennnn Linear
MC1709A General-Purpose Operational Amplifier .......cooiiiiiiiiiiiiiiiii i nnnn Linear
MC1709C General-Purpose Operational Amplifier .......c.oo ittt ieiinnenns Linear
. MC1710 Differential ComMpParator ... .vitieetiiee e tiettteeeneeetnneaneeesneeesesnnennnenns 7-19
MC1710C Differential Comparator .. ... ..iiitiiieineiieeetnnerraenenneeenaneeenoneonnnnns 7-19
MC1711 Dual Differential CompParator ...t eiint e iteneenneenrenennsernnersnsaneensenns 7-23
MC1711C Dual Differential Comparator . ..........c.iiiiiiniiinnmeeeeeeeeeananneeeaeeeanans 7-23
MC1712 Wideband DC AMpPlifier ...t i ittt ireerannnan Linear
MC1712C Wideband DC Amplifier ....... e e et Linear
MC1723 Adjustable Positive or Negative Voltage Regulator ...............ccciiiiiiinnn... Linear
MC1723C Adjustable Positive or Negative Voltage Regulator .............ccciviieinnnn... Linear
MC1733 Differential Video Amplifier ...ttt i i ettt e e ieaeieanennns Linear
MC1733C Differential Video Amplifier ... ..ottt it it i ettt ieeanenenn Linear
MC1741 General-Purpose Operational Amplifier ........coiiiiiiiiiiiiiiiiiiiin .. Linear
MC1741C General-Purpose Operational Amplifier ....... ... . i i iiiiernrennnn. Linear
MC1741N Low-Noise Operational Amplifier ... ..ottt it iiienneennnas Linear
MC1741NC Low-Noise Operational Amplifier ....... .ottt ittt Linear
MC1741S High-Slew-Rate Operational Amplifier .........ccoiiiiiiiiiiiiinniininnennnnn. Linear
MC1741SC High-Slew-Rate Operational Amplifier .........oiiiiiiiiiiiiiiiiieinieeineanan, Linear
MC1747 Dual MC1741 Operational Amplifier ..ottt it e iiieennn Linear
MC1747C Dual MC1741C Operational Amplifier ......coviiiieiiniiiiniaieiiinnnennnnns Linear
MC1748 General-Purpose Operational Amplifier ........... ittt Linear
MC1748C General-Purpose Operational Amplifier ..... ..ottt iiiriinnnneennns Linear
MC1776 Programmable Operational Amplifier ........oovii ittt iiiiiiiinnnnn, Linear
MC1776C Programmable Operational Amplifier ....... ...ttt Linear
MC26S10 Quad Open-Collector Bus TransSCeIVEr .....iiiutiiii i iitiiiiieieietrerornnnnnnan 5-16
MC26S11 Quad Open-Collector Bus TranSCeIVer ...ttt teeerettneeenerenneeesenneenneanns 5-16
MC3232A Memory Address Multiplexer and Refresh Address Counter ....................... 4-11
MC3242A Memory Address Multiplexer and Refresh Address Counter ............ccovvvvn... 4-16
MC3245 Quad TTL-to-MOS Driver ...ttt ittt it ittt ereeraeannnnnen 4-21
MC3301 Quad Operational Amplifier .......oiiiiein ittt i iiieneanerennneenanens Linear
MC3302 Quad Comparator .......cievererernreeennennanan N 7-27
MC3303 Quad Differential-Input Operational Amplifier .......... . ... i iiiiiiiiiinnn. Linear
MC3310 Wide-Band Amplifier ... e ittt e Linear
MC3325 Automotive Voltage Regulator ...ttt Linear
MC3333 Vari-Dwell Ignition . ... it it et et e Linear
MC3340 Electronic AttENUATOr . ...ttt iteroneneserororotoseotonaanns Linear
MC3344 Programmable Frequency Switch ...... ..ottt iiiaeenens Linear’
MC3346 General-Purpose TransiStor ArTaY .. ...ueeurenerneeeenneennerenereeeenesennns Linear
MC3357 Low-Power FM IF L. ittt ettt et et e aiia i Linear
MC3358 Dual Low-Power Operational Amplifier ...ttt iiiinnrnnnn, Linear
MC3360 1/74Watt Audio Amplifier ... .o i ittt it iieeieieeernenenanannenns Linear
MC3370 ZeroVoltage SWItCh . ... .ttt i it Linear
MC3380 Emitter-Coupled Astable Multivibrator .........ccoiiiiiiiiiiiiiiiiniienennennans Linear
MC3386 General-Purpose TransiStor ArTaY . ...t etineeenerenesenneeenneeeeaneeennns Linear
MC3393 TWo-Modulus Prescaler .......cuvuiiiiititie e iiieeenerenaneonnaneennnennn Linear
MC3401 Quad Operational Amplifier ... . ittt iieeerinerennennennnennnns Linear
MC3403 Quad Differential-Input Operational Amplifier ...........ciiiiiiiiiiiiiinnennnn. Linear
MC3405 Dual Operational Amplifier plus Dual Voltage Comparator ...........ccevveveennn. Linear
MC3408 8-Bit Multiplying Digital-to-Analog Converter ...........c.cviiriiiiinreinnnnennann. 8-43
MC3410 TO-Bit D-10-A CONVEITET ..ttt ittie ettt ienenennesonaesanansaaeeeeoenasnnnnns 8-49
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MC3410C
MC3412
MC3416
MC3417
MC3418
MC3419
MC3420
MC3423
MC3430
MC3431
MC3432
MC3433
MC3437
MC3438
MC3440A
MC3441A
MC3443
MC3446A
MC3447
MC3448A
MC3449
MC3450
MC3452
MC3453
MC3456
MC3458
MC3459
MC3461
MC3467
MC3468
MC3470
MC3476
MC3480
MC3481
MC3482A
MC34828B
MC3485
MC3486
MC3487
MC3488A
MC3488B
MC3490
MC3491
MC3492
MC3494
MC3503
MC3505
MC3510
MC3517
MC3518
MC3519
MC3520
MC3523
MC3556
MC3558
MC4558
MC4558AC
MC4558C
MC4558N
MC4558NC
MC4741
MC4741C

Function Page
10-Bit D-10-A CONVEIEI o\ttt tit ettt itiaee oo stonsontooersssasnnenneesensnsanens 8-49
High-Speed 12-Bit D/A CoNVeIer . ..vutnt ettt et etaeettnnenneeernnnnnnees 8-60
CroSSPOINt SWITCH L. ittt ittt ittt treereeeenrannnnnnseosnnnnnneens 6-3
Continuously-Variable-Slope Delta Modulator/Demodulator ....................... 6-12
Continuously-Variable-Slope Delta Modulator/Demodulator ................cc0v... 6-12
Subscriber Loop Interface Circuit ........ccoriiiiiiiiiiririneneeerrnnnneeennnns 6-30
Switchmode Regulator Control CirCuit ....ovvititiiinnn it iiiiiiiineeennnnnns Linear
Overvoltage Sensing CirCUIt . .......uiiiiiirttttrn et irennirareeereeenenennn Linear
High-Speed Quad Comparator .......cuuuieeniiiutsreretererosnnnnaeeennnnnnanas 7-31
High-Speed Quad Comparator .. .....u.en it iereeeeeenreannenrosnnnnneenes 7-31
High-Speed Quad Comparator ............ ettt it it e 7-31
High-Speed Quad Comparator .........oiuiii it iiin it ieiens, 7-31
Hex Unified BUS RECEIVEN .. ...t iieteriiiitie et eerentnnneeeeronnnnnes 5-44
Quad Unified BUs TransCeivVer ...ttt iriiiiietieinnnaneneereesennannnennnns 5-47
Quad Interface Bus TransCeiver .........cciiiiiittriiriinneeeenrenneneennnns 5-50
Quad Interface Bus Transceiver ........oiiiiiiiiniiiiiiiiiieeeernnenenaneannnns 5-50
Quad Interface BUs TranSCeIVEr .. .u.uiiiiitterennettonnnunseeeeeeeennnnnneeenns 5-50
Quad Interface Bus TranSCeIVEr .. ....ietttiinnneeeernnnnnneeeeeirnsnenaeenens 5-54
Bidirectional Instrumentation Bus Transceiver ..........iiiiiiniiinnnennnnnnnnn. 5-57
Quad Three-State Bus Transceiver ................ccvnnnnnn. e iereree e 5-63
Triple Bidirectional BUS SWItCh ... ..ttt it iiiiiiiinre it i 4-104
Quad Line RECEBIVEN ...ttt it ittt et e ieie et rsaanannanannns 5-68
QUAd Line RECRIVET ..ottt ittt ittt e tee et ateeetineeranennaeannns 5-68
QUAd LiNe DriVEr oottt tereeeeeeeeaeterereansnneseeeaaeeeeeennns 5-75
Dual Timing CirCUIt ...ttt ittt e et e e et eaeatnnaeeeannnns Linear
Dual Low-Power Operational Amplifier ......cooiiiiiiniiiiiiiiiiii it iniinennnnn Linear
Quad NMOS Memory Driver ...ttt tttttteniaeereerananneenenenns 4-24
Dual NMOS Memory Sense Amplifier «..oveetviieiiiieiiiiiieiiiireieninneennnns 4-28
Triple Preamplifier ... uuiit ittt ittt et itetennenrernnnnnnn 4-34
Magnetic Read Amplifier .. ... .. ittt ittt tereieie i it 4-39
Floppy Disk Read Amplifier System ..............coiiiiieiiiieann. e 4-59
Programmable Operational Amplifier ....... ..ottt Linear
Memory Controller CirCUIt .. .u v iiittirer it iernieeteetnenonnnereneennninneeenns 4-73
Quad Single-Ended Line Driver .......iiiiiiiiiiiiiiiiiiiete e iiiinereeenenns 5-79
Octal Three-State Buffer/Inverter ........cocovviiieinininnn, e, 4-109
Octal Three-State Buffer/Inverter .........cooiiiiiiiiiiiiiiiireieennneanennns 4-109
Quad Single-Ended Line Driver ...ttt s 5-79
Quad RS-422/423 Line RECEIVEr ..o vit ittt ittt iiiiii e reneennnanannnnns 5-80
Quad RS-422 Line Driver with Three-State Outputs ........c.couiiiiinteeninnenennn, 5-83
DUual RS-423/232C DriVer .\ itviiiiiet i ireene s ireannssesersoseonninneeennnnns 5-87
Dual RS-423/232C Driver . .uuttit ittt et teie e tee e ranaannnns 5-87
7-Digit Gas Discharge Display Driver . ........cuuiiieeeteeeronranenreernnnnnennns 5-90
8-Segment Visual Display Driver ........uuuniiii ittt ieeeiaiinnnnininnnnns 5-96
8-Segment Visual Display Driver . .........uuui ittt ittt tiiiinnieinnnas 5-96
7-Digit Gas Discharge Display Driver .. ....vviiuririnieriieeternnnneeeernnanennns 5-90
Quad Differential-Input Operational Amplifier ........ ... . iiiiiiiiinieennns. Linear
Dual Operational Amplifier plus Dual Voltage Comparator ...........c.cvvunevnns Linear
10-Bit D-10-A CONVEIter .. .iititttt ittt ittt ieia ettt eentinianannnnnnnns 8-49
Continuously-Variable-Slope Delta Modulator/Demodulator .................... ... 6-12
Continuously-Variable-Slope Delfta Modulator/Demodulator ............covvevnnn. 6-12
Subscriber Loop Interface CircUit .......uuiieriiiiineiit i iiiiinieeererannnes 6-30
Switchmode Regulator Control Circuit ...ttt iiriiierenereriennnneneennss Linear
Overvoltage Sensing CirCUIt . ......oiiiiiiiiniiiit ettt areinannn. Linear
Dual Timing Circuit . ... ittt et ettt ierrnnacarananas Linear
Dual Low-Power Operational Amplifier ..., Chveacaierenenas Linear
Dual High-Frequency Operational Amplifier ........c. ... iiiiiiiiiiiiinnnnne, Linear
Dual High-Frequency Operational Amplifier ........coviiiiiiiiiiiiiiiineennnns, Linear
Dual High-Frequency Operational Amplifier ............ ittt Linear
Dual High-Frequency Operational Amplifier ........coviiieiiiniiiiiinnnneennnn Linear
Dual High-Frequency Operational Amplifier .........ccciiiiiiiiiiiiiiiiinnnnan.. Linear
Quad MC1741 Operational Amplifier .......c.iiiiiiiiiiiiiiiiiiiiiiiienenne, Linear
Quad MC1741 Operational Amplifier ...ttt ittt Linear



MASTER INDEX

Device
Number

M C6875,A
M C6880A

M C6881

M C6882A

M C6882B

M C6885

M C6886

M C6887

M (C6888

M C6889

M C6890
MC75S110
M C7805

M C7805A
MC7805AC
MC7805C

M C7806

M C7806A

M C7806AC
MC7806C

M C7808

M C7808A
MC7808AC
MC7808 C
MC7812
MC7812A
MC7812AC
Mc7812C
MC7815
MC7815A
MC7815AC
MC7815C
MC7818
MC7818A
MC7818AC
MC7818C
MC7824

M C7824A
MC7824AC
MC7824C
MC78L02AC
MC78L05AC
MC78L05C
MC78L08AC
MC78L08C
MC78L12AC
MC78L12C
MC78LI6AC
MC78L15C
MC78L18AC
MC78L18C
MC78L24AC
MC78L24C
M C78M05 C
MC78MO06 C
MC78M08 C
Mc78M12C
MC78M15C
MC78M18C
MC78M20C
MC78M24 C
MC7902C

Function Page
M6800 Clock Generator/ DIVl .. ...c.cveieiiiieiseetrensnnentoeeeeosisennsnanases 4-88
Quad Three-State Bus TranSCeIVEr . ....vurerrittereetannnnroratasteeoraronanes 4-99
Triple Bidirectional Bus SwitCh ... .. e 4-104
Octal Three-State Buffer/Latch .......coiiiuiiiinetiiinniniieneeeeiioneannnnns 4-109
Octal Three-State Buffer/LatCh ... ..oiieiiniiii ittt ciiia e 4-109
Hex Three-State Buffer/INnverter .........erereiiiiierinnrernnneenninenennennns 4-113
Hex Three-State Buffer/ InVerter .........oiiiiiiiiierennetieneeiniinsennronnes 4-113
Hex Three-State Buffer/ INVerter ........ceiniiiiiiiiiiiiaiiiereieineeeeennnans 4-113
Hex Three-State Buffer/ INVerter ... ...ttt iiiiiinnnnineiieernonansen 4-113
Noninverting Bus Transceiver ................. YN 4-118
8-Bit Bus-Compatible MPU VA Converter .......ooiiiiiiiiiiiiiiiiniiniiennaannn 8-61
[0 YU LI T Y=Y 0.1 22 - 5-19
Positive Voltage Regulator (1.5 A) ...ttt ittt aiiieranaann Linear
Positive Voltage Regulator (1.5 A) ..ottt iiiiieriiiiaarenananes Linear
Positive Voltage Regulator (T.5A) ... et iiicieanns Linear
Positive Voltage Regulator (1.5 A) ...ttt ieiiienenaens Linear
Positive Voltage Regulator (1.5 A) ...ttt e i ianes Linear
Positive Voltage Regulator (1.5 A) ... et ii i aes Linear
Positive Voltage Regulator (T.B A) ..o iuiiiiii i it Linear
Positive Voltage Regulator (1.5 A) ...ttt iinens Linear
Positive Voltage Regulator (1.5 A) ...t Linear
Positive Voltage Regulator (1.5 A) ... it Linear
Positive Voltage Regulator (1.5 A) ...ttt aees Linear
Positive Voltage Regulator (1.5 A) ...ttt i iiiia e Linear
Positive Voltage Regulator (1.5 A) ... e iiiiiieeaane Linear
Positive Voltage Regulator (1.5 A) .. ittt iieiiieeiieieaanaens Linear
Positive Voltage Regulator (1.5 A) ... it Linear
Positive Voltage Regulator (1.5 A) ...ttt iie et e Linear
Positive Voltage Regulator (1.5 A) ...l Linear
Positive Voltage Regulator (1.5 A) ...t iicanas Linear
Positive Voltage Regulator (1.5 A) ...t eiiiieeeanns Linear
Positive Voltage Regulator (1.5 A) ...t eiiiiiaas Linear
Positive Voltage Regulator (1.5 A) ...ttt iiiaas Linear
Positive Voltage Regulator (1.5 A) ...ttt eneaans Linear
Positive Voltage Regulator (1.5 A) ...ttt ieaes Linear
Positive Voltage Regulator (1.5 A) ...t iiieeeans Linear
Positive Voltage Regulator (1.5 A) ...t iiiiiiiieeee Linear
Positive Voltage Regulator (1.5 A) ..ottt iiiieaeas Linear
Positive Voltage Regulator (1.5 A) ..ot ei it iiieneaens Linear
Positive Voltage Regulator (1.5 A) ...ttt eieanees Linear
Positive Voltage Regulator (OO MA) ... ittt iiiiiiiieniienan e Linear
Positive Voltage Regulator (TOO MA) ...ttt iiieees Linear
Positive Voltage Regulator (TOO MA) ...ttt aaes Linear
Positive Voltage Regulator (IO0 MA) ...ttt ettt eenanes Linear
Positive Voltage Regulator (TOO MA) ... i iiienanns Linear
Positive Voltage Regulator (TOO MA) ..ot iiiie i ceaiaans Linear
Positive Voltage Regulator (TOO MA) ... e iiiiees Linear
Positive Voltage Regulator {TOO MA) ...ttt ittt iiaiaans Linear
Positive Voltage Regulator (100 MA) ... .utiiiiirt ittt iiiiieaninenerennrens Linear
Positive Voltage Regulator (100 MA) ...ttt Linear
Positive Voltage Regulator (100 MA) ...ttt ieeaaes Linear
Positive Voltage Regulator (100 MA) ...t iiiiiiiiiiiiiiiians Linear
Positive Voltage Regulator (100 MA) ... iuitiiiiii i iiiieaaiiaieennens Linear
Positive Voltage Regulator (SO0 MA) ...ttt Linear
Positive Voltage Regulator (500 MA) ... ottt iaieneens Linear
Positive Voltage Regulator (SO0 MA) .. viiiiiin it Linear
Positive Voltage Regulator (500 MA) ...ttt e it eiiiiiisreeas Linear
Positive Voltage Regulator (500 MA) ...ttt iiiiieiiieiiiieeeaens Linear
Positive Voltage Regulator (500 MA) . ...ttt Linear
Positive Voltage Regulator (S5O0 MA) ...ttt ittt iiiaaes Linear
Positive Voltage Regulator (BO0O MA) ..ottt Linear
Negative Voltage Regulator (1.5 A) ... i Linear
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MC7905C
MC7805.2C
MC7906C
MC7908C
MC7912C
MC7915C
MC7918C
MC7924C
MC79L03AC
MC79L03C
MC79L05AC
MC79L05C
MC79L12AC
Mc79L12C
MC79L15AC
MC79L15C
MC79L18AC
McC79L18C
MC79124AC
MC79124C
MC8T13
MCc8T14
MC8T23
MC8T24
MC8T26A
MC8T28

M C8T95

M C8T96
MC8T97
MC8T98
MC10317L
MC10318L
MC10318L9
M C34001

M C34002

M C34004

M C34022

M C35001

M C35002

M C35004

M C35022

M C55325
MC75107
MC75108
MC75S110
MC75125
MC75127
MC75128
MC75129
MC75140P1
MC75325
MC75365
MC75368

M C75450

M C75451
MC75452
MC75453
MC75454

M C75461

M C75462
MC75463
MC75464

Function ) Page
Negative Voltage Regulator (1.5 A) ...ttt iiiiiiiiiiiiiiiniereennsaanenses Linear
Negative Voltage Regulator (1.5 A) .....ciiuiriiiiiieiiiiiiiiiieiienrnnnneanans Linear
Negative Voltage Regulator (1.5 A) ...ttt iiiiiiieaensnnss Linear
Negative Voltage Regulator (1.5 A) ...ttt ittt iitiiieesetnnnas Linear
Negative Voltage Regulator (1.5 A) ..ottt ittt etiienesenaannns Linear
Negative Voltage Regulator (1.5 A) ...ttt iiiiiiniiiannee Linear
Negative Voltage Regulator (1.5 A) ...ttt iniienienen, Linear
Negative Voltage Regulator (1.5 A) ....vvriiiiiiiiiiiiiiinerriereroeneananss Linear
Negative Voltage Regulator (OO MA) ... .ctiiiiiiriiiiiiiierireeensnnnenanns Linear
Negative Voltage Regulator {100 MA) ... oot iiiiireii ittt i iieiiieeerannnns Linear
Negative Voltage Regulator {TOO MA) ... .oriiiiireiriiiriieinrerrenneneeenes Linear
Negative Voltage Regulator (IO0 MA) .. ..iiiiiiiiiiiiitiieeenrrinreancnannnnns Linear
Negative Voltage Regulator (T00 MA) ...ttt ittt errananan Linear
Negative Voltage Regulator (TOO MA) .. .iviiiiiitiiiiiieienerieorrencsennanan Linear
Negative Voltage Regulator (TOO MA) ...ttt eirernnaneenns Linear
Negative Voltage Regulator (100 mA) ........... et ettt i it e Linear
Negative Voltage Regulator (TOO MA) ...ttt ittt iiiiieetanriensnnnnnnas Linear
Negative Voltage Regulator (TOO MA) ....iiiiiiiiiiitiienerererrnennnennes Linear
Negative Voltage Regulator (TOOMA) ... viiiiiiiiiiiiiiiiiiresienninaeannss Linear
Negative Voltage Regulator (T0O0 MA) ....coiiiiiiiiiiiiiiiiii et eiiiieenrnannns Linear
DUl Line DFiVEr o v ettt ettt iieiite et erennneeesasnenososnesossensosannaasanns 5-9
Triple Line RECOIVEI .. .vuutnii ittt iiiiieiaitetisciasesseosonsossanesersnaneannns 5-12
DUl LiNg DrIVer .ottt ittt ittt itetieetesnnoassoanstossnesossneensseeneennanas 5-9
Triple Line ReCEIVEr .. .viittiiiit it irettioeeretaronaseseiotsoonneecstonnsanens 5-12
Quad Bus Transceiver/MPU Bus Extender ...........civiiiiiiiienninennanennns 4-99
Noninverting Bus TransSCeIVEr .. ....uituitteiereneieeeneennaneoororonsranenenns 4-118
Hex Three-State Buffer/Inverter ........ .ottt 4-113
Hex Three-State Buffer/Inverter .........ccoiiiiiiiiiiiiiiiiiiiererenennnannenes 4-113
Hex Three-State Buffer/Inverter ........ccoiiiiiiiiiiiiiiiiieneieiiinnnrsrennnns 4-113
Hex Three-State Buffer/Inverter .........c.c.viiiiiiiiiiiiiiiiiiiiiiiiennnannn. 4-113
7-Bit High-Speed A/D Converter ........c.oiuiueiuieiieiieeannnennnenneinaeneas 8-65
High-Speed 8-Bit VA CONVEIter .......couiuiiiieieeininrnieinieeeensanssoennersas 8-66
High-Speed 8-Bit VA CONVEIter ... .c.vtuiiiiitietiiineienererunannssronnnnnns 8-66
Single TRIMFET Operational Amplifier .......ccoitiiiiiiiiiiiiiiieenrneeenss Linear
Dual TRIMFET Operational Amplifier ......c.iviiiniiiiiiiiiiinnnninnnnnnnn Linear
Quad TRIMFET Operational Amplifier .........cccoiiiiiiiiiiiiiiiiiierennnnn, Linear
Dual Precision TRIMFET QOperational Amplifier .......ooviiiirinniiiinrenennnns Linear
Single TRIMFET Operational Amplifier .........ccoiiiiiiiiiiiiiiiiin ... Linear
Dual TRIMFET Operational Amplifier .......cooiiiiiiiineiiireeninnnrerennnns Linear
Quad TRIMFET Operational Amplifier .......coiiiiiiiiiiiiiiiiiiiineiiennnne. Linear
Dual Precision TRIMFET Operational Amplifier .............coiciiiiiiiena.. Linear
DUl MemMoOry DriVer ..ttt ittt ittt tasensesonssnerassesroasasaanasens 5-120
Dual Line ReCRIVEr ..o.iiiitiiriiititiininenerttreaesseotossoosnnssesaansnas 5-103
Dual Line ReCBIVEr ..ottt ittt e ittt taecieaeeenaaanens 5-103
DUAl Line DriVer . vit it iie ittt teenrneresentenononesssoeessensnseeseannnanns 5-19
7-Channel Line ReCeIVer ... uviitiie ittt ineetienennseeenaeeeeaseanaananeennn 5-108
7-Channel Line Receiver ... ittt it it ittt it iianeeaneannns 5-108
8-Channel Line ReCEIVEr ...ttt ittt iiien ittt ieieeiiiieteittenneennanann 5-112
8-Channel Line RecCeiver ... ...ttt iitiiiiieten e rettannananns 5-112
Dual Line ReCEIVEr . .iuuiitiiiiiit ittt iitteisenerenesroonessnsasonesnnssins 5-116
Dual Memory Driver .....iiiiiiiiiiieiiteiinerestareaetosnsacesneeessenaaanass 5120
Quad MOS CloCK DFIVEr .ttt ittt etcteneaenreeeeecnnaannsacennnnnnn 4-124
DUal MECL-to-MOS Driver . oviitiitiiireteiininsseeeeronssnosaseesnonnansen 4132
Dual Peripheral Driver, Positive AND ... ...ttt iiieianennannns 5-126
Dual Peripheral Driver, Positive AND ................. et ane e ee ey 5-131
Dual Peripheral Driver, Positive NAND ... oottt ittt iiiiienaieinnnnns 5-131
Dual Peripheral Driver, Positive OR .......coiii ittt iiiiaeeerennns 5-131
Dual Peripheral Driver, Positive NOR ... ...iiiiiiiiiiiiiiiiiiiiiiinierenanennn 5-131 .
High-Voltage Peripheral Driver ...........iiiiiiiiiiiiiiiiiennnnnn O 5-135
High-Voltage Peripheral Driver ........c.ctieiiiiiiiniiiiiiiiieteneeneneeranenns 5-135
High-Voltage Peripheral Driver .......citiuinitieriaettinennrneeesnennnnanas 5-135
High-Voltage Peripheral Driver ...........cuiiiiiiiiiiiiiiinieiiiereeanenenans 5-135



MASTER INDEX
Device
Number Function Page

M C75491 "Quad Light-Emitting Diode (LED) Driver ........coiiiiiiiiiiiiiiiniiiiinnnnnnns 5-140
M C75492 Hex Light-Emitting Diode (LED) Driver ........cciueriiiiiiiiiennroennnnosenas 5-140
MCCF3326 Flip-Chip Automotive Voltage Regulator ............cviiiiiiiiiiiiiniiiienennss Linear
MCCF3333 Vari-Dwell Ignition CirCUit ... .ot iiieriiieiiieiiiiierianetaneeesesanensonens Linear
MMHO0026 Dual MOS Clock DIiver ...t iiiieiiei ittt tiseneeseneeans 4-137
MMHO0026 C Dual MOS CloCK DIIVEr 4 vviiiit it iiiiaiiieintrantsssteeresannnsesssasasssans 4-137
NE5S65 Phase-Locked LoOp ....viiiiiiiiiiiiiii it tiiiieeieonroneanansnsneacsnanannn Linear
NE592 Video AMPIIfier . ...ee it i it i i i i s Linear
SES92 Video AMplifier ... i i i ittt e Linear
SN75431 Dual Peripheral Driver ........ooviiiiiniiiinnnn.. et ttee s titeneaaonanann 5-146
SN75432 Dual Peripheral Driver ... iiiiiiiiiieieiiiiiiiieiereeeenssotsnsarasssesesans 5-146
SN754518BP Dual Peripheral Driver . ....ciuiiiiriiiietiiiieieneeetetecaseaenssseeacaasnannns 5-147
SN75452BP Dual Peripheral Driver .....uuuniniiiiiiiiiitt it iineirtraersenneeissorsanassnans 5-147
SN75453BP Dual Peripheral Driver . .....iiiiiitiiiiiiietrieriiiiiiineeieesnnnroesnnasseenns 5-147
SN754548BP Dual Peripheral Driver ...ttt ittt tierieeieteiereennetionoanaenanans 5-147
TCA4500A FM Stereo Demodulator ......oiiitiiiiiiiiietiinnnnrieeeeerannsiocsonnnonans Linear
TDA1190P TV SoUNd SYStEBM L.ttt iiiiatie e tiitiitineessusrnnsiisssaaasoanes Linear
TDA11902 TV Sound System .....cviiiiiiiiiiiiiiiiiiiiiiiiiiiieianaa, e, Linear
TDA2002 Audio Power Amplifier .....ooiiiiiiiiiiiiiiiiiiiiaiaiiitiiatstastrtattnaronnas Linear
TDA2002A Audio Power Amplfier . ..oueiei ittt iiiiiieir e ittieninteearanasaanas Linear
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l @ MOTOROLA

LINEAR

INTEGRATED CIRCUITS

MOTOROLA — LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

d plete interch bility hst linking over 3000
devnces offered by most major Linear Integrated Circuits manufacturers
to the nearest equivalent Motorola device The “Motorola Direct

Replacement” column hists devices with identical pin connections and

ture range. The “Motorola Functional Equivalent” column provides a
device which performs the same function but with possible differences
In package configurations, pin connections, temperature range or
electrical specifications.

package and the same or better electnical charactenstics and tempera-
709BE —ADS559S .

MOTOROLA

MOTOROLA  MOTOROLA MOTOROLA  MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR

PART NO. _REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
709BE MC1709G 9627DM MC1489AL 75450BDC MC75450L
709BH MC1709F 9636AT MC3488AP ' 75450BPC MC75450P
709CE MC1709CG 96371 MC3486P 75451APC MC75451U '
709CH MC1709CF 9638T MC3487pP 75451ATC MC75451P
709CJ MC1709CP2 9640J MC3443P 75451BRC MC75451U
710BE MC1710G 9640D MC3443p 175451BTC SN75451BP
710CE MC1710CG 9640DC MC3440AP 75452ARC MC75452U
7T11BE MC1711G 9640NC MC3440AP 75452ATC MC75452P
71BN MC1711L 9665DC MC1411L 75452BRC MC75452U
711CE MC1711CG 9665PC MC1411P 75452BTC SN754528P
7110 MC1711CP 9666DC MC1412L 75453ARC MC75453U
723BE MC1723G 9666PC MC1412pP 75453ATC MC75453P
723CE MC1723CG 96670C MC1413L 75453BRC MC75453U
723CJ MC1723CL 9667PC MC1413P 75453BTC SN75453BP
741BE MC1741G 9668DC MC1416L 75454ARC MC75454U
741BH MC1741F 9668PC MC1416P 75454ATC MC75454P
741BN MC1741L 55107ADM MC55107L 75454BRC MC75454U
741CE MC1741CG 55107B0M MC55107L 75454BTC SN754548P
747BE MC1747G 55108ADM MC55108L 75460DC MC75450L
T47BN MC1747L 55108BDM MC55108L 75460PC MC75450P
T47CE MC1747CG 551100M MC75S110L 75461RC MC75461U
748BE MC1748G 55121DM MC8T13L 75461TC MC75461P
748CE MC1748CG 551220M MC8T14L 75462RC MC75462U
809BE MC1776G 552070M MC55107L 75462TC MC75462P
809CE MC1776CG 55208DM MC55108L 75463RC MC75463U
823AE MC1723G 553250M MC55325L 75463TC MC75463P
1458CE MC1458CG 55325FM MC55325L 75464RC MC75464U
3282 MC3232AL 75107ADC MC75107L 75464TC MC75464P
3245 MC3245L 75107APC MC75107P 75491DC MC75491P
6605J MC3443P 75107BDC MC75107L 75491PC MC75491P
6605L MC3443pP 751078PC MC75107P 75491ADC MC75491P
8216 MC8T26AL 75108ADC MC75108L 75491APC MC75491P
8226 MmceTasL 75108APC MC75108P 754920C MC75492P
9614DC MC755110L 75108BDC MC75108L 75492PC MC75492P
9614DM MC75S110L 751088PC MC75108P 75492ADC MC75492P
9615DC MC75108L 751100C MC755110L 75492APC MC75492P
9615DM MC55108L 75110PC MC755110P AD301AL LM301AH *
9615FM MC55108L 75121DC MC8T13L AD505J MC1776CG
9616CDC MC1488L 75121PC MC8T13P AD505K MC1776CG
9616EDC MC1488L 751220C MC8T14L AD505S MC1776G
9616DM MC1488L 75122PC MC8T14P AD509J LM301AH
96170C MC1489AL 751230C MC8T23L AD509K LM301AH
96200C MC755110L 75123PC MC8T23P AD509S LM101AH
96200M MC758110L 75124DC MC8T24L AD518J LM301AH
96210C MC75108L 75124PC MC8T24P AD518K LM301AH
9621DM MC55108L 752070C MC75107L AD518S LM101AH
9622DC MC75140P1 75207PC MC75107P AD530 MC1595L
96220M MC75140P1 75208DC MC75108L AD531 MC1595L
9624DC MMH0026CL 75208PC MC75108P AD532J MC1595G
9624DM MMH0026CL 75325DC MC75325L AD559JD MC1408L8
9625DC MMH0026CL 75325PC MC75325P AD559K MC1408L8
96250M MMH0026CL 75450ADC MC75450L AD559KD MC1408L8
9627CDC MC1489AL 75450APC MC75450pP AD5598 MC1508L8




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

ADS59SD —CA3054

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR

PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
AD559SD MC1508L8 AMU5B7741393 MC1741CG CA1458T MC1458G
AD5804 MC1403U AMUS5B7747312 MC1747G CA15585 MC1558U
ADS80K MC1403P1 AMU5B7747393 MC1747CG CA1558T MC1558G
AD580M MC1403AP1 AMU5B7748312 MC1748G CA2111AE MC1357P
AD580S MC1503U AMU5B7748393 MC1748CG CA2111AQ MC1357PQ
AD580T MC1503AU AMUS5R7723312 MC1723G CA3000 MC1550G
AD741CJ MC1741CG AMU5R7723393 MC1723CG CA3001 MC1550G
AD741) MC1741G AMUBAT7723312 MC1723L CA3002 MC1550G
AD741K MC1741G AMUBAT723393 MC1723CL CA3004 MC1550G
AD741L MC1741G AMUBAT7733312 MC1733L CA3005 MC1550G
AD741S MC17418G AMUBA7733393 MC1733CL CA3006 MC1550G
AD7520D MC3410L AMUBAT741312 MC1741L CA3007 MC1550G
AD7520F MC3410L AMUBA7741393 MC1741CL CA3008 MC1709F
AD7520N MC3410L AMUBA7748312 MC1748G CA3008A MC1709F
AM26S10DC  MC26S10L AMUBA7748393 MC1748CP1 CA3010 MC1709G
AM26S10PC ~ MC26S10P AMUBW7747312 MC1747L CA3010A MC1709G
AM26S11DC MC26S11L AMUBW7747393 MC1747CL CA3011 MC1590G
AM26S11PC  MC26S11P CA101AT LM101AH CA3012 MC1590G
AM725A31T MC1556G CA101T LM101AH CA3013 MC1357P
AM166039F LM301AH CA107T LM107H CA3014 MC1357P
AM166039T LM301AH CA108AS LM108AJ-8 CA3015 MC1709G
AMLM101 LM101AH CA108AT LM108AH CA3015A MC1709G
AMLM101A LM101AH CA108S LM108J-8 CA3016 MC1709F
AMLM101AD LM101AH CA108T LM108H CA3016A MC1709F
AMLM101AF LM101AH CA139AG LM139AJ CA3020 MC1554G
AMLM101D LM101AH CA139G LM139J CA3020A MC1454G
AMLM101F LM101AH CA201AT LM201AH CA3021 MC1590G
AMLM105 LM105H CA201T LM201AH CA3022 MC1590G
AMLM105F LM105H CA07T LM207H CA3023 MC1590G
AMLM105H LM105H CA208AT LM208AH CA3026 CA3054
AMLM107 LM107H CA208S LM208J-8 CA3028A MC1550G
AMLM107D LM107H CA208T LM208H CA3028AF MC1550G
AMLM107F LM107H CA239AE LM239AN CA3028AS MC1550G
AMLM111D LM111J CA239AG LM239AJ CA3028B MC1550G
AMLM11tH LM111H CA239E LM239N CA3028BF MC1550G
AMLM201 LM201AH CA239G LM239J CA3028BS MC1550G
AMLM201A LM201AH CA301AT LM301AH CA3029 MC1709P2
AMLM201AD LM201AN CA307T LM307H CA3029A MC1709P2
AMLM201AF LM201AH CA308AS LM308N CA3030 MC1709P2
AMLM201D LM201AN CA308AT LM308AH CA3030A MC1709P2
AMLM201F LM201AH CA308S | LM308H CA3031 MC1712G
AMLM205 LM205H CA339AE LM339AN CA3032 MC1712CG
AMLM205F LM20SH CA339AG LM339AJ CA3033 MC1533L
AMLM205H LM205H CA339E LM33ON CA3033A MC1533L
AMLM207 LM207H CA339G LM339J CA3035 MC1352P
AMLM207D LM207H CAT723CE MC1723CP CA3035V1 MC1352P
AMLM207F LM207H CA741CS MC1741CP1 CA3037 MC1709L
AMLM211D LM211J CAT41CT MC1741CG CA3037A MC1709L
AMLM211H LM211H CA741S MC1741U CA3038 MC1709L
AMLM301 LM301AH CAT4T MC1741G CA3038A MC1709L
AMLM301A LM301AH CAT747CE MC1747CL CA3040 MC1510G
AMLM301AD LM301AJ CAT747CF MC1747CL CA3041 MC1351P
AMLM301D LM301AJ CAT747CT MC1747CG CA3042 MC1357P
AMLM305 LM305H CAT4TE MC1747L CA3043 MC1357P
AMLM305A LM305H CAT47F MC1747L CA3044 MC1364P
AMLM305F LM305H CAT4TT MC1747G CA3044V1 MC1364P
AMLM305H LM305H CAT748CS MC1748CP1 CA3045 MC3346P
AMLM311D LM311J-8 CA748CT MC1748CG CA3045F MC3346P
AMLM311H LM311H CA748S MC1748U CA3046 MC3346P
AMUSF7733312 MC1733L CA748T MC1748G CA3047 MC1433L
AMU3F7733393 MC1733CL CATS58E MC1310P CA3047A MC1433L
AMU3F7748312 MC1748G CA1310E MC1310P CA3048 MC3301P
AMUSI7741312 MC1741F CA1352E MC1352pP CA3052 MC3301P
AMUBI7741393 MC1741CL CA1391E MC1391P CA3053 MC1550G
AMUSB7733312 MC1733G CA1394E MC1394pP CA3053F MC1550G
AMU5B7733393 MC1733CG CA1398E MC1398P CA30538 MC1550G
AMUSB7741312 MC1741G CA1458S MC1458CP1 CA3054 CA3054




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

CA3056 —DS8897N

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR

PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
CA3056 MC1741CG DM7897J MC3494P DS75107J MC75107L
CA3056A MC1741G DM7897N MC3494P DS75107N MC75107P
CA3058 CA3059 DM8820AN MC75140P1 08751084 MC75108L
CA3059 CA3059 DMB8820J MC75140P1 DS75108N MC75108P
CA3064 MC1364P DM8820N MC75140P1 DS751104 MC755110L
CA3064E MC1364P ) DM8822) MC1489AL DS75110N MC755110P
CA3065 MC1358P DM8822N MC1489AP DS751214 MC8T13L
CA3066 MC1399P DMB8837N MC3437p DS75121N MC8T13P
CA3067 MC1323p DMBB38BN MC3438P DS751224 MC8T14L
CA3068 MC1352P DMB8861IN MC75491P DS75122N McsT14P
CA3070 MC1399P DM8863N MC75492P DS75123) McC8T23L
CA3071 MC1399P DMBB87J MC3490p DS75123N MmcsT23p
CA3072 MC1323P DM8889J MC3491P DS75124) MC8T24L
CA3076 MC1590G DM8897J MC3494P DS75124N MC8T24P
CA3078AS MC1776G DM75491N MC75491P DS§752074 MC75107L
CAJ078AT MC1776G DM75492N MC75492P DS75207N MC75107P
CA3078S MC1776CG DS0026CG MMH0026CG DS75208J MC75108L
CA3078T MC1776CG DS0026CH MMH0026CG DS75208N MC75108P
CA3079 CA3059 DS0026CJ MMH0026CL DS75325J MC75325L
CA3085 MC1723G DS0026CN DS0026CP1 DS75325N MC75325P
CA3085A MC1723G DS0026G MMH0026G DS754504 MC75450L
CA3085AF MC1723L DS0026H DS0026G DS75450N MC75450P
CA3085AS MC1723G DS0026J DS0026L DS75451H MC75451U
CA30858 MC1723G DS0056CG MMH0026CG DS75451N SN754518BP
CA3085BF MC1723L DS0056CH MMH0026CG DS75452H MC75452U
CA3085BS MC1723G DS0056Cy MMH0026CL DS75452N SN754528P
CA3085F MC1723L DS0056CN MMH0026CP1 DS75453H MC75453U
CA30855 MC1723G DS0056G MMH0026G DS75453N SN754538P
CA3086 MC3386P DS0056H MMH0026G DS75454H MC75454U
CA3086F MC3346P DS0056J MMHO0026L DS75454N SN75454BP
CA3090AQ MC1310P DS1488) MC1488L DS75461H MC75461U
CA3091D MC1594L DS1488N MC1488P . DS75461N MC75461P
CA3120E MC1344p DS1489AJ MC1489AL DS75462H MC75462U
CA3125E MC1323P DS1489AN MC1489AP DS75462N MC75462P
CA3134E TDA1190Z D51489J MC1489L DS75463H MC75463U
CA3134EM TDA1130Z DS1489N MC1489P DS75463N MC75463P
CA3134QM TDA1190Z DS3486J MC3486L DS75464H MC75464U
CA3136A MC3346P DS3486N MC3486P DS75464N MC75464P
CA3137E MC1323P DS3487J MC3487L DS75491) MC75491P
CA3139 CA3139 DS3487N MC3487P DS75491N MC75491P
CA3146 MC3346P DS3612H MC1472U DS754824 MC75492P
CA3401E MC3401P DS3612N MC1472P1 DS75492N MC75492P
CAB078AS MC1776G DS3632H MC1472U DS78374 MC3437L
CAB078AT MC1776G DS3632J MC1472V DS7837W MC3437L
CAB741S MC1776G DS3632N MC1472pP1 DS78384 MC3438L
CAB741T MC1776G DS3644J MC3245L DS7838W MC3438L
CA3302E MC3302pP DS3644N MC3245P DS7887J MC3490P
CMP-01CJ MC1556G DS36504 MC3450L DS7889J MC3491P
CMP-01CP MC1556P DS3650N MC3450P DS7897J MC3494P
D555CY MC1555G DS3651J MC3430L DS8833J MC8T28L
D3232 MC3232AP DS3651N MC3430P DSB833N MC8T28P
D3242 MC3242AP DS36524 MC3452L DS88344 MCBT26AL
D3245 MC3245pP DS3652N MC3452P DS8834N MC8T26AP
D8216 MC8T26AL DS3653J MC3432L DS8835J MC8T26AL
D8226 MC8T28L DS3653N MC3432pP DS8835N MC8T26AP
DAC-01 MC 1506L DS3674) MC3460L DS88374 MC3437L
DAC-08 MC1408L8 DS3674N MC3460P DS8837N MC3437P
DAC-IC10BC ~ MC3410L DS585107J MC55107L DS8838J MC3438L
DM7820AD MC75140P1 DS55107W MC75107L DS8838N MC3438P
DM7820J MC75140P1 DS55108) MC55108L DS88394 MC8T28L
DM7822J MC1489AL DS55108W MC55108L DS8833N MC8T28P
DM78374 MC3437L DS551104 MC755110L DSB887J MC3490P
DM78384 MC3438L DS55121J MC8T13L DS8887N MC3490pP
DM7887J MC3490P DS55121W MC8T13L DS8889J MC3491P
DM7887N MC3490P DS55122J MC8T14L DS88BIN MC3491P
DM7889J MC3491P DS55122W MC8T14L DS88974 MC3494p
DM7889N MC3491P DS§55325J MC55325L DS8897N MC3494P




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

HA1199 —LM117H.

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR

PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT !
HA1199 HA1199 LF156JG LF156J LF357L LF357H
ICB8000C LM111 LF156L LF156H LF357N LF357N
ICBB001C M1y LF157AH LF157AH LF357P LF357N
ICB8741C MC1741CG LF157TAJG LF157AJ LHO001ACH . MC1776CG
ICHB500ATV MC1776CG LF157AL LF157AH LHO001AH MC1776G
ICHB500TV MC1776CG LF157H LF157H LHO001ACD MC1776CG
ICL101ALNDP LM101AH LF157JG LF157J LHO001AD MC1776G
ICL101ALNFB LM101AH LF157L LF157H LHOC01ACF MC1776CG
ICL101ALNTY LM101AH LF252D LF255) LHO001AF MC1776G
ICL301ALNPA LM301AH LF255H LF255H LH0002CH MC1538R
ICL301ALNTY LM301AH LF255JG LF255) LHO002H MC1538R
ICL741CLNPA MC1741CP1 LF255L LF255H LHO004CH MC1436G
ICL741CLNTY MC1741CP1 LF255P LF255J LHOG04H MC1536G
ICL741LNDP MC1741L LF256H LF256H LH0042CH MC1776G
ICL741LNFB MC1741L LF256JG LF2564 LH101F MC1741F
ICL741LNTY MC1741L LF256L LF256H LH101H MC1741G
ICL80G1CTZ LMy LF256P LF256J LH201F MC1741F
ICLE00TMTZ LM111J LF257H LF257H LH201H MC1741G
ICL80O7CTA MC1709CG LF257JG LF257J - LH740ACH LF355H
ICL80O7TMTA MC1709CG LF257L LF257H LH740AH LF155H
ICL8008CPA LM301AN LF257P LF257J LH2101AD MC1537L
ICL8O0BCTY LM301AN LF347N MC34004P LH2101AF MC1537L
ICLB013A MC1594G LF347AN MC34004AP LH2201AD MC1537L
ICL8013B MC1594G LF347BN MC34004BP LH2201AF MC1537L
ICL8013C MC1594G LF351H MC34001G LH2301AD MC1437L
ICLBO17CTW LM301AN LF351AH MC34001AG LH2301AF MC1437L
ICLBO17TMTW LM301AN LF351BH MC34001BG LM100F LM105H
ICL8021C MC1776G LF351N MC34001P LM100H LM105H
ICL8021M MC1776G LF351AN MC34001AP LM101AD LM101AH
ICL8022C MC1776G LF351BN MC340018P LM101AF LM101AH
ICL8022M MC1776G LF352D LF355J LM101AH LM101AH
ICL8043CDE MC1776G LF353H MC34002G LM101AJ LM101AJ
ICLB043CPE MC1776G LF353AH MC34002AG LM101AJ-14 LM101AJ
ICL8043MDE MC1776G LF353BH MC34002BG LM101AJG LM101AJ
ICL8048COE MC1776G LF353N MC34002P LM101AL LM101AH
ICL8048DPE MC1776G LF353AN MC34002AP LM101D LM101AJ
IH51011IE MC1545G LF353BN MC340028P LM101F LM101AH
IH5101MIE MC1545G LF355AH LF355AH LM101H LM101AH
111641 MC1385P LF355AJG LF355AJ LM101J-14 LM101AJ
117652 MC1411P LF355AL LF355AH LM104F LM104H
ITT654 MC1412P LF355AP LF355AN LM104H LM104H
ITT656 MC1413P LF355BH LF355BH LM104J LM104H
iTT1330 MC1330P LF355BJ LF355B4 LM104L LM104H
ITT1352 MC1352P LF355BN LF3558N LM105F LM105H
ITT3064 MC1364P LF355H LF355H LM105H LM105H
ITT3065 MC1358P LF355G LF355J LM105JG LM105H
ITT3066 MC1399P LF355L - LF355H LM105L LM105H
1113701 TDA1190Z LF355N LF355N LM106H MC1710G
1113707 MC1399P LF355P LF355N LM107F LM107H
ITT3710 MC1391P LF356AH LF356AH LM107H LM107H
ITT3714 MC1394P LF356AL LF356AH LM107L LM107H
L144AP LM324N LF356AJG LF356AJ LM108AD LM108AJ
L201 MC1411P LF356AP LF356AN LM108AF LM108AF
L202 MC1412P LF356BH LF356BH LM108AH LM108AH
L203 MC1413P LF356BJ LF356BJ LM108AJ LM108J-8
LD111CJ MC1405L LF356BN LF356BN LM108D LM108J
LF152D LF155J LF356H LF356H LM108F LM108F
LF155AH . LF155AH LF356JG LF356J LM1G8H LM108H
LF155AJG LF155AJ LF356L LF356H LM109H LM109H
LF155AL LF155AH LF356N LF356N LM109K LM109K
LF155H LF155H LF356P LF356N LM10SLA LM109K -
LF155JG LF155J LF357AH LF357AH LM111D LMI11
LF155L LF155H LF357BH LF357BH LM111H LM111H
LF156AH LF156AH LF35784 LF357BJ LM112D MC1556L
LF156AJG LF156AJ LF357BN LF357BN LM112F MC1556L
LF156AL LF156AH LF357H LF357H LM112H MC1556G
LF156H LF156H LF3574G LF357J LM117H LM1I7H



LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

MOTOROLA

LM117K —LM30SH

MOTOROLA

SIMILAR

MC78LO5ACG
MC78L06CG
MC78L08ACG
MCT78L12ACG
MCT78L15ACG
MCT78L18ACG
MC78L24ACG
MC78LOSACP
MC78LOBACP
MC78LO8ACP
MCT78L12ACP
MC78L15ACP
MC78L18ACP
MCT78L24ACP
MC1536G
MC7905CK

MC4741L
MC4741L
LM258H

LM305H
MC1590G
LM305H
LM301AJ
LM301AH

LM304H
LM304H

LM304H
LM305H
LM305H
LM305H
LM305H
LM305H

LM305H
LM305H

MC1710CG
LM307H

LM308AJ

LM308AH
LM308AH

MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT

PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
LM117K LM117K LM201AF LM201AH LM239D LM239J
LM118D MC1741SL LM201AH LM201AH LM239J LM239J
LM118F MC1741SL LM201AJ LM201AJ LM240LAH-5.0
LM118H MC1741SG LM201AJG LM201AJ LM240LAH-6 0
LM120H-50  LM120H-50 LM201AL LM201AH LM240LAH-8 0
LM120H-5.2 MC7905 2CK LM201AN LM201AN LM240LAH-12
LM120H-60  LM120H-60 LM201AP LM201AN LM240LAH-15
LM120H-80  LM120H-80 LM201AJ-14 LM201AJ LM240LAH-18
LM120H-12 LM120H-12 LM201D LM201AJ LM240LAH-24
LM120H-15 LM120H-15 LM201F LM201AH LM240LAZ-50
LM120H-18 LM120H-18 LM201H LM201AH LM240LAZ-6 0
LM120H-24 LM120H-24 LM201J LM201AJ LM240LAZ-8 0
LM120K-50  LM120K-50 LM201J-14 LM201AJ LM240LAZ-12
LM120K-5 2 MC7905 2CK LM204H LM204H LM240LAZ-15
LMI20K-60  LM120K-60 LM204F LM204H LM240LAZ-18
LM120K-80  LM120K-8.0 LM205F LM205H LM240LAZ-24
LM120K-12 LM120K-12 LM205H LM205H LM243H
LM120K-15 LM120K-15 LM206H MC1710CG LM245K
LM120K-18 LM120K-18 LM207F LM207H LM248D LM248J
LM120K-24 LM120K-24 LM207H LM207H LM248) LM2484
LM122F MC1555G LM208AD LM208AJ LM249D
LM122H MC1555G LM208AF LM208AF LM249J
LM124AD LM1244 LM208AH LM208AH LM258AH
LM124AF LM124J LM208AJ LM208AJ-8 LM258H LM258H
LM124AJ LM124J LM208D LM208J-8 LM2901N LM2901N
LM124D LM124) LM208F LM208F LM300F
LM124F LM124) LM208H LM208H LM271H
LM124J LM124J LM209K LM209K LM300H
LM125H MC1568G LM209H LM209H LM301AD
LM126H MC1568G LM211D Mm211 LM301AF
LM128H MC1568G LM211H LM211H LM301AH LM301AH
LM139AD LM139AJ LM212D MC1556L LM301AJ LM301AJ
LM139AJ LM139AJ LM212F MC1556L LM301AJG LM301AJ
LM139D LM139J LM212H MC1456G LM301AL LM301AH
LM139J LM139J LM217H LM217H LM301AN LM301AN
LM140K-50  LM140K-50 LM217K LM217K LM301AP LM301AN
LM140K-60  LM140K-6 0 LM218D MC1741SL LM302H LM310H
LM140K-8.0  LM140K-80 LM218F MC1741SL LM304F
LM140K-12 LM140K-12 LM218H MC17415G LM304H LM304H
LM140K-15 LM140K-15 LM220H-50 MC7905CK LM304J
LM140K- 18 LM140K-18 LM220H-52 MC7905 2CK LM304L LM304H
LM140K-24 LM140K-24 LM220H-6 0 MC7906CK LM304N
LM140LAH-50 MC76L05ACG LM220H-80 MC7908CK LM305AH
LM140LAH-6 0 MC78L06ACG LM220H-12 MC7912CK LM305AJG
LM140LAH-8 0 MC78L08ACG LM220H-15 MC7915CK LM305AL
LM140LAH-12 MC78L12ACG LM220H-18 MC7918CK LM305AP
LM140LAH-15 MC78L15ACG LM220H-24 MC7924CK LM305F
LM140LAH-18 MC78L18ACG LM220K-50 MC7905CK LM305H LM305H
LM140LAH-24 MC78L24ACG LM220K-5 2 MC7905.2CK LM305JG
LM143D MC1536G LM220K-6 0 MC7906CK LM305L LM305H
LM143F MC1536G LM220K-8 0 MC7908CK LM305P
LM143H MC1536G LM220K-12 MC7912CK LM306H
LM145K MC7905CK LM220K-15 MC7915CK LM307F
LM148D LM148J LM220K-18 MC7918CK LM307H LM307H
LM148J LM148J LM220K-24 MC7924CK LM307L LM307H
LM148F MC4741L LM222H MC1555G LM307N LM307N
LM149D MC4741L LM224AD LM2244 LM307P LM307N
LM149F MC4741L LM224AF LM224) LM308AD LM308AJ
LM158AH LM158H LM224AJ tM224) LM308AF
LM158H LM158H LM224D M2244 LM308AH LM308AH
LM158JG LM158J LM224F LMm224L LM308AH-1
LM158L LM158H LM224J LMm2244 LM308AH-2
LM163J MC3450L LM225H MC1568G LM308AJ LM308AJ-8
LM171H MC1590G LM226H MC1568G LM308D LM308J
LM200F LM205H LM228H MC1568G LM308H LM308H
LM200H LM205H LM239AD LM239AJ LM308N LM308N
LM201AD LM201AJ LM239AJ LM239AJ LM309H LM309H




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

LM309K —L.M741J-14

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
LM309K LM309K LM340K-6 0 LM340K-6 0 LM363N MC3450P
LM309KC LM309K LM340K-8 0 LM340K-8.0 LM371H MC1590G
LM309LA LM309K LM340K-12 LM340K-12 LM376JG LM305H
LM311D LM311J LM340K-15 LM340K-15 LM376L LM305H
LM311H LM311H LM340K-18 LM340K-18 LM376N LM305H
LM31IN LM311IN LM340K-24 LM340K-24 LM376P LM305H
LM311N-14 LM311J LM340KC-50  MC7805CK LM386N MC1306P
LM3120 MC1456L LM340KC-6.0  MC7808CK LM555CH MC1455G
LM312F MC1456L LM340KC-80  MC7808CK LM555CN MC1455P1
LM312H MC1456G LM340KC-12  MC7812CK LM555H MC1555G
LM317H LM317H LM340KC-15  MC7815CK LM556CD MC3456L
LM317K LM317K LM340KC-18  MC7818CK LM556CJ MC3456L
LM317P LM317T LM340KC-24  MC7824CK LM556CN MC3456P
LM317T LM317T LM340LAH-50 MC78LO5SACG LM556D MC3556L
LM318D MC1741SCL LM340LAH-6 0 MC78LO6ACG LM556J MC3556L
LM318F MC1741SCL LM340LAH-8 0 MC78L08ACG LM565CH NES65N .
LM318H MC1741SCG LM340LAH-12 MCT78L12ACG LM565CN NE565N
LM318N MC1741SCP1 LM340LAH-15 MC78L15ACG LM565H NESE5N
LM320H-50  LM320H-50 LM340LAH-18 MCT78L18ACG LM703LN MC1350P
LM320H-5 2 MC7905 2CK LM340LAH-24 MC78L24ACG LMT709AH MC1709AG
LM320H-6 0 LM320H-60 LM340LAZ-50 MC78LOSACP LM709AJ MC1709AL
LM320H-80  LM520H-80 LM340LAZ-6 0 MC78LOSACP LM709CH MC1709CG
LM320H-12 LM320H-12 LM340LAZ-8 0 MCT78LOSACP LM709CJ MC1709CL
LM320H-15 LM320H-15 LM340LAZ-12 MCT78L12ACP LM709CN MC1709CP2
LM320H-18 LM320H-18 LM340LAZ-15 MC78L15ACP LM709CN-8 MC1709CP1
LM320H-24 LM320H-24 LM340LAZ-18 MC78L18ACP LM709H MC1709G
LM320K-5 0 LM320K-50 LM340LAZ-24 MC78L24ACP LM709J MC1709L
LM320K-6 0 LM320K-6 0 LM340T-50 MC7805CT LM710CH MC1710CG
LM320K-8 0 LM320K-8 0 LM340T-6 0 MC7806CT LM710CN MC1710CP
LM320K-12 LM320K-12 LM3407-8 0 MC7808CT LM710H MC1710G
LM320K-15 LM320K-15 LM3407-12 MC7812CT LM711CH MC1711CG
LM320K-18 LM320K-18 LM3407-15 MC7815CT LM711CN MC1711CP
LM320K-24 LM320K-24 LM340T-18 MC7818CT LM711H MC1711G
LM320MP-5 0 MC7905CT LM340T-24 MC7824CT LM723CD LM723CJ
LM320MP-5 2 MC7905 2CT LM341P-50 MC78M05CT LM723CH LM723CH
LM320MP-6 0 MC7906CT LM341P-6 0 MC78M06CT LM723CJ LM723CJ
LM320MP-8 0 MC7908CT LM341P-80 MC78M08CT LM723CN LM723CN
LM320MP-12 MC7912CT LM341P-12 MC78M12CT LM723D LM723J
LM320MP-15 MC7915CT LM341P-15 MC78M15CT LM723H LM723H
LM320MP-18 MC7918CT LM341P-18 MC78M18CT LM7234 LM7234
LM320MP-24 MC7924CT LM341P-24 MC78M24CT LM733CD MC1733CL
LM320T-50 LM3207-50 LM342P-50 MC78M05CT LM733CH MC1733CG
LM3207-5.2 MC7905 2CT LM342P-6 0 MC78M06CT LM733CJ MC1733CL
LM320T-6.0 LM320T-6 0 LM342P-8 0 MC78M08CT LM733CN MC1733CP
LM3207-8 0 LM320T-80 LM342P-12 MC78M12CT LM733D MC1733L
LM320T-12 LM320T-12 LM342P-15 MC78M15CT LM733H MC1733G
LM3207-15 LM3207-15 LM342P-18 MC78M18CT LM733J MC1733L
LM3207-18 LM3207-18 LM342P-24 MC78M24CT LM741AD MC1741L
LM320T-24 LM320T-24 LM343D MC1436G LM741AF MC1741F
LM322H MC1455G LM343H MC1436G LM741AH MC1741G
LM322N MC1455P1 LM345K MC7905CK LM741AJ-14 MC1741L
LM324AJ LM324J LM348D LM348J) LM741CD LM1741CJ
LM324AN LM324N LM348J LM348) LM741CF LM741CF
LM324J LM324J LM348N LM348N LM741CH LM741CH
LM324N LM324N MC3403pP LM349D MC4741CL LM741CJ LM741CJ
LM325AN MC1468L LM348J MC4741CL LM741CJ-14  LM741CJ-14
LM325H MC1468G LM349N MC4741CL LM741CN LM741CN
LM325N MC1468L LM358AH LM358H LM741CN-14  LM741CN-14
LM326H MC1468G LM358AN LM358N LM741D LM741J-14
LM326N MC1468L LMC58H LM358H LMT741ED MC1741CL
LM328AN MC1468L LM358JG LM358J LM741EH MC1741CG
LM328H MC1468G LM358L LM358H LM741E) MC1741CU
LM328N MC1468L LM358N LM358N LM741EJ-14 MC1741CL
LM339AD LM339AJ LM358P LM358N LM741EN MC1741CP1
LM339AN LM339AN LM363AJ MC3450L LM741F LM741F
LM339N LM339N LM363AN MC3450P LM741H LM741H
LM340K-50  LM340K-5.0 LM363J MC3450L LM741J-14 LM741J-14

1-15



LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

LM746N —ML107T

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR ) DIRECT SIMILAR DIRECT SIMILAR
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PARTNO REPLACEMENT REPLACEMENT
LMT746N MC1323P LM3071N MC1398P LM75108AJ MC75108L
LM747CD LM747CJ LM3075N MC1375P LM75108AN MC75108P
LM747CF LM747CF LM3086N MC3386P LM75110J MC75S110L
LM747CH LM747CH LM3126 MC1399p LM75110N MC75S110pP
LM747CJ LM747CJ LM3146 MC3346P LM75121J MC8T13L
LM747CN LM747CN LM3146A MC3346P LM75121N MC8T13P
LM747D LM747J LM3301N MC3301P LM75122J MC8T14L
LM747F LM747F LM3302J MC3302L LM75122N MC8T14P
LM747H LM747H LM3302N MC3302pP LM75123J MC8T23L
LM747) LM747J LM3401N MC3401P LM75123N MC8T23P
LMT748CH MC1748CG LM3900N MC3401P LM75124) MC8T24L
LM748CJ MC1748CU LM3905N MC1455P1 LM75124N MC8T24P
LM748CN MC1748CP1 LM4250CH MC1776CG LM75207L MC75107L
LM748H MC1748G LM4250CN MC1776CP1 LM75207N MC75107P
LM748J MC1748U LM4250H MC1776G LM75208J MC75108L
-LM1310N MC1310P LM5525J MC5525L LM75208N MC75108P
LM1351N MC1351P LM55284 MC5528L LM75324J MC75325L
LM1391N MC1391P LM5529J MC5529L LM75324N MC75325P
LM1394N MC1394P LM5534J MC5534L LM75325) MC75325P
LM1414) MC1414L LM5535J MC5535L LM75325N MC75325L
LM1414N MC1414P LM5538J MC5538L LM75450N MC75450P !
LM1458H MC1458G LM5529J MC5538L LM75451N MC75451P
LM1458) MC1458U LM75244 MC7524L LM75452N MC75452P
LM1458N MC1458P1 LM7524N MC7524P LM75453N MC75453P
LM1458N-14  MC1458P2 LM7525J MC7525L LM75454N MC75454pP
LM1488) MC1488L LM7805KC MC7805CK MC1310A MC1310P
LM1488N MC1488P LM7806KC MC7806CK MC1408B MC1408P8
LM1489AJ MC1489AL LM7808KC MC7808CK MC 1408F MC1408L8
LM1489AN MC1489AP LM7812KC MC7812CK MC1458JG MC1458U
LM1489) MC1489L LM7815KC MC7815CK MC1458L MC1458G
LM1489N MC1489P LM7818KC MC7818CK MC1458P MC1458P1
LM1496H MC1496G LM7824KC MC7824CK MC1558JG MC1558U
LM1496) MC1496L LM78LO5ACH  MC78LOSACG MC1558L MC1558G
LM1496N MC1496P LM78LOSACZ  MC78LOSACP MHO026H MMH0026CG
LM1514) MC1514L LM78LOSCH ~ MC78L05CG MHO0026CH MMH0026CG
LM1558H MC1558G LM78L05CZ MC78L05CP MH0026CN MMH0026CP1
LM1558) MC1558U LM78L0BACH  MC78LOBACG MH0026G MMH0026CG
LM1596H MC1596G LM78L08ACZ  MCT78LOSACP MH0026CG MMH0026CG
LM15864 MC1596L LM78LO8CH ~ MC78L08CG MHO0026F MMH0026CL
LM1800AN MC1310P LM78L08CZ MC78L08CP MHO0026CF MMH0026C 1
LM1800N MC1310P LM78L12ACH  MC78L12ACG MIC709-1 MC1709G
LM1805 MC1385P LM78L12ACZ  MCT78L12ACP MIC709-5 MC1709CG
LM1808N TDA1190Z LM78L12CH  MC78L12CG MIC710-1C MC1710G
LM1828N MC1323P LM78L12CZ MC78L12CP MIC710-5C MC1710CG
LM1841N MC1356P LM78L15ACH  MC78L15ACG MIC711-1C MC1711G
LM1845N MC1344pP LM78L15ACZ  MC78L15ACP MIC711-5C MC1711CG
LM1848N MC1323P LM78L15CH  MC78L15CG MIC712-1B MC1712F
LM 1850N MC3426L LM78L15CZ MC78L15CP MIC712-1C MC1712G
LM1900D MC3301L LM78L18ACH  MC78L18ACG MIC712-1D MC1712L
LM2111IN MC1357P LM78L18ACZ  MCT78L1BACP MIC712-58 MC1712CF
LM2113N MC1357P LM78L18CH  MC78L18CG MIC712-5C MC1712CG
LM2900J MC3301L LM78L18CZ MC78L18CP MIC712-5D MC1712CL
LM2900N MC3301P LM78L24ACH  MCT78L24ACG MIC723-1 MC1723G
LM2902J LM2802J LM78L24ACZ  MC78L24ACP MIC723-5 MC1723CG
LM2902N LM2902N LM78L24CH  MC78L24CG MIC741-1C MC1741G
LM2904N LM2904N LM78L24CZ MC78L24CP MIC741-1D MC1741L
LM2905N MC1455P1 LM55107AJ MC55107L MIC741-5C MC1741CG
LM3011H MC1550G LM55108AJ MC55108L MIC741-5D MC1741CL
LM3026 CA3054 LM55109J MC758110L ML101AF LM101AH
LM3045 MC3346P LM55110J MC75S110L ML101AM LM101AH
LM3046N MC3346P LM55121J MC8T13L ML101AT LM101AH
LM3054 CA3054 LM55122J MC8T14L ML101F LM101AH
LM3064N MC1364P LM55123J MC8T23L * ML101M LM101AH
LM3065N MC1358P LM55124) MC8T24L - ML101T LM101AH
LM3066N MC1399P LM55325N MC55325L ML107F LM107H
LM3067N MC1323P LM75107AJ MC75107L ML107M LM107H
LM3070N MC1399pP LM75107AN MC75107P ML107T LM107H




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

ML 108AF —OP-08B

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR

PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
ML108AF MC1556G ML741AT MC1556G NS747F MC1747CL
ML108AM LM108AJ ML741CP MC1741CP2 N5748A MC1747CG
ML108AT LM108AH ML741CS MC1741CP1 N5748T MC1748CG
ML108M LM108J . ML741CT MC1741CG N8T138 MC8T13P
ML108T LM108H ML741F MC1741F N8T13P MC8T13L
ML111M LM111J ML741M MC1741L N6T14B MCBT14P
ML111S LM111J ML741T MC1741G N8T14E MC8T14L
MLINT LM111H ML747CP MC1747CL N8T15A MC1488L
ML118F MC17418G ML747CT MC1747CG N8T15F MC1488L
ML118M MC1741SG ML747F MC1747F NBT16A MC1489L
ML118T MC1741SG ML747M MC1747L N8T238 MC8T23P
ML201AF LM201AH ML747T MC1747G N8T23E MC8T23L
ML201AM LM201AH ML748CP LM301AN N8T24B MC8T24P
ML201AT LM201AH ML748CS LM301AN N8T24E MC8T24L
ML201F LM201AH ML748CT MC1748CG N8T26AB MCBT26AP
ML201M LM201AH ML748F MC1748G N8T26AE MC8T26AL
ML201T LM201AH ML748M MC1748G NB8T26B MCBT26AP
ML207F LM207H ML748T MC1748G N8T28B MC8T28P
ML207M LM207H ML1436T MC1436G NBT37A MC3437P
ML207T LM207H ML1437P MC1437pP NBT38A MC3438P
ML208AF MC1556G ML1458P MC1458P2 N8T95B MC8T95P
ML208AM LM208AJ ' ML 14588 MC1458P1 NBT95F MC8TI5L
ML208AT LM208AH ML1458T MC1458G N8T96B MC8T96P
ML208M LM208J ML1488M MC1488L NBT96F MC8T96L
ML208T LM208H ML1489AM MC1489AL N8T978 MC8T97P
ML211M LM211J ML1489M MC1489L NBT97F MC8797L
ML211S LM211N ML1536T MC1536G NB8T98B MC8T38P
ML211T LM211H ML1537M MC1537L NBT98F MC8T98L
ML218F MC1741SG ML1558M MC1558L. NES01A . MC1733CL
ML218M MC1741SG ML1558T MC1558G NE501K MC1733CG
ML218T MC1741SG ML3046P MC3346P NE515A MC1420G
ML301AP LM301AN ML4250T MC1776G NE515G MC1520F
ML301AS LM301AN ML4250CS MC1776CG NE5S15K MC1420G
ML301AT LM301AH ML4250CT MC1776CG NE516A MC1420G
ML301P LM301AN ML4251T MC1776G NE516G MC1520F
ML301S LM301AN ML4251CS MC1776CG NES16K MC1420G
ML301T LM301AN ML4251CT MC1776CG NES31G MC1439G
ML307P LM307H ML6503M MC1537L NES31T MC1439G
ML307S LM307N ML7503M MC1437L NE531V MC1439P
ML307T LM307H N5065A MC1358P NE533G MC1776CG
ML308AM LM308AJ N50708 MC1398P NES33T MC1776CG
ML308AT LM308AH N5071A MC1399pP NE533V MC1776CG
ML308M LM308J N5072A MC1323P NE537G MC1456G
ML308T LM308H N5556T MC1456G NE537T MC1456G
ML311M LM311J N5556V MC1456P1 NES40L MC1554G
ML311P LM311J N5558F MC1458L NESS50A MC1723CP
ML311S LM311N .| N5558T MC1458G NES50L MC1723CG
ML3TIT LM311H N5558V MC1458P1 NES555JG MC1455U
ML318M MC1741SCP1 N5595A MC1495L . NESS5L MC1455G
ML318T MC1741SCG NS595F MC1495L NES555P MC1455P1
ML709AF MC1709AF N5596A MC1496L NE555T MC1455G
ML709AM MC1709AL N5596K MC1496G NE555V MC1455P1
ML709AT MC1709AG N5709A MC1709CP2 NE556A MC3456P
ML709CP MC1709CP2 N5709G MC1709CF NESS6I MC3456L
ML709CT MC1708CG N5709T MC1709CG NESB5A . NESB5N
ML709F MC1708F N5709V MC1709CP1 NES65K NES6SN
ML709M MC1709L N5710A MC1710CP NES92A NES92A
ML709T MC1709G N5710T MC1710CG NE592K NES92K
ML723CF MC1723CL N5711A MC1711CP 0P-01C MC1536
ML723CM MC1723CL N5711K MC1711CG 0P-01G MC1536
ML723CP MC1723CL N5723A MC1723CP 0P-01H MC1536
ML723CT MC1723CG N5723T MC1723CG OoP-01 MC1536G
ML723F * MC1723L N5733K MC1733CG OP-01L MC1536G
ML723M MC1723L N5741A MC1741CP2 OP-01P MC1536P
ML723T MC1723G N5741T MC1741CG OP-08 MC1776
ML741AF MC1556G N5741V MC1741CP1 0OP-08A MC1776
ML741AM MC1556G N5747A MC1747CL OP-088 MC1776




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

MOTOROLA MOTOROLA
DIRECT SIMILAR
PART NO. REPLACEMENT REPLACEMENT
OP-08C MC1776
OP-08E MC1776
PA239A MC1303P
RC702T MC1712CG
RC709D MC1709CL
RC709DN MC1709CP1
RC709DP MC1709CP2
RC709T MC1709CG
RC710DC MC1710CL
RC710DP MC1710CP
RCT10T MC1710CG
RC711DC MC1711CL
RC711DP MC1711CP
RCTIIT MC1711CG
RC723D MC1723CL
RC723T MC1723CG
RC733D MC1733CL
RC733T MC1733CG
RC741D MC1741CL
RC741DN MC1741CP1
RC741DP MC1741CP2
RC741Q MC1741CF
RCT41T MC1741CG
RC747D MC1747CL
RC747T MC1747CG
RC748T MC1748CG
RC1414DC MC1414L
RC1414DP MC1414P
RC1488DC MC1488L
RC1489ADC  MC1489AL
RC1489DC MC1489L
RCET130D MC8T13L
RC1437D MC1437L
RC14370P MC1437P
RC1458DN MC1458P1
RC1458T MC1458G
RC1556T MC1456CG
RC1558T MC1558G
RC3302DB MC3302P
RC4131DP MC1471SCP1
RC4131T MC1741SG
RC4136D MC3403L
RC4136DP MC3403P
RC4136J MC3403L
RC4136N MC3403pP
RC4195T MC1468G
RC4195TK MC1468R
RC4444R MC3416L
RC4558DN MC4558CP1
RC4558)G MC4558CU
RC4558L MC4558CG
RC4558P MC4558CP1
RC4558T MC4558CG
RCET13MP MC8T13P
RC8T14DD MC8T14L
RC8T14MP MC8T14P
RC8T23DD MC8T23L
RC8T23MP MC8T23P
RC8T24DD MC8T24L
RC8T24MP MC8T24P
RC75107AD  MC75107L
RC75107ADP  MC75107P
RC75108AD  MC75108L
RC75108ADP  MC75108P
RC751090 MC75S110L
RC751090P MC755110P
RC75110D MC75S110L

PART NO.
RC75110DP
RC753250D
REF-01CJ
REF-01DJ
REF-01J
REF-01HJ
REF-02CJ
REF-02DJ
REF-02HJ
REF-02J
RM702Q
RM702T
RM709D
RM709Q
RM709T
RM710D
RM710T
RM711DC
RM711T
RM723D
RM723T
RM733D
RM733T
RM741D
RM741DP
RM741Q
RM741T
RM747D
RM747T
RM748T
RM1514DC
RM1537D
RM4136D
RM4136J
RM4195T
RM4195TK
RM4558D
RM4558)G
RM4558L
RM4558T
RM55107AD
RM553250D
Rv3301DB
S8T13E
S8T14E
§5556T
S5558E
§5558T
S5596F
§5596K
§5709G
§5709T
857107
S5711K
§5723T
§5733K
S5741T
SE501K
SE515G
SE515K
SE516A
SE516G
SE516K
SE528E
SE528R
SES31G
SE531T

MOTOROLA
DIRECT

REPLACEMENT REPLACEMENT

MC755110P
MC75325L

MC1712F
MC1721G
MC1709L
MC1709F
MC1709G
MG1710L
MC1710G
MC1711L
MC1711G
MC1723L
MC1723G
MC1733L
MC1733G
MC1741L
MC1741P
MC1741F
MC1741G
MC1747L
MC1747G
MC1748G
MC1514L
MC1537L

MC4558U
MC4558U
MC4558G
MC4558G
MC55107L
MC55325L
MC3301P

MC1556G
MC1558L
MC1558G
MC1596L
MC1596G
MC1709F
MC1709G
MC1710G
MC1711G
MC1723G
MC1733G
MC1741G

MOTOROLA
SIMILAR

C1404u10
C1404U10
C1504AU10
C1404AU10
C1404U5
C1404U5
C1404AUS
C1504AU5

MC3503L
MC3503L
MC1568G
MC1568R

MC8T13L
MC8T14L

MC1733G
MC1520F
MC1520G
MC1520G
MC1520F
MC1520G
MC1544L
MC1544L
MC1539G
MC1539G

PART NO.
SES33G
SES33T
SE537G
SES3TT
SES50L
SE555JG
SES55L
SES55T
SES56A
SE565A
SE565K
SE592A
SE592K
S§G100T
SG101AD
SG101AT
S5G101J
SG1017
$G104T
SG105N
SG105T
§G107J
SG107T
SG108AJ
SG108AT
SG108J
S$G108T
SG109K
SG109T
SG111D
SGI1T
SG118J
SG118T
SG120K-05
SG120K-52
SG120K-12
SG120K-15
SG120T-05
$G120T-52
S$G120T-12
$G120T-15
§G124)
SG140K-05
SG140K-06
SG140K-08
SG140K-12
SG140K-15
SG140K-18
SG140K-24
SG200T
SG201AD
SG201AM
SG201AN
SG201AT
5G2014
SG201M
SG201N
$G201T
S$G204T
SG205N
SG205T
$G207J
SG207M
SG207N
$G207T
SG208AJ
SG208AM

OP-08C —SG208AM

MOTOROLA
DIRECT
REPLACEMENT REPLACEMENT

MC1555U
MC1555G
MC1555G
MC3556L

SE592L
SE592G

LM101AH

LM101AH
LM104H

LM105H

LM107H
LM108AJ
LM108AH
LM108J
LM108H
LM109K
LM109H
M1y
LM111H

LM120K-05

LM120K-12
LM120K-15
LM120T-05

LM120T-12
LM120T-15
LM124J
LM140K-50
LM140K-6 0
LM140K-8 0
LM 140K-12
LM140K-15
LM 140K-18
LM 140K-24

LM201AN

LM201AH

LM201AN

LM201AH
LM204H

LM205H

LM207H
LM208AJ
LM208AJ-8

MOTOROLA

SIMILAR

MC1776G
MC1776G
MC1556G
MC1556G
MC1723G

MLMS565CP
MLMS565CP

MC1723G
LM101AH

LM101AH

LM105H

LM107H

MC1741SL
MC1741SG

MC7905.2CK

MC7905 2CK

MC1723G
LM201AH

LM201AN
LM201AH

LM201AN

LM205H

LM207H
LM207H
LM207H




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

SG208AT —SG3501AT

PART NO.
SG208AT
§G2084
SG208M
$G208T
SG209K
§G209T
§G211D
SG211M
S$G211T
5G218J
SG218M
§G218T
$G224
SG224N
SG300N
SG300T
SG301AD
SG301AM
SG301AN
SG301AT
SG304T
SG305AT
SG305N
SG305T
$G307J
SG307M
SG307N
SG307T
SG308AJ
SG308AM
SG308AT
§G308J
SG308M
SG308T
SG309K
SG309T
SG311D
SG311M
SG311T
5G318J
SG318M
SG318T
SG320K-05
SG320K-5 2
SG320K-12
SG320K-15
SG320T-05
SG320T-52
§G320T-12
$G320T-15
§G324J
SG324N
SG340K-05
SG340K-06
SG340K-08
SG340K-12
SG340K-15
SG340K-18
SG340K-24
SG555CM
$G555CT
SG555T
SG556C4
SG556CN
SG556J
SG556N
§G710CD

MOTOROLA

DIRECT

LM208AH
LM208J
LM208J-8
LM208H
LM209K
LM209H
LM211J
LM211N
LM211H

LM224J
LM224N

LM301AN

LM301AH
LM304H

LM30SH
LM3O07N

LM307H
LM308AJ
LM30BAN
LM308AH
LM308J
LM308N
LM308H
LM309K
LM309H
LM311J
LM31IN
LM311H

LM320K-5.0

LM320K-12
LM320K-15
LM320T-50

LM320T-12
LM320T-15
LM324J

LM324N

MC7805CK
MC7806CK
MC7808CK
MC7812CK
MC7815CK
MC7818CK

MC7824CK |

MC1455P1
MC1455G
MC1555G
MC3456L
MC3456P
MC3556L
MC3556L
MC1710CL

MOTOROLA

SIMILAR

REPLACEMENT REPLACEMENT

MC1741SL
MC1741SL
MC1741SG

MC1723CP
MC1723CG
LM301AH
LM301AN
LM305H
LM305H
LM307N

LM307N

MC1741SCL
MC1741CP1
MC1741CG

MC7905 2CK

MC7905.2CT

___PARTNO.
SG710CN
SG710CT
SG710D
SG7T10N
SG710T
SG711CD
SG711CN
SG711CT
SG711D
SG711N
SGT11T
SG723C0
SG723CN
SG723CT
SG723D
SG723T
SG733CO
SG733CN
SG733CT
SG733D
SG733N
SG733T
SG741CD
SG741CF
SG741CM
SG741CN
SG741CT
SG741D
SG741F
SG741T
SG741SCM
SG741SCT
SG741ST
SG747CJ
SG747CN
SG747CT
SG747J
SG747T
SG748CD
SG748CM
SG748CN
SG748CT
SG748D
SG748T
SG777CY
SG777CM
SG777CN
SG777CT
SG777J
SG777T
SG1118AJ
SG1118AT
SG1118J
SG1118T
SG1217
SG1217J
SG12177
SG1250T
SG1401N
SG1401T
SG1402N
SG 140217
SG1436CT
SG1436M
SG1436T
SG1456CT

MOTOROLA
SIMILAR

REPLACEMENT REPLACEMENT

MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT
REPLACEMENT REPLACEMENT PART NO.
MC1710CP SG1456T MC1456G
MC1710CG SG1458M MC1458P1
MC1710L §G1458T MC1458G
MC1710CP SG1468) MC1468L
MC1710G SG1468N MC1468L
MC1711CL SG1468T MC1468G
MC1711CP SG1495D MC1495L
MC1711CG SG1495N MC1495L
MC1711L $G1496D MC1496L
MC1711CP SG1496N
MC1711G SG1496T MC1496G
MC1723CL SG1501AD
MC1723CP SG1501AT
MC1723CG SG1501D MC1568L
MC1723L $G1501T MC1568G
MC1723G S§G1502D
MC1733CL SG1502N
MC1733CP $G1503 MC1503U
MC1733CG SG1524J
MC1733L SG1536T MC1536G
MC1733L SG1556T MC1556G
MC1733G SG1558T MC1558G
MC1741CL §G1595D MC1595L
MC1741CF $G1596D MC 1596L
MC1741CP1 SG1596T MC1596G
MC1741CP2 §G1660D
MC1741CG SG1660J
MC1741L SG1660M
MC1741F SG1660T
MC1741G SG1760D
MC1741SCP1 SG1760F
MC17415CG $G1760J
MC1741SG SG1760M
MC1747CL SG1760T
MC1747CP2 $G2118A)
MC1747CG SG2118AM
MC1747L SG2118AT
MC1747G SG21184
MC1748CP1 S$G2118M
MC1748CP1 §G2118T
MC1748CP1 §G2250T
MC1748CG SG2401N
MC1748G SG2402N
MC1748G 8G24021
LM308AJ SG2501AD
LM308AN SG2501AT
LM308AN 8G2501D MC1468L
LM308AH SG2501N MC1468L
LI1108AJ 8G2501T MC1468G
LM108AH §G2502D0
LM108AJ SG2502N
LM108AH $G2502T
LM1084 $G2503 MC1403AU
LM108H $G2524J
MC1741G SG3118AJ
MC1741SL SG3118AM
MC1741SG SG3118AT
MC1776G 5G3118J
MC1533G SG3118M
MC1533G SG3118T
MC1594L $G3250T
MC1594L SG3401N
MC1436CG SG3401T
MC1436U SG3402N
MC1436G §G3402T
MC1456CG SG3501AD MC1468L
SG3501AT MC1468G

MC1496L

MC1568L
MC1568G

MC1568L
MC1568L

MC3520L

LM301AH
LM3084
LM308N
LM308H
LM307H
LM307H
LM308J
LM&08N
LM308H
LM208AJ
LM208AJ-8
LM208AH
LM208J
LM208J-8
LM208H .
MC1776G
MC1433G
MC1494L
MC1494L
MC1468L
MC1468G

MC1468L
MC1468L
MC1468G

MC3520L
MLM308AL
MLM308AP1
MLM308AG
MLM308L
MLM308P1
MLM308G
MC1776G
MG1433G
MC1433G
MC1494L
MC1494L




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

SG3501D —SN75127N

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR ' DIRECT SIMILAR

PARTNO. REPLACEMENT REPLACEMENT PART NO.* REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
SG3501D MC1468L SN52709AFA  MC1709AF SN72702L MC1712CG
SG3501N MC1468L SN52709AJ MC1709AL SN72709J MC1709CL
SG3501T MC1468G SN52709AL MC1709AG SN72709L MC1709CG
SG3502D MC1468L SN52709FA MC1709F SN72709N MC1709CP2
SG3502G MC1468G SN52709J MC1709L SN72709P MC1709CP1
SG3502N MC1468L SN52709L MC1709G SN72710J MC1710CL
$G3503 MC1403V SN52710FA MC1710F SN72710L MC1710CG
5G3524) MC3420L SN52710J MC1710L SN72710N MC1710CP
5G4250CM MC1776CP1 SN52710L MC1710G SN72711J MC1711CL
§G4250CT MC1776CG SN52711FA MCI711F SN72711L MC1711CG
SG4250T MC1776G SN52711J MC1711L SN72T1IN MC1711CP
SG4501D MC1468L SN52711L MC1711G SN72720J MC1710CL
SG4501N MC1468L SN52723FA MC1723F SN72720L MC1710CG
SG4501T MC1468G SN52723J MC1723L SN72720N MC1710CP
SG7805CK MC7805CK SN52723L MC1723G SN72723J MC1723CL
SG7805K MC7805CK SN52733J MC1733L SNT72723L MC1723CG
SG7806CK MC7806CK SN52733L MC1733G SN72733J MC1733CL
SG7806K MC7806CK SN52741FA MC1741F SN72733L ©  MC1733CG
SG7808CK MC7808CK SN52741J MC1741L SNT72741FA MC1741CF
SG7808K ' MC7808CK SN52741L MC1741G SN72741J MC1741CL
8G7812CK MC7812CK SNG2747FA MC1747F SN74741L MC1741CG
SG7812K MC7812CK SN527474 MC1747L SN72741N MC1741CP2
SG7815CK MC7815CK SN52747L MC1747G SN72741P . MC1741CP1
SG7815K MC7815CK SN52748L MC1748G SNT72747FA MC1747CF
SG7818CK MC7818CK SNS52770L MC1556G SN72747) MC1747CL
SG7818K MC7818CK SN52771L MC1556G SN72747L MC1747CG
SG7824CK MC7824CK SN52810FA MC1710F SN72747N MC1747CP2
SG7824K MCT7824CK SN528104 MC1710L SN72748L MC1748CG
SHO013HC MMH0026CG SN52810L MC1710G SN72748P MC1748CP1
SHO013HM MMH0026G SN52811FA MC1711F SN72770L MC1456G
SH2001FC MC75462P SN52811J MCI711L SN72771L MC1456G
SH2001FM MC75462P SNS2811L MCi711G SN72810J ' MC1710CL
SH2001HC MC75462P SN55107AJ MC55107L SN72810L . MC1710CG
SH200 1HM MC75462P - SN551078J MC55107L SN72810N MC1710CP
SH2002FC MCT75462P SN55108AJ MC55108L SN72811J MC1711CL
SH2002FM MC75462P SN55108BJ MC75108L SN72811L MC1711CG
SH2002HC MC75462P SN55109J MC758110L SN72811N MC1711CP
SH2002HM MC75462P SN55110J MC758110L SN72905 MC7905CT,
SH2002HC MC75462P SN55244) MC1544L SN72906 MC7906CT
SH2200FC MC75462P SN553250 MC55325L SN72908 MC7908CT
SH2200FM MC75462P SN72301AL LM301AH SN72912 MC7912CT
SH2200HC MC75462P SN72301AP LM301AN SN72915 MC7915CT
SH2200HM MC75462P SN72304L LM304H SN72L022P LM358N
SH2200PC MC75462P SN72305AL LM305H SN72L044JA LM324N
SHB090FM MC1508L8 SN72305L LM305H SN72L044N LM324N
SN5510FA MC1510F SN72306J MC1710CL SN75107AJ MC75107L
SN5510L MC1510G SN72306L MC1710CG SN75107AN MC75107P
SN52101AL LM101AH SN72306N MC1710CP SN751078J MC75107L
SN52104L LM101H SN72307L LM307H SN75107BN MC75107P
SN52105L LM105H SN72308AL LM308AH SN75108AJ MC75108L
SN52106J MC1710L SN72308L LM308H SN75108AN MC75108P
SN52106L MC1710G SN72508L LM308H SN751088J MC75108L
SN52107L LM107H SN72311L LM311H SN75108BN MC75108P
SN52108AL LM108AH SN72311P LM311N SN75121J MC8T13L
SN52108L LM108H SN72376L LM30SH SN75121N MC8T13P
SN52109L LM109H SN724404 MC3370P SN75122J MC8T14L
SN525100 MC1710L SN72440N MC3370P SN75122N MC8T14P
SN52510L MC1710G SN72510J MC1710CL SN75123J MC8T23L
SN52514) MC1514L SN72510L MC1710CG SN75123N MC8T23P
SN52555L MC1555G SN72510N MC1710CP SN75124J MC8T24L
SN52558L MC1558G SN72514J MC1414L SN75124N Mc8T24P
SN52702AFA MC1712F SN72514N MC1414P SN751254 MC75125L
SN52702AJ MC1712L SN72555L MC1455G SN75125N MC75125pP
SN52702AL MC1712G SN72555P MC1455P1 SN75126J MC3481/5L
SN52702FA MC1712F SN72558L MC1458G SN75126N . MC3481/5P
SN52702) MC1712L SN72558P MC1458P1 SN75127J MC75127L
SN52702L MC1712G SN72702) MC1712CL SN75127N MC75127P

1-20




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

SN75128J -- TL494CN

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR
PART NO REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO REPLACEMENT REPLACEMENT
SN75128J MCT75128L SN76130N MC1303P TBA520 MC1327P
SN75128N MC75128P SN76131N MC1303P TBA920 MC1391P
SN751294 MC75129L SN76149N MC1303P TBA920S MC1391P
SN75129N MC75129P SN76242N MC1399P TBA940 MC1344P
SN75138N MC3443P SN76243N MC1398P TBA950 MC1344P
SN75138J MC3443P SN76246N MC1323P TBA990 MC1327pP
SN75140P MC75140P1 SN76298N MC1398P TBA1190Z TBA1190Z
SN75150J MC1488L SN76514L MC1496G TDA1190Z TDA11902
SN75150N MC1488P SN76514N MC1496P TDA2002 TDA2002
SN75154) MC1489L SN76564N MC1364P TL022CJG LM3584
SN75154N MC1489P SN76565N MC1364P TLO22CL LM358H
SN75188J MC1488L SN76591P MC1391P TLO22CP LM358N
SN75188N MC1488P SN76594P MC1394P TLO22MJG LM158J |
SN75189AJ MC1489AL SN76600P MC135CP TLO22ML LM158H
SN75189J MC1489L SN76642N MC1357P TLO44CJ LM324J
SN75189AN MC1489AP SNT76644N MC1352P TLO44CN LM324N
SN75189N MC1489P SN76650N MC1352P TLO44MJ LM124J
SN75207J MC75107L SN76651N MC1351P TLO71ACJG MC34001BU
SN75207N . MC75107P SN76653N MC1352P TLOT1ACL MC340018G
SN75208J MC75108L SN76660N MC1357P TLO7VACP , MC340018P
SN75208N MC75108P SN76665N MC1364P TLO71BCJG MC34001AU
SN75261N MC3245L SN76666N MC1358P TLO71BCL MC34001AG
SN75322N MC3245P SN76669N MC1356P TLO71BCP MC34001AP
SN75362P MMH0026CP SN76675N MC1375P TLO71CJG MC32001U
SN75365J MC75365L SN76678P MC1355P TLO71CL MC34001G
SN75385N MC75365P SSS101AL LM101AH TLO71CP MC34001P
SN753684 MC75368L SSS101AJ LM101AH TLO72ACJG MC34002BU
SN75368N MCT75368P S8S1074 LM107H TLO72ACL MC34002BG
SN75369P MMHO0026CP1 SSS107P LM107H TLO72ACP MC340028P
SN75450A) MC75450L $SS201AJ LM201AH TLO72BCJG MC34002AU
SN75450AN MC75450P $SS8201AL LM201AH TLO728CL MC34002AG
SN75450BN MC75450P SSS201AP LM201AN TLO72BCP MC34002AP
SN75450N MCT75450P §585207J LM207H TLO72CJG MC34002U
SN75451AP MC75451P §55207P LM207H TLO72CL MC34002G
SN75451P MC75451P SSS301AJ LM301AH TLo72CP MC34002P
SN75452P MC75452P . ) SSS301AL LM301AH TLO74ACY MC34004BL
SN75453P MC75453P SSS301AP LM301AN TLO74ACN MC34004BP
SN75454P MC75454P §85741BJ MC1741G TLO74BCJ MC34004A
SN75460AJ MC75460L SSS741BL MC1741F TLO74BCN MC34004AP
SN75460AN MC75460P §8S741BP MC1741P2 TLO74CJ MC34004L
SN75461 MC75461 §88741CJ MC1741CG TLO74CN MC34004P
SN75461AP MC75461P §SS741CL MC1741CF TLO81ACJG MC34001BU
SN75462 MC75462 §8S741CP MC1741CP2 TLOB1ACL MC34001BG
SN75462AP MCT75462P SSS8741GJ MC1741SG TLOB1ACP MC34001BP
SN75463 MC75463 SSS741GP MC17418G TLO81BCJG MC34001AU
SN75463AP MC75463P §5S741J MC1741G TLOB1BCL MC34001AG
SN75464 MC75464 SSS741L MC1741F TLO81BCP MC34001AP
SN75464AP MC75464P S$S5741P MC1741P2 TLOB1CJG MC34001U
SN75466J MC1411L §S5747B2 MC1747F TLOS1CL MC34001G
SN75466N MC1411P §SS7478BP MC1747L TLO81CP MC34001P
SN75467J MC1412L SSST47CK MC1747CG TLO82ACJG MC34002BU
SN75467N MC1412P SSS747CM MC1747CF TLO82ACL MC34002BG
SN75468J MC1413L §8S747CP MC1747CL TLO82ACP MC34002BP
SN75468N MC1413P §SS747GK MC1747G TL082BCJG MC34002AU
SN75475P MC1472P1 SSS747GM MC1747F TLO82BCL MC34002AG
SN75475JG MC1472U SSST47GP MC1747L TLO82BCP MC34002AP
SN75491N MC75491P §SS747L MC1747F TLO32CJG MC34002U
SN75492N MC75492P SSS747P MC1747L TL082CL MC34002G
SN76000P MC1306P SSS1408A-6Z  MC1408L6 TLog2CP MC34002P
SN76104N MC1310P SSS1408A-7Z  MC1408L7 TLOB4ACJ MC34004BL
SN76105N MC1310P $SS1408A-82  MC1408L8 TLO84ACN MC34004BP
SN76111N MC1310P §S51458J MC1458G TL084BCJ MC34004AL
SN76113N MC1310P §SS51508A-8Z  MC1508L8 TLO84BCN MC34004AP
SN76115N MC1310P §851558J MC1558G TLOB4CJ MC34004L
SN76116N MC1310P TAA630 MC1327P TLO84CN MC34004P
SN76117N MC1310P TBA120S MC1358P TL494CJ TL494C
TBA440 MC1352pP TL494CN TL494CN

1-21



LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

TL495CJ —uA732DC

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT . SIMILAR DIRECT SIMILAR DIRECT SIMILAR
PART NO  REPLACEMENT REPLACEMENT PARTNO  REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
TL495CJ TL495CJ ULS2139D MC1539G uAS55HC MC1455G
TL495CN TL495CN ULS2138G MC1539G pA555HM MC1555G
TL497CY MC3420L - ULS213%H MC1530L pAS55TC MC1455P1
TL497CN MC3420p ULS2139M MC1439pP1 pA5560C MC3456L
TL49TMY MC3520L ULS2151D MC1741G #AS560M MC3556L
UDN5S711M MC1471P1 ULS2151G MC1741F uAS56PC MC3456P
UDNS712M MC1472P1 ULS2151H MC1741L uA702DC MC1712CL
UDN5713M MC1473P1 ULS2151M MC1741CP1 uA7020M MC1712L
UDNS5714M MC1474P1 . ULS2156D MC1556G uAT02FM MC1712F
UDN-6144A MC3430P ULS2156G MC1556G 1AT02HC MC1712CG
UON-6164A MC3490p ULS2156H MC1556G uA702HM MC1712G
UDN-6184A MC3490P ULSZ156M MC1556G wA702MJ MC1712L
UDN-7183A MC3491P ULS2157A MC1558L uAT02ML MC1712G
UDN-7184A MC3491P ULS2157H MC1558L uATO9ADM MC1709AL
UDN-7186A MC3491P ULS2157K MC1558G uAT09AFM MC1709AF
UHD-490 MC3494P uA0802DC-1  MC1408L8 wA709AHM MC1709AG
UHD-491 MC3494P uA0802DC-2  MC1408L7 uAT09AMY MC170SAL
UHP-490 MC3494P uA08020C-3  MC1408L6 wAT09AMJG ~ MC1709AU
UHP-491 MC3494P uA0802DM-1 MC1508L8 uATO9AML MC1709AG
UHP-495 MC3490P uA0802PC-1 MC1408P8 wA709CJ MC1709CL
ULN2001A ULN2001A uA0802PC-2  MC1408P7 wA709CJG MC1709CU
ULN2002A ULN2002A uA0802PC-3  MC1408P8 uA709CL MC1703CG
ULN2003A ULN2003A uA101AD LM101AJ uATOICN MC1708CP2
ULN2004A ULN2004A uA101AF LM101AJ uAT09CP MC1709CP1
ULN2111A MC1357P uA101AH LM101AH uA709DC MC1709CL
ULN2111N MC1357FQ uA101D LM101AJ uA709DM MC1709L
ULN2113A MC1357P uA101F LM101AJ wA709FM MC1709F
ULN2113N MC1357P vA101H LM101AH wA709HC MC1709CG
ULN2114A MC1323P uA104HM LM104H uAT09HM MC1709G
ULN2114K MC1323pP uA105HM LM105H uATOIMY MC1709L
ULN2114N MC1323P uA107H LM107H uAT09MIG MC1708U
ULN2120A MC1310P uA108AD LM108AJ wA709ML MC1709G
UIN2121A MC1310P uA108AF LM108AF uA709TC MC1709CP1
ULN2122A MC1310P uA108AH LM108AH uA709PC MC1709CP2
ULN2124A MC1399P uA108D . LM108J wA710DC MC1710CL
ULN2125A MC1344P uA108F LM108F uAT10DM MC1710L
ULN2127A MC1399P uA108H LM108H wAT10HC MC1710CG
ULN2128A MC1310P uA109KM LM109K uA710HM MC1710G
ULN2136A MC1356P uA201AD LM201AJ uA7T10PC MC1710CP
ULN2139D MC1439G uA201AF LM201AJ uA7T110C MC1711CL
ULN2139G MC1439G wA201AH LM201AH uA7T11DM MC1711L
ULN2139H MC1439P2 uA2010 LM201AJ pAT11HC MC1711CG
ULN2139M MC1439P1 uA201F LM201AJ uA711HM MC1711G
ULN2151D MC1741CG uA201H LM201AH uAT11PC MC1711CP
UIN2151G MC1741CF . uA207H LM207H uAT15DC MC1741SCL
ULN2151H MC1741CP2 uA208AD LM208AJ uA715DM MC1741SL
ULN2151M MC1741CP1 uA208AF LM208AF uAT15HC MC1741SCG
ULN2156D MC1456G uA208AH LM208AH uAT15HM MC1741SG
ULN2156G MC1456G #A208D LM208J uA723CJ MC1723CL
ULN2156H MC1456G wA208F LM208F pA723CL MC1723CG
ULN2156M MC1456G uA208H LM208H uAT23CN MC1723CP
ULN2157A MC1458P2 uA209KM LM209K uA723DC #A723DC
ULN2157H MC1458P2 wA301AD LM301AJ uA723DM MC1723L
ULN2157K MC1458G pAS01AH LM301AH uAT23HC uAT23HC
ULN2165A MC1358P pA301AT LM301AN uAT23HM MC1723G
ULN2165N MC1358PQ ' #A304HC LM304H pAT23MJ MC1723L
ULN2209A MC1356P #A305HC LM305H pAT23ML MC1723G
ULN2210A MC1310P wA305HC LM305H uAT23PC uAT23PC
ULN2224A MC1324P uA307H LM307H uAT25AHM LM108AH
ULN2228A MC1323P wA307T LM307N pAT25EHC LM308AH
ULN2244A MC1310P uA308AD LM308AJ uA725HC LM308AH
ULN2262A MC1399P #A308AH LM308AH pAT25HM LM108AH
ULN2264A MC1364P uA308D LM3084 uAT2THC MC1420G
ULN2267A MC1323P uA308H LM308H uAT27THM MC1520G
ULN2298A MC1398P #A309KC LM309K wA730HC MC1420G
ULN2741D MC1741CG vA3NT LM311N wAT30HM MC1520G
ULN2747A MC1747CL uA3TETC LM305H uA7320C MC1310P
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

uA732PC —uAT78LOSACLP

MOTOROLA  MOTOROLA MOTOROLA  MOTOROLA MOTOROLA  MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR

PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT

uAT32PC MC1310P uAT48HC MC1748CG uA1458CTC MC1458CP1

uA733CJ MC1733CL uAT48HM MC1748G uA1458E MC1458G

#AT33CL MC1733CG uAT48MJ MC1748L 1A1458HC MC1558G

uAT33CN MC1733CP wAT48MIG MC1748U nA1458P MC1458P1

uA733DC MC1733CL pAT48ML MC1748G uA1458RC MC14580

uA733DM MC1733L uAT48TC MC1748CP1 uA1458TC MC1458P1

uAT33FM MC1733F uA743DC MC1435L uA1558E MC1558G

kAT33HC MC1733CG uA749DHC MC1435G uA1558HM MC1558G

pAT33HM MC1733G nAT490M MC1535L 1#A2136PC MC1356P

wAT3I3MJ MC1733L pATASHC MC1435G 1#A2240DC MC1455U

wAT33ML MC1733G uAT53TC MC1356P uA2240DM MC1555G

uA734DC LM311 uAT54HC MC1355P uA2240PC MC1455P1

uAT34DM LM311J uA754TC MC1355P #A3026HM CA3054

uAT34HC LM311H wA7570C MC1350P uA3045 MC3346P

uAT3I4HM LM311H uA757DM MC1350P 1A3046DC MC3346P

uAT40HC LF355H ©A758DC MC1310P uA3054DC CA3054P

wAT40HM LF155H pA758PC MC1310P uA3064PC MC1364P

wAT41ADM MC1741L uAT767DC MC1310P 1A3065PC MC1358P

wAT41AFM MC1741F uAT67PC MC1310P #A30860M MC3386P

wAT41AHM MC1741G uA772 MC1741S 1A3301P MC3301P

pA741CJ MC1741CL uA775DC LM339J uA3302P MC3302P

uAT41CIG MC1741CU pAT750M LM339J pA3303P MC3303P

uA741CL MC1741CG uA775PC - LM339N pA3401P MC3401P

uA741CN MC1741CP2 uAT76DC MC1776CG #A3403D MC3403L

uAT41CP MC1741CP1 uA7760M MC1776G uA3403P MC3403P

uA741DC uA741DC uATT6HC MC1776CG uA41360C MC4741CL

uAT41DM MC1741L rATTBHM MC1776G uA41360M MC4741L

AT41EDC MC1741L HAT76TC MC1776CP1 1A4136PC MC4741CP

uwAT41EHC MC1741G wATT7CJ LM308AJ-8 uA4558HC MC4556CG

wAT41FC MC1741CF uA777CJG LM308AJ-8 uA4558HM MC4558G

pAT41FM MC1741F wATTICL LM308AH uA4558TC MC4558CP1

uAT41HC wATAIHC uATTICN LM308AN uA7805CKC MC7805CT

pnAT41HM MC1741G uAT77CP LM208AN 1AT805KC MCT7805CK

uATAIMJ MC1741L wATT7DC LM308AJ-8 uATB05KM MC7805K

wA741MIG MC1741U uATTTHC LM308AH ©AT805UC MC7805CT

wAT41ML MC1741G uATTTMY LM108AJ-8 uATBOBCKC ~ MCT806CT

uAT41RC MC1741CU wATTTMIG LM108AJ-8 uAT7806KC MC7806CK

uAT41RM MC1741U wATTTML LM108AH 1ATB06KM MC7806K

uAT41PC MC1741CP2 uATI7TC LM308AN uAT806UC MC7806CT

wAT41T7C uAT41TC uA780DC MC1399P pAT808CKC MC7808CT

uA742DC CA3059 uAT80PC MC1399P 1ATBOBKC MC7808CK

uA746DC MC1323P uA781DC MC1399P uATB08KM MC7808K

uAT48HC MC1323P uAT81PC MC1393P uAT7808UC MC7808CT

uAT4TADM MC1747L nAT786DC MC1327P uAT812CKC MC7812CT

uAT47AHM MC1747G uA787PC MC1399P uAT812KC MC7812CK

uAT47CJ MC1741CL uAT91KC MC1438R wAT812KM MCT7812K

uAT4TCL MC1747CG uAT91KM MC1538R uAT812UC MC7812CT

uA747CN MC1747CP2 uAT91PS MC1438R uA7815CKC MC7815CT

wAT47DC MC1747CL uAT96HC MC1496G uAT815KC MC7815CK

uwA7470M MC1747L 1AT96HM MC1596G 1A7815KM MCT7815K

uATATEDC MC1747CCBM uA796DC MC1496L uA7815UC MC7815CT

wATATEHC MC1747CICM uA7960M MC1596L uA7818CKC MC7818CT

pAT4THC MC1747CG uAT98HC MC3458G uA7818KC MC7818CK

uAT4THM MC1747G uAT98HM MC3558G uAT818KM MC7818K

uAT4TMI MC1747L 1A798RC MC3458U pA7818UC MC7815CT

uATATML MC1747G #AT98RM MC3558U wAT824CKC MC7824CT

1AT4TPC MC1747CP2 uA798TC MC3458P1 uAT824KC MC7824CK

uAT48AFM MC1748F uAT99HC MC1741G 1ATB24KM MC7824K

uAT48AHM MC1748G uATIGHM MC1741G uA7824UC MC7824CT

uAT48CJ MC1748CL uA1312PC MC1312P uAT8GHM LM117K

uAT48CJG MC1748CU uA1314PC MC1314P uAT8GKC LM117K

1AT48CL MC1748CG uA1315PC MC1315P uAT8GKM LM117K

uAT48CN MC1748CP2 uA1391PC MC1391P pA78GUIC LM317T

uA748CP MC1748CP1 uA1394PC MC1394P wAT8HOSKC MC7805CK

uAT48DC MC1748CL uA1458CHC MC1458CG 1AT8LO2ACIG MC78L02ACG

uAT480M MC1748L uA1458CP MC1458CP1 uA78LOSACJG MC78LO5ACG

wAT48FM MC1748F 1A1458CRC MC1458CU uAT8LOSACLP  MC78LOSACP
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

uA78LOSAHC —uABTI3PC

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR
PART NO REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
pATBLOSAHC ~ MC78LO5ACG +A7902UC MC7902CT wATIM24HM MC7924CK
wAT8LOSAWC  MCT78LOSACP ©AT905KC MCT7905CK ©A7IM24UC MC7924CT
wAT8LOSCIG MC78L05CG wAT905KM MC7905CK uABT13DC MCBT13L
uAT8LOSCLP  MC78LOSCP wAT905UC MC7905CT ©ABT13PC
uATBLOSHC ~ MC78L05CG nATI06KC MCT7906CK
pA78LOSWC  MCT78LO5CP #AT906KM MCT7906CK
4AT8LOBACJG MC78L06ACG 1AT906UC MC7906CT
uAT8LOBACLP  MCT78LOBACP uAT908KC MC7908CK
uAT8LOBCIG MC78L06CG wAT908KM MC7908CK
uATBLOBCLP  MC78LOBCP #AT908UC MC7908CT
uAT8LOBACIG MC78LOBACG kAT912KC MCT7912CK
uAT8LOBACLP  MC78LOBACP pAT912KM MC7912CK
uA78L0BCJG MC78L08CG #A7912UC MC7912CT
uAT8LOBCLP  MC78LOBCP #AT915KC MC7915CK
wAT8L12ACIG MC78L12ACG #AT915KM MC7915CK
uAT8L12ACLP  MCT78L12ACP pATI15UC MC7915CT
uAT8L12AHC ~ MC78L12ACG wAT918CKC  MC7918CT
uATBLI2AWC  MC78L12ACP nAT918KC MCT7918CK
xA78L12CJG MC78L12CG kATI18KM MC7918CK
uA78L12CLP  MC78L12CP ©AT918UC MC7918CT
pA78L12HC ~ MCT78L12CG pAT924CKC  MC7924CT
uATBL1I2WC  MC78L12CP uAT924KC MC7924CK
wAT8L15ACIG MCT78L15ACG uAT924KM MC7924CK
uA78LISACLP  MC78L15ACP uA7924UC MC7924CT
uA78LISAHC ~ MC78L15ACG #A79LOSAHC  MC79LOSACG
wA78L1SAWC  MCT78L15ACP wAT9LOSAWC  MC79LO5ACP
©A78L15CJG MC78L15CG kATILOSHC ~ MC79L05CG
uA78L15CLP  MCT78L15CP wA79LOSWC  MC79L05CP
wA78L15HC  MCT78L15CG wAT9L12AHC  MC79L12ACG
uAT8LISWC  MC78L15CP wATIL1I2AWC  MC79L12ACP
pA78L26AWC  MG7802ACP wA79L12HC ~ MC79L12CG
uA78MGHC LM317H pATILI2ZWC  MC79L12CP
uATBMGT2C LM3177 wATILISAHC  MC79L15ACG
wA7T8MGUIC LM317T #ATOLISAWC  MC79L15ACP
uA78MOSCKC ~ MC78MOSCT pATILISHC ~ MC79L15CG
wA78MOSHC ~ MC78MO5CG wAT9LISWC  MC79L15CP
uAT8MOSHM MC78M05CG wATIMOSAHM MC7905CK
4AT8MOSUC  MC78MO5CT #ATIMOSAUC MC7905CT
uAT8MOBCKC  MC78MOSCT WATIMOSCKC  MC7905CT
uAT8MOBHC ~ MC78MOGCG wATIMOSHM MC7905CK
uATEMOGHM MC78M06CG #ATIMOSUC MC7905CT
wA78MOBUC  MC78MOSCT wATIMOBAHM MC7906CK
vAT8MOBCKC ~ MC78MOSCT wATIMOBAUC MC7906CT
wAT8MOSBHC ~ MC78M0BCG #ATIMOBCKC ~ MC7906CT
©AT8MOBHM MC78M08CG wATIMOBHM MCT7906CK
vATBMOBUC  MC78MO08CT #ATIMOBUC MCT7906CT
uAT8M12CKC  MC78M12CT HATIMOBAHM MC7908CK
©ATBM12HC ~ MC78M12CG #ATIMOBAUC MC7908CT
pAT8M12HM MC78M12CG uATIMOBCKC ~ MC7908CT
uA78M12UC  MCT78M12CT wATIMOBHM MC7908CK
wA78M15CKC  MC78M15CT wAT9MOBUC MC7908CT
pAT8MISHC ~ MC78M15CG 4ATIM12AHM MC7912CK
uA78M15HM MC78M15CG #ATIM12AUC MC7912CT
yAT8M15UG  MC78M15CT . #ATIM12CKC  MC7912CT
pA7T8M18HC ~ MC78M18CG #ATSM12HM MC7912CK
wA78M18HM MC78M18CG #ATIM12UC MC7912CT
4AT8M18UG  MC78M18CT 4ATIMI5AHM MC7915CK
#AT8M20CKC ~ MC78M20CT #ATIM15AUC MC7915CT
4ATBM20HC ~ MC78M20CG 4ATOM15CKC  MC7915CT
4AT8M20HM MC78M20CG 4ATIM15HM MC7915CK
yATBM20UG  MC78M20CT #ATIM15UC MC7915CT
uAT8M24CKC  MCT8M24CT wATIM18AHM MC7918CK
yAT8M24HC  MCT78M24CG wATIM18AUC MC7918CT
pATEM24HM MCT78M24CG #ATIM18HM MC7918CK
uAT8M24UC  MC78M24CT ©ATIM18UC MC7918CT
1AT902KC MCT7902K 1ATIM24AHM MC7924CK
kAT902KM MCT7902K 4ATIM24AUC MC7924CT
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Bl The “Better”

Program

Motorola’s reliability and
quality-enhancement program
was developed to provide
improved levels of quality
and reliability for standard

commercial products.

THE “BETTER” program is offered on CMOS, Linear, TTL, TTL/LS, DTL, HTL,
and NMOS in dual-in-line ceramic and plastic packages.

Motorola standard commercial integrated circuits are
manufactured under stringent in-process controls and
quality inspections combined with the industry’s finest
outgoing quality inspections. The “BETTER” program
offers three levels of extra processing, each tailored to
meet different user needs at nominal costs.

BETTER PROCESSING -

STANDARD PRODUCT PLUS:

The program is designed to: LEVEL | LEVEL | LEVEL
e Eliminate incoming electrical inspection 100% SCREEN ; ..g,, " '",,
L . DS
® Eliminate need for independent test labs
and associated extra time and costs TEMP CYCLE, 10 CYCLES X X
® Reduce field failures -25°C to +150°C
e Reduce service calls BURN-IN — MIL-STD-883 X X
® Reduce equipment downtime POST BURN-IN ELECTRICAL X X
® Reduce board and system rework 100°C FUNCTIONAL X X
® Reduce infant mortality DC PARAMETRIC AT 25°C* X X X
e Save time and money TIGHTENED QA SAMPLE X X X
® increase end-customer satisfaction *NMOS does Functional and dc 100% at 100°C
“BETTER” AQL GUARANTEES
AQL
TEST CONDITION LEVEL | TEVEL NI LEVEL i
HIGH TEMPERATURE FUNCTIONAL Ta = 100°C 015 0.15
DC PARAMETRIC TA = 25°C 028 028 0.28
DC PARAMETRIC TA MIN, TA MAX 0.40 040 040
DC PARAMETRIC (LINEAR AND NMOS) Ta MIN, TA MAX 0.65 065 065
AC PARAMETRIC TA = 25°C 065 0.65 065
DYNAMIC TEST (LINEAR AND NMOS) TA = 25°C . 065 065 0.65
MAJOR 0.11 0.11 on
EXTERNAL VISUAL AND MECHANICAL MINOR 250 250 250
HERMETICITY GROSS 0.40 040 0.40
(NOT APPLICABLE TO PLASTIC PACKAGES) FINE 100 1.00 100

HOW TO ORDER

MC14001B CP
Part Standard
Identification Package
Suffix

BETTER

PROCESSING

LEVEL | = SUFFIX S
LEVEL It = SUFFIX D
LEVEL lll = SUFFIX DS

2-2

PART MARKING

The Standard Motorola part number with the corre-
sponding “BETTER" suffix can be ordered from your
local authorized Motorola distributor or Motorola sales
offices. “BETTER" pricing will be quoted as an adder to
standard commercial product price.



The Motorola

standard HIGH REL
Programs

Motorola, a pioneer in the manufacture of high-reliability integrated cir-
cuits*, now offers you a two-way program for Hi Rel products.

1. A growing line of JAN-QUALIFIED integrated circuits.

2. An extensive program to supply JEDEC PROCESSED devices that
approaches the Qualified Reliability goals without the delay and high cost
of the actual qualification program.

Motorola stocks many circuits which meet JAN-QUALIFIED specifica-
tions, and is actively pursuing an expansion of this qualification listing
with product in all IC categories — encompassing Bipolar Digital, Linear
and MOS technologies.

Motorola JEDEC PROCESSED products compiement JAN-QUALI-
FIED products by making available hi-rel versions of nearly all Motorola
full-temperature range circuits, while adding the advantage of hi-rel
standardization.

The Motorola JEDEC Program

offers you these benefits:

1. Standardization of environmental and electrical test procedures.
2. Less specification writing required.

3. Less time required in negotiating specifications.

4. Fast delivery.

5. Lower costs.

*Motorola, in early 1971, was the first company to be qualified as a MIL-M-38510 approved facihity by the De-
fense Electronics Supply Center of DOD

A8




MIL-M-38510 JAN-Qualified Product

Screening Levels Available:
Class B & Class C

How to order
MIL-M-38510 »
JAN-Qualified Product

XX

Y Y Y

| | o oo I o |
INDICATES A MILITARY DETAIL DEVICE TYPE CLASS B,OR C CASE | LEAD
QUALIFIED DESIGNATOR SPECIFICATION WITHIN DETAIL {SEE DEVICE OUTLINE FINISH
DEVICE NUMBER SPECIFICATION CLASS TABLE) (SEE CASE (SEE LEAD -
OUTLINE TABLE) FINISH TABLE)
Case Outline Table Features: '
Source: MIL-M-38510D Amendment I | . 1. Manufactured in a government-
Appendix C approved facility.
Letter Deslgnation Description 2. G.S.l. (Government Source
A F-1 14-lead FP (1/4" x 1/4") Inspection)
B F-3 14-lead FP (3/16" x 1/4")
c D-1 14-lead DIP (1/4" x 3/4") Example of MIL-M-38510 JAN-
D F-2 14-lead FP (1/4" x 3/8") Qualified markings
E D-2 16-lead DIP (1/4" x 7/8"
= Fs T B (1 %o ORDER: JM38510/00104BCB
G A-1 8-lead can MARKING: JM38510/00104BCB
H F-4 10-lead FP (1/4" x 1/4") -
| A-2 10-lead can
J D-3 24-lead DIP (1/4" x 1-1/4")
K F-6 24-lead FP (3/8" x 5/8")
L NONE NONE
M A-3 12-lead can
N NONE NONE
P D-4 8-lead DIP (1/4" x 3/8")
- 40-1 P " x 2-1/16" z
Q D-5 0-lead DIP (9/16" x 2-1/16") Lead Finish Table
R D-8 20-lead DIP (1/4" x 1-1/16")
s NONE NONE A—Type A or B Per MIL-M-38510
T NONE NONE with hot solder dip
u NONE NONE B—Type A or B Per MIL-M-38510
v D-6 18-lead DIP (.300" x 1) with acid tin plate
w D-7 22-lead DIP (.400" x 1.1") C—Type A or B Per MIL-M-38510
X Reserved for use with “special” non-standard case with gold plate
Y outlines which are specified in the individual X—Any of the above, for
4 detail specifications. ordering purposes only.




JEDEC Processed Product

Screening Levels Available:

Class B & Class C

How to order

JEDEC
Processed Product

XXIXX/ Yl'

MOTOROLA CLASSB,ORC
DEVICE TYPE  (SEE DEVICE

CASE OUTLINE

Y Y

[

(SEE CASE (SEE LEAD

LEAD FINISH

|
JEDEC DESIGNATOR
PER JEDEC

{(WITHOUT CLASS TABLE) OUTLINE TABLE) FINISH TABLE) PUBLICATION NO 101
LETTER )
PREFIX)
: Features:
Case Outline Table .
S - MIL-M-38510D A d it 1. Lower cost than JAN-Qualified.
ource: -vi- mendment 2. Devices manufactured using
Appendix C design and processing guidelines
Letter Designation Description contained in MIL-M-38510 and
A F-1 . 14-lead FP (1/4” x 1/4") MIL-STD-883 ‘
B F-3 14-lead FP (3/16" x 1/4") 3. Product supplied with Motorola
c D-1 14-lead DIP (1/4” x 3/4") s
5 o 14 tead FP (1/4" x 3/6") standard data she_et electricals
E D-2 16-lead DIP (1/4" x 7/8")
F F-5 16-lead FP (1/4” x 3/8") Example of JEDEQ
G A-1 8-lead can Processed Markings
'I" Z': ’g"ead FP (174" x 1/47) DEVICE: 5400/BCBJC
- 10-lead can .
J D-3 24-lead DIP (1/4" x 1-1/4") ORDER: 5400/BCBJC
K F-6 24-lead FP (3/8" x 5/8") MARKING: 5400/BCBJC
L NONE NONE
M A-3 12-lead can
N NONE NONE
P D-4 8-lead DIP (1/4” x 3/8")
Q D-5 40-lead DIP (9/16” x 2-1/16")
R D-8 20-lead DIP (1/4" x 1-1/16") .
s NONE NONE Lead Finish Table
T NONE NONE A—Type A or B Per MIL-M-38510
o NONE NONE with hot solder dip
v D-6 18-lead DIP (.300" x 1”) B—Type A or B Per MIL-M-38510
w D-7 22-lead DIP (400" x 11") * with acid tin plate -
X Dual-in-line packages not listed above C—Type A or B Per MiL-M-38510
Y Flat packages not listed above with gold plate
r4 All other configurations not listed above. X—Any of the above, for
- ordering purposes only.

[~
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Screening Procedures

For MIL-M-38510 Jan-Qualified and JEDEC Processed Product
(To MIL-STD-883 Requirements)
In recognition of the fact that the level of

screening has a direct impact on the cost
of the product, as well as its quality and

reliability, two standard levels of screening are

provided to coincide with two device classes,
or levels of quality assurance.

Flexibility is provided in the choice of test
conditions and stress levels to provide
screens tailored to a particular product or_

application. Selection of a level better than
that required for the specific product and
application will result in unnecessary
expense. A level less than that required may
result in a risk that reliability requirements

will not be met. For general hi-rel applications,
the Class B screening levels should

be considered.

Device Class Table

CLASS B CLASS C
SCREEN METHOD RQMT METHOD RQMT
Internal Visual {Precap) 2010 Condition 100% 2010 Condition 100%
B and 38510 B and 38510
Stabilization Bake 1008, 24 hrs test 100 % 1008, 24 hrs test 100%
Condition C Condition C
or Equivalent or Equivalent
Temperature Cycling 1010 Condition C 100% 1010 Condition C 100%
Constant Acceleration 2001 Condition E 100% 2001 Condition E 100%
Y1 plane Y1 plane
Seal (a) Fine 1014 100% 1014 100%
(b) Gross
Interim Electrical Per applicable -
Parameters device 1
specification
Burn-In Test 1015 100% -
160 hrs @ 125°C
or Equivalent
Interim Electrical Per applicable 100% -—
Parameters device 1
spectfication

Final Electrical Tests Per applicable Per applicable

(a) Static tests device 2 device 2
(1) 25°C (subgroup 1. specification 100% spectfication 100%

table 1, 5005)

(2) Max. & min rated 100% Sample
operating temp at
(subgroups 2 & 3, Group A
table 1, 5005)

(b} Dynamic tests &/or 100% Sample
switching tests @ 25°C at
(subgroup 4 and 9, Group A
table 1, 5005)

(c) Functional test @ 25°C 100% 100%
(subgroup 7, table 1
5005)

Qualtfication or Quahty 5005 Sample| 5005 Sample

Conformance Inspection Class B 3 per Class C 3 per

38510 38510

External Visual 2009 100% 2009 100% -

1 When specified in the applicable device specification 100% of the devices shall be tested

2 MIL-M-38510 QUALIFIED product is tested per applicable 38510 detail specification JEDEC PROCESSED

product is tested per the Motorola standard data sheet electrical specification
3 For JEDEC PROCESSED product, Groups A and B per 5005 and JEDEC Publication No 101.
Groups C and D are available upon request

2-6
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BUS INTERFACE

Microprocessor Bus

This family of devices is designed to extend the
limited drive capabilities of today’s standard 6800 and
8080 type NMOS microprocessors. All devices are fabri-
cated with Schottky TTL technology for high speed.

DATA BUS EXTENDERS

Quad, Bidirectional, with 3-State Outputs
MC6889/MC8T28# — Non-inverting

MC6880A/MC8T26A# — Inverting

Recerwer

Recewer

General features include:
® Single +5.0 V Power Supply Requirement
® Three-State Logic Output

® Low Input Loading — 200 1A Max.

S
Enable 16] Vv, Enabis :{>
Ir\pu(E :] ce InpulE
Recewer Drwver #These devices may be Recewer Ortver
2 —< }-— 15] Enab Ou 2 —< |—- 15| €
Ou‘:’u‘ [: l:;ul. ordered by either of ‘:’m L_‘ |:;::'
Bus 1 E a8 g::::':‘" the paired numbers Bus 1 E 14 g:c‘;.::,
Orwer I: I :] 4 Orwer {: 4
Input | 4 13| Bus 4 Input { 4 —J 13| Bus 4
1 o 1
R wer € v R " D
ot (2] (12] tnout Bothtypes Gutmat & 12] input
2 4 Ta=0t075"C 2 4
Receiver Recewer
Bue2 E 1 Output Packages Bus2 E n Output
L Suffix — Case 620 1
Drwer Orwer
tnput 7] [10] Busa P Suffix — Case 648 nput [7] [10] Bus3
2 2
Driv Dr
Gnd E 9 |n;u'x' Gnd E 9 |f|;:|.:
3 3
Input Current IoHL tPLH- tPHL
Output Disabled Propagation Delay Time — High to Low or
Device LTS TR Leakage Current — High Logic State Low to High
Number uA Max uA Max uA Max ns Max
MC6880A/MC8T26A 25 -200 100 14
MC6889/MCBT28 25 -200 100 17

BIDIRECTIONAL BUS SWITCH

MC6881/MC3449# — For exchanging TTL level digital
information between selected pairs of ports in a

3-port network.

Enable E
A
~ [

e} vee

Enabie

a3z 3] )

14] 1

Az [4] f

Select

3] c3

(1or2) LS

Control

Ecz

(Direction) LS

Gnd E

i}

—

? 1] 82
10] 83

ial

B1

X1
X2
Extin
4 xfq
2x fo
#This device may be M;"“’;V
ordered by either of B oacy
us 92
the numbers.
Gnd
Both types:
TA =0 to 70°C
Packages:

L Suffix — Case 620
P Suffix — Case 648

the non-overlappi

16
15

13
12
1
10

nnnnaonan

VoLcg = 0.3 V Max

M6800 CLOCK GENERATOR

MC6875 — Provides
clock signals for M6800 MPU systems.

ng two-phase

= Vee
b= MPU g1
= Reset
I/ MPU 02

System Reset

— DMA/Ref Grant
— DMA/Ref Req
[ Memory Ciock

VOHC = Ve — 0.3 V Min

fop =20 MHz Typ

MC6881/MC3449 TRUTH TABLE

Enable | Select | Control Data Flow
0 0 0 23
[»] 2] 1 3~—2
VoL lop i liH 0 1 0 13
@IgL=80mA|@Vp=27V | @V =04V [@Viy=27V 0 3 7 37
Volts Max u#A Max uA Max uA Max <
0.5 25 ~200 20 1 X High Impedance

X - Don’t Care




Microprocessor Bus (continued)

ADDRESS AND CONTROL BUS EXTENDERS
Octal, Buffer/Latch Unidirectional with 3-State Outputs

MC6882A/MC3482A # — Inverting #These devices may be MC6882B/MC3482B # — Non-inverting
ordered by either of
S the paired numbers. N

WE
Enable
Out1 E
In1 E
|an
OuKZE
OUKSE
IA3E
IndE
OutAE

Sutput
E Vee Enable E EI Vee
FE{E outs out1|2
E] Ing . n1(3
El in?7 In2t4
[{ All types:
f16] out 7 Ta=0to750C our2[s

L
E
)

Y

E’Ins In3|7

El In6 Packages: In4ls
’E{ L Suffix — Case 732
E outs P Suffix — Case 738 outa[s

ol T )

Gna 10 ,_"T] Tateh GndE [11] taeer
Output . Oll_ml-l; .
Enable | Latch Input | Output Enable | Latch tnput | Output
o 1 0 1 ° 7 o °
o 1 1 0 1 1 1
0 0 X Qo 0 ‘] X Qg
1 X X Zz 1 X x b4
VoL VoH
N'f;:’l'::r @lgL=48mA | @ Igy = -5.2mA :\°1§ PHL
Volts Max Volts Min Rl e s lyp
MC6882A/MC3482A 05 2.4 -80 8.0
MC68828/MC34828 0.5 2.4 ~-80 10
Hex, Unidirectional, with 3-State Outputs
MC6885/MC8T95# — Non-inverting MC6887/MC8T97 # — Non-inverting
MC6886/MC8T96# — Inverting MC6888/MC8T98# — Inverting
Two-input Enable controls all six buffers. Two Enable inputs, one controlling four buffers
and the other controlling the remaining two

S buffers. -
Enable 1 E E Vee Enable 4 E_DT
input A E E] Ensbie 2 Input A E ,—G—E] Enabis 2
.
.
Output A Ea E Input F Output A E@ E Input F
! .
input 8 [4] 113] outout F input 8 [4] | (13] output £
* 1 All four types: - 4
Output 8 E@ [12] input € Ta =010 75°C outut s [5] E' F—
Q

. . .
input ¢ [6] [11] outeut e Packages: nput € [ 11] output €
. 5 L Suffix — Case 620 [: :'
oupur ¢ [7] [10] 1nput o P Suffix — Case 648  guppurc [z] [10] input D
) .
Gnd E 53 Output D Gna [8] ! EB Output D

*Add inverter for MC6886/MC8T96. *Add inverter for MC6888/MC8T98.
T
VoL VoH
@lgL =48 mA @lgH=-52mA los tPLH | tP(Enable)
Volts Max Volts Min mA Typ ns Typ ns Typ
0.5 24 -80 6.0 11




BUS INTERFACE (continued)

MIn'COrnputer BUS Transceivers and receivers for bus orgamzed minicomputers employing

120-ohm terminated lines.

+5.0 V +5.0 V
180 120  Data Bus 180
b)) 5 N b)Y
AS Y LS CC LS9
390 390
= 16 174 1/4 =
MC3437 DS8641 DS8641

|

I

To Computer or Peripherals

HEX RECEIVERS

MC3437 — Hysteresis-equipped for improved noise
immunity. DS8837 equivalent.

Input 41 g 18] vee
Output 4E E!npun
|npu15E EOulpux 1
Output SE E]Input?
InputGE 12| Output 2
Output GE 11] Input 3
Disable BE Eomnu( 3
Gnd [8] 9] Oisable A
(R} tPLH(R)
@V|(R)=40V Hysteresis @C| =15pF
H#A Max Volits Min ns Max
50 0.5 30

All three devices:
Ta=0to70°C

Packages:

MC3437

MC3438 Ds8641

L Suffix — Case 620 — J Suffix
P Suffix — Case 648 — N Suffix

QUAD TRANSCEIVERS

DS8641-MC3438 -
Open collector driver outputs allow
wire-:OR connection. MC3438 has
hysteresis-equipped receiver for improved
noise immunity (not available with DS8641).
MC3438 is equivalent to the DS8838.

6] vee

[15] Bus 1
78] input 1
2] Bus 2
77 mpus 2
L{>o—i0] output 2
(5] ousabte A

Bus3[1]
1nput 32
Outout 3[3]
sus4fa]
input 4[5 |
output 4 [6]
Disable 87 |
Gna[s]

{1 ]

Receiver | V| (US) lgus tPLH(D) | tPLH(R)
Hysteresis | @ Igys = [ @ ViH(BUS)=| @CL=]| @C_=
Volts 50 mA 40V 15 pF 15 pF
Min Volts Max pA Max ns Max ns Max
0.25° 0.7 100 25 30

*MC3438 only.




BUS INTERFACE {continued)

Computer Bus

NEW 1BM 360/370 1/0 INTERFACE

Line Receivers and Drivers designed to operate compatibly, The MC75125/MC75127 Seven-Channel
Receivers, MC75128/MC75129 Eight-Channel Receivers, and the MC3481/MC3485 Drivers meet the new
IBM System 360/370 1/0 standard requirements.

SEVEN-CHANNEL LINE RECEIVERS

MC75127 — Standard V¢g

MC75125 and Ground Pinouts.
\J \J
1A 1 [:_—-|>°_:]16 1Y 1A 1] [>° 16 Vee
2A 2 [:—D°_ 18 Vee A All types: 2A ZE_D" I 115 1
sa 30— 14 a3y Ta=0to0700C 3A 3E—D’_"‘—:] 14 2y
aA a4 L__—{>= 13 av 4A AE—{>»—|—:] 13 av
sa s [—D> 12 sv 54 5|j—{>°—\_;]’2 4y
6A & l:———{>= 111 6Y Packages: 6A 6] - 111 5Y
) L Suffix — Case 620
a2 > ij 7Y P Suffix — Case 648 7A 7E—‘>°| (1o sy
Gna .8 ] Jo 2y ana  8l] (e 7Y
Logic: Y = A Logic. Y = A
EIGHT-CHANNEL LINE RECEIVERS
MC75128 — Active-High Strobe MC75129 — Active-Low Strobe
T s o1 A 20 vee 15 1 N 20 vee
1A 2[] 19 1y 1A 2 [J19 1y
2a 18 2y
2A 3 E 318 2y Packages: 3 L_‘ :l
3a 4[] 17 av L Suffix — Case 732 3a 4[] 117 av
4A 5[ :]16 4y P Suffix — Case 738 aa 5[ ]16 ay
sA 6] (15 sy 5A 6} (15 sy
6A  7[] ()14 eY 6A  7[] [ J14 ey
1A 8[] 1z 7y 7Aa  8[]] [J13 7y
8A 9[] 12 8y 8Aa o[] 12 8y
Gnd 10[] 1 28 positive logic: Y = AS Gnd 10[] 111 2s
Input
i ; WH(R) tPLH
ND‘::\II‘::r R":(‘g"“ @Viq=311V @Cy =50 pF
’ Min/Max mA Max ns Max
MC76125/76127 7.4/20 0,42 25
MC75128/76129 7.4/20 0.42 : 25

3-5



BUS INTERFACE (continued)

New 1BM 360/370 1/0 Interface {continued)

QUAD LINE DRIVERS
e (To be introduced)

MC3481 — Open emitter driver
with individual fault flags.

MC3485 — Open emitter driver
with combined open collector
fault flag and inverted outputs.

U
Driver
Output A 1

Fault Flag A E

Input A E

E] Vee

E] Output D

(14] Fault Flag D

Enable AB E

E] Input D

Input B E

E Enable CD

Both types:
Ta =0to 700C
Driver Output A E

e
Driver Output A E

Input A [3]

———

o)

.

Enable ABCOD [4]

Vee
Driver Output D
4| Driver Qutput D

13| Input D

Input B

G

Fault Flag
(Open Collector)

Fault Flag 8 [E

Driver B E

Packages:

E Fault FlagC

E] Driver C

E Input C L Suffix — Case 620 Driver [g
P Suffix — Case §48 OUTPUTE [:

: m

Input C

Oriver
Output B

i

Driver Output C

Gnd [8 ' Gnd E 9 | Driver Output C
" VoH los* ' tPLH
N?;:::r @loH = -59.3mA @vg=0 @Cp =100 pF _
. Volts Max , mA Max ns Typ
MC3481/3485 3.1 0.0 25

*Fault Protection

GENERAL-PURPOSE 1/0 INTERFACE

Line drivers and receivers designed to operate com-
patibly. The MC8T13/MC8T 14 combination is specified

DUAL LINE DRIVERS

MC8T13 — Open emitter driver; specified for general
TTL systems.

MC8T23 — Open emitter driver; specified to meet
older IBM system requirements,

for general TTL system applications. The

mCsT23/

MC8T24 combination is oriented toward older IBM

360/370 system requirements.
TRIPLE LINE RECEIVERS

MCB8T 14 — Hysteresis-equipped receiver; specified for

general TTL systems. * .

MC8T24 — Hysteresis-equipped receiver; specified to

meet older IBM system requirements.

' hd Gate i
Input A1 E , IG] Vee meut Az L2 ::DT EVCC
. Gate Strobe
input a2 2] F—g\ tnput 86 tnput a3 |2 input 53
~ I Receiver Recawver |
Input A3 E . E Input BS Input R1 14 lnpulVRJ
All four devices* Strobe Outy
. put
Input Ad[z - Elnpu( B4 Ta =0to 75°C Input 514 3] fa
Packages: Gate Gate
Input A5 [5 | [12] 1nput 83 L Suffix — Case 620 'nput a1 L2 —(CHiz itz
P Suffix — Case 648
Gate Strobe
Input AGE E Input 82 Input B1 6 n Input 52
Output Receiver
7
output A [7 [10] 1nput 81 R [ Input A2
Gnd|8 9|Output B 8 Output
|: j utpu Gnd E S F2
VoH HHR)
) @ loH = -75 mA los tPLH @Viy(r) =38V tPLH(R)
Device @IgH = -69.3 mA* @vVg=0 |@C =15pF Device VH(R) @ViH(R) =3.11V* | @C =15pF
Number Volts Max mA Max ns Max Number | Volts Min mA Max ns Max
MC8T13 24 -30 20 MC8T14 0.3 0.17 30
MC8T23 3.11° -30 20 mMC8T24 0.2 017° 30




BUS INTERFACE (continued)

Instrumentation Bus

QUAD INTERFACE TRANSCEIVERS

These devices are designed to meet the GPIB bus specification of IEEE Standard 488-1978, for the inter-
connection of Measurement Apparatus.

MC3440AP — Three drivers with MC3441AP — Four drivers with MC3443P — Four drivers with

Bus B E

Logic Gnd 8

E Receiver
Output D

E Bus D 8 T4

[

common Enable input; one common Enable input. common Enable input; no
driver without Enable. termination resistors.
QOutput and
Termination ~ \J N
and [] i vee 0 m o m
Bus A E E] BusC E ~E E El
. YA A
Lo W Snt O m G m
D
A 53] inputc a 3] G 1)
npun & 2] Enavle & B 72) B 2]
Semith DRSO G m
@ G @
B [2] B

MC3446AP — For low-power instruments, including MC3448A — For common Send-Receive bus; '
MOS. bidirectional.
\/ A
Receiver Send/Rec.
outputa L[] 6] Vec © Packages. nput A 1] be] vee
Recewer L Suffix — Case 620 o/R
BusA [2] 5] Gutput b P Suffix — Case 648 Data A [3] E IS::ut I;c‘
D #
Inprul:e/i: E T—E Bus D Bus A E E Data D
Pull-Up %
Enable Driver Bus D
asc 4] 13] inputo Enable [4] ha]
All types: Input A-B Pull-Up
Driver . Enable
inooes [ 2] Enable D Ta=0to70°C Buse [5] E 2] Input C-D
- Driver DataB [6 11] BuscC
Bus B E T E Input C E ﬁ j
Receiver Send/Rec. N
Output B E E Bus C Input B El Data C
Receiver Send/Rec.
G 9
nd s 3 Qutput C Vece Gnd E j Input C
—F—OBus — Indicates Bus
Terminations
Gnd
Receiver Drive tPHL
Device Input Output Voltage (Driver or
Number Hysteresis @ lgL =48 mA; Receiver)
mV Min Volts Max ns Max
MC3440AP 400 0.5 ) 30
MC3441AP 400 05 30
MC3443P 400 0.4 25(D) 22 (R)
MC3446AP 400 0.5 50 (D} 40 (R)
MC3448A 400 0.5 17 (D) 23 (R)




BUS INTERFACE (continued)

d)

Instry tion Bus (

OCTAL LOW-POWER INTERFACE TRANSCEIVER

These devices are designed to meet the GPIB bus specifi-
cations of IEEE Standard 488-1978, for the intercon-
nection of Measurement Apparatus.

MC3447 — Open collector, 3-State
outputs with terminations.

S/R (01

23] vee

Data o[ 2]

g 7

N

T EBusO

Data 'lE—[F———T—E Bus 1

T

Data 2[2

¥ 21[Bus 2

Data'3[5 | F—{20]Bus 3
Data AE > F E Bus 4

Data SE EBus 5
SLICIER [17]s/A (1-

Gnd [8]

*Inverter on MC26S11 only.

All types:
Ta =010 70°C

Packages:
_L Suffix — Case 623
P3 Suffix — Case 724
(Narrow)

Vce

Bus
Terminations

—F—O Bus — Indicates

5] BusD

" Gnd
Data 6[9 | - F—{16]Bus 6 Receiver Drive tPHL
Lg—— Device Input Output Voltage (Driver or
Numb. Hy i @ le =48 mA; Receiver)
Data 710 > F—15]Bus 7 mV Min 'olts Max ns Max
Lg— MC3447 400 0.6 30 (D) 22 (R)*
s/& (o)1 ——>— [T2]s/R (7)
*Fast Channel.
Logic B
ez [75] Bus
HIGH-CURRENT PARTY-LINE BUS TRANSCEIVERS
Devices for industrial control and data communication.
MC26S10 — Inverting
MC26S11 — Non-inverting’
Quad transceivers with open-collector drivers and
PNP-buffered inputs for MOS compatibility.
\ e Packages:
Gnd 1 el v L Suffix — Case 620
& ie] vee P Suffix — Case 648
Bus A [2] 5] Bus C
Recei Test Condition Limits
aceiver R i
Output E E Output C VoL (p) loL = 100 mA 0.8 Volts Max
Driver E 3 Driver lo (D) VoH =45V 100 uA Max
Input A Input C 101(D) Vee =0V, 100 4A Max
HH (D) VIH=2.7V 30 uA Max
Receiver Dri
Output B L8 11 'np“’;"o L (D) ViL=04V -0.64 mA Max
tp (D) MC26S510 15 ns Max
Bus B [7] JinetieR Mc26511 19 ns Max
tP (R) Both Types 15 ns Max

3-8




'MEMORY INTERFACE AND CONTROL

of RAM.

The memory controiler chip is designed to greatly
simplify the interface logic required to contro! popular
16-pin 4K, 16K, or 64K dynamic NMOS RAMs in a
microprocessor system such as the M6800. The con-
troller will generate, on command from the micro-
processor, the proper RAS and timing signals required to
successfully transfer data between the microprocessor
and the NMOS memories. The controller, in con-

MC3242A address/multiplexers/refresh counters.

Designed to interface directly with MC3232A or

NMOS Memories to TTL Systems

MULTIPLEXED 16-PIN RAM CONTROL
(For 4K, 16K, and 64K Dynamic Memories)

MC3480 — Memory Controller. Used with all three levels

junction with an oscillator, will also generate the neces-
sary signals required to insure that the dynamic me-
mories are refreshed for the retention of data.

With Schottky TTL technology for high performance,
and high input impedance for minimum loading of the
MPU bus, the MC3480 reduces package count, and
reduces system access/cycle times by 30%. The chip
enable allows expansion to larger-word capacity. '

\ v
Signals Mc E 2] vee
To
MC3232A7 uz] L
MC3242A —
. 23] 77 cE
Address |- Row Enable
Control 2] [21] Ret ClIk
Signals Loglc (—= Refresh Enable
Erom ‘ t4 E _zE] Ref Request
MPU
t6 |6 19| Ref Grant
A12/14 ———pnmy Address E :j
A13/15 Decode R/WInE EA12“4
MPU —a- RAS 1 '
' | ——a RAS 2 A13/1%5
Interface RAS 2 Ref En Out E E] 1
' And s RAS 3 -
Memory —=FAS4  Row EnOut[s] 6] RAS 1
Ref Clk —=={ Control
Ref Grant ——m E:;?:‘“ Logic R/W Out [10] (5] RAS 2
Ref Request «wei——i
& — CAS cas 1] (4] RAS 3
[+
[——= R/W
mc Gnd [i2] (3] RAS 3
R/W 1
MCt1t2t3 t4 15 Ta =0 to 70°C
Packages:

L Suffix — Case 623
P Suffix — Case 649
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MEMORY INTERFACE and CONTROL (continued)

NMOS Memories to TTL Systems (continued)
Multiplexed 16-Pin RAM Contro! (continued)
(For 4K, 16K, and 64K Dynamic Memories)

MC3232A — 6-Bit (4K RAM) Address Multiplexer/Refresh Counter
+ MC3242A — 7-Bit {16K RAM) Address Multiplexer/Refresh Counter
MC3482A/B — 8-Bit Address Multiplexer (See Microprocessor Bus Section)

MC3232A — Designed for multiplexing 12 address
lines into 6 for the 16-pin multiplexed 4K RAMs, while
also containing a 6-bit refresh counter,

also containing a 7-bit refresh counter.

Both types:

Ta=01t0750C

Packages:

MC3232A — L Suffix — Case 623
P Suffix — Case 649

MC3242A — L Suffix — Case 733
P Suffix — Case 710

s R vy
Count |1 | [24|Vee
Ref En E |23|Row En
A1[3] [22] AS
’ A2[s] 120] A4
=== =
A8 | 6| 19] A10
a0 (7] 18] a2
as [} mps
56 [9] 6] 63
: oz [10] 15| 5a
5 [ 7] o8
’ Gnd [12] cE
MC3232A MC3242A
A1l A13 0
A5 A6 O—
I
|
|
12 14 |
Total Totat |
Address Address |
Lines Lines )
|
!
|
|
A6 A7 O—
‘AD AQ

Refresh o—«-Do—
Enable

Row O—-——4¢
Enable

Count O—-—T

_[>o.

N-Bit Counter*

N*
Total

MC3242A — Designed for multiplexing 14 address lines
into -7 for the 16-pin multiplexed 16K RAMs, while

, Count Evcc
Ref En [27] A6
Row En [26]A13
N.C. [25] A5
A1 [2a] A12
A8 [23] As '
A2 [22] A11
A9 21] A3
AD [20]A10
A7 [19] T8
& i8] 53
62 7] &3
oi l16] &8
Gnd [15] ce
MC3242A MC3232A
Output 6 Output b
!
|
|
|
!
e
| Total
I ‘.
|
1 1
' ’ I
|
[ Output 0 Output 0
Vee
50 k
CE

*N = 6-Bit for MC3232A
= 7-Bit for MC3242A
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MEMORY INTERFACE AND CONTROL. (continued)
NMOS Memories to TTL Systems (continued)

BUS EXTENSION
(See Microprocessor Bus)
MC6887/MC8T97 — Hex Non-inverting
MC6888/MC8T98 — Hex Inverting
MC6882A/MC3482A — Octal Inverting
MC6882B/MC3482B — Octal Non-inverting

Bus Switches
MC3449 — Triple Bidirectional

Data Bus (Bidirectional) Extenders
MC6880A/MCBT26A — Inverting
MC6889/MC8T28A — Non-inverting

Address Bus (Unidirectional) Extenders
MC6885/MC8T95 — Hex Non-inverting
MC6886/MC8T96 — Hex Inverting

DATA AND ADDRESS LINE DRIVERS
(Low Level)

MC3459 — Quad Address Line Driver
U
ko m

[14] vee
Input i
r\zp: E L Suffix — Case 632
Ou;pu( E e( !

A
P Suffix — Case 646
!
to

EE o

" Output 3 -

:] D Device VoH @'OH VoL @'OL ropagation cL
F

Delay @

Ta=0to700°C
Packages:

Features

|,,;;, 5 @ In"::u‘ Number |VoltsMin mA [Volts Max mA s Max
In| - w
Ou;vul E E 2‘::“‘ MC3459 2.4 2.0 0.7 80 26 360 | High fan-out capability
Gnd E E Ou::pu(
CLOCK AND CHIP ENABLE LINE DRIVERS
(High Level)
MC3245 — Quad Clock Drivers MC75366 — Quad Clock Driver or MMHO0026 Dual Clock Dri
with Refresh Select Logic High-Current NAND Gate MMH0026C ual Clock Driver
Ad " ]
Voo [1] 6] vee veea[] 8] Ve ne [1] [8] ne
Output A E t 3 _1_—-’_’] Output D gyepyt AE T_E]Output D input A [2] »- z]omput A
Channe! Channel
3 14 ] 1A
» Select A G R T 14] input 0 Vee [e] vee
Enable 1 |4 13| Enable
Enabie 1 [4 | 13] Erapie 3 tnput 248[3] 13 Input 3€D |y g [A—{ > (6] Output B
Refresh E]E’,mz Input 3AB[5] 12] Input 2¢D
Select .
Sharmal (Pin Connections for U or P1 Package)
Channel 5] 1) Channel o 18 (6] 1] 1nput 1¢ Ta:
Select B Select C MMH0026 — -55 to 125°C
Output 8 [7] f 3 o]Output ¢ Output B[7} f10] Outeut C MMHO0026C — 0 to 70°C
Packages
9 Gnd |8 vV,
ene @ Plne " [9] veea G Suffix — Case 601
L Suffix — Case 632
Ta =0to 70°C Ta= O U Suffix — Case 693
A A=0t070%C P1 Suffix — Case 626 (For
Packages: Packages: MMHO0026C only)
L Suffix — Case 620 L Suffix — Case 620
P Suffix — Case 648 P Suffix — Case 648
Device VoH 10H VoL @ 'oL tDHL Co Feature
Number Volts Min mA Volts Max mA ns Max pF
MC3245 Vpp - 0.5 -1.0 0.45 6.0 32 250 Does not require second high voltage
supply. Low input loading.
MC75365 Vecz - 0.3 -0.1 03 10 18 200 Derives Voo q power from TTL 5-V
supply, and Vgeg and Veeg from Vgg
and Vgg supplies from NMOS memories.
mm:ggigc Vg -1.0 0.4vVv:* Vgg + 1.0 24vV* 12 1000 | For very high capacitance loads.
*@V) - Vgg
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'MEMORY INTERFACE and CONTROL (continued)

NMOS Memories to MECL Systems

DRIVER/TRANSLATORS

memory systems. The MC75368 may also be used as
positive logic NOR or non-inverting gates.

MECL-to-MOS driver/translators convert standard
MECL 10,000 input signals to suitable levels for NMOS

MC75368 — Dual Clock Line Drivers suitable for driving

address, control, and timing inputs. Maximum Supply Voltage:

MC756368 = 18 V

N\
Vee E 4] vees Ta =0 to 700C
a2 E”‘ Packages:
L Suffix — Case 632
8 E 228 P Suffix — Case 646
1¢[a] 1 2¢
Veea[5] olvees
1v[€] E\zv Device [ VOH loH[ VoL loL| toHL o CL
- g Number | Volts Min mA |VoltsMax mA([nsMax  pF
Gna[7] [l veea MC75368)Veea-0.3 0.1 0.3 10| 26 300
‘
SENSE AMPLIFIER
MC3461L — Dual Sense Amplifier with MECL 10,000- o S
compatible control inputs and complementary, ot [1]e el "’é‘,:;"“
open-emitter outputs. Designed for 7001 and 2105 Output
Output
type NMOS 1K RAMs. w2 18] °5u
Qutput Output
yelEl i %
Outputs A Outputs B
Enable 4 13 Enable
input b Input
2a LB 2] 48
ITH tpp (Amplifier) tpp (Enable) Input Input
pA Max ns Max ns Max 1A s 28
+200 10 6.0 Ampl. Input
:-:‘::? E Termination
(Ry)
VEE vV,
(2w 8 _ﬂwgcw
TA =010 76°C h
Package:
Case 620
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MEMORY INTERFACE and CONTROL (continued)

Magnetic Memories to TTL Systems

Features 4-channel input with decoded channel
selection and strobed output capability.

Packages:
MC1544/MC1444
L Suffix — Case 620
VoH VoL
Device VyH |@IgH =-400uA|@IgL =10 mA| tpp

Number mV Volts Min Volts Max ns Max
MC1544 | 0.5101.5 24 0.5 25
MC1444 | 0.31023 2.4 0.5 25

inputs ;E% @g

Channel D ( E

SENSE AMPLIFIERS
. .. for Magnetic Tape Memories
T
A
E TAPE AMPLIFIER SYSTEM A two-component preamplifier/amplifier combination
that provides the interface between magnetic tape heads
173 | || mcaaes and digital logic. Suitable for both open reel and car-
MCP“G’ Filters Read |—@ tridge tape systems. Triple preamp has individually ad-
= Ampntier | | | Amelifier justable gain controls. LS| Read Amplifier performs
peak detection and threshold detection functions, as
é 6 required for NRZI/phase encoded recording formats.
Electronic Gain NRZI/9
NN Control Code Select
MC3467 — Triple Preamplifier MC3468 — Read Amplifier
——
Channel Select
EGCE ‘__BIVCC Bnn?A :re;) E E] Vee
Threshold Amplifier Threshold Detector
2— ] ' input A (=] "] output TG
toput & Output Threshold Amplifier Threshold
E_— E ‘ inverting Input E r 1 Level Input
Threshold Amplifier
‘ E___ E ’ Input B E E 2CD Output
Input B Output
EGC 5 " Gnd
( EL_ _’__f] ] Both types: o E
Ta=0to70°C 3 . .
Differentiation
EGC |6 EEGC Packages: Inputs A { A ] Components
E E L Suffix — Case 726 E E
KN o P Suffix — Case 701 R
Inp\ns c IOu(pul E E g:utr;f:ate
IE.—.——‘ E ’ Inputs B
® E] VeE
GndE EVEE
.. . for Plated Wire and Thin-Film Memories
and other low-level sensing applications.
S
MC1544 — Ta = -55 to 1250C wpuss § [ S 16} (nputs
MC1444 —To=0to 70°C Channel C E [5] Channel B

Inputs
Channel A

}

Vee [5] 12 Vee
Capacitor
Strob:
l:u';;)u(es [E“ —-‘E Restore
| Input
Channel E :@Ground
Select

(2]

Inputs

)P*E] Output
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MEMORY INTERFACE and CONTROL (continued)

Magnetic Memories to TTL Systems (continued)
FLOPPY DISK READ AMPLIFIER SYSTEM
—/_/
MC3470 — Designed as a monolithic READ Amplifier . [fo 18 Veea
System for obtaining digital information from floppy ﬁ,’:::; e '
disk storage. It is designed to accept the differential ac ] 17 Amplifier
signal produced by the magnetic head and produce a 3] @] Outputs
digital output pulse that corresponds to each peak of the Offset
. . . age . Decoupling .
input signal. The gain stage amplifies the input wave- (2] ) ElAcme
form and applies it to an external filter network, enabling Gl E‘ :’n"":"":""“"’
the active differentiator and time domain’ filter to .
produce the desired output. It combines all ‘the active onesnot  J[E] 3] Orferentiator
circuitry to perform the floppy disk READ amplifier Companents q] = Components
function in one circuit, and is’guaranteed to have a 2
maximum peak shift of 5.0%, adjustable to zero. One Shot {E ] vees
Components Data
Ta =010 700C 10
Paqkage: Qutput
" . " P Suffix - Case 701
6.0V 12v Gnd
! 1 La 5
T T_ - = _T T T =
) N
1 17 0==bk4a ! T T T
Magnetic | Filter o Active H Pulse | One | “D** lpyjge | 19 Digital .
Head | Diff. Gen. | shot | Fiop | Gen. Output
2 16 e | |
L 16 1
Galn T Peak | Time Domaln
Stage | Detector | Fliter
| |
P f
v (. HUH | RN A
3&&4‘ | 12&&1‘3 | L7 &l
Gain | Differentiator | Mono 1 Mono 2
Sefect | | Network RC RC
CORE DRIVER
MC55325 - Ta = -55 to 126°C cifl‘;;‘::"
MC75325 — Ta = 0 to 70°C
Contains two source switches and two sink switches. w
Source and sink selection is determined by one of A
two logic inputs, and turn-on is determined by the
appropriate strobe. st
. Strobes
Packages: S2
L Suffix — Case 620
P Suffix — Case 648 (MC75325 only) c
Y
Gnd
Vsat lotf tpLH | tPLH :
Device | @ Igjnk of Isgyree =600 mA | @ Vo2 =24 V | (Source) | (Sink)
Number Volts Max LA Max ns Max | ns Max
MC65325 0.70 150 50 45
MC75325 0.75 200 50 45

3-14




‘COMPUTER AND TERMINAL INTERFACE

Voltage Mode

DRIVER

MC1488 — Quad; output current limiting.

LINE DRIVERS AND RECEIVERS

for Modem/Terminal Applications

RS-232C SPECIFICATION

MC1489

RECEIVERS

— Quad; 0.25 V input hysteresis.
MC1489A — Quad; 1.1 V input hysteresis.

\/ —\
vee [0 4] vee input A E 18] vee
Input AE@ E Input D1 g:;‘:f:l‘: 2 E Input ©
outut a [3] @E Input D2 Al devices: Output A E 7] Beeone
Ta =0to 70°C 5
Input B1 | 4 11| Output O InputB |4 11| Output D
¢ E :] Package: E :]
input 82 3] (10] 1nout c1 L Suffix — Case 632 Rewonse [5 f10] tnpur ¢
Output B E E] input C2 Output 8 [ 6 9 2;::::'-::
ana [7 (8] output Gea [7] [;E Output €
tPHL
VoH VoL tPHL Device nput Vigp | mputVilp @ Ry =300 0
@ Vee/VEE= 9.0V |@ Voo /VEE = 9.0V los @Cy) =15pF Number Volts Volts ns Max
Volts Min Volts Max mA ns Max McC1489 1.0t0 1.5 0.75 t0 1.25 50
6.0 -6.0 +6.0to0 12 175 MC1489A 1.75 to 2.25 0.75 to 1.26 50
RS-422/423 SPECIFICATION
DRIVER RECEIVER

MC3487 — Quad; three-state outputs.

MC3486 — Quad; three-state outputs and input hysteresis.

S "
input A E El vee E E] Vee
Inputs A R b
2 E Input D E E]
Channel A
Inputs B
Outputs E E output A [3 4 E
Channel D
Output Both di T}
are convr 2] ) } - ° TAe:'gem 70°C Comrar ™' L4 "D“ 3] oueeus s
Packages: output € [ 5 2] Qutput 8/D
Channel B ' E E €/0 Conret L Suffix — Case 620 e E Control
Outputs P Suffix — Case 648
E 11 E E Qutput O
:] Channel © Inputs € l p
e = . ﬁ E}
Inputs D
Gnd E E] tnput C Gnd E E]
VoH VoL VoD(Differential) . hip
@loy=50mA[@lgL =48mA| @R =100 |tpLH/tpHL VTH(D) @Vip=t10V
Volts Min Volts Max Volts Min ns Typ @VicM=1:7.0V | Vgc =0105.25V | tpHL/tPLH [tP(Control)
50 o5 20 5 Volts Max mA Max nsTyp ns Typ
" - Z +0.2 +£3.25 20/25 25
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COMPUTER AND TERMINAL INTERFACE (continued)

Line Drivers and Receivers for Modem/Terminal Appli?ations (continued)

Differential Current Mode

DRIVERS
MC75S8110 — Dual; industry standard.

RECEIVERS

MC75107/MC55107 — Dual; active pullup output.
MC75108/MC55108 — Dual; open collector output.

Inhibst

Input
Outputs

12 Vge O 22 2y

Inputs Output Strobe

Qutputs

Ve 1Y VEE 2A 28 NC 2v 26

Ta =010 70°C
(MC76xxx)
-55 to 125°C
{MC55xxx)

Packages:
L Suffix ~ Case 632
P Suffix —~ Case 646
{MC75xxx only)

1A 1B 1C 2C 2A 28 Gnd '
Logic - Inhibet Logic Inputs NC Output Strobe Strobe Gnd
Inputs Inputs Inputs 1A 1B 1y 1G s

MC3453 — Quad; common inhibit input; current sink
approximately 12 mA.

MC3450 — Quad; active pullup outputs; common three-
state enable.

MC3452 -~ Quad; open collector outputs.

U hd
nput A 1] g vec — g vee
. A
Y E 15) tnputB +[2} 1]~ .
Output A n:utl
z [3 ha] v output A 3] fia]+
. Output B
z (4] ERE Al three devices: strove [4} 13] outpur ¢
Output C = 0,
v (3 g E 2 TA =01to 70°C Output € E E] vee
Output D Packages:
Inhibit [6] v L Suffix — Case 620  ynoues * (€] [11] output o
' P Suffix — Case 648 c
Input C E E Input O _E ol Inputs
[
Gnd (8] 9] vee ane 2] 2j=
BOTH DRIVERS ALL RECEIVERS
10 (on) 10 (otf) tPHL ItH L
mA Min 1A Max ns Max InputVyy | @V|p=05V | @V|p=-20V tpLH
. 6.5 100 15 mV Max uBA Max A Max ns Max
+26 75 -10 25




PERIPHERAL INTERFACE

Dual Drivers

... for relays, lamps, and other peripherals requiring more power than generally available from logic gates.

Representative Diagrams
MC754xx Series MC147x Series MC75450 — Similar to MC75451, but with uncommitted
output transistors.

Sub
8 7 3 5 A Vec 24 2v 28 2c 26 swate
8 Vcc

L]
1BE 323
D
1 2 3 3 GNDE 5 |CLAMP
1A 18 1y Gnd
(MC75451/MC75461) (MC1472) All Devices
TA =01to 70°C
Logic gates vary to prowvide output shown .
Logic Output BVcER Pacl;nagmg.
(Including 70V 75450. 63
Transistor lnversion)) 30V 30V 35V Hi-Z Input ;:u:;ux - g:“ 642
uffix — Case
AND MC76451 | SN754518° | MC75461
NAND MC75452 | SN754528° | MC75462 | MC1472 MC75451,"54/MC75461"64
oR MC75453 | SN754538° | MC75463 P Suffix — Case 626
NOR Mc75454 | sn754548° | Mc75464 U Suffix — Case 693
MC1472
*Same as equivalent MC types, but with guaranteed switching fimits. X P1 Suffix — Case 626
U Suffix — Case 693
. NS
Driver Arrays ety
...Seven Darlington transistors with output clamp B > jr @
diodes. : G-~ o
N
. a
Device Al \1;\,::“'__ 50V C Beal™ =
Appli Input Element ax = = =
MC1411 General Purpose Basic IMax =600 mA | G“
MC1412 14-25 V PMOS Zener and Series 10 5 kS Ta=01085°C E b’>v T El
resistor
Packages:
MC1413 5VCMOSor TTL Series 2 7 k§l resistor . E————{ o )
MC1416 | 8-18 V MOS Series 10.5 k{2 resistor L Suffix — Case 620 Lyd el
P Suffix — Case 648 E"j s

vee Output Ref Line

Dual Receiver e e

8 7 3 5
MC75140P1 — Dual single-ended receiver with common .
strobe and reference inputs for maximizing noise
immunity, Useful for bus-organized (party line)
TTL systems. , >
Ta =0 to 70°C
\" \' t
TH Ref PLHL) Package — Case 626 - ' 2 3 4
+100 V 1.5t03.5V 36 ns Output Strobe Line Gnd
1 input inputt
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NUMERIC DISPLAY INTERFACE

... for mating multiplexed LED or gas discharge numeric displays to MOS or TTL logic systems.

LED Drivers for Common-Cathode Displays
MC75491 — Quad segment driver MC75492 — Hex digit driver
Input 1|1 14| Input 4 Qutput 1 E—O<}——E input 1
Emitter 1 EEZ X;H:s] Emitter 4 Both Devices: o output 2 [Z] 73] output 6
Collector 1 E E Collector.,d Ta=01070% Input 2 E"DOJ LOQ‘E Input 6
Gnd 4 ' 1 v Packages: Gnd [ 1] v.
[ [ ves L Suffix — Case 632 rd (4] 1] vss
Collector 2 [E E Coflector 3 P Suffix — Case 646 Input 3 E—Do-‘ I—OQ—E Input §
Emtter 2 Eﬁ % 9 | Emitter 3 Output 3 E E Output §
Input 2 E - 8 |tnput3 Output 4 E'—-—OQ—__—E_I Input 4
h
Device (@V)=10V VoL loL | ' Vss
Number mA Max Volts Max mA | Volts Max
MC75491, 3.3 1.2 250 10
MC75492 3.3 1.2 50 10
MC3491 . MC3490 — High Level
MC3492 Eight segment cathode drivers with MC3494 — Low Level
, programmable current. Seven digit anode drivers
A
"V Output v
Programming B E 3 A ! E cc
Current Output Output E-—ﬂ o‘q 5] 1nput
tnput 1 E E Output 2 8 A
Qutput E - E Input
Inpur 2 E 16] output 3 c _‘\_oq_.l_ B
Output tnput
Input 3 E El Output 4 All Devices: hie 0 o q | i
tnput 4 E / E Output 5 Ta =0to 70°C Output E E] Input
Input 5 E EI Output 6 E _-\——sq——‘_ o
Output E 3 Input
Input 6 E E Output 7 F l * q E
Qutput 7 o] Input
input 7 E E Output 8 G E . j E
Input 8 E E Substrate (Gnd) Ve E o] Input
Package: P Suffix — Case 701 *Inverter on MC3494 only.
Package: P Suffix — Case 648
Current Output Voltage Breakdown | Input Voltage [input Voltage| Input
Output | Breakdown | Deviation Compliance Device | Voltage (OFF-State) | (ON-State) | Current
Device |ON Current | Voltage ](All 8 Outputs) Range Number | Volts Min Volts Volts uA Max
Number | mA Max | Voits Min % Max Volts MC3480 28 ~6.0 Min ~2.0 Max 450
MC3491 1.86 80 10 6.0 to 60 MC3494 a8 -2.0 Max -6.0 Min -360
MC3492 6.26 80 10 6.0 to 60
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Low-cost building blocks for construction of D-A/
Involves use of advanced technologies

A-D systems.

such as ion implantation, laser trimming and CMQS

processing where necessary to achieve the required
functional capability, operating accuracy and production

repeatability.

PRECISION CIRCUITS — DATA CONVERSION

AT1

10-Bit

fe——————8-B1t
——-6-3!!————‘

A2 A3 A4 A5 A6 A7 ABASAID

RS REREE

|

D-A Convérters — General Purpose

Multiplying D-A converters designed to supply an
output current that is a linear product of an analog input
reference voltage and a digital input word. Devices for
6-, 8- and 10-bit digital word inputs are available.

Rang -
Control —o o
- Current Switches Pp - g
@ VEE = @ VRef =
I T T T T ' I' T T 11 Device Error] -5V tSettling 2V
Ladder Terminators Number |% Max{ mW Max| ns Typ mA Suffix Case
and 6-Bit
Trimming Networks X -M—| 078] 120 | 150 |1 9t02 1| L I 632
N * .91t 2.
T T T 1T T T T°T1T771 MC1406
. 8 Bit
R-2R Ladder |—o mcisosLs oo L 620
. Mci408L8 |~
Vref(+) T Mc1408L7 [+0.39] 170 300 [1.9t2.1]| L,P |620, 648
] Ao — MC1408L6 |+0.78 .
eference
© Current Bias —ovcc Mcaso8 05 L 620
Vriat (=) Ampiifier Circuitry 10-Bit
measio: | oo L 690
T MC3410 ~ 220 250 |3.8t4.2
l & l Mcaatoc |:0.1 L, P | 690, 648
. VEE Compen. Gnd *TA=-551t0 125°¢C,
=== Dotted terminals available Devices without asterisk. Ta = 0 to 70°C.
on 6- and 8-bit units only.
Lss B0 [1] [16] Gna
81 2] 5] Tout
MC10318 — A high speed 8-bit D/A converter capable of data conversion 82 E E] .
rates in excess of 25 MHz. It is intended for applications in high speed out
instrumentation and communication equipment, display processing, storage 83 E E NC
oscilloscopes, radar processing, and TV broadcast systems. The inputs are
compatible with MECL 10,000 series logic, while the complementary current B4 E E] Veeft
outputs have 51 mA full scale capability. 8-bit accurate {+ 1/2 LSB) and .
monotonic over the full temperature range, the outputs typically settle in less B5 [6] [17] comp
than 15 ns.
B6 E E Vyef—
Ta =0to 700C
ATTR mse B7[8] (o] vee
Packages:
L Suffix — Case 620/690
i Pp y lo&Tp
Device Error tSettling
@VEE=-52V @ VRef = 10.56 V
Number % Max mW Max ns Typ mA Typ
MC10318L +0.19 676 15 , 51
MC10318L9 +0.10 675 16 51
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PRECISION CIRCUITS — DATA CONVERSION (continued)

A-D Subsystems

2-Chip A-D Converter System Functional Diagram

These devices are relatively complex
subsystems. The bipolar, dual-ramp A-D
converter has up to 4-1/2-digit conversion
capability. The CMOS logic subsystem
specifically adapts the A-D converter to a
3-1/2-digit DVM function.

Vec
Foll 16

Scate ?
Con

bration

Voltage
Aeference

J_ VR

[Reterence,
Converter

Ramp Countars
Control
Analog * 1
toput

"L_o— ad
aeond L

MC1505/1405 — A-D Converter

tnput
Convarter

integrator [ Comparator

Latches
Muttipiex

JIE )

Oigital  Digit
Output Select

MC14435 - Digital Logic
(See CMOS Data Book for data.)

MC14435EFL/EVL* — Tp = -65 to 125°C— Case 620

MC1505L — T = ~55 to 125°C ~— Case 620 : g

MC14435FL/VL* —Tp = -40 to 85°C — Case 620
MC1405L — Tp =0 to 70°C -- Case 620 MC14435FP/VP* — Ta =-40 to 85°C — Case 648
Temperature foL oL loL
Linearity Voltage Coefficient . lce Pc(quiescent) | @ VDD =5.0V| @ Vpp =5.0V|@Vpp =50V
Error Reference of Reference | @ Vgc=5.0V @ Vpp = 5.0 V| (Digit Selects) | (BCD Outputs) | (AllO )
% Max Volts %/°C mA Max mW Max mA Min mA Min mA Min
$0.05 1.151t0 1.35 0.005 12 1.75 1.6 1.6 -0.2

*MC14435EFL/FL/FP: Vpp =3.0to 18 Vdc
MC14435EVL/VL/VP: Vpp = 3.0 to 6.0 Vdc

A family of precision low-voltage bandgap voltage
reference, these devices are designed for applications
requiring low temperature drift.

Precision Low-VoItageA

References
MC1403/MC1503

Packages: MC1404/MC1504
U Suffix — Case 693
vin [ [#]ne Ne
Vout E n NC Vin E
Gna [3 (s] ne VTEMP
ne [4] le]ne Gnd

Low Temperature Drift, Low Voltage Reference

Vout o AVout/AT Regjine Regline Regload
Volts mA ppm/OC Device 45< V<15 V/ Vin ® Voutt 0.0mA Ta
Number 1BVEV|<40V | 25V1040V | 19<10mA oc
Typ Max Max
mV Max mV Max mV Max
25+ 25 mv 10 40 MC1403 3.0/4.5 N/A 10 0to+70
25 MC1403A
65 MC1603 ~66 to +125
25 MC1603A
5.0:50mVv 10 40 MC1404UB N/A 6.0 10 0to+70
: 26| MC140aAUs |
[33 MC1604UG -85 to +126
26 MC1504AUS
6.25t 60 mV 10 40 MC1404U6 N/A 6.0 10 0to +70
26 MC1404AUB
56 MC 160406 -85 to +128
25 MC1504AUE
10 £ 100 mV 10 40 Mc N/A 8.0 10 0to+70
26 MC1404AU10Q
55 MC1604U ~B5 to +125
25 MC1604AU1Q
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VOLTAGE COMPARATORS

General Purpose Comparators

. . . for detecting the polarity relationship between two
analog levels and giving a corresponding TTL output.

MC1710

—Ta =-5510 125°C

MC1710C — Ta =0 to 70°C

Single

comparators

ne ]
GndE

Non Inv
input

Inv
Input

ve 5]
vee[T]

q

)

.'__‘]Vcc

10 [N C

9 IOu(pul
8 I N C

-]

*Connected to pin 6 via the substrate on
some plastic units.

MC1514 — T =-55 to 125°C
MC1414 — Ta =0 to 70°C
Dual comparators with strobes.

Output
Strobe
Vee
N.C
Non-lnverting
Input
Inverting

Input

Vee

(]

5

E] Gnd
[19] Vee

6

2

S
o 7 vee
Inverting
E 13 input
Non-Inverting

E] Strobe
E OQutput

Packages:
L Suffix — Case 632
P Suffix — Case 646 (MC1414 only)

P Suffix — Case 646 (for

MC1711 —Ta = -55 to 125°C
MC1711C — Ta = 0 to 70°C

Dual comparators with strobes and wire-ORed

outputs
14 [N C NC [:
Packages: .
13 INC G suffix — Case 601 (MC1710) . e
G Suffix — Case 603 (MC1711)  'MPUTS -
12 JNC L Suffix — Case 632

Vee [4]

MC1710C, MC1711C only}

inputs 2

(Pin Connections
for L or P Package)

ne [

4 }NC
[13 ] strove 1
12 ] Gnd
[Tvee
0] Output

=1

E;j Strobe 2
8 I NC

*Connected to pin 4 via the substrate on
some plastic units,

Device Vio iB AvoL

Number mV Max BA Max VIV Min
MC1710C 5.0 25 1000
MC1710 2.0 20 1250
MC1711C 5.0 100 700
MC1711 3.5 75 700
MC1514 2.0 20 1250
MC1414 5.0 25 1000
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VOLTAGE COMPARATORS (continued)

Precision Comparators

. . . featuring low input loading, high voltage gain, and a
choice of either dual or single positive power supply
operation.

LM111 — Ta =-55 to 125°C

LM211 — T = -25 to 85°C

LM311 — TA =010 70°C
Single comparators; high gain, high input imped-
ance; strobe and balance inputs provided.

A

Gnd| 1 8 Vee
Inputs 2 7 Output
3 6 Balance/Strobe
VEE 4 5 Balance

(Pin Connections for J-8 or N Packaqe)
Packages: .
H Suffix — Case 601

J

-8 Suffix — Case 693

i J Suffix — Case 632
N Suffix — Case 626 (LM311 only) - .«

VoL
Device Vio Iis @ gL =50 mA
Number mV Max nA Max Volts Max
LM111 3.0 100 1.5
LM211 3.0 100 1.5
LM311 7.5 260 | - . 15

Quad Compal'ators . .. for applications requiring multiple compa‘rators. )

LM139
—TaA=- 0
LM139A } TA =-55to 1250C
mggig? } - High-speed quad comparators with three- MC3302
state Enable common to all four devices; LM2901 - _40 to 850C
+5 volt supply; TA = 0 to 70°C. M23s [~ TA=-401t0
LM239A
mgggg } — Quad comparators with open collector tmgggA} —Ta=0to700°C
outputs, common strobe input; =5 volt

supply; TA = 0 to 70°C.

Single supply voltage comparators.

S
Packages:
S L Suffix — Case 620 Output 2 E E Cutput3
P Suffix — Case 648 :
inputs —E E Vee Output 1 E E Output 4
A .
2 15|~
’[: _<}:[:] Inputs Vee E E] Gna
B
output A [3] e+ ' input 1 [4] [13] 1nout 4
Strobe E E Qutput C Input 1 E 4 E Input 4
Qutput € E E Vee Packages:
2 BE 3
J Suffix — Case 632 oo 2 o] (o] 1ot
imputs * E [11] output b N Suffix — Case 646 (For 1,5 [7] 5] e
c all devices except
- o)+ LM139, LM139A)
_Q{ Inputs ,
Gnad E s]- ° VoL
, @ lg =2.0 mA*
Vio hB Isink @ lgp. =3.0 mA®*
Device | @ 25°C | @256°C | @ VoL =500 mV | @ ig. =4.0 mA
Number | mV Max | nA Max mA Min mV Max
Device Vis e tPHL MC3302 20 1000 - 400°
t mV Max rA Max ns Max LM2901 7.0 250 6.0 400°*
LM139 5.0 100 6.0 500
M 3 6. 20 45
Mgg:ag tﬁ: 20 a5 LM139A 2.0 100 6.0 500
'MC3432 +6.0 20 50 LM239 5.0 250 6.0 , 500
y LM239A 2.0 250 6.0 500
MC3433 10 20 50 LM339 5.0 250 6.0 500
LM339A 2.0 250 6.0 500
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f COMMUNICATION INTERFACE (Telephony)

Crosspoint Switch - 1) conee
. . . [f Row Sel
MC3416 — Low-cost solid-state crosspoint switch e _’_’—] M
offers important advantages in modern telephone Row Sptect E_z_] Coenode
exchanges employing space-division switching. Cathode . E Ancde
Features 4 x 4 two-wire monolithic structure for oz a2
PABX applications. Select inputs are both CMOS Select A _’_T] 81
and TTL compatible. Soume [10] A%
Ta=01t070°C Seecre ] AT
umi Anod
Packages: g:.'m'fa E] c°2'
P Suffix — Case 649 Cathode E ":‘ﬂ'
L Suffix — Case 623 Aow :.‘nm n Cathode
s w1
foff fon BVaK Vak Cathoae E Row Select
@VaAK =10V | @Ipak=20mA| BVKA [|@IaK=20mA vt V:
MQ Min OhmsMax | VoltsMin |  Volts Max Aot 13 S
100 10 25 1.1
Voice Encoding/ Decoding
Simplified voice encoding/decoding using continuous
Variable Slope Delta Modulator {CVSD) technique. sl I 16 |vee
MC3417/MC3517 — 3-bit algorithm; for military secure Fenamacn 15 Joecoas
communication and general-purpose low- SvlFlln::E ] croc

sampling rate applications.

Gain LT‘— pra Y
MC3418/MC3518 — 4-bit algorithm; telephone quality. Contro! et
Ref Digital
P k Input (+) s 12 Threshold
ackages:
TA = 0 to 700C — MC3417/MC3418 L gumx — Case 620 Futer Comcdance

11 Jouvteut

vee 2
Eoutﬂul

Input {-)

Analog i
outoun

= -55 to +1250C — MC3517/MC3518 P Suffix — Case 648

Sample Rate Total Loop tpp. Clock Trigger Vee I::a Py g.g.m
Device Samples/s | Offset Voltage to Output urpot
Nuraber Typ mV Max ,_us Max
MC3417/MC3517 16 k =50 25
MC3418/MC3518 38k £20 2.5
CVSD Encoder CVSD Decoder
Clock Clock
Audio
In ] Carmnl Digitat  Digitat Samnl Slope
C. =0t In — p = Algorithm Command
Algonthm
Puise l
9 {\‘mgllsuds . Slope )
{PAM)
Pulse
Audio Amphtude
Out g Madul
(PAM)




COMMUNICATION INTERFACE (Telephony) (continued)

Digital Voice Channel

SUBSCRIBER LOOP INTERFACE CIRCUIT

MC3419/MC3519 — Designed to replace the hybrid
transformer in Class 5, PBAX and Subscriber Carrier
Equipment, this circuit provides signal separation for
two-wire differential to four-wire single-ended conver-
sions and suppression of longitudinal signals at the two-
wire input. The transhybrid gain is externally selected

Ta =0 to 700C — MC3419
= -40 to +85°C — MC3519

and provides dc line current for powering the telset. It
operates from up to a 60 V supply, On-hook power is
below 5 mW and current sensing outputs are provided
for off-hook status from both tip and ring feads. It
offers size and weight reduction over present approaches
and is compatible with |IEEE and REA specifications.

Packages:
L Suffix — Case 726
P Suffix — Case 701

4 V. -
| | EP TS O Tip/Sense Current
1 MJE271
! l
RS O Ring/Sense Current
' I Br
| | -
PD O Power Down Input
| | A1
—ANWNW— R1
R3 | { caare
. AN - cp C344 as et
R4 | 3 ! N AX e—i VRx
[E] M ! R2
| | P VW—R2 Tx1 . R6+R7 R8
| | c2 r—‘VV‘v
TX2 —|(—o—> Vrx
L ! BN iC
| . — ]
4 I p VaG
| MJE270
EN \ L = l
‘— -t _J AG Analog Ground Ref
MDA220 Vee1 VEE2
G
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MEMORY/MICROPROCESSOR SUPPORT

Temperature Range

Commercial

MC1444
MC3232A
MC3242A
MC3245
MC3459
MC3461
MC3467
MC3468
MC3470
MC3480
MC6875

MC6880A/
8T26A

MC6881/
3449

MC6882A, B/
MC3482A, B

MC6885-88/
MC8T95-98

MC6889/
8728

MC6890
MC75365
MC75368
MMHO0026C

Military

MC1544

— High-Speed NMOS/MECL Sense Amplifier
— Triple Magnetic Tape Memory Preamplifier
— Magnetic Tape Memory Read Amplifier

—_ Floppy Disk Read Amplifier System .......vvieieneennsn

— Dynamic Memory Controller
MC6875A M6800 2-Phase Clock Generator/Driver

— Quad 3-State Bus Transceiver ... ..cooveeteeesscaraanns

— Bidirectional Bus Extender/Switch .........cciivieenn

— Octal 3-State Buffer/Latch

— Hex 3-State Buffer/Inverters . .. ..vvvveennnennrececens

—_ Non-Inverting Bus Transceiver ..« v oo eneeeesnnosnenns
8-Bit Bus-Compatible MPUD/A Converter . . ...coovevannns

MC6890A
—_ Quad MOS Clock Driver
— Dual MECL-to-MOS Driver
MMH0026 Dual MOS Clock Driver

AC-Coupled 4-Channel Sense Amplifiers . .....ccveeeenens
— Memory Address Multiplexer/Refresh Address Counter .
— Memory Address Multiplexer/Refresh Address Counter
— Quad TTL-to-MOS Driver ...... Ceteersesstaceneeanann
— Quad NMOS Memory Address Driver ..o .ovevvvvnnonsnns

..............
..............

................

..........................

............................
..........................

.............................



MC1444
@ MOTOROLA Me1544

HIGH-SPEED, LOW THRESHOLD SENSE AMPLIFIERS AC-COUPLED
. FOUR-CHANNEL
SENSE AMPLIFIER

The M(f1444 and MC1544 are high-speed quad sense amplifiers SILICON MONOLITHIC
for use with plated wire, thin film or other memory systems requiring INTEGRATED CIRCUIT
very low threshold sensitivity and narrow pulse widths. Both devices
feature internal capacitive coupling to reduce the effects of voltage
offsets.

Threshold Level — 1.5 mV (Typ), 100 ns Rectangular Pulse
Decoded Input Channel Selection
Output Strobe Capability

DC Level Restore Gate on Internal Capacitors Eliminates Repe-
ution Rate Limitations

L SUFFIX
CASE 620

FIGURE 1 — BLOCK DIAGRAM
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X Capacitor
seiecr - 11o] ONEOFFOUR STROBE ey 10l Restore
inpuTs 851 DECODER s |——o6sTRoBE ] nput

Y ' INPUT Channel { E E Ground

Select
J_——olo GROUND Inputs E E]olnpu:
CAPACITOR, =
RESTORE 11
INPUT o 5 VEE
TRUTH TABLES
1nputs
Oufferential Output
Capacitor input Channel
Channel Select Strobe | Restore |*Channel A | Selects
Pin | Pin | Channel I X X X X "
7 Y) | Selected
(HX) B(H 1 Se e: H = high level (steady state, V| 3 VH(min) oF V1D > Vin ;(( i ’L( i :
L H B L = low level (steady state), V| K V|| (max) o Vip < Vth X X X L "
H L c X = rrelevant (any input, including transitions) x X r
L L o] J™= transition from low level to high level H L H H LS
L= low-level output pulse JH"' II: : —:‘_ : ar

*Channel A used as an example, other channels
function similarly. See channel select table.
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MAXIMUM RATINGS (T4 = +25°C unless otherwise noted).

Rating Symbol Value Unit
Power Supply Voltages(1) Vee +7.0 Vde
VEE -80
Input Common-Mode Voltage Range VICR +50, Vde
-6.0
Input Differential-Mode Voltage Range!2! VIDR +50, Vde
' -6 0
Input Capacitor Restore, Channe! Select, and VI(CR) +5.5 Vde
Strobe Voltage Vics)
Visy
Power Dissipation (Package Limitation} Pp 1.0 . Watt
Derate above T 5 = 25°C 6.7 mw/°C
Operating Ambient Temperature Range MC1444 Ta Oto +75 oc
MC1544 -551t0 +125
Storage Temperature Range Tstg -65 to +150 oc
Operating Junction Temperature Ty +175 Sc

{1) All voltage values, except differential voltages, are with respect to the network ground terminal.
(2) Differential input voltages are at AT with respect to A2, and similarly B1 to 82, C1to C2,and D1 to D2

FIGURE 2 — EQUIVALENT CIRCUIT SCHEMATIC

13 180915 16 12V,
Al A2| |B1 B2 €
CHANNEL
seceer X7 {
INPUT
9 QUTPUT
. CHANNEL
seLect Y8
INPUT 10 GROUND
6 STROBE
h INPUT
CAPACITOR
RESTORE 11 5 Ve
INPUT
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Min Typ Max Unit
Power Supply Voltages Vee 4.75 5.0 5.25 \"
VEE -5.7 -6.0 -6.30
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ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for .75V < Vcc<5.25V,-67V > VEg >-6.3V,

Ta=25°C.)
MC1444 MC1544
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Threshold Voltage (Figure 4) Vih 03 1.0 23 05 1.0 1.5 mV
(Vec=5.0V,VEE=-6.0V,Ta=Thigh to Tigy) (1)
Input Bias Current (Selected Channel} lig - 20 50 - 20 50 KA
Input Offset Current (Selected Channel) o - 1.0 10 - 1.0 10 HA
Channel Select Input Current-High Logic State, IH(CS) - - 2.6 - - 26 mA
(ViH(cs)=35V)
Channel Select Input Current - Low Logic State, hL(csy - - 1.0 - - 10 mA
(ViL(cs) =0 V)
Capacitor Restore Input Current - High Logic State, lIH(CR) - - 10 - - 10 KA
(ViH(cR) =35 V)
Capacitor Restore Input Current-Low Logic State, HL(CR) - - -36 - - -35 mA
(ViL(cRr) =0V)
Strobe Input Current-High Logic State, HH(S) - - 200 - - 200 HA
(V)H(s) =3.5 V)
Strobe Input Current-Low Logic State HiL(s) - — 200 - - 200 HA
(ViL(s) =0 V)
Channel Select Input Voitage-Low Logic State ViL(cs) - — 0.7 - - 07 A
Channel Select Input Voltage-High Logic State VIH(CS) 2.1 — - 2.1 - = \
Capacitor Restore Input Voltage-Low Logic State VIL(CR) - — 08 — = 08 \4
Capacitor Restore Input Voltage-High Logic State VIH(CR) 20 — — 2.0 = = \
Strobe Input Voitage-Low Logic State ViL(S) - — 08 - - 08 Vv
Strobe Input Voitage-High Logic State VIH(S) 20 — — 2.0 - — \4
input Common-Mode Voltage Range VICR+ - 47 - - 47 - v
VICR- — -6.0 — = -60 -
Input Differential Voltage Range VIDR — +3.7 — - +37 - \4
Output Voltage-Low Logic State Vor - 0.4 05 - 04 0.5 \
(loL = 10 mA)
Output Volitage-High Logic State VOoH 24 - — 24 - - \%
(loH = -400 uA)
Positive Power Supply Current lce - - 30 - - 30 mA
Negative Power Supply Current 133 - - 30 - - 30 mA
SWITCHING CHARACTERISTICS (uniess otherwise noted, Ta = 25°C, Veg =50 V, VEg = -6.0 V)
MC1444 MC1544
Characteristic Symbo! Min Typ Max Min Typ Max Unit
Propagation Delay Time tPLH(D) - 40 - - 40 - ns
Differential Inputs to High Logic State Qutput
Propagation Delay Time . tPHL(D) - 18 25 - 18 25 ns
Differential Input to Low Logic State Output
Propagation Delay Time tPLH(S) - 30 - - 30 - ns
Strobe Input to High Logic State Qutput
Propagation Delay Time tPHL(S) - 18 25 - 18 25 ns
Strobe Input to Low Logic State Output
Lead Time from Channel Select Input to tL(CS) - 45 - - 45 - ns
Application of Differential Input Voltage
Lead Tsme from Application of a 50 mV Offset tL{CRO) - 15 - - 15 - ns
Signal to Application of the Capacitor Restore Signat
Lead Time from Application of Strobe Input to tL(s) - 10 - - 10 - ns
Application of Differential Input Signal
Lead Time from Application of Capacitor Restore tL(CR) - 10 - - 10 - ns
Signal to Application of Differential Input Signal
Common-Mode Recovery Time ns
(ejnr1=+20V) ICMR+ - 50 - - 50 -
{e;n1=-2.0V) tCMR- = 50 - - 50 -
Differential-Mode Recavery Time ns
{ejn1=+10V) 1DMR+ - 65 - - 65 -
(e)n1=-1.0V) 1DMR- - 65 - - 65 -

(1) Thigh = 75°C for MC1444, 125°C for MC1544.
Tiow= 0°C for MC1444, -55°C for MC1544.
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FIGURE 3 — THRESHOLD VOLTAGE TEST CIRCUIT
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FIGURE 4 — SWITCHING CHARACTERISTICS TEST CIRCUIT
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FIGURE 5 — THRESHOLD VOLTAGE TEST  FIGURE 6 — t_(CS). tL(CR). tL{(S). tPLH(D) FIGURE 7 — tpH(S). tPHL(S)
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VOH
VoL
ViH(s}

ViL(s)

Vih

Vicm+
Vicm-

VIH(CRI)
VIL(CR)
ViH(CS)
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Vio
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ICMR+

tL(CRO)

FIGURE 8 — tpH(CS). tPHL(CS)
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DEFINITIONS

Output Volitage ~ High Logic State

Output Voltage — Low Logic State

The minimum high-level voltage at the strobe input which
will allow normal operation during the threshold test
The maximum low-level voltage at the strobe input which
will result in Voy at the output regardless of in-
put signals '
The mimimum input signal (e,n1) required to drive the
MTTL [ll gates to obtain the eq waveform shown in
Figure 5

The maximum common-mode input voltage that will
not saturate the amplifier

The minimum common-mode nput voltage that wilt not
break down the amplifier

The minimum high-level voltage at the capacitor restore
input required to insure that the capacitors are clamped
1.e., the input threshold voltage is greater than 10 mV
The maximum low-level voltage at the capacitor restore
input which will allow normat operation during the
threshold test

The minimum high-level voltage at a channel select in-
put required to insure that the total of the base currents
of all unselected inputs 1s less than 1.0 uA

The maximum low-leve! voltage at a channel select in-
put required to insure that the total of the base currents
of all unselected inputs 1s less than 1.0 pA

The maximum differential-mode input voltage that will
not saturate the amplifier

Output Source Current — High Logic State

Output Sink Current - Low Logic State

The current into the strobe input when the inputs at a
high-level of 3 5 volts

The current into the strobe input when the input s ata
low-level of O volts

The mimmum time between the 50% level of the trailing
edgeofa + or - 2 volt common-mode signal (tT{ H, tTHL
< 15 ns) and the 50% level of the leading edge of a
5 mV input pulse when the capacitor restore and strobe
inputs are used in a normal manner as shown in Figure 22
The minimum time between the 50% level of the leading
edge of a 50 mV input offset signal and the 50% level of
the leading edge of the capacitor restore pulse as shown
in Figure 9

tL(CR)

tL(cs)

tPLH(CS)

tPHL(CS)

DMR+

PLH(D)

tPHL(D)

w(s)

PLH(S)

PHL(S)

lIH(CS)

ltH(cR)

liL(cs)

hL(CR)
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The minimum time between the 50% level of the leading
edge of the capacitor restore signal and the 50% level of
the leading edge of a 5 mV input signal as shown in
Figure 6

The minimum time between the 50% level of the leading
edge of the channel select and the 50% level of the
leading edge of a 5 mV (nput signal as shown in Figure 6
The delay time from the 50% leve! of the trailing edge of
the channel select signal to the 1.5 volt level of tne
positive edge of the output when the input to the selected
channel is held at the ““1’* level as shown in Figure 8
The delay time from the 50% level of the leading edge of
the channel select signal to the 1.5 valt level of the
negative edge of the output when the input to the select-
ed channel 1s he!d at the “*1’’ level as shown in Figure 8

The mimimum time between the 50% level of the trailing
edge of a + or - 1 volt differential-mode signal (tyH.
tTHL S 15 ns) and the 50% level of the leading edge of
a 5 mV input pulse when the capacitor restore and strobe
inputs are used in a normal manner as shown in Figure 23
The delay time from the 50% level of the trailing edge
of a 5 mV (nput signal to the 1.5 volt level of the posi-
tive edge of the output as shown in Figure 6

The delay time from the 50% level of the leading edge
of a 5 mV input signal to the 1.5 volt level of the nega-
tive edge of the output as shown in Figure 6

The minimum time between the 50% level of the leading
edge of the strobe and the 50% level of the leading edge
of the input signal as shown in Figure 6

The delay time from the 50% level of the trailing edge
of the strobe to the 1.5 volt level of the positive edge of
the output when the input 1s held at the High Logic Level
as shown in Figure 7

The delay time from the 50% level of the leading edge
of the strobe to the 1.5 volt ievel of the negative edge of
the output when the input is held at the High Logic
Level as shown in Figure 7

The current into the channel select input when the input
1s at a high-level of 3.5 volts

The current out of the capacitor restore input when the
input is at a low-level of O volts

The input current to a channel select input when that
input 1s at a high-level of 3.5 volts

The current into a channel select iInput when the input
1s at a low-level of O volts
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TYPICAL CHARACTERISTICS

(Ta = +25°C unless otherwise noted)

FIGURE 10 — THRESHOLD VOLTAGE versus TEMPERATURE
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FIGURE 12 — THRESHOLD versus INPUT OFFSET VOLTAGE
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Vo, OUTPUT VOLTAGE, PIN 8 (VOLTS) 2,, INPUT IMPEDANCE (k0)

Vo, OUTPUT VOLTAGE, PIN 9 (VOLTS)

TYPICAL CHARACTERISTICS (continued}

FIGURE 16 ~ INPUT IMPEDANCE versus FREQUENCY
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FIGURE 18 — AMPLIFIER INPUT TO
OUTPUT TRANSFER CHARACTERISTIC
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FIGURE 17 — CAPACITOR RESTORE
TIME versus INPUT OFFSET VOLTAGE
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FIGURE 22 — COMMON-MODE CHARACTERISTICS

Note The 5mV Input Signal (Differential) is superimposed on the
Common-Mode Input and 15 shown separately for reference only

s —
. 2v,
COMMON-MODE InpuT 2 ViDIV / COMMON-MODE INPUT < ¥/DIV

SIGNAL INPUT 10 mV/p vy N SIGNAL INPUT 10mVpiv -~

CAPACITOR RESTORE 5 V/DIV CAPACITOR RESTORE 5 VDIV

STROBE INPUT 5 V/DIV STROBE INPUT 5 V/DIV

OUTPUT 25 VipIv- \ OUTPUT 25 VDIV

BSPIV - : 25 0S/DIV

- FIGURE 23 — DIFFERENTIAL-MODE CHARACTERISTICS

Note The 5mV Input Signal is supenimposed on the Differential
input and 1s shown separately for reference only

STROBE INPUT 5 ViDIV

S E——————]

OUTPUT 25 VDIV

25 NS/DIV———d
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@ MOTOROLA

MC3232A

MEMORY ADDRESS MULTIPLEXER

The Motorola MC3232A is an address multiplexer and refresh
counter for 16-pin 4K dynamic RAMs that require a 64-cycle refresh,
It multiplexes twelve system address bits to the six input address
pins of the memory device. The MC3232A also contains a 6-bit
refresh counter that is clocked externally to generate the 64 sequen-
tial addresses required for refresh. The high performance of the
MC3232A will enhance the high speed of the fast N-channel RAMs
such as the MCM4027.

® Simplifies 16-Pin 4K Dynamic Memory Design
Reduces Package Count
6-Bit Binary Counter for 64 Refresh Address
Multiptexing: Row Address/Column Address/Refresh Address
High Input Impedance for Minimum Loading of Bus:
IE = 0.25 mA Max
Schottky TTL for High Performance Address
Input to Output Delay
tAO = 25ns @ C|_ =250 pF, 9.0 ns Max @ C_= 15 pF
® Second Source to Intel 3232
(Detect Zero Function Not Included and Additional
Power Fai!l Feature Added at Pin 13)

MEMORY ADDRESS
MULTIPLEXER
AND REFRESH

ADDRESS COUNTER

SCHOTTKY
SILICON MONOLITHIC
INTEGRATED CIRCUITS

L SUFFIX
CERAMIC PACKAGE
CASE 623

LOGIC DIAGRAM

All o {
A5 o R
| 1 Output &
] I
| |
1 I
1214 | |
Total | : |
Address | ) 6 I 6
Lines | | Total | Total
) |
t 1 |
| | :
A6 i |
|
A0 0= : FO Qutput O
Refresh o—d»-Doj 6 Total
Enable Y | | |-===4 Vee
Row o——-[>o-
Enable
50 k
6 Bit Counter CE*

Count O——T

*See Pin Definitions

P SUFFIX
PLASTIC PACKAGE
CASE 649
Count 1 24 vee
ot 2 ey,
Al 3 122 A5
A7 4o 321 A1
A2 5 ] 20 As
A8 g [ 19 A10
A0 7 . 518 A3
A6 8 C 17 A9
co 9 16 03
0210 15 04
o111 1405
Gnd 2 5 =213 cE*

Note: AO Through A5 Are Row Addresses
A6 Through A11 Are Column Addresses

*See Pin Definitions

TRUTH TABLE AND DEFINITIONS

Refresh Row
Enable Enable Output
H X Refresh Address
(From Internal Counter)
L H Row Address
(A0 through A5)
L L Column Address
(A6 through A11)

Count — Advances Internal Refresh Counter




MC3232A

ABSOLUTE MAXIMUM RATINGS (Tp = 25°C unless otherwise noted.) “Absolute Maximum Ratings'’ are those
Rating Symbol Value Unit values beyond which the safety of the device
P Supply Vol v 3 7.0 v cannot be guaranteed. This is a stress rating
ower Supply Voltage cc ~0.510 +7. only and functional operation of the device
Input Voltage Vi ~0.510+7.0 v at these or any other conditions above those
Output Voltage Vo -0.5t0 +7.0 \ indicated in the operational sections of this
Output Current 1o 100 mA specification is not implied. Exposure to
Operating Ambient Temperature TA 0to+75 oc abs?l:te ma"f’f’“”"‘ lrabtilr.lgs for extended
Storage Temperature Tstg -65 to +150 oc periods may affect rehability.
Junction Temperature Ty °c
Ceramic Package . +175
Plastic Package +150 .

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Min/Max values apply with 45 V < Vg < 5.5 V, 0°C < Tp < 759C;
typical values apply with Voc =5.0 V, Tp = 25°C.)

Characteristic Symbol Min Typ Max Unit

Input Current, Low Logic State he - -0.04 -0.25 mA
(ViL=0145V)

Input Current, High Logic State hH - - 10 BA
(Vi =55V}

Input Voltage, Low Logic State ViL - - 0.8 \

Input Voltage, High Logic State VIH 2.0 - - \"

Output Voltage, Low Logic State VoL - 0.25 0.4 v
{loL = 5.0 mA)

Output Voltage, High Logic State VOH 2.8 4.0 - v
(IgH = -1.0 mA)

Input Clamp Voltage Vic - -08 -1.5 v
(lhc=-12mA)

Power Supply Current Icc - 75 125 mA
(Vec=5.5V)

SWITCHING CHARACTERISTICS (Unless otherwise noted, Min/Max values apply with 4.5 V < Vg < 5.5 V, 0°C < Tp < 75°C;
typical values apply with Voo = 5.0 V, T = 25°C.)

Characteristic Symbol Min Typ Max Unit
Propagation Delay Times
Address Input to Output tAQ ns
{Load =1 TTL, C_ = 250 pF} - 12 25
{Load =1 TTL, C = 15pF, Voc =5.0V, T = 25°C) - 6.0 9.0
Row Enable to Output 100 ns
(Load = 1 TTL, C_ = 250 pF) 12 27 41
(Load =1 TTL, CL = 16 pF, Vgc = 5.0 V,*Tp = 25°C) 7 12 27
Refresh Enable to Output teQ ns
{Load =1 TTL, C_ = 250 pF} 12 30 45
{Load =1 TTL,C = 15pF, Vgc =50V, Tp = 25°C) 7 14 27
Count Pulse Width tWC 30 — — ns
Counting Frequency it 5.0 10 - MHz

4:12
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FIGURE 1 — AC WAVEFORMS with MCM6604 NORMAL CYCLE
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MC3232A

PIN DEFINITIONS

Count Input — Pin 1
Active low input increments internal 6-bit counter
by one for each count pulse in.

Refresh Enable Input — Pin 2
Active high input which determines whether the
MC3232A is in refresh mode (H) or address enable (L).

A0-AS Inputs — Pins 7, 3,5, 18, 20, 22
Row address inputs.

A6-A11 Inputs — Pins 8, 4, 6,17,19, 21
Column address inputs.

00-05 Outputs — Pins 9, 11, 10, 16, 15, 14
_ Address outputs to memories. Inverted with respect
to address inputs.

Gnd - Pin 12
Power supply ground.

CE Input — Pin 13

Optional use, chip enable control pin. Left open, an
internal 50 k2 pullup resistor keeps this pin high and the
MC3232A is a functional replacement for the Intel 3232
{without detect zero function). As an active input, when
pulled low, all 3232A outputs go three-state. Regardless
of Pin 13 (CE) condition, when power (Vcg) 1s removed,
all 3232A outputs go three-state. In addition, the refresh
address counter is reset to all 1s so that upon return of
supply power, control of refresh addressing can be returned’
to the MC3232A (by pulling Pin 13 high) at a known
address (i.e., all 1s). This option is available tested by
consulting factory.
Row Enable Input — Pin 23

High input selects row, low input selects column
addresses of the driven memories.
Vce —Pin 24

+5 V power supply input. Due to high capacitance
drive capability, a 0.1 uF capacitor should be used to
ground along with careful Vgc and Gnd Bus layout.

GENERAL 4K DYNAMIC RAM
SIMPLIFIED BLOCK DIAGRAM

Data Input O

Address
Bus MC3232A

A0-A11

Address
00-05

Refresh Row
Enable Enable

ol

L IN

b

4K ——J N aK

Dynamic Dynamic
RAM RAM
MCM4027 MCM4027

or Similar —l/ or Similar

—0O Data
Qutput

Memory [—— CAS
Control
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MC3232A

TYPICAL APPLICATION
16K X 8-BIT MEMORY SYSTEM FOR M6800 MPU

Note. Numbers in parenthesis indicate
part types or values for 16K x 1 RAMs

Power-On Reset

X1, X2 1

I
o
h
u
o
o
2

MPU
System MPU
Crystal Clock MC6800 ¢
(4 x MPU 1) :I MC6875 2
Ref Ref Control Data
ve | Rew Grant  Bus Bus
Address
Mem B
cik us
AO0—-A11 )
(AD — A13) v
MC
p— Refresh Address
T Enable Multiplex [*— DE
ERLIN and Data
Refresh Buffer
12 Counter MC6880A
: Memory Control R MC3232A =E
Delay ow @ RE
Cireutt a and Timing Enable —= (MC3242A)
—Ol MC3480
@ T AN
—
32 kHz
‘_5. Ref Clk (64 kHz)
—— e e ———  ——— - Oscillator
RAS1 RAS2 RAS3 RAS4 CTAS R/W 00-05
1 {50 = 06)
Address
Bus
J & 4 & 4 5 4 > Data
Bus
4K x 8
Memory MCM4027 4K x 8 4K x 8 4K x 8
Array (16K x 8) (16K x 8) {16K x 8) {16K x 8)
(MCM4116)
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@ MOTOROLA MC3242A

MEMORY ADDRESS
MEMORY ADDRESS MULTIPLEXER MULTIPLEXER
FOR 16K RAMS AND REFRESH

ADDRESS COUNTER
The Motorola MC3242A s an address multiplexer and refresh

counter for 16-pin 16K dynamic RAMs that require a 128-cycle SCHOTTKY
refresh. 1t muitiplexes fourteen system address bits to the seven . SILICON MONOLITHIC
address pins of the memory device. The MC3242A also contains INTEGRATED CIRCUITS

a 7-bit refresh counter that is clocked externally to generate the

128 sequential addresses required for refresh. The high performance

of the MC3242A will enhance the high speed of the N-channel
RAMs such as the MCM4116,

L SUFFIX
® Simplifies 16-Pin 16K Dynamic Memory Design 3 CERAMIC PACKAGE
Reduces Package Count Y CASE 733

N
hER
Multiplexing: Row Address/Column Address/Refresh Address
High Input Impedance for Minimum Loading of Bus:
IF = 0.25 mA Max P SUFFIX
® Schottky TTL for High Performance Address Input PLASTIC PACKAGE
to Output Delay — CASE 710
tAQ =25 ns @ C_= 250 pF

. .

® 7-Bit Binary Counter for 128 Refresh Address
.

.

® Second Source to Intel 3242

(Detect Zero Function Not Included and Additional
Chip Enable Feature Added at Pin 15)

T —
Count 1] L28iVece
Ref En 2 [27] A6
Row En [3] [26] A13
N.C.[4] [25] AS
M L =
LOGIC DIAGRA a5 2] a12
A13 0— { A8 (6| |23] A4
A2(7] 122 A11
A9 1‘ [21] A3
ks ] Output 6 Ao[9] [20]a10
| : A7 [10] [10] 58
: | 606 [11] [18] 63
14 — e —
Tous | i ! o2 (1] i
Address | 1 1 o1 [13] ; o5
Lines | | ! Gnd [1a] 15| CE*
| : 7 17 Rad
| ! Total : Total Note: AD Through A6 Are Row Addresses
! | | A7 Through A13 Are Column Addresses
| ! ] *See Pin Definitions
A7 © { |
|
|
AD = Lo Gutput 0 TRUTH TABLE AND DEFINITIONS
Refresh Row
tput
Enable Enable Outpu
H X Refresh Address
D o {From Internal Counter)
REer:;?Iz o _7_1'2:5_! - Vee L H Row Address
Row o——————Do— {AQ through AB)
Enable L L Column Address
50 k (A7 through A13)
Count — Advances Internal Refresh Counter
7 Bit Counter CE*
Count (>—T
*See Pin Definitions
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MC3242A

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) “Absolute Maximum Ratings” are those

Rating Symbol Value Umt values beyond which the safety of the device
cannot be guaranteed. This is a stress rating
Power Supply Voltage Vee -0.5t0 +7.0 v only and functional operation of the device
Input Voltage Vi -0.510+7.0 v at these or any other conditions above those
Qutput Voltage Vo -0.5t0+7.0 \ indicated in the operational sections of this
Output Current o 100 mA specification is not implied. Exposure to
Operating Ambient Temperature TA 01to+75 oc absolute max'i'mum ratings for extended
Storage Temperatare Ts[g 765 10 1150 oC periods may affect reliabslity.
Junction Temperatyre Ty °c
Ceramic Package +175
Plastic Package +150

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Min/Max values apply with 45 V < Vg < 55 V, 0°C < T < 75°C;
typical vatues apply with Voo = 5.0 V, T = 25°C.)

Characteristic: Symbol Min Typ Max Unit

Input Current, Low Logic State TR - -004 -0.25 mA
(V)L =045V)

Input Current, High Logic State K - - 10 uA
(ViH=5.5V)

Input Voltage, Low Logic State ViL - - 0.8 v

Input Voltage, High Logic State ViH 2.0 - - \

Qutput Voltage, Low Logic State VoL — 0.25 04 \
{loL =5.0mA)

Qutput Voltage, High Logic State VoH 30 4.0 - \%
(IoH =-1.0mA)

Input Clamp Voltage Vik — -08 -15 A\
(hik=-12mA)

Power Supply Current Icc - 95 125 mA
(Vee=5.5V)

SWITCHING CHARACTERISTICS (Unless otherwise noted, Min/Max values apply with 4.5 V < Ve < 55 V, 0°C < Tp < 75°C,
typical values apply with Voo = 5.0V, T = 25°C.)

Characteristic Symbol Min Typ Max Unit
Propagation Delay Times
Address Input to Output tAQ ns
(Load = 1 TTL, C_ = 250 pF) - 12 25
(Load =1 TTL, €y = 16pF, Vcc =56.0V, T = 26°C) — 6.0 9.0
Row Enable to Output t00 ns
(Load =1 TTL, Cy_~ 250 pF) 12 27 a1
(Load =1 TTL, Cy = 15pF, Vec=5.0 V, T = 25°C) 7 12 27
Refresh Enable to Output g0 ns
(Load =1 TTL, C_= 250 pF) 12 30 45
(Load =1 TTL,C = 15pF, Vg =5.0V, Tp =25°C) 7 14 27
Count Pulse Width WG 30 - — ns
Counting Frequency tc 5.0 10 - MHz
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MC3242A

FIGURE 1 — AC WAVEFORMS WITH MCM4116 NORMAL CYCLE

Vi
Row 1H ( \
Enable 7 . “‘

Vio

tA0™™
Address ViH
Input 15V
~A14
(A0-A14) viL
too i too
VoH
24V 2.4V

Outputs Don't Care Row Address Column
{00-06) 0.8V Los v Address

VoL

Refresh Enable — Low Logic State

FIGURE 2 — REFRESH CYCLE

\"

Refresh H [1 5v

Enable 7 \
ME tTew

. ViH

Count 1.5V 15V

ViL
re—te o™

(00-06) 08V ogy Address
Vor

A\
Outputs OH 24V 24V Refresh
Address Refresh Address

TYPICAL CHARACTERISTICS

FIGURE 3 — OUTPUT CURRENT versus FIGURE 4 — PROPAGATION DELAY versus LOAD CAPACITANCE
OUTPUT LOW VOLTAGE Row or Column Address to Qutput
40 25 T T T
' / | Vee=50V

Tp = 250C

~
S

g
< a — MEA %
E 20 = SURED 50% to 50%
2 ]
- '; 15
S < |1
a 20 o
S e L —1
o Z 10
5w A g L
=) / =50
o
o<
4 a.
0 /
0 01 02 03 04 0 100 200 300 400 500
OUTPUT VOLTAGE, LOW-LOGIC STATE, Vg (VOLTS) LOAD CAPACITANCE, Cy (pF)
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MC3242A

PIN DEFINITIONS

Count Input — Pin 1
Active low input increments internal 6-bit counter
by one for each count pulse in.

Refresh Enable Input — Pin 2
Active high input which determines whether the
MC3242A s in refresh mode (H) or address enable (L).

AO-AGB Inputs — Pins 9, 5, 7, 21, 23, 27
Row address inputs.

A7-A13 Inputs — Pins 10, 6, 8, 20, 22, 24, 26
Column address inputs.

00-06 Outputs — Pins 11, 12, 13, 18, 17, 16, 19
Address outputs to memories. Inverted with respect
to address inputs.

Gnd — Pin 14
Power supply ground.

CE Input — Pin 15
Optional use, chip enable control pin. Left open, an
internal 50 kS2 pullup resistor keeps this pin high and the
_MC3242A is a functional replacement for the Intel 3242
(without detect zero function). As an active input, when
pulled low, all 3242A outputs go three-state. Regardless
of Pin 15 (CE) condition, when power (V) is removed,
all 3242A outputs go three-state. In addition, the refresh
address counter is reset to all 1s so that upon return of
supply power, control of refresh addressing can be returned
to the MC3242A (by pulling Pin 15 high) at a known
address {i.e., all 1s). This option is available tested by

consulting factory.

Vcc —Pin 28

+5 V power supply input. Due to high capacitance
drive capability, a 0.1 uF capacitor should be used to
ground along with careful Vcc and Gnd Bus layout.

GENERAL 16K DYNAMIC RAM
SIMPLIFIED BLOCK DIAGRAM

Data Input O

Address
Bus MC3242A

A0-A13

Refresh Row
Enable Enable

ol

N

Address
00-06

V]

16K —I\ 16K

Dynamic Dynamic
RAM RAM
MCM4116 MCM4116

or Similar —~1/ or Simitar

—O Data
Output

Memory [ CAS

Control | W ©§
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MC3242A

TYPICAL APPLICATION
16K X 8-BIT MEMORY SYSTEM FOR M6800 MPU

Note: Numbers in parenthesis indicate
part types or values for 16K x 1 RAMs

Power-On Reset

I ]

v

L

c P=OR
X1, X2 . 1
- MPU
System MPU
Crystal Clock MC6800
(4 x MPU fo) I= MC6875 @2
Aol Ref  Control Data
‘ Mmc Reg Grant Bus Bus
Address
Mem Bus
Clk | v
A0-A11
(no-a13y N /
MC
[ Refresh Address
. Enable [ 7] Muttiplex DE
_'_. and Data
Refresh Buffer
12 Counter MC6880A
Memory Control MC3232A =
Delay N Row b RE
Cireuit 3 and Timing Enable " (MC3242A)
MC3480
14 c
32 kHz
| 15 ) Ref Clk (64 kHz)
e e ez e Oscillator|
RAS1 RAS2 RAS3 RAS4 CAS R/W 50-08
l (00 — O6)
Address
Bus
J 9 4 B Q 9 4 > Data
J Bus
4K x 8
Memory | mMCM4027 4K x 8 4K x 8 4K x 8
Array (16K x 8) (16K x 8} (16K x 8) (16K x 8)
(MCM4116)
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@ MOTOROLA MC3245

GATE-CONTROLLED
FOUR-CHANNEL

This high-speed driver is intended as a clock (high-level) MOS CLOCK DRIVERS
driver for 22-pin and 18-pin dynamic NMOS RAMs and CCD SILICON MONOLITHIC
memories. It is designed to operate on nominal +5 V and . INTEGRATED CIRCUIT
+12 V power suppiies.

The channel control logic is organized so that all four
drivers may be deactivated for STANDBY operation, or single
driver may be activated for READ/WRITE operation or all
four drivers may be activated for REFRESH operation.
® Control Logic Optimized for Use in MOS

RAM Systems

® Output Voltages Compatible with Many Popular '

QUAD TTL TO MOS DRIVER

MOS RAMs L SUFFIX
® TTL and DTL Compatible Inputs — st o20 OF

High-Speed Switching
® Interchangeable with Intel 3245
1
P SUFFIX
PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS
TYPICAL APPLICATION WITH 4K NMOS RAM IN TTL SYSTEM

-

7722 92¢9¢ ? v
mc3ass | [ mcaass | [ Mcaass oo 1] 18] Vee
Address Address Address —1
Driver Driver Driver Qutput A E t 3 15| Output D
]
s I '] SN E] a] Shenne’
2K Select A Select D
Data oot wmos | o0au Enabie i |4 13| Erabie 3
RAMS Out g
——— T 1 1 Refresh 12| Enable 2
Enable MC3245 Select L j y
Clock Clock  jo——O Refresh Channel E 1—_1‘ Channel
Driver Select B Select C
8 g 8 g Output B |7 t ) E)]Output [+
Gnd |8 9|N.C.
TYPICAL APPLICATION WITH ‘7001 RAM AND TTL SYSTEMS
MC3459 MC3459 MC3459 TRUTH TABLE
Address Address Address
Driver Driver Driver Inputs
L l ] Control Address
. Channel | Refresh Output
2001 —{ MC3461 MC10125 Enable 1| Enable 2| Enable 3| Select | Select
Data Data
In O 1K NMOS Sense MECLYOTTL-——OO [l [ L
" RAMS [~ Amplifier [~ Translator ut H ' ' ' L
e I T T ) ' H ' | L
Enable Mueaoa6 ' ' ' H H L
Clock Chip Select L L L L ] H
L L [% | L H
g3 H - tigh Lagic State
Selects L = Low Logic State
| = Irrelevant
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MC3245

MAXIMUM RATINGS (T = 25°C unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltages Vee -0.5104+7.0 Vdc
Vpp -0.51t0 +14 Vdc
Output Voltage Vo |-1.0toVpp +1.0| Vdc
Input Voltage i \4] -1.0 to Vpp Vdc
Operating Ambient Temperature Range Ta 0 to +75 °c
Storage Temperature Range T‘!& -65 to +150 oc
Junction Temperature Ty ' oc
Ceramic Package 17%
Plastic Package 150

RECOMMENDED OPERATING CONDITIONS

Characteristic Symbo! Min 1 Typ Max Unit

Power Supply Voltages Vee 4,75 5.0 5.25 Vde
' Vpp 114 12 126 Vdc
Operating Ambient Temperature Range TA 0 - 75 °oc

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supplv and tempera-
ture conditions. Typical values measured at Ta = 25°C.)

Characteristic Symbol Min Typ Max Unit

Output Voltage — High Logic State VOH Vpp - 0.5 - - Vdc
{(VIL=0.8V,IgH = -1.0mA)

Output Clamp Voltage — High Logic State VoHe - - Vpp+1.0 Vdc
{loH =5.0mA, V; =0 V)

Output Voltage — Low Logic State VoL - - 045 Vdc
(VIH=2.0V, gL = 5.0 mA)

Output Clamp Voltage — Low Logic State VoLc -1.0 - - Vde
(VIH = 5.0 V, IgL -5.0 mA}

Input Voltage — High Logic State VIH 2.0 . - - Vdc

Input Voltage — Low Logic State ViL - - 0.8 Vdc

Input Clamp Voltage ' Vik - - -1.0 Vde
{lik = -5.0 mA)

Input Current — High Logic State WH HA
(V)=5.0V)
Channel Select Inputs , - - 10
Refresh Select and Enable Inputs - - 40

Input Current — Low Logic State he mA
(V|L=045V) ‘
Channel Select Inputs - - -0.25
Refresh Select and Enable Inputs - = -1.0

Power Supply Current — Output High Logic State IccH - 23 30 mA
(Vee =525V, V)L =0V,IgH=0mA, Vpp =126 V) IpDH - 19 26

Power Supply Curtent — Output Low Logic State iccL - 29 39 mA
(Ve =626, V|4 =5.0V,loL=0mA,Vpp =126 V) IppL - 12 15
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MC3245

SWITCHING CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and tempera-
ture conditions. Typical values measured at +25°C.)

Characteristic Symbol Min (1) Typ (2) Max (3) Unit
Delay Time ns
Output High to Low Level (Rg =0 Q) tOHL 3.0 7.0 -
Output Low to High Level (Rg =0 Q) tDLH 5.0 1 -
Transition Time ) ns
Output High to Low Level (Rg =20 Q} tTHL 50 17 25
Output Low to High Level (Rg = 20 Q) tTLH 10 17 25
Propagation Delay Time . ns
Output High to Low Level (Rg =0 ) tPHL - 18 32
Output Low to High Level (Rg =0 Q) tPLH1 - 20 32
(Rg =20 Q) tPLH2 - 27 ' 38

(1) CL =150 pF
{2) CL = 200 pF
{3) C_ = 250 pF

CAPACITANCE* (Unless otherwise specified, Ta = +25°C, f = 1.0 MHz, V| = 2.0 V, and Vec=0V.)

Characteristic Symbol Min Typ Max Unit
Input Capacitance cm(c_s) - 5.0 8.0 pF
Channel Select inputs
Input Capacitance CinlE) - 8.0 12 pF
Refresh or Enable Inputs

*Periodically sampled, but not 100% tested.

FIGURE 1 — SWITCHING TEST WAVEFORMS

tTHL = 5.0 ns —a [

3.0V
20V

Input 1.5V \
ov 1.0V
DLH - |-<—

TPLH—™
2.0V

tTLH =5.0ns

VoH

Output

VoL
ITLH

Input Pulse Characteristics
PRR =1 MHz '

PW = 500 ns

FIGURE 2 — SWITCHING TEST CIRCUIT

To Scope To Scope
(Input) (Output)
T Enable 1 .

Enable 2
o

Pulse Generator

Channel Select

Cy. Includes Jig and
Probe Capacitance
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@ MOTOROLA

MC3459

Specifications and Applications
Information

QUAD NMOS MEMORY ADDRESS DRIVER

The MC3459 is designed for high-speed driving of the highly
capacitive Address select inputs for NMOS Memories. It is also useful
in numerous applications requiring a high-current MTTL NAND
gate. Itis pin-compatible with the popular MC7400 Quad NAND gate.

® Fast Propagation Delay Time —
20 ns Typical with 360 pF Load
® Qutput Voltages Compatible with NMOS Memories
® Inputs Compatible in MTTL and MDTL Logic Families
® Qutput Loading Factor — 50

QUAD NMOS ADDRESS
LINE DRIVER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

REPRESENTATIVE CIRCUIT SCHEMATIC
(1/4 of Circuit Shown)

vee
o]
2 R1 S R2 . 2 R5
A D5
S
D3 D4
¢ ¢
L —4 ouTPUT
INPUTS ; ; Q2 R4 ————0
o—4 a1
(o
}/
a5
4 [N
A2
DiA R3
" o]
GND

L SUFFIX
CERAMIC PACKAGE
CASE 632
TO-116

Input
LV E Vee

lnputE —] Input
2A =l 1D

- | Input

)| :
2D
3 Output
- D
Input E 3| Input
2B 1c

Output Input
B E il B
- Qutput
ans [ EEI ;
P SUFFIX
PLASTIC PACKAGE
CASE 646

i

TYPICAL OPERATION

Input
25
V/div
2.5
V/div
Output ff ]

Vge=50Vv 50
Ta= 259¢ ns/div Rg=0Q

C_ = 360 pF

4-24



MC3459

MAXIMUM RATINGS (T 4 = 25°C unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage Vee 8.5 Vde
Input Voltage \7 55 Vde
Power Dissipation (Package Limitation
Ceramic Package @ Tp = 25°C Pp 1000 mwW
Derate above T = 25°C 1/Rgya 6.6 mw/°c
Plastic Package @ Tp = 25°C . Po 830 mw
Derate above Tp = 25°C 1/Rgya 6.6 mw/°c
Ceramic Package @ Tc = 25°C Pp 3.0 Watts
Derate above T = 25°C 1/Rgyc 20 mW/°C
Plastic Package @ T¢ = 25°C fp 1.8 Watts
Derate above T¢ = 25°C 1/Rgyc 14 mw/°C
Operating Ambient Temperature Range TA 0t 70 oc
Junction Temperature Ty °c
Ceramic Package 175
Plastic Package 150
Storage Temperature Range Tseg -65 to +150 °c

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75V < Voc €525V and 0 < Tp, < 70°C)

Characteristic Symbol Min Typ (1)} Max Unit

Input Voltage — High Logic State VIH 2.0 - - \Y

input Voltage — Low Logic State ViL - - 08 \"

Input Current — High Logtic State
(Ve =5.25V,ViH=24V) H1 - - 80 HA
(Vgc=5.25V,V|H=55V} lH2 - - 2.0 mA

Input Current — Low Logic State LTS - - -3.6 mA
(Vee=5.25V,V )L =04V)

Input Clamp Voltage Vic - ~ -1.5 v
(g =-12mA),

Qutput Voltage — High Logic State v
(Vee =475V, V| =08V, IgH=-640 pA) VOH1 3.2 -~ . -

(Vee =475V, VL =08V, IgH=-2.0mA) VOH2 2.4 - -

Output Clamp Voltage Voc - 58 6.75 \
(Vee=5.25V, V|L=0V,lpc=50mA)

Output Voltage — Low Logic State ) \"
(Vee =475V, V=20V, gL = 640 uA) Vor1 - ~ 03
{(Vee=4.75V,ViH=20V, Ig = 80 mA) VoL2 - - 0.7

Power Supply Current — Outputs High Logic State IccH - 12 18 mA
{(Vec=5.25V,V|L=0V)

Power Supply Current — Outputs Low Logic State IceL - 85 122 mA
(Vec=5.25V,ViH=50V]} -

SWITCHING CHARACTERISTICS {Unless otherwise noted, Ve = 5.0 V, T = 25°C, C_ = 360 pF)

Characteristic Symbol Min Typ Max Unit

Propagation Delay Time — High to Low Logic State tPHL - 21 32 ns

Propagation Delay Time — Low to High Logic State tPLH - 16 26 ns

(1) Typical values measured at Tp = 25°C, Voo = 5.0 V.
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MC3459

Pc, POWER CONSUMPTION (mW)

—] |—tTLH <50ns —| |[=— tyHL < 50ns
' f=1.0MHz
3ov 90% 90% PW = 500 ns
Input 15V 1.5V
ov 10%
-_— == tPHL tLHT
VoH
Output ]
05V
VoL
FIGURE 2 — POWER CONSUMPTION versus
OPERATING FREQUENCY
500
3’;0 pF (each driver}
400 ]
a3 ]
: —
z 300
o
=
2
o
w200
w
o
3
= vee=50V
2 1 DUTY CYCLE = 50% ]
| |
) [
0 10 20 30 40

VoH. OUTPUT VOLTAGE - HIGH LOTIC STATE (VOLTS)

FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES

Pulse

— Generator q
<
g8
3o0v
L +5.0 V

To Scope
(Input)

To Scope
(Output)

1/4-MC3459

All four drivers
tested simultaneousty

I

= 360 pF
(includes probe and
1ig capacitance)

TYPICAL PREFORMANCE CURVES

t, FREQUENCY (MHz)

FIGURE 4 - OUTPUT VOLTAGE - HIGH LOGIC STATE
versus OUTPUT CURRENT
{Expanded Scale)

80 -
vI oalv
1L=08V __|
70 Ta = 250C

vee=75Vv

vec=50V

[
0 20 40 60 80 10 12 14 16 18 20
I0H. OUTPUT CURRENT — HIGH LOGIC STATE {mA)

VQH, OUTPUT VOLTAGE — HIGH LOGIC STATE (VOLTS)

VoL. OUTPUT VOLTAGE — LOW LOGIC STATE (mV)
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FIGURE 3 — OUTPUT VOLTAGE — HIGH LOGIC STATE

versus OUTPUT CURRENT

80 T
ViL=08V

70 Ta=25°C

60 vee=75v

§0

40

vee=50V
30
]
T
20
10
0 50 100 150 200 250 300 350 400 450 500

10H, OUTPUT CURRENT - HIGH LOGIC STATE (mA}

FIGURE 5 — OUTPUT VOLTAGE — LOW LOGIC STATE
versus OUTPUT CURRENT

400

]

300

200 K
v
vee=475V
100 e Ta=259C —
/ Vig=20V
0
0 10 D ) 0 s 70 80

1oL, OUTPUT CURRENT ~ LOW LOGIC STATE {mA)



MC3459

APPLICATIONS SUGGESTIONS

A majority of the new N-Channel MOS memories have
TTL logic compatible inputs that exhibit extremely low
input current and capacitance (typically 5 pF to 10 pF).
However, in a typical memory system (Figure 6) where
some of the inputs such as Address lines have to be
common, the total parallel input capacitance can be over
300 pF. Standard TTL logic gates have insufficient current
drive capability to rapidly switch a high capacitive load; a
high speed buffer, such as the MC3459, is required.

A considerable amount of noise can be generated during
switching due to the high speed and high current drive
capability of the MC3459. The high capacitive discharge
current during the high to low transition, plus current
spikes can result in a considerable amount of noise being
generated on the ground lead. Current spikes are due to
both the upper and lower output drive transistors being
on for a short period of time during switching. This causes
a very low impedance path between V¢ and ground.

In order to minimize the effects of these currents, the
following layout rules should be followed:

1. The V¢ supply pin of each package should be by-

passed with a low inductance 0.01 uF capacitor. The
0.01 uF capacitor will sustain the high surge currents
required during switching.

2. There is a large amount of current out of the ground

node during switching — the noise seen at this node

will be proportional to the ground impedance. The
impedance of the ground bus can be reduced by in-
creasing its width. At least a 50 mil ground width is
recommended.

Some of the NMOS memories with TTL logic com-
patible inputs do not actually meet the TTL logic level
requirements in the input high state voltage (V|H). There
are N-Channel MOS memories with a V|4 minimum
ranging from 2.4 V to 4.0 V. The MC3459 can directly
interface with those N-Channel memories having a V |y
minimum of 3.0 V. The higher driver output levels can be
accomplished by adding a pull-up resistor to Vg or by
increasing the VgC voltage.” There are some N-Channel
MOS memories, such as the MCM7001, that have a supply
requirement of 7.5 V. The high maximum supply voltage
rating of the MC3459 can accommodate a 7.5 V Vg
supply without affectingits input TTL logic compatibility.
Figure 4 gives the typical VQH versus |QH characteristics
for both Vgc = 6.0 V and Vgg = 7.6 V. An expanded
output characteristic curve of Figure 4 is illustrated in
Figure 5.

The MC3459 can be used in a variety of applications
including, high fan-out buffer (drives 50 standard TTL
loads) and low impedance transmission line driver.

FIGURE 6 - TYPICAL APPLICATION
16 K X N Memory System Employing

MCM6605 4K RAMS
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@ MOTOROLA

MC3461

HIGH-SPEED NMOS/MECL SENSE AMPLIFIER

The MC3461 is a dual current sense amplifier with MECL 10,000
compatible control inputs and open emitter complementary outputs.
The device is designed for use with Motorola MCM7001 or Intel
2105 NMOS 1K RAMs. A common latch input retains information
in the amplifier at the time of latch closure. Separate channel out-
put enables are provided to force the outputs to predetermined
states until amplifier information exchange is desired.

When the latch input goes to a logic ‘0’’ the outputs are locked
in their present state unless the ‘output enable is at, goes to, logic
‘1", In this event, the Output 1 and Output 2 remain at, or go to,
logic ‘0" and logic 1" respectively.

® Complete NMOS Sense Amplifier — No External Components
Required
® Minimum Propagation Delay —
Amplifier Response - 5.0 ns Typ
Enable Response - 2.5 ns Typ
Latch Response - 1.0 ns Typ
® Power Supplies Compatible With MCM7001/MECL10,000 Systems
® Amplifier Input Termination Voltage Range from Gnd to VREF
Supply on MCM7001

DUAL NMOS MEMORY
SENSE AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

APPLICATION WITH MCM7001 MEMORY

Vee Rt
1/2
VREF = 7.5 Vdc MC3461
Output o o;‘:u‘
Enable
MCM7001 o
or equiv. Input
2A N 50
Data [—O -
A -2.0 vdc
Data O + —0—1
Input L1 50
1A
[¢]
Latch O— Output
1A

L SUFFIX
CERAMIC PACKAGE
CASE 620
PIN CONNECTIONS
Qutput e Ref,
utpu eference
Gna, 11]® 116] "G
Output 2 k=] Output
1A = 2B
Output Output
2a 2 14 “1s
Outputs A Qutputs B
Enable L% '3l “Enable
Input Input
2A 5 12) 1B
Input Input
A L6 11 L5
Ampl. Input
:-:;ﬁ’: DTor(r;m)ntlon
T
VEE
8 9] Vee
(-52v) :](+7.5 V)
TRUTH TABLE
for latch input at logic 1
Output | Output | Output
Input Enable 1 2
1{1) > -200 puA o] 0 1
1(2) = 0 UA 1 [s] 1
(1) =0 pA [+] 1 3]
1{2) > 200 pA 1 0 1

Negative Currents Defined as Flowing into
Device Pin.
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MAXIMUM RATINGS (Unless otherwise noted, T = 25°C)

Rating Symbol Value Unit
Power Supply Voltages Vee 8.5 v
VEE -6.0 \%
Termination Voltage vT Oto Vee -
Operating Ambient Temperature Range Ta 0t 75 oc
Package Power Diss.lpation
Still Air Pp 1000 mw
Derate above 25°C 6.7 mw/°C
Transverse Air flow > 500 linear fpm 2000 mw
ELECTRICAL CHARACTERISTICS Derate above 25°C 13.3 mW/°C
This device has been designed to meet the
dc specifications shown in the test table,
after thermal equilibrium has been esta-
blished. The circuit 1s in a test socket or
mounted on a printed circuit board and
transverse air flow greater than 500 hinear
. U © TEST VOLTAGE/CURRENT VALUES
fpm is maintained. Outputs are termin- (l :"RR
ated through a 50-ohm resistor to -2.0 Volts)
volts. Test procedures are shown for only . O Tost . v v v v v v
one sense amplifier. The other half is empmwr: sense | ViHmax | Vitein | ViHAmin|Vitamax | Vec EE
tested in the same manner. 0°c | >2004A} -0850 | -1870 [ -1155 [-1485 | +75 52
25° | »200uA} -0810 | -1850 [ -1105 [-1475 | 475 -5.2
75°C | >2004A| 0720 | -1830 | -1045 [-1445 | +75 -52
Pin MC3461 Test Limits
Under %C 125°C" 755¢C TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW:
Charactenistic Symbol Test Min Max Min Typ Max Min Max Unit Isense | ViHmax [Vitmin | ViHAmin]ViLAmax| Ve Vee Gnd
Power Supply Drain Current icc 9 - - — 40 59 - - mAdc | 612 ~ = = — 9,10 8 1,16
IgE 8 - - - -50 -73 - - mAde | 6,12 - - - 9, 10 8 1,16
Input Current LinH 4 - - - - 500 - - uAdc 5,11 4 - - - 9,10 8 1,16
7 - - - - 500 — - uAdc 5,11 7 - - — 9,10 8 1,16
hnl a - - 0s - - - - uAdc 5, 11 - 4 - - 9,10 8 1,16
7 - - 05 - - - - uAdc 5,11 - 7 - - 9,10 8 1,16
Logic 1" Output Voltage VOH 3 -1010 [ -0850 | -0960 | - -0810 [ -0900 | -0720 | Vdc 6 7 - - - 9,10 8 1,16
2 - 5 7 - - - *
3 5 - 5 2.4 - ~- -
Logic 0" Output Voltage VoL 3 -1870 | -1660 | -1850 - -1650 | -1830 | -1620 | Vdc 5 7 - - - 9,10 8 1,16
2 - 6 7 - - - ;
2 - ; 5 7.4 - = =
Logic “1" Threshold Voltage VOHA 3 -1030 - -0980 | - - -0920 [ - Vde 6 - - 7 4 9,10 8 1,16
2 ‘ - ‘ - - - 5 - - 7 4 ‘
3 - - - - 5 - - 4,7 -
Logic ""0" Threshold Voltage VoLa 3 - -1640 - - -1630 | ~ -1600 | Vdc s - - 7 4 9,10 8 1.16
2 - ‘ - - - 6 - - 7 4 ‘
2 - - - - 5 - - 4,7 -
Switching Times {60-0hm load) Pulse In | Pulsa Out
Propagation Delay Amplifier t— 2 - - - 50 100 - - ns - - - 6 2 9.10 8 1,16
e 2 - - - - - - - - 2
-+ 3 - - - - - l - - - 3
tH- 3 - - - ' - - - - - 3
Enable = 3 = — — 25 50 ~ - ns - - - 4 3 9,10 8 1,16
4+ 3 - - - - - - - - 3
-+ 2 - - - - - - - - 2
14— 2 — = — — — - = - 2

*Negative currents are defined as currents leaving the device
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MC3461

FIGURE 1 — SWITCHING RESPONSE TEST CIRCUIT AND WAVEFORMS @ 25°C
{Other Section Tested Similarly)

Vee = +7.5 vde

0.1 uF
¢ .
t
. = 1 10 9 =
- tput
Enable Input O G o !_ O Output 2A
Enable Input 40r13 I
Test Point |
Sor11 | 50
50 '

‘aoom\ 6or 12|

0-2.0 Vdc
50
25 ufF

h = I |2 or 14 I I 0.1 uF
Veco L =
Amplifier Input
O
Amplifier Input Output 1A
Test Point
' Unused outputs connected
Each Transistor thru 8 50-0hm resistor to
MMT3960A I 0.1 uF 2.0 Vde

Vgg = -52 Vdc

*Denotes equal lengths of 50-ohm coaxial cable. Wire length should be < 1/4’' from test point to pin or BNC connector.

Amplifier Response Waveforms . Enable Response Waveforms

[——100ns
. ) [ 50ns -
. +0. -089 Vv
Amplifier Input ° g x N Enable input —— N
Test Point 05V _-\ /_ Test Point 169V
tr & t§ = 2.0ns + 0.2 ns : t & tf=2.0ns £ 0.2ns
Measured ?0% to 80% Measured 20% to 80%
T —] - ot L p—— > ot
VoH VoH
Qutput 1A 50% 50% Output 2A 50% ‘A 50%
VoL VouL
= o+
VoH |/ VoH ——
Output 2A ;{ 50% 50% Output 1A
VoL VoL

Amplifier input held at +0.5 Vdc
for Enable Response Tests.

Enable input held at -1,69 Vdc
for Amplifier Response Tests.
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FIGURE 2 — 32K x 2 MEMORY BOARD (MECL SYSTEM)

Data Vald
1/2MC10171 1/2 MC10171
Address A10 A Q03p A Q13
Address A11 8 002p——
Write Enable E0 Q0 1p- | B Q12p
—E QO0O0p— ovgs _
E1 Q1 1p
1/3MC10177,
4 places — E Q1 op—
L
MCM7001, /KK
32 places - l:)Oout
1/2 MC75368
| 16 places
Data
vV . . . .
Mcio161 8 Output
- _ Qop—
Bay Enable EO Qip—
— - Q2p
Chip Select E1 a3p-
Address A12 A Qap—
Qs
dd A13
Address B Qa6
Address A14 c Q7
Vego-
: =L
E: Dlout
MCM7001, 1
32 places
1/2 MC3461
Latch Enable
Connect to all MCM7001’s Connect to Connect to
— . Top Array (32K x 1) Bottom Array (32K x 1)
1/3 MC10177, Data Inputs
12 Places
A0 Al A2 A3 A4 A5 AB A7 A8 A9 DO, D1jn
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Latch Enable

1/2 MC75368

24 Places —

=D

WE 1 (to top 36 devices)

WE2 (to Bottom 36 devices)

MC10161
Board Enable A1 E0Qop-
Chip Select E1Q1p—
Qzp—
Address A10 A a3p 1 l
Address A11 B Veg o v
Board Enable B1 c

1/2 MC3461, 18 Places

MCM7001, 72 Places

—
Data Valid >
MC10109
[»]4) [ 1 = — r )|
— A0 D1 s | = —} E 1
A0 >— —e ;I: ;j
A1 D>— — [ 1 [
| | S
i . .
. Connect
o S e —
— — all | I ] s
1 [ | MCM7001's
o ™ ™
A8 >— b N unt — —
A9 >— g /a9 4|r__lr 1 j
-~
Ca ;L—_';! fbl:[J
D0 >—] 3-‘; =100 u| [ - r —
D1>— =5 —
2 ,:ﬁ
] gs: . 4[:121\1' 1 |m —]
s |- L__J \_I’J
- 1 B
gs ) ] [ p— f |
— 3% rtq ‘r_—_:
— -:5 — Connect D10 1 | [ —1 I |
—]um i ’:,:“ l:l:"
o3 — each line }
— 2‘& — § toone D11 /]r 1 I 1 I 1 E 1
— Em — Row % ‘_,r_‘ﬁ L-_,r— — ] [
— :,? — of D12 — 1 I 1 1 [ -
— 3 [— |4mMcm7001s M J_L_q r‘j:'l
3
— @} D13 M — ! —] 1 s —1
— — D14 = ] 1 1 I |
=S D e =
D16 > — D15 k — {1 = —
D17 > . T _11 r‘::: b;’
Dv1v75 016% | s | [ 1 = )|
W,E, 1>— —-WE1 Lr:lz’l r':l;' F;'
W,E,2>—] e WE2 D17 = 1 I | I 1 | 1
S \‘ 1 F L

{W3LSAS 103W) GHVOd AHOWIW 81 X XY — € 3¥NOI4
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MC3461

Amplifier Input
Termination

REPRESENTATIVE CIRCUIT SCHEMATIC

Simplified MC3461

(1/2 Shown)
l - —OVce
Rt 2 & R2 P4 1
2003 $200 R6Z R7g
Q9 Qutput
Q2 Gnd
<
Q1 o3
Q18
i s o o os
1 2 L Q3 Q8
N— —— D2 O O
Inputs ] 2 1
Outputs
< <
) R3Z R4
" | Y P—%
>
R8¢ ROQ '
Output
= Enable
Internal
h
Latet o as a7 Ves an=
Input Reference
D7_
R5 &
50k D o
H'IO‘:
<
1 12
VEEO
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@ MOTOROLA

MC3467

TRIPLE WIDEBAND PREAMPLIFIER
WITH ELECTRONIC GAIN CONTROL (EGC)

The MC3467 provides three independent preamplifiers with in-
dividual electronic gain control in a single 18-pin package. Each pre-
amplifier has differential inputs and outputs allowing operation in
completely balanced systems. The device is optimized for use in 9-
track magnetic tape memory systems where low noise and low dis-

tortion are paramount objectives.

The electronic gain control atlows each amplifier’s gain to be set
anywhere from essentially zero to a maximum of approximately

100 V/V.

The MC3467 is intended to mate with the MC3468 read amplifier
to provide the entire magnetic tape read function.

® Wide Bandwidth — 15 MHz (Typ)
® Individual Electronic Gain Control
® Differential Input/Output

TRIPLE MAGNETIC TAPE
MEMORY PREAMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SUFFIX L SUFFIX
PLASTIC PACKAGE CERAMIC PACKAGE
CASE 701 CASE 726

/
) W

mT P>

TYPICAL APPLICATION

HIGH PERFORMANCE 9-TRACK OPEN REEL

TAPE SYSTEM

NRZI/¢
Viege) Select
Active
Differentiator
1/3 MC3467 nRz) [ MS3458
Preamplifier Filters ——  Amplifier
Phase
Encode
E— Filters
LS!
Formatter
See MC3468 Data Sheet For MC8500
Systems Applications Information MC8501
MC8502
MC8520

J

EGCE—? E]Vcc
E + + 17

fnput A>
+ +
] )
Input B> Output
=)
[13]ecc
12l
Output
my
o]ee

Qutput

EGC {6

input

Gnd| 9
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MC3467

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted )

Rating Symbol Value Unit
Power Supply Voltages \
Positive Supply Voltage Vee 6.0
Negative Supply Voltage VEE -9.0
EGC Voltages (Pins 1, 6 and 13) VIEGC) -5.0t0 Voo v
Input Differential Voltage Vip +50 \
Input Common-Mode Voltage Vic +5.0 4
Amphfier Qutput Short Circuit . tg 10 H
Duration (to Ground)
Operating Ambient Temperature Range Ta 0to +70 °c
Storage Temperature Range Tstg —65 to +150 °c
Junction Temperature Ty +150 oc
ELECTRICAL CHARACTERISTICS (vcc=50V,Vgg=—6.0V, f =100 kHz, Tp = 0 to +70°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Power Supply Voltage Range
Positive Supply Voltage VceR 475 50 5.25 \"
Negative Supply Voltage VEER -55 -6.0 -7.0 \Y
Operating EGC Voltage VI(EGC) 0 - Vee \
Differentiat Voltage Gain (Balanced) Ayp 85 100 120 viv
Vi{EGC) = 0. € = 25 mVp-p) (See Figure 1)
Differential Voltage Gain Avp - 05 20 VIV
(Vi{EGC) = V!
Maximum Input Differential Voltage VIDR 0.2 - - Vpp
(Balanced) (T 5 = 25°C)
Output Voltage Swing (Balanced) {Figure 1) VOoR 6.0 80 - Vpp
(ej = 200 mVp-p)
Input Common-Mode Range VICR 15 2.0 - v
Differential Output Offset Voltage Voop - 500 - mv
(Ta =25°C)
Common-Mode Qutput Offset Voltage Voogc - 500 - mV
(Ta =25°C)
Common Mode Rejection Ratio (Figure 2) CMRR dB
Vi{ege) =0. Vem =10Vpp
(f =100 kHz) 60 100 -
(f = 1.0 MHz) 40 100 —
Small-Signal Bandwidth (Figure 1) BW 10 15 - MHz
(-=304dB, e = 1.0 mVp-p, Tp = 25°C)
Input Bias Current Iig — 5.0 15 HA
Qutput Sink Current (Figure 5) los 10 1.4 - mA
Differential Noise Voltage Referred to Input (Figure 3) en - 35 - HVRMS
(Vi{eGgc) = 0. Rg =50 2, BW = 10 Hz to 1 0 MHz, T 5 = 25°C)
Positive Power Supply Current (Figure 4) lce - 30 40 mA
Negative Power Supply Current (Figure 4) IEg - -30 —40 mA
Input Resistance (T = 25°C) r 12 25 - [3¢]
Input Capacitance (T = 256°C) c, - 20 - pF
Output Resistance {Unbalanced) o - 30 - Ohms
(Ta =259C)
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FIGURE 1 - DIFFERENTIAL VOLTAGE GAIN, FIGURE 2 — COMMON-MODE REJECTION RATIO
BANDWIDTH AND OUTPUT VOLTAGE SWING (Channel A under test, other amplifiers tested similarly)
TEST CIRCUIT
{Channel A under test, other channels tested similarly)

50V 5.0V
1 18 I 1 _on
2 17 2 17 X
3 0 16 e a 16 Voo
—O— e 44.)— L—O—O v
4q
e Ss1 +—o0— cer-e —O0— CMRR = 20 log 20
5118 MC3467 fo=e1- ¢ 5 MC34 AV Y,
—O— ~ 67
5 13 6 B Vop
?’)— Vic=1.0Vpp 7 —O——j=20 log 790V
o = p—o— = !
—O— = p—O— '
9 10 = 9 10
p—O— —O—
1 +
- -60V N 60V
FIGURE 3 — DIFFERENTIAL NOISE VOLTAGE
REFERRED TO THE INPUT FIGURE 4 — POWER SUPPLY CURRENT TEST CIRCUIT
Vee
50V
) lcc
1 18 18
——O— Krohn-
2 L7 Hite
3 O O 3202
—0—{ Filter
4
’_’0_‘5 l 13
MC3467
51 Ss1 TgO—] McaesT | —Oj
Ho—- —01 hp =
5 = 3400A
= = »;O— 10 10
O Low Pass
i Fiter With
= ) BW =10 MHz A )lgE
Assume Uncorretated Noise Sources ~60V
en (Differential Noise at Input) = eg /2/100 Vee
FIGURE 6 — TOTAL HARMONIC DISTORTION
FIGURE 5 — OUTPUT SINK CURRENT TEST CIRCUIT TEST CIRCUIT
(Channel A under test, other channels tested similarly) {Channel A under test, other channels tested similarly)
50V +20V
50V
T 18 1 18
' hp 334A
17 2 17
—0— Distortion
3 i ) Analyzer
4 6 o 0 5k
mc3ae7 |13 ‘ L 5 o] Mcaae? 1
Py =
= 13
7 i f = 100 kHz L7 o |
8 = 8
9 10 9 10 -
. p—O—f
= ]

60V 60V
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IgE, NEGATIVE POWER SUPPLY CURRENT

THD, TOTAL HARMONIC DISTORTION (%)

Ay (norm), VOLTAGE GAIN NORMALIZED (dB}

(NORMALIZED)

TYPICAL CHARACTERISTICS
(Vee = 5.0V, VEg = -6.0 V, Tp = 25° unless otherwise noted)

FIGURE 7 — TOTAL HARMONIC DISTORTION (THD)

versus INPUT VOLTAGE
10
8.0
Ay =30
60 Vi(ege) = 18V A
: 1= 100 khz
(Sae' Fugure's)
4.0
20 -~
. =
et
0
0 50 100 150 200 250

Vi, INPUT VOLTAGE (mVp.p)

FIGURE 9 — NORMALIZED VOLTAGE GAIN
versus AMBIENT TEMPERATURE

104
vee=50V
VEE=-60V
V) =10 mV RMS
102 fi = 100 kHz
100
098 _AM Voo _ |
"= A (25°C)
Vi
036 L Il )
0 10 20 30 40 50 60 70 80

Ta, AMBIENT TEMPERATURE (°C)

FIGURE 11 — NORMALIZED NEGATIVE POWER SUPPLY
CURRENT versus NEGATIVE POWER SUPPLY VOLTAGE

104
102

L
100 //‘

1 VEp=50V

Ta = 250€

__leem
098 "= iEE (2590)

TEST CIRCUIT = FIGURE 4
L]
50 =55 60 65 70 75

VEE, NEGATIVE POWER SUPPLY VOLTAGE (Vdc)

Igc, POSITIVE POWER SUPPLY CURRENT Ay (norm). VOLTAGE GAIN NORMALIZED (dB)

igc/1eg, POWER SUPPLY CURRENTS
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(NORMALIZED)

(NORMALIZED)

FIGURE 8 — NORMALIZED VOLTAGE GAIN

versus FREQUENCY

+50

0 I
-50

N
-10
—15 Vi=10mV p-p
e

20— A ~2010g w0 Yol

~20{= Ay (norm) = 20 log T ey 50
50

-2 ' <
o Loinn |

0.1 10 10 b

f, FREQUENCY (MH2)

FIGURE 10 — NORMALIZED POSITIVE POWER SUPPLY
CURRENT versus POSITIVE POWER SUPPLY VOLTAGE

104

1.02

1.00
VEE=-60V
TA=1250C
ne—ccm
0.98 Icc (25°C)
TEST CIRCUIT = FIGURE 4
0.96
475 48 48 49 495 50 505 51 515 52 525

Ve, POSITIVE POWER SUPPLY VOLTAGE {Vdc)

FIGURE 12 — NORMALIZED POWER SUPPLY CURRENTS
versus AMBIENT TEMPERATURE
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1 Vgp =5.0V
1.00 e VEE=-60V
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e "= 1gc (25°C) " igE (25°C)
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099 / SEE FIGURE 4

/ FOR TEST CIRCUIT
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FIGURE 13 — DIFFERENTIAL VOLTAGE GAIN versus
ELECTRONIC GAIN CONTROL VOLTAGE (Vy(Ege)!

100

FIGURE 14 - COMMON-MODE REJECTION RATIO
(CMRR) versus FREQUENCY

80

I

o
=)

rS
o

GAIN {(V/V)

\

0Vpp TEST CIRCUIT

20

N

<
o

CMRR =20 Io

©

Ay =100V/V =40d
= FIGURE 2

A

AvD. TYPICAL DIFFERENTIAL VOLTAGE

CMRR, COMMON MODE REJECTION RATIO (dB)

VI(EGC), ELECTRONIC GAIN CONTROL VOLTAGE (VOLTS) -

FIGURE 15 — PHASE SHIFT versus FREQUENCY

15 20 25

L 10 10 100
f, FREQUENCY (MHz)

FIGURE 16 — TYPICAL EGC INPUT CURRENT versus

EGC INPUT VOLTAGE

0 * mo—
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<
% § z L~
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o 3 7
= -1 ut /
=z £
o =160 é
S 200 = Veo=50V
3 a S VEE=-60V —
< T} EE
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—240 / L 1
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f, FREQUENCY (MHz) VI(EGC). EGC INPUT VOLTAGE {Vdc)
REPRESENTATIVE CIRCUIT SCHEMATIC
—OoVee
L $R2 R11 °R13
y Q25
y ﬁ Q26
Q2 Q4 Qs Q7 4 °
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Inputs 0
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@ MOTOROLA MC3468

Specifications and Applications

Information

LSI MAGNETIC MEMORY READ SUBSYSTEM

The MC3468 READ Subsystem when used with the MC3467
triple preamplifier provides the interface between magnetic tape
heads and digital logic. This system is well suited for open-reel and
cartridge magnetic tape systems. The MC3468 performs peak detec-
tion, and threshold detection functions as required for NRZI, Phase-
Encoded or Group-Encoded recording formats. The device consists
of: 1) Input Multiplex function, 2) Gain Stage with Electronic Gain
Control (EGC), 3) Active Differentiation Amplifier, 4) Zero Crossing
Detector (ZCD), 5) Threshold Detector Amplifier with Multiplexed
Inputs and 6) Threshold Detector.

MAGNETIC TAPE
MEMORY READ AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 726

P SUFFIX
PLASTIC PACKAGE
CASE 701-01

Channel Sefect

(AorBI[]
Threshold Amp-

E Vee

o ',:,]Throshold Detec-

Iifier Input A tor Output
L. . Threshold Amplifier — %] Threshola
® Complete READ Function in One LS| Device Inverting Input Level Input
: : . . Am |m:rh|’:st‘:lg ] %] 2C0 Output
® Two Pair of Differential Inputs Allow Logically Controlled Selec- P "EGC & T ane
tion of Input Filter or Tape Head Configuration
Inputs A E Differentiation
® Low Recovered Error Rate ! ] | Components

e Input/Outputs are Low Power Schottky TTL Compatible 5] Sain Stage

tput
[© vee

tnputs B
1

MC3468 TYPICAL APPLICATION AND WAVEFORMS

Channel A Input
0.5 Vp-p, 160 kHz

Zero Crossing
Channel A Detector Output
Tape Head 1 Input
m 2CD —

1/3

‘ T MC3467 MC3468

i€ 51—

Preamphfier
Threshold Detector

Output

TD Qutput, Pin 17§
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MC3468

MAXIMUM RATINGS (T 5 = 25°C unless otherwise noted)

MAXIMUM RATINGS (continued)

Rating Symbol Value Unit Rating Symbol Value Unit
Power Supply Voltages Common Mode Input
Positive Supply Voltage Vee +7.0 v Voltage
Negative Supply Voftage VEE —8.0 \' Threshold Amplifier Vie(T) 50 \
Pin Voltages Gain Amplifier Vic 50 v
EGC Voltage (Pin 5) VitEGC) | ~B.0to+7.0] V Amplifier Output Short tg 10 s
Threshold Voltage Vi +1.0to -3.5 v Circuit Duration
(Pin 16) {Ground Pin 11)
2CD Output {Pin 15) Vo(zco) +7.0 v Operating Ambient TA 010 +70 °c
Channel Select A/B Vi(cs) +7.0 to —2.0 v Temperature Range
Input {Pin 1) Q)
e I I B e T
(Pin 17) J
Differential Input Voltage
Threshold Amplifier VID(T) 5.0 \4
Gain Amplifier Vip +5.0 \
ELECTRICAL CHARACTERISTICS (Vg =5.0V,Vee = ~6.0V, Ta =0 to +70°C unless otherwise noted)
[ Characteristic Figure | Symbol Min Tye Max |  Unit |
TOTAL DEVICE
Power Supply Voitage Range @ Tp = 25°C
Positive Supply Voltage VeeR 475 5.0 5.25 v
Negative Supply Voltage VEER —-55 -6.0 -7.0 \'4
Positive Supply Current (Vg = +5.25 V) 7-13 Ice - 35 45 mA
Negative Supply Current (VEg =-7.0 V) 7-13 3 - 30 45 mA
Channel Select Input Voltage — Low Logic State ViL(cs) - - 08 \
Channel Select Input Voitage — High Logic State VIH(CS) 2.0 - - \
Channel Select Input Current — Low Logic State 6 HL(cs) - - -100 LA
{ViL(cs) =0. Ve =5.25 V)
Channel Select Input Current — High Logic State 6 HH(CS) - - 10 kA
{(ViH(cS) = Vec =5.25 V)
GAIN AMPLIFIER SECTION
Voltage Gain {Unbalanced @ Max Gain) 1,14 Ay 65 75 85 VIV
(e; =100 mVpp, f=1.0 kHz
Voltage Gain (Unbalanced @ Min Gain} 1,14 Ays - 0.05 0.1 vIv
Vi(EGC) = VCC, €, =800 mVp.p)
Operating EGC Current (VEgc = 0 to +5.25 V) 1,15 W(EGC) - - 6.0 mA
Maximum Differential Input Voltage VIDR 08 - - Vpp
(Ta =25°C)
Common Mode Rejection Ratio 3 CMRR 40 80 - dB
(Viiece) =0.Vem = 1.0 Vpp, f = 100 kHz,
Ta =25°C)
Bandwidth 1 BW - 15 - MHz
(—3.0 dB, Tp = 25°C)
Input Resistance T 30 60 — k2
Channel 1solation 2,16 40 60 - dB
{f = 100 kHz, j = 800 mVp )
Input Bias Current 4 Iig — 5.0 15 HA
Input Common Mode Voltage Range VicR +1.0 15 - v
Output Resistance (Pin 11) o - 15 30 Ohms
(Ta =259C)
QOutput Sink Current (Pin 11) 5 los— 1.2 2.1 - mA
Output Voltage Swing (Pin 11} 1 VOoR 225 3.0 - Vpp
(f = 1.0 kHz, e, = 800 mVp)
Output Offset Voltage Voo - +400 - mV
(T =25°C)
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ELECTRICAL CHARACTERISTICS (Vgc =50V, VEE =—6.0V, Ta =0 to +70°C unless otherwise noted) (Continued)

Characteristic | Figure l Symbol I Min | Typ | Max I Unit I

ACTIVE DIFFERENTIATOR SECTION

Timing Distortion 12 - 1.0 3.0 %
(1=1.0mA, A =15 Vpp, f =100 kHz, T = 25°C)

Zero Cross Detector — High Level Qutput Current 8 1oH(ZCD) - - 150 HBA
(Vo =5.5V)

Zero Cross Detector — Low Level Output 9 VoL(zco) - - 0.50 Vv
{loL =8.0 mA}

Differentiator Output Sink Current 5 lo(p)— 1.0 14 - mA
(Pins 12 and 13)

Differentiator Output Resistance {Unbalanced) To(D) - 20 - Ohms
(Ta =25°C)

THRESHOLD AMPLIFIER SECTION

Differential Voltage Gain (e, = 200 mV} Ayp 4.25 5.0 5.75 viv

Maximum Differential Input Voltage Without VIDR(T) - - 400 mVpp
Distortion (T 5 = 25°C)

Maximum Differential Input Voltage Before VIDRI(T) - - 1.4 Vpp
Timing Shift (T 5 = 256°C)

Maximum Threshold Voltage (Linear Operation) VIR(T) - - -1.0 \4

Threshold Voltage Required to Disable Threshold Vi) - —2.0 -25 v
Comparators (V[ > 2.7 V, Tp = 25°C)

Bandwidth BW - 15 — MHz
(-30dB, Tp = 25°C)

Input Resistance N(INT) 25 50 — k2

Threshold Amplifier Bias Current 4 1B(T) = 5.0 15 HA

Channel Isolation Ratio 2 40 60 - dB
{f = 100 kHz)

Threshold Detector Output Voltage — Low Logic State 10 VoL(r) - - 0.50 v
{loL =8.0mA,Pin 17)

Threshold Detector Output Current — High Logic State 1 loL(T) - - 150 HA
(VOH =5.5V,Pin17)}

Threshold Voltage Input Current ITHC - 25 50 nA
(Pin 16)

DESCRIPTION OF FUNCTION
Input Multiplex — Input multiplexing allows logic- Threshold Amplifier and Detector — The gain stage out-

controlled (TTL compatible) selection of either of a pair
of differential gain stages. Two separate tracks or one
track processed through different filter networks for dif-
ferent recording formats can be selected (e.g., Phase En-
coded/NRZI, Group-Coded/PE).

Gain Stage — The gain stage is controlled by Electronic
Gain Control (EGC) and differential outputs are pro-
vided for the active differentiator and a single output is
available for the threshold function. The EGC range is
from essentially zero to 7.5 {unbalanced).

Active Differentiation — Active differentiation requires
minimum external passive component count. The pro-
cedure for selecting component values insures linear
operation and optimum zero-crossing detector per-
formance for excellent noise rejection.

Zero Crossing Detector (ZCD) ~ The zero-crossing de-
tector generates an output transition corresponding to
the peak of the incoming signal to the MC3468. Careful
attention has been paid to avoid timing distortion be-
tween the outputs of the active differentiator and the
inputs of the zero crossing comparator. The output is
open collector Schottky TTL.
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put is ac coupled or differentiated into the Threshold
Amplifier multiplexer. This allows logic-controlled (TTL
compatible) selection of either of a pair of single-ended
to differential gain stages. Thus, the possibility of select-
ing between a differentiated or straight capacitive
coupled signal for thresholding. The select line is the
same as for the Gain Stage multiplexing. The unbalanced
gain of the threshold amplifier is 5. An inverting input is
available for balancing the input signal to minimize the
effects of offset current. The differential outputs of the
threshold amplifier are compared to an external thresh-
old in the threshold comparators, An output signal is
provided whenever the signal exceeds the threshold
setting in the positive or negative direction. The output
is open collector Schottky TTL.

The versatility of the MC3468 facilitates the design
of dual mode (NRZI/PE, Group/PE) tape drives with the
ability of dynamically switch gain, active differentiator
components, and thresholds for different recording
speeds or interchanged tapes.

Note: For proper operation a dc path must be provided
for all inputs of atl amplifiers.
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MC3468 BLOCK SCHEMATIC
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FIGURE 1 — VOLTAGE GAIN,
BANDWIDTH AND OUTPUT
VOLTAGE SWING
(A Input Shown)

50V
[o}
_Lo.1 #E s
I S :
= 3 16 €o
Min ?-—O— Ay =—
a4 e
Gain ?0—1 14 !
Max —0O— MC3468
%O— Input A —
= 501 O] 11 AmpOut
e, »;-o—— Input B o eg
—O— 1
f=1.0kHz
— = —60vV
FIGURE 3 - COMMON MODE
REJECTION RATIO (CMRR)
50V
| 1o 18
2
3 O
4 16
bro
?O— MC3468 -
ERa —
—O— -
8 1
—O0————0 ¢
e 50 @2 10 °
1.0 Vpp
- - e -6.0V
CMRR - 20 log —> - 20 log —=
v e 75e,

FIGURE 5 — AMPLIFIER OUTPUT
AND DIFFERENTIATOR QUTPUT
SINK CURRENT TEST CIRCUIT

+5.0 Vv

18

MC3468

olojvlolalsjuin]-

—-6.0V
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FIGURE 2 — CHANNEL ISOLATION
RATIO
(B Inputs Shown)

20v 50V
1 18
2 0 o
39 16 %o
07-0— Threshold
5 input B 14 Amp
o?o— MC3468
7 O —_
8 C 11
- e I—o——0
15O 10 €0
Input B Gain
Stage
e, 50
0.8 Vpp = —60V
eqg eg
— CIR = 20 log el— 20 log 5. e
FIGURE 4 — INPUT BIAS CURRENT
TEST CIRCUIT
5.0V
hB(m) |_1_o_ 18
2
| @ 39
25 16
—— g =12 o?o— 14
= P-G—O—- MC3468
70 —
5O -
} $io ]
)€ 10
218 J |
= = -60V
FIGURE 6 — CHANNEL SELECT
INPUT CURRENT TEST CIRCUIT
525V
High
18
| —o0—
Low O
16
—O0—
14
MC3468  —O—4
10
e Oy
[e]
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FIGURE 7 — POSITIVE AND

NEGATIVE SUPPLY CURRENT OUTPUT CURRENT HIGH LOGIC

FIGURE 8 — ZERO CROSS DETECTOR

FIGURE 9 — ZERO CROSSING
DETECTOR OUTPUT VOLTAGE

TEST CIRCUIT STATE TEST CIRCUIT LOW LOGIC STATE TEST CIRCUIT
Vee
+5.0 V +5.0 V
+5.0 V
18 1 18 | |
; C 2 55V ; =
3 o: 16 3 16 3
4 4 15 4
50 14 5 O 5
p—O— Mmcaascs - MC3468  jomO—d = MC3468
70 = 7 013 7
5O 8 = 8
50 10 9 10 Force )
2004A
- - -60V - 60V
Veg =
45,0 V
FIGURE 10 — THRESHOLD DETEC- FIGURE 11 — THRESHOLD DETEC-
TOR OUTPUT VOLTAGE — LOW TOR OUTPUT CURRENT ~ HIGH
LOGIC STATE TEST CIRCUIT LOGIC STATE TEST CIRCUIT
o2v +5.0 v 50V 55V
T +5.0V T
Lo_ |-1—0— —OA
2 2 17
3 3 16
= " l—O—= 05V
5 MC3468 > MC3468 15
5 6 C ]
7 2 =
8 8
9 10 9 10
= 60V = —60V
FIGURE 12 — TIMING DISTORTION Tp = 25°C
50V
o]
Timing Distortion (1D) = :: ::; X 100% I 1 18
s50v | - 2 ©
€o 30 R = 560 Ohms
J 29
15v F?O— ey
ov l $-0— Mcaaes
1 2 —O—
I T 1 7 12 =
50 o I 1000 pF
25 11 p
e 50 250 r_o_. 10 (15 Vpp)
Note: Adjust e for 1.5 V p-patPin 11,
' t= 100 kHz £ ‘o -6.0v
- ¢ mA - 1000 pF
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" 116 Vep) 27 100 kHz
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TYPICAL PERFORMANCE CURVES

FIGURE 13 — NEGATIVE POWER SUPPLY FIGURE 14 — NORMALIZED VOLTAGE GAIN
CURRENT versus NEGATIVE POWER SUPPLY versus EGC INPUT VOLTAGE
VOLTAGE
~ 3 100
<
£ = \ Vee=50V —
= £ \ VEE=-60V
£ 280 Ta=250C
£, : \
>
% bTa=250C = 60
g i | [
3 sl vec=525v | e 3 \
« I m——— =1
g vee=50V—"F | & a0
= Ve =475V g \
= 29 x
5 =R
E E4
R
& 07
50 55 6.0 65 0 05 10 15 20 25 30 35 40
VEE, NEGATIVE POWER SUPPLY VOLTAGE (VOLTS) VI{EGC), ELECTRONIC GAIN CONTROL VOLTAGE (VOLTS)
FIGURE 15 ~ ELECTRONIC GAIN CONTROL FIGURE 16 — CHANNEL ISOLATION RATIO
INPUT CURRENT versus VOLTAGE versus FREQUENCY .
50 T T 70
Pins 1
_ vee=50V @ g
240 VEE=-60V __| g' 0
= ) TA = 250C 2
z Ea
£ // =
S 30 v 2 o
:‘ 240 CIR=2U|09W
=) > A N
2
520 /r 530 Assume Ay =75
§ Y [ Vvi=08Vpp
= Z w0 Vee=50V
a B VI(EGE) =0V
w10 o V(i) =20V
= S 10 vge=-60V
I Ta = 250C
0 ] ol 1 111
0 10 20 30 40 50 100 kHz 10MHz 10 MHz 100 MHz
VI{EGC), ELECTRONIC GAIN CONTROL INPUT VOLTAGE (VOLTS) 1, FREQUENCY (Hz)

FIGURE 17 — GAIN AND PHASE versus
FREQUENCY FROM Pins 6, 7 to Pins 12, 13
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U
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SYSTEM PARAMETERS

The following system parameters are characteristic of
not only the device but external component values and
circuit layout. Detailed test circuits and measured

parameters are provided only as a guide to expected sys-
tem performance. These parameters are not readily
measureable on a production volume basis.

FIGURE 18 — TEST CIRCUIT FOR MEASURING PROPAGATION DELAYS

From Gain Stage Input to Zero Crossing Detector Output

(Pin 6 to Pin 16) (Subtract 8 ns from measurement for probe and cable delays)

T
Capacitances are solid Tantalums ()—_L = Tgfogzs
0.5 Vpp = Vee '
500 kHz B
OO o
A X10 Probe
Wavetek >
Model 164 = = 50 e MC3468
Function
Generator
= 7 — Input [/—\
= Pin6 —}
Output :\_/:
5o 1 PUY taLH(zeD) -1 b — :““PHL(ZCD)
2CD 1.5V 15V
= Pin 15 ' '

Note: Symmetry is adjusted @ 50 kHz and 50 mVpp
*Adjust 100 k per Figure 21, Part |1

Typical Measured V alues tpLH(ZCD) = 40 ns

tPHL(2CD) = 50 ns

FIGURE 19 — TEST SETUP FOR MEASURING PHASE JITTER

Note: Use of a series inductor in the differentiator network
significantly improved phase jitter performance.

VEE

100 k*

2-104F TEK 475
Capacitances are solid Tantalums Scope
12 13 Vce
8
M, 500kHz 6
‘ 680 X10 Probe
Wavetek s
Model 164 = Tso = MC3468 1
Function
Generator
= 7 L
== ZCD Output 4
Pin 156 15V
[ 1 1 :
Typical Measured Values* L} 1 |
e,=0.5Vp-p @Pins 12, 13=05% | -t t - [
25 mVp-p @ Pins 12,13 =6.0 % : :
T
] 1

t
% Phase Jitter =?X 100%

Note: The jitter window, t, is defined as the
3 o points on a Gussion curve,
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FIGURE 20 — TEST SETUP FOR THRESHOLD AMPLIFIER DELAY AND "
THRESHOLD COMPARATOR EQUIVALENT OFFSET MEASUREMENTS

X10 Probe
A
\'Z
ge TEK 475
Scope
Wavetek 8
Model 164 X10 Probe
Function Mc3468
Generator
16

Note 1 0.1 uF
T 1

Input +100 mV Typical Measured Values: tp_H(TD) = 43 ns

Pin 2 PHL(TD) = 43 ns
100 kHz 0 Vio(Tp) = 38 mv

100 mv

Threshold

Detector 1
Output 1.5V 1.5V
Pin 17 .

PHLTD) —1 r' -
.
! 1

Notes: 1. For Delay measurements, V is fixed at —250 mV;
for equivalent comparator offset voltage measurements,
V s adjusted until Pin 17 goes low. The voltage, V, is
the equivalent offset, VIO(T_D)-

2. Some compensation is possible using a resistor from
Pin 3 to ground.
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FIGURE 21 — TEST SETUP FOR GAIN AND PHASE versus FREQUENCY (5 kHz to 1 MHz)
FROM INPUT TO DIFFERENTIATOR (Pin 6, 7 to Pin 12,13)

Actual Test Measurements {Calibrate Instrumentation for Phase Compensation)

510
+H+

PN N
— HP3575A
= Gain Phase
Sohd Meter
Tantalums
2-10 uF

|

D 1

0.5 Vpp 6
Fan 2
Wavetek ji i
Model 164 = = _gso— Mc3468
Function = = =
Generator 7

I 1

+
TEK P6046
Differentiator
Probe and
Amplifier

D
8 ,lljj 14

il

(See Figure 17 for plot of data)

DESIGN SUGGESTIONS

Gain Stage Bias Current

One must consider supplying 15 pA of bias cur-
rent to the Gain Stage when designing a filter net-
work. A good design value for the equivalent
resistance from each input leg to groundis 5 k2.

Adjusting Peak Shift to Zero (See Figure 22)

The worst peak shift observed on the ZCD output'
occurs for the smallest slew rate provided by the
Active Differentiator at the ZCD inputs. In Turn,
the Active Differentiator produces the smallest
slew rate when the gain-bandwidth product ap-
plied at its inputs is the smallest. Current source,
resistors, and diode imbalances will exhibit the
maximum peak shift under this condition. Using
the resistor network shown, these imbalances are
adjusted out for the worst case condition,

FIGURE 22 — PEAK SHIFT NETWORK

Pin 12

O Pin 13

‘ los

Note: The 100 k£ resistors should be close to the IC to suppress noise.
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MC3468 APPLICATIONS INFORMATION

MC3468 For NRZI Encoded Magnetic Tape

NRZI Encoding was one of the first popular record- -

ing formats and is formalized as an American National
Standard for the purpose of facilitating the interchange
of magnetic tapes. Although the Phase-Encoded format
is now more widely accepted than NRZI, vast libraries of
NRZI tapes still exist. Computers will be reading these
tapes for years to come, and in some cases, re-writing
them in phase-encoded format. Thus, the ability of the
tape drive electronics to read both NRZI and PE tapes is
a feature often sought in new designs,

For NRZI recording, the magnetic surface of the tape
is magnetized to saturation in one direction or the other
each time a logical 1" is to be recorded. The magneti-
zation remains unchanged for a logical “0”. The result-
ing signal from the read head for a typical NRZ! data
stream is shown in Figure 23. The NRZI data stream con-
sists of a continuum of Fourier components up to a maxi-
mum frequency of 5fy, where fy is numerically equal to
one-half the maximum flux changes per second (FCPS).
For long st(ings of zeroes, the lowest Fourier component
could theoretically be near de¢, but on a typical tape a
long interval with no “1's” is not allowed. Consequently,
most of the energy in the pulse train is around fH and
its harmonics (up to the fifth). A suitable corner fre-
quency for ac coupling from the preamplifier is 60 Hz,
although for high speed systems it could be consider-
ably higher (1/10 fH). The -3 dB frequency of a low
pass filter is usually placed at a frequency greater than
fH. In most systems, this low pass filter must do more
than provide a roll-off for high-frequency transients. It
also equalizes the read amplifier chain and differentia-
tion network for linear phase versus frequency response.
Once the transfer function of this equalization filter is
known, it may be incorporated either as part of the ac
coupling between the preamplifier and amplifier or as
part of the differentiation network.

The American National Standard specifies that NRZ|
be recorded at 800 BPI (Bits Per Inch) on open reel mag-
netic tape. Typical read/write tape speeds range from
12.5 to 300 IPS (Inches Per Second). Examples 1 and 4
show MC3468 NRZI designs.

MC3468 For Phase-Encoded (PE) Magnetic Tape

Of the numerous methods for encoding digital data
on magnetic tape, phase encoding is currently most
popular. As shown in Figure 23, data is represented by
transitions occurring in the middle of a “data cell”. A
fow-to-high flux transition (toward the magnetization
level representing erased tape) is defined as a logical
“one" and a high-to-low transition is defined as a logical
“zero”. For consecutive “one’s” or “zero’s” phase
transitions are introduced as needed at the “data cell”
borders. Phase transitions are not required when the en-
coded data consists of “‘one-zero” patterns,

The read head signal resulting from mixed data
streams consists of two fundamental frequencies, f4 and
fL which represent most of the harmonic content {with
some energy at harmonics up to the fifth). These are

F02PI x IPS and FCPI4x IPS

" numerically equal to {where
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FCPI is maximum flux changes per inch and IPS is tape
speed in inches per second). In high-speed, low-level sys-
tems, the amplitude of these read head signals is only a
few millivolts and conditioning with a preamplifier such
as the MC3467 followed by a passive bandpass filter is
required. The bandpass characteristic sets the lower —3
dB frequency below f_and the upper —3 dB frequency
above fH. In most systems, the bandpass filter must do
more than filter out noise. The low-pass portion also
equalizes the read amplifier chain and differentiation
network for a linear phase versus frequency response.
Once the transfer function of this equalization filter is
known, it may be incorporated as part of the filter be-
tween the preamplifier and amplifier or as part of the
differentiation network. .

The American National Standard specifies that PE
data be recorded at 1600 BPI (Bits Per Inch} on open
reel magnetic tape. Typical read/write tape speeds range
from 6.25 to 200 IPS (Inches Per Second). Cartridges
use 1600 BP| and have tape speeds of 30 IPS for read/
write. Examples 2, 3, and 4 show MC3468 designs for
PE systems.

MC3468 For Group Code Recorded (GCR) Magnetic
Tape

Basically, Group-Coded Recording (GCR) is a high
density recording scheme which uses the NRZI conven-
tion for “1's” and “0's”, but adds the restriction that
flux changes occur at [east once in every three bit cells
(Figure 23). The read head signal resulting from mixed
data streams consists primarily of Fourier components
from f|_ to 3f_ = f4 and their harmonics up to the fifth,
The frequencies fi and fi are numerically equal to

FCPI x IPS FCPI x IPS
4 > and 3
maximum flux changes per inch and IPS is tape speed in
inches per second). The amplitude of the read head sig-
nals is only a few millivolts or less and conditioning with
a preamplifier such as the MC3467 followed by a passive
bandpass filter is required. The bandpass characteristic
sets the lower —3 dB frequency below f|_and the upper
—3 dB frequency above fy. The bandpass filter must do
more than filter out noise, The low pass portion equal-
izes the read amplifier chain and differentiation network
for linear phase versus frequency response. Once the
transfer function of this equalization filter is known, it
may be incorporated as part of the filter between the
preamplifier and amplifier or as part of the differentia-
tion network.

The proposed American National Standard specifies
that GCR data be recorded at 9042 FCPI (Flux Changes
Per Inch). Because of the data format, the usable data
density is 6250 BPI rather than 9042 BPI. The “6250
BP!"” is a throughput specification and should not be
used in read amplifier calculations. The original GCR
concept was intended for high speed drives (200 IPS).
However, it is also being applied to lower speed (125
IPS) systems. Examples 5 and 6 illustrate the use of the
MC3468 in GCR systems.

, respectively (where FCPI is
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FIGURE 23 — MOST POPULAR MAGNETIC TAPE RECORDING FORMATS
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CIRCUIT OPERATION

(See Figure 24 for component wiring and Figures 25 and
26 for Timing Diagrams)

The operation of the MC3468 is similar for NRZI, PE,
and GCR data formats. The preamplifier and filtered sig-
nal is applied differentially to either Channel A or B Gain
Stages. The Gain Stage output differentially feeds an
Active Ditferentiator and a single-ended output is avail-
able for straight capacitive or differentiated (active or
passive) coupling into either Channel A or B inputs to
the Threshold Amplifier,

For the circuit configuration shown, the Active Dif-
ferentiator output leads the input by almost 90°, The
Active Differentiator output is applied to a Zero-Crossing
Detector, which goes low for positive levels and high for
negative levels, changing state at the zero crossings. The'

Threshold Circuit amplifies the Gain Stage output and
compares positive and negative signals to a threshold
level. When the level is exceeded, the TD output is low.
From the waveforms, it is seen that the ZCD output
makes a transition approximately in the middle of the
period when TD is low. Wiring ZCD “anded” with TD to
the set input and ZCD “anded” with TD to the “reset”
input of the R-S type flip-flop reconstructs the data
stream encoded on the tape, This circuit works for zero
clip (zero threshold) operation, but has the disadvantage
that timing distortion results from capacitive loading.
Digital circuits for reconstructing the data stream which
utilize pipe-line delays to overcome capacitive loading
timing distortion are shown in Figure 27,

FIGURE 24 — TYPICAL MC3468 COMPONENT HOOKUP

Lp
Cp
Vece
11 012 VEEQ 13
Channel A 6 '_L\ \l 680 680
from e t + 9
Preamplifier Gain D‘l\f‘;ﬁve c,f,es:?ng (1:5
en-
and Filter Stage A (iaz::r Detector
L I +
Gain
Ej
smgw}
s Q
Data
= 4 ! R
A ="1"] ChannelO-
B = "0"'f Select A/8
L_{ 2 +
ca R2 Threshold ' Threshoid
R1 Amn}\lﬂer Detector
= . .
R1 v
— —
= Threshold Threshold
Amplifier Detector
4 ., B
Vge = +5.0 Vde

R4
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FIGURE 25 — WAVEFORMS SHOWING MC3468 OPERATION FOR NRZI DATA
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FIGURE 26 — TIMING DIAGRAM WAV EFORMS SHOWING MC3468 OPERATION FOR PHASE-ENCODED DATA
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FIGURE 27 — OTHER DIGITAL CIRCUITS FOR RECONSTRUCTING DATA STREAMS FROM THE MC3468

1) Dual Qutput Circuit (Pipetine Delay for Negative Edge Must Be the Same for Both Outputs)

2co (ol e}

Negative Peak

H —

Positive Peak

2}, Single Qutput Circuit (Operation Indepandent of Capacitive Loading Effects on Delays)

ZCD D a

uuuyr

Composite of
Positive and Negative
Peak Pulsas

Group Delay Distortion

The ultimate purpose of the magnetic read amplifier
chain in Figure 28 is to produce a digital signal with
transitions corresponding to the peaks of a read head sig-
nal. Because the active and passive elements in the chain
exhibit phase characteristics, there will be a “pipe-line”
delay between peaks at the read head and the digital out-
put from the zero-crossing detector. Variations in this
delay with frequency or amplitudes cause timing distor-
tion which translates directly into increasing error rates.
The primary consideration in the read chain implementa-
tion is to equalize the read chain for almost flat delay
over the frequencies and amplitudes of required opera-
tion. Figure 28 depicts one of several possible read chain
configurations which can be equalized for best-flat time
delay performance.

Preamplifier

High Pass

The determination of the component values is rela-
tively straight forward provided the active elements have
negligible phase characteristics in the frequency range of
operation, Below 1 MHz, the MC3467/MC3468 read
chain active elements have negligible phase characteris-
tics. Although phase effects start showing above 1 MHz,
phase versus frequency is linear (constant time delay).

QOther read chain configurations have a band-pass fil-
ter between the preamplifier and Gain Stage. It is pos-
sible to move some of the poles of the filter into the
active differentiator. The technique suggested in Figure
28 transfers poles into the active differentiator to min-
imize component count. The insertion loss of the tech-
nique is also less than an equalization filter ahead of the
READ amplifier.

MC3468/69 Peak Detector Section

4
Rp
Log Ilcl’

Fllter

=

2CcD

> | >

FIGURE 28 — GROUP DELAY DISTORTION
THROUGH READ CHAIN

Zero-Crossing
Datector

Gain

Active
Differentiator

Tep +ATgD
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Determining Rp, Cp, and Lp For the Active
Differentiator

For the equalized read chain shown in Figure 28, Cp,
Rp and Lp are determined respectively in that order.
The phase characteristics of the active elements are as-
sumed to be negligible,

Also, solving wg = for RT,

1
RYCp
1
wcCp
1
Assuming the output impedance of Q1 and Q2 com-

Rt =

An active differentiator is formed by Rp, Cp and Lp bined is 40 Ohms,
coupling the emitters of a differential amplifier having R = 1 0
current sources IQp in each leg. If a differential voltage D= wctp ~
AyEp cos wt is applied to the Active Differentiator, the
resulting current through Rp and Cp is:

2AER —1/wCp
cos{wt - arctan( )
2

24/ 1
Vv RT +<ch+wLD)

where wg = 3 wH,

= As shown in Table 1, the addition of an inductor, Lp,
significantly improves phase linearity versus frequency
as well as providing a roll off for high frequency noise.

This optimum solution requires the following relation-

ships:
Active __2_. = EI
24, Ep cos wt Differentiator RTCD LD
(From Gain
Stage) RT2 Cp
rearranging, Lp= —
—_—

Pin 13

l'o(o)

Pin 12

10(0)1

TFor optimum zero-crossing detector performance,
dl/dt should be as large as possible at zero-crossing.

Motorola guarantees a minimum 1g(p) of 1.0 mA.

when wLp <

<RT

TABLE 1 — PHASE LINEARITY (CONSTANT TIME
DELAY) PERFORMANCE FOR RC versus RLC ACTIVE
DIFFERENTIATOR NETWORK

1=2A,E, Cp wsinwt

where 2A\Ep, is the product of the differential input to
the Gain Stage Ep and its unbalanced gain, Ay.
where R is the total of Rp and the output impedances

of Q1 and Q2. The combined output impedances of Q1 we=g 1c = 3wy “ NCD
and Q2 is 40 Ohms. b*=p "“Rp Cp \/"é

This condition is approximated for . c =

RTCp v W

3wy (where wy is the maximum applied frequency of we 6 A0 Yn 4 ad
appreciable Fourier content). 1.0 +45,00 1.0 o

The peak value of I (i.e., 2Ay Ep Cp w) is important. g': :;?'gl :‘;g; g'z :19;4:5 :g'?z
As | approaches |0 (D), the transistor Q2 turns off 'and the 0.7 +65.01 +a367 | 07 +27.26 *9:61
waveform at Pin 12 distorts. The circuit no longer be- 0.6 +59.04 +4.03 | 0.6 +37.03 +9.77
haves as a differentiator and peak distortion results. 0.5 +63.43 +4.39 | 05 +46.69 +9.66

04 | +68.20 +4.77 | 0.4 +56.04 +9.35

For best zero crossing detector performance, it is es- 0.3 +73.30 +5.10 | 0.3 +65.00 +8.96
sential that | be maximized. A design value of | which 0.2 +78.69 +5.39 | 0.2 +73.58 +8.58
results in good noise performance and minimum peak 0.1 +84.29 +5.60 | 0.1 +81.87 +8.29

shift is 900 microamperes. !
I = 2Ay Ep Cp w = 900 x 10—6
Rearranging the equation for I,

_900x 10-6
2Ay Ep w
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Threshold Considerations

The threshold circuitry is used in read after write sys-
tems to insure that good data was written, to set ub gain
during an ID burst, and sometimes to indicate a mini-
mum signal voltage for invalid data. Optimum threshold-
ing requires a large swing at the threshold amplifier in-
puts. A good design value for VINTA is 1.0 Vp-p, and
should not exceed 1.4 Vp-p. If it does, a timing shift re-
sults. Internal clipping is provided for all signals greater
than 400 mVp-p. The distortion resulting from clipping
has no effect on thresholding because only peaks are
clipped.

As shown in Figure 24, the Gain Stage output at Pin
11 is ac coupled to the threshold amplifier so that volt-
age offsets do not influence thresholding. An attenuator,
R1/R2, is often required in the ac coupling networks be-
cause the gain stage output is between 1.6 Vp-p and 2.4
Vp-p for optimum zero-crossing-detector performance,

VINTA Acs
v v =
fro?n R2 / Threshold
Gain Stage Amplifier
Pin 11
R1 R1

R1
VINTA = Riv Rz

The magnitude of R1 should be less than 5 k§2 to
minimize the effects of Threshold Amplifier Bias current
(ITHA = 15 pA). Also, R1 + R2 must be greater than 3
k2 because the minimum output sink current (Igg) of
the Gain Stage is 1.5 mA. A resistance equal to R1
should be wired to ground from the — leg of the Thresh-
old Amplifier (minimize offset bias current effects).

Note that only the selected amplifier input contributes
to bias current. Each output of the Threshold Amplifier
is 5 VINTA, and is applied to its resepctive Threshold
comparator. Each comparator sees 2.5 V|NTA. Thresh-
olding is based on a percentage of the nominal voltage
applied to the comparators, 2,6 VINTA. Both positive
and negative references are derived from VEE as follows:

R3
= v +25 x R3
Vg R3+R4( EE) HA
Pin 16
Ra =25 V|NTAX %
VeE

R3 should be less than 1 k§2 to minimize the effects of
Threshold Comparator Bias Current (ITHC = 50 pA). A
0.1 uF decoupling capacitor is required for transients.

The following circuits are useful for multi-channel
and/or dynamic threshold switching applications.

To

b » Fin16
of Each

= Device

~VEE

25%
Threshoid
To
Pin 16
50% of Each
Threshold Device

Base Line Shift in PE Systems

In phase-encoded recording, the read signal may not
make symmetrical transitions about the zero bias level,
A lower amplitude signal with a low frequency compo-
nent is often superimposed. Although a highpass filter
attenuates some of this component, its frequency is
often close to the —3 dB frequency of the filter and may
be only —6 dB down from signal amplitudes, This base-
line shift has no adverse effects on the performance of
the Active Differentiator. However, the Threshold De-
tector is sensitive to the unequal signal peaks. Signal-to-
noise ratio can be improved by performing a passive
differentiation into the Threshold Amplifier. With the
corner frequency, fc, placed at f|_, the f|_ signal is at-
tenuated —3 dB; the fyy = 2f|_ signal is for all practical
purposes unattenuated. Figure 29 shows the 459 phase
lead introduced by passive differentiation. Note that this
technique is not directly applicable to high thresholds
because the ZCD transitions fall outside the thresholding
window, However, the threshold window can be delayed
to overcome this drawback.

V =0.707 (2A, Ep) @ f|_ (+45° Phase Lead)

{/ /VINTA

R2

o I >.
1 1

fr o= ————— 1 R1

C"Z7RC ZmRIFRZEC
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The design of the attenuator, R1/R2, follows as de-
scribed previously. Example 3 shows a typical applica-
tion of passive differentiation to overcome base-line
shift,

FIGURE 29 — RESULTING OPERATION FOR PASSIVE
DIFFERENTIATION INTO THRESHOLD AMPLIFIER

50% 1
Gain Stage [
Output } ;
for f_ | |
b~ 45°
i

2N
~~ N

zZco _J_—\—l—
TL

ny

)__

VINTA
(+450° shift)

Board Layout and Testing Considerations

An LS| package has many input/output pins in close
proximity, some carrying high level signals and others
low level signals. As carefully as the on-chip isolation of
the devices connected to these pins is implemented by
the manufacturer, the coupling of signals or noise be-
tween external wires is under the control of the end-user
who designs the integrated circuit into a piece of equip-
ment. The designer should be familiar with the following
layout procedures which will optimize the performance
of the device. See Figure 30.

1. Build all circuits on printed circuit boards (including
breadboards). Transmission line theory for flat con-
ductors in a plane quite convincingly proves that
coupling is far less than for round conductors in 3-
dimensions.

2. Use a ground plane under the IC and over as much of
the printed circuit board surface as possible without
exceeding practical limits.

3. Avoid signal runs under the IC, also avoid parallel runs
of 1 inch or greater on the opposite or same side of
board.

4. Use monolithic ceramic 0.1 uF capacitors for de-
coupling power supply transients. One from V¢ to
ground and one from VEE to ground for each IC
package. Keep lead lengths to % inch or less and place
in close proximity to the IC.
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5. Keep all signal runs as short as possible. The lead on
Pin 15 will radiate and can couple back into the
active differentiator. This will result in excessive
phase jitter, The tell-tale behavior is a ringing at Pin
11 corresponding to the transitions at Pin 15. To
overcome this coupling problem, keep the lead on
Pin 15 short and isolated from the other Input/Output
lines to the MC3468. Preferably, put it over or next
to a ground plane. For long distance runs, use a
twisted pair or coaxial cable.

When evaluating the device for phase jitter and fre-
quency response, a special test jig should be designed to
reduce ground loops and coupling caused by instrumen-
tation. Instrumentation test set-ups must be calibrated
at each test frequency and differential equipment util-
ized where required. A valid evaluation of the perform-
ance of any read amplifier chain requires considerable
care and thought,

FIGURE 30 — POWER AND GROUND DISTRIBUTION FOR
MC3468 PRINTED CIRCUIT BOARD LAYOUT

0.1 uF Monolithic
Ceramic

Note: Dotted Lines Outline Ground Plane
on Back Side of Printed Circuit Board
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EXAMPLES

Example #1 (See Figure 24 for Component Hookup)

Tape Drive Type: Open Reel
Encoding: NRZI
Recording Density: 800 BP1 {800 FCPI)
Tape Speed: 200 IPS
Signal into Gain Stage
Epp = 0.310 0.6 Vp-p @ 80 kHz
Threshold: 25% of minimum voltage peaks

The voltage from the Gain Stage is designed for 1.6 Vp-p at
Pin 11.

Fe-av-27

Set the EGC for a gain of 2.7, unbalanced.
The maximum p-p voltage to the Threshold Amplifier, ViNTA,

is designed for 1 Volt. The required attenuation factor is #
VINTA__R1___1_
Vo Ri1+R2 16

R1+R22> 3k and R1 <5k (See text)

These constrairits are satisfied when R1 = 4.7 k{2 and R2 = 3 kf2.
This is an optimum solution for a minimum coupling capacitor
value.

Now consider the minimum voltage applied to the Threshold
Amplifier '
1
VINTA(MIN) T 2.7 x03=0.5 Vpp.

The threshold comparator reference voltage, Vg, is set at 25% of
25VINTA(MIN)
VR =0.25x25x 0.5 =300 mV

-_R3
R3+R4

R3 < 1k {See text)
Let R3 =470 £2; then R4 = 10k

—300 x 10—3 (—6)

The values of Rp and Cp are determined from the equations
given in the text.

900 x 10~6 900 x 10~6
Cpssr—e—— =

2AEpw Ay Epp w
' - 900 x 10—6
2.7 x 06 x 27 x 80 x 103
Cp = 1000 pF
Assume f = 3f
Rp = ——— 40 = 1 _40
D~ %cto 27 x 3x 80 x 103 x 10—9

Rp = 670 — 40 = 600

Example #2 (See Figure 24 for Component Hookup)

Tape Drive Type: Open Reel

Encoding: Phase-Encoded

Recording Density: 1600 BPI {3200 FCPI)
Tape Speed: 200 IPS

Signal Into Gain Stage

4-56

Epp = 0.2 Vp-p @ 320 kHz
0.4 Vp-p @ 160 kHz
Threshold: 25% of minimum voltage peaks
The voltage from the Gain Stage is designed for 1.6 Vp-p at
Pin 11.

16 _
04~ v 4

Set the EGC for a gain of 4, unbalanced.
The maximum p-p voltage to the Threshold Amplifier, ViNTA.

1s designed for 1 Volt. The required attenuation factor is

16
VINTA__R1____1
Vo Ri+R2 16

R1+ R2> 3k and R1 < 5 k2 (See text)

These constraints are satisfied when R1 = 4.7 k2 and R2 = 3
kS2, This is an optimum sofution for a minimum coupling capaci-
tor value. Now consider the minimum voltage applied to the
Threshold Amplifier.

1
 VINTAMIN) =Tg*4x02=05Vpp

The threshold comparator reference voltage, VR, is set at 25% of
25 VINTA(MIN)
VR =0.25 x25 x 0.5 = 300 mV

-_R3_
R3+ R4

R3 < 1k (See text)
Let R3 =470 Q; then R4 = 10 kQ

—300 x 103 (—6)

The values of Rp and Cp are determined from the equations
given in the text.

CD=900x10‘6=900x 10-6 _ 900 x 10-6
2Ay Epp Ay Ep 4x0.4x2r x 160 x 103
Cp =560pF
Assume fc = 3fy
Rp = 1 40
WeCp

! 40
" 2mx3x320x 103 x 5.6 x 10—10
Rp = 295 ohms — 40 = 250

_RT2CD _(295)2 x 560 x 10-12 _
0™ 2 2 b

24 pH

Example #3 {See Figure 24 for Component Hookup)
Same as Example #2, but consider base-line shift.

In addition to ac coupling between the Gain Stage and Threshold,
a passive differentiation is performed to attenuate the lower fre-
quencies producing base-line shift. This improves signal-to-noise
ratio. The corner frequency is chosen at f| = 160 kHz where the
attenuation is 0.707 (—3 dB) and the phase angle is +45°.

1
N R 3
fL=ocmisRa  160x10
For C = 200 pF
R1+R2=5kD
R1: [
Now ¥Rz~ T6x0707 09

Let R1=4.7 k2, then R2=470Q
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Example #4 (See Figure 31 for Component Hookup)

Tape Drive Type: Open Reel
Encoding: Dual Mode (Phase-Encoded/NRZ1)
Recording Density:

1600 BP| (3200 FCPI) for PE mode and

ferentiation for base-line shift or straight ac) into the Threshold
Amplifier, and Threshold setting are similar to the previous ex-
amples. For Group-coded data the EGC setting can be electroni-

800 BP! (800 FCPI) for NRZI mode
Tape Speed: 200 IPS
Signal Into Gain Stage
Same as Examples 1 and 2
Threshold: 25% of minimum voltage peaks
NOTE: Consider base-hne shift for PE mode.

This tape drive performs either the NRZ| or the PE functions of
Examples #1 and #3, under control of the SEL A/B line. Using
the Gain Stage and Threshold Amplifier Channel A, Channel B
inputs, the hook-up for a single track is implemented as shown
in Figure 31. Note that an electronic switch is required for Gain
switching when the mode is changed. This particular design did
not require the threshold voltage to be switched, although in a
typical system i1t probably would be.

It is necessary to electronically switch differentiator compo-
nents. A low impedance MOSFET switch is shown.
Example #5 (See Figure 24 for Component Hookup)

Tape Drive Type: Open Reel

Encoding: Group Code

Recording Density: 6250 BPI, 9042 FCPI

Tape Speed: 200 IPS

Signal Into Gain Stage
Epp = 0.1 Vp-p @ 900 kHz = fy
Epp = 0.3 Vp-p @ 300 kHz = f_

Considerations for setting Gain Stage EGC, coupling (passive dif-

cally locked during the 1D burst in j ion with Threshold
setting. (See Figure 32.)
Values for Cp and Rp
_900x10-6
2A, Epw
_900x10-6 900 x 10—6
AyEppw  5.3x0.3x2mx 300 x 103
Cp = 300 pF
Assume fc = 3fy
R = 1. _ 1 40
o wcCp 27 x 3 x 900 x 103 x 300 x 10—12
Rp = 200 — 40 = 160 Ohms
RT2C 2 —-12
Lp- T2 D=(200) x3§0x10 -6uH

Example #6 (See Figure 24 for Component Hookup)
Same as Example #5 except 125 IPS tape speed.
Signal Into Gain Stage
Epp = 0.3 Vp-p @ 565 kHz
Epp =0.6 Vp-p @ 188 kHz
Cp =300 pF, Rp =250
Lp =126 uH

FIGURE 31 — MC3468 COMPONENT HOOKUP FOR DUAL MODE PE/NRZI EXAMPLE #4

o)

NRZI/PE Mode Select —— MOSFET

200 uH (50 € On Resistance, On for NRZ1I)
24 uH 0
33 \
1)

1000 pF
250 =~ 1000 pF

6 R
° +

A/B

i ~ Zero
Gai Active
+1.8V 7 tiator Detector
O -
EGC 5 : |
0 1ufF I
9
= ©
Channel B Gam
(NRZI) 8 Stage B
[
A= Channal 1
Saloct o

B =
2oo F RAZ
P 470 At Threshold
Amplmer
4.7k

3_

Threshold
Ampllﬂor

- =

Threshotd
Detector

Threshold
Detector

Cs  Rgq
1.0uF 4.7k

Veg = +6 Vde
VEE = —6 Vdc =

]
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FIGURE 32 — APPLICATIONS CIRCUITS

Digital Attenuator for Setting MC3468 Gain Stage

Automatically During 1D Burst

Vce

!

Initialize

Advance Clock

Settling
Time Monostable
Delay

Threshold
Detect
(From MC3468)

4-58

PE P1 P2 P3P4 P5 P6 P7 P8
Cik
Down Counter
Inh
Q1Q2Q3Q4 a5Q6Q7Q8
AB A7A6 AS AV1A2A3'A4
s MC1408L-6 DAC
Q
VREF lo
R
‘__I Vee 2ZR14 Ro
—AAA~——

— Vo=Vec* A

R14

(To EGC of MC3468

Gain Stage)



@ MOTOROLA MC3470

Advance Specifications and

Applications Information ELOPPY BISK
READ AMPLIFIER SYSTEM
FLOPPY DISK READ AMPLIFIER SILICON MONOLITHIC

INTEGRATED CIRCUIT

The MC3470 is a monolithic READ Amplifier System for
obtaining digital information from floppy disk storage. It is designed
to accept the differential ac signal produced by the magnetic head
and produce a digital output pulse that corresponds to each peak
of the input signal. The gain stage amplifies the input waveform and
applies it to an external filter network, enabling the active differ-
entiator and time domain filter to produce the desired output.

® Combines All the Active Circuitry To Perform the Floppy Disk
Read Amplifier Function in One Circuit

® Guaranteed Maximum Peak Shift of 5.0% P SUFFIX
PLASTIC PACKAGE

CASE 701-01

TYPICAL APPLICATION

Active
Fliter Network Differentlator
Components
" Y 5V Guper w
u
—— e g veez
Amplifier
1 8 |:':| |:E] 11 m Inputs E ﬁ] N
Amplifier
——_——_— L4 -+ [: E Outputs
I : I . Active : MC3470 Offsat
| Decoupling
| ] : Differentiator | E E Active
1 ] | | Differentiator
| 1 Peak Detector | [5] [14]} 1nouts
1 Gain Stage | | |
L .: | Comp ) onashor L€ hal Ditferentiator
L ——— - [ N Components Components
R LT C LT A o] |
| Time Domain Fliter | D-Type | v .
] One I One-Shot E E cc1
| Pulse Shot O apuise 1 Components [: ) Oeta
| Gen|[ | Qf—C QI Gen [ | Output
|
I
____________ J

SR RRREAL

Analog Inputs
9 1P Gain Select Mono #1 Mono #2

This is advance information and specifications are subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS (Note 1){Tp = 25°C)

Plastic Package

Rating Symbol Value Unit
Power Supply Voltage (Pin 11) Vel 7.0 Vdc
Power Supply Voltage (Pin 18) Vcez 16 Vde
{nput Voltage (Pins 1 and 2) Vi -0.2t0 +7.0 Vdc
Qutput Voltage (Pin 10) Vo -0.2t0+7.0 Vdc
Operating Ambient Temperature TA 0to +70 °c
Storage Temperature Tstg -65 to +150 o¢
Operating Junction Temperature Ty 150 °c

Note 1: “’Absolute Maximum Ratings’’ are those values beyond which the safety of
the device cannot be guaranteed. They are not meant to imply that the
devices should be operated at these limits. The table of “Electrical Charac-

teristics’’ provices conditions for actual device operation.

RECOMMENDED OPERATING CONDITIONS

Rating Symbol Value Unit
Power Supply Voltage Vee +4,75t0 +5.25 Vde
Operating Ambient Temperature Range TA Oto+70 °c

ELECTRICAL CHARACTERISTIGS (T =0 to +70°C, Vccq =4.7510 5.25 V, Voo = 10 to 14 V unless otherwise noted)

| Characteristic [ Figure | Symbol [ Min [ Typ | Max | Unit |
GAIN AMPLIFIER SECTION

Differentia! Voltage Gain 2 AvD 80 100 120 VIV
{f = 200 kHz, V,p = 5.0 mV(RMS}

Input Bias Current 3 T} - -10 =25 uA

Input Common Mode Range Linear Operation VICM -0.1 - 1.0 Vv
(5% max THD)

Differential Input Voltage Linear Operation viD - - 25 mVp-p
(5% max THD)

Output Voltage Swing Differential 2 VoD 3.0 40 - Vp-p

Qutput Source Current, Toggled 1o - 8.0 - mA

Output Sink Current, Pins 16 and 17 4 los 2.8 4.0 - mA

Small Signal Input Resistance (T 5 = 25°C) n 100 250 - kQ

Small Signal Output Resistance, Single-Ended o - 15 - Q
(Ta =25°C, Voo =50V, Vgg2=12V

Bandwidth, -3.0 dB {v,p = 2.0 mV(RMS), Tp = 25°C, 2 BwW 5.0 - - MHz
Vee1=5.0V,Veez=12V)

Common Mode Rejection Ratio (Ta = 25°C, f = 100 kHz, 5 CMRR 50 - - dB
Ayp =40dB, vj; =200 mVp-p, Vog1 =50V,
Vee=12V)

Vce1 Supply Rejection Ratio {Ta = 25°C, Veg2 =12V, — 50 - - dB
4.75 < Vgeeq < 5.25V, Ayp = 40dB)

Vee2 Supply Rejection Ratio (T = 25°C, Vg1 =5.0 V, - 60 - - dB
10V <Vccz2<14V,Ayp =40dB)

Differential Output Offset (T = 25°C, vip = vijn =0 V) Vpo - - 0.4 \4

Common Mode Output Offset (vip = Vip=0V, Veco - 30 - v
Differential and Common Mode)

Differential Noise Voltage Referred to Input 22 en - 15 - rV(RMS)
(BW = 10 Hz to 1.0 MHz, T = 25°C)
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ELECTRICAL CHARACTERISTICS (continued}{{T A = 0 to +70°C, V¢ = 4.75t0 6.25 V, Vo2 = 10 to 14 V unless otherwise noted)

| l Figure I Symbol | Min | Typ | Max | unit |
ACTIVE DIFFERENTIATOR SECTION
Differentiator Output Sink Current, Pins 12and 13 6 lop 1.0 1.4 - mA
(Vop = Vcer!
Peak Shift (f = 250 kHz, vip = 1.0 Vp-p, icap = 500 uA, 7.8 PS - - 5.0 %
where PS = 1/2 PS1Z1PS2 o 4500,
ps1 + tps2
Vee1 =50V, Vee2=12V)
Differentiator Input Resistance, Differential nop - 30 - k2
Differentiator Qutput Resistance, Differential roD - 40 - 2
(T A =25°C)
DIGITAL SECTION
Output Voltage High Logic Level, Pin 10 (Vgg1 =4.75 V, 9 VOH 2.7 - - v
Vee2=12V, IoH =-9.4 mA)
Output Voltage Low Logic Level, Pin 10 (Vgc1 =4.75 V, 10 VoL - - 0.5 v
Vec2=12V, lgL =8.0 mA)
Qutput Rise Time, Pin 10 11,12 tTLH - — 20 ns
Output Fall Time, Pin 10 11,12 tTHL — — 25 ns
Timing Range Mono #1 (t14 and t1) 13 11A,8 500 - 4000 ns
Ttming Accuracy Mono #1 12,13 E 85 — 115 %

(11 =1.0 us = 0.625 R1C1 + 200 ns)
(R1=6.4 kQ, C1 =200 pF)
Accurancy guaranteed for R1 in the range
1.5 k2 < R1 < 10 k2 and C1 in the range
150 pF < C1 < 680 pF.
Note: To minimize current transients, C1 should
be kept as small as 1s convenient.
Timing Range Mono #2 11,12 t2 150 - 1000 ns
Timing Accuracy Mono #2 12,13 E¢2 85 - 115 %
{t2 =200 ns = 0.625 R2C2)
(R2=16kQ, C2 =200 pF)
Accuracy guaranteed for 1.5 k2 < R2< 10k,
100 pF < C2 < 800 pF
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FIGURE 1 — POWER SUPPLY CURRENTS,

lcct1 AND icc2
1 18 —@—Vccz
——
2 17| Teez
3 16
4 15
5 14
s 13 [—0
=200 pF
7 12 —04-01
2008 n _<:)_"Vcc1
pFE ————
9 10 icc
VWA
1.6k
6.4k

FIGURE 3 — AMPLIFIER INPUT BIAS CURRENT, |jg

hBe1
———
1 18 —OVce2
Q ( 2 17
182 3 16
a 15
s 14
I 13
- 200 pF
7 12
—i8 1 OVeet
200
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VvV
1.6 k J
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FIGURE 2 — VOLTAGE GAIN, BANDWIDTH,
OUTPUT VOLTAGE SWING

’ 1 18 OVeez
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4 15
Ay = Vo16 —Vo17
v
b 14 "
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FIGURE 4 — AMPLIFIER OUTPUT SINK CURRENT,
PINS 16 AND 17
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2 17—0 Ipg
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FIGURE 5§ — AMPLIFIER COMMON MODE
REJECTION RATIO, CMRR

FIGURE 6 — DIFFERENTIATOR OUTPUT SINK CURRENT,

1 18[—Ovcez *
Yin 61
2 17+——0vo17
- J:_—‘ 3 16 F——Ovo1s
25 FFT
4 ®| cMRR =201 Yo16 ~ Yo17
= 2010810 g0+,
5 14
= =100 kHz
/¢ 13 Vin = 200mVpg
=< 200 pF
7 12
8 1 OVees
2005 |
pF 9 10
AN
16k '[
6.4k

NOTE: Measurements may be made with vector voltmeter hp
8405A or equivalent at 1.0 MHz to guarantee 100 kHz

performance.

FIGURE 7 — PEAK SHIFT, PS
See Figure 8 for Output Waveform

1 18 |——O0 Vce2
2 17
3 16
: Nl
5 14
= =250 kHz
(e Blicar gy e Vin=10Vpp
T 2000pF ——— :
Q0rF 14 12—
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8 1 —O Veer =
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oF 9 10
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16 k
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6.4 k

Vout
Pin 10

15V
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200 pF

PINS 12 AND 13

1 18 ——OVc2
2 17
3 16
4 15
+—|s 1
:—_— 6 3
T 7 122—0
2oor— 8 11 [-9#-Ovceq
pF 9 10
AAD
16k
6.4k

FIGURE 8 — PEAK SHIFT, PS
Vin=1.0Vp, f=250kHz

Test schematic on Figure 7

tPs1 tPs2

k! -1
ps = 1 PS1-tPS2

— X 100%
2 tps1¥ tps2
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FIGURE 9 — DATA OUTPUT VOLTAGE HIGH, PIN 10

18 ——O0O Vce2
17
16
15
14
13
200 pF 7R
12
1" Q Ve
200 pF
10 O Vout
$4oo HA
1.6k =

FIGURE 11 — DATA OUTPUT RISE TIME, tTLH
DATA OUTPUT FALL TIME, tTHL,
TIMING ACCURACY MONO #2, ET2

Vin 1s same as shown on Figure 13, test schematic on Figure 12

Vout
Pin 10
0.5V

T -

TTHL

E = _tz_ X 100%
T27 200 ns

FIGURE 10 — DATA OUTPUT VOLTAGE LOW, PIN 10

1 18 —OVce2
2 17
3 16
4 15
5 14
6 13
200 pF 5
7 12
Vcei
8 i3 o {8ma
200 pF 3
9 10 OVout
M
1.6 k
64k
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FIGURE 12 — TIMING ACCURACY, Eq7 AND Eqp
DATA OUTPUT RISE AND FALL TIMES, trH AND tTHL

V\n shown on Figure 13

. 18——OVce2
17
16
Ml
14
N 13
C1 7~ 200 pF 0.1 uF
12
1
c2
200
F 10
R2
VA~
1.6 k
A
R1
6.4k




MC3470

I¢c(N), NORMALIZED POWER SUPPLY CURRENT

098

096

FIGURE 13 — TIMING ACCURACY MONO #1, Eyq
50% Duty Cycle

trLH = tTHL < 10ns  f= 250 kHz

Test Schematic on Figure 12

t t.
Vout 1A 1B
Pin 10 1.5V

. haA o
, EﬂA— 7600 ns X 100%

Ecr = B x 100%
t18 ~ 7000 ns

FIGURE 14 — AMPLIFIER OFFSET DECOUPLING
IMPEDANCE, PINS 3 AND 4
Rg * rg and Ay with Rgy¢ = 500 £

Vip ———— 1 18 ——OVc¢c2
R 2 17
(o] 3 16
6003 Rext
( a 15
2.5 uF
14
L
~ e 13
200 pF &<
7 12 b—
8 11 —OVeer
200 pFJ__-
9 10
VWA~
' 1.6k
VWV
6.4k

FIGURE 15 — NORMALIZED POWER SUPPLY CURRENT
{lcc/lce 25°C) versus TEMPERATURE

Ay(N), NORMALIZED VOLTAGE GAIN

0 10 20 30 40 50 60 70 8

Ta, AMBIENT TEMPERATURE (9C)
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1.02

1.00

0.98

0.98

VoutR
[{e]

f=250kHz
Vin = 5 mV(RMS}

) .

Avp - Vout
2 Vin
Rext
re + R‘ = AVO
2{— -1
AVR
500

Voutg
2 v -1
outg

FIGURE 16 — NORMALIZED VOLTAGE GAIN

(Ay/Ay 25°C) versus TEMPERATURE

[ 10
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30 40 50 60
Ta, AMBIENT TEMPERATURE (°C)

70
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FIGURE 17 — PHASE AND NORMALIZED VOLTAGE FIGURE 18 — NORMALIZED TIME DELAY
GAIN versus FREQUENCY tq versus TEMPERATURE
S 1
<
S /Gum 3 1
210 =t 0 w
5 N g 2
] 20 & 10
S V4 NN = Z
2 o9 Phase N 0w o
3 N - N I Sy
= N 60 8 J L0
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Z 08 80 & =
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= 100 o 098
Z 97 \ @
: =
< £
z = 0.95¢
06
200 kHz 1.0 MHz 10 MHz 0 10 20 30 40 50 60 0 80
f, FREQUENCY TA, AMBIENT TEMPERATURE (°C)
u s E FIGURE 20 — NORMALIZED VOLTAGE GAIN,
FIGURE 19 — NORMALIIZ ;Jsgurpur PULSE WIDTH, Avr/AvR 25°C
t2/t2 C See Figure 14, Switch Position R
= I
5104 = 104 f= 250 kHz
ES s Vout (RY
5 3 s
2 1.0 g Rext = 5000
5 =]
=2
>
5 2 |
S 1.00 N 100
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= >
2 0% < 09
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FIGURE 21 — EFFECTIVE EMITTER RESISTANCE
DISTRIBUTION, PINS 3 AND 4 FIGURE 22 — DIFFERENTIAL NOISE VOLTAGE
s I | Vee2
S 500 J I 1 :
=] | SeeFigure 14 Krohn-Hite
2 Pin3or4 1 .18 3202 Filter
5 400
2 17 H
(-4
& - 7 16 }—— LowPass  hp3400A
E 300 / Filter with RMS
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o 13—
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NOTE: Assume uncorrelated noise sources
e, (differential noise at input) = CQ\/2/1 oo
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APPLICATION INFORMATION

The MC3470 is designed to accept a differential ac
input from the magnetic head of a floppy disk drive and
produce a digital output pulse that corresponds to each
peak of the ac input. The gain stage amplifies the input
waveform and applies it to a filter network (Figure 23a),

FIGURE 23a — BLOCKING CAPACITORS USED TO
ISOLATE THE DIFFERENTIATOR

c 14

MC3470
Gain Stage

MC3470

Filter Differentiator

c’ 15

enabling the active differentiator and time domain filter
to produce the desired output.

FILTER CONSIDERATIONS

The filter is used to reduce any high frequency noise
present on the desired signal. Its characteristics are dic-
tated by the floppy disk system parameters as well as the
coupling requirements of the MC3470. The filter design
parameters are affected by the read head characteristics,
maximum and minimum slew rates, system transient
response, system delay distortion, fiiter center frequency,
and other system parameters. This design criteria varies
between manufacturers; consequently, the filter con-
figuration also varies. The coupling requirements of the
MC3470 are a result of the output structure of the gain
stage and the input structure of the differentiator, and
must be adhered to regardless of the filter configuration.

The differentiator has an internal biasing network on
each input. Therefore, any dc voltage applied to these
inputs will perturbate the bias level. Disturbing the bias
level does not affect the waveform at the differentiator
inputs, but it does cause peak shifting in the digital output
(Pin 10). Since the output of the gain stage has an associ-
ated dc voltage level, it, as well as any biasing introduced
in the filter, must be isolated from the differentiator via
series blocking capacitors. The transient response is mini-
mized if the blocking capacitors C and C’ are placed
before the filter as shown in Figure 23a. The charging and
discharging of C and C’ is controlled by the filter termina-
tion resistor instead of the high input impedance of the
differentiator.

The filter design must also include the current-sinking
capacity of the amplifier output. The current source in
the output structure (see circuit schematic — pins 16
and 17) is guaranteed to sink a current of 2.8 mA. If the
current requirement of the filter exceeds 2.8 mA, the cur-
rent source will saturate, the output waveform will be
distorted, and inaccurate peak detection will occur in
the differentiator. Therefore, the total impedance of the

filter must be greater than Zmyjp as calculated from
_ (EPAVDImax
2.8 mA

where Ep is the peak differential input voltage to the
MC3470.

Zmin

TRANSIENT RESPONSE

The worst-case transient response of the read channel
occurs when dc switching at the amplifier input causes its
output to be toggled. The dc voltage changes are a con-
sequence of diode switching that takes place when control
is transferred from the write channel to the read channel.

If the diode network is balanced, the dc change is a
common mode input voltage to the amplifier. The switch-
ing of an unbalanced diode network creates a differential
input voltage and a corresponding amplified swing in the
outputs. The output swing will charge the blocking
capacitor resulting in peak shifting in the digital output
until the transient has decayed. Eliminating the differential
dc changes at the amplifier input by matching the diode
network or by coupling the read head to the amplifier via
FET switches, as shown in Figure 23b, will minimize the
filter transient response.

FIGURE 23b — FET SWITCHES USED TO COUPLE THE R/W
HEAD TO THE MC3470

Power
(o]
2N5460
s
>
R/W :: P: S
Head 7’ :»
2N5460

Write —D—

Two of the advantages FET switches have over diode

switching are:

1. They isolate the read channel from dc voltage
changes in the system; therefore, the transient
response of the filter does not influence the system
transient response.

2. The low voltage drop across the FETs keeps the
input signal below the amplifier's internal clamp
voltage; whereas, the voltage dropped across a diode
switching network adds a dc bias to the input signal
which may exceed the clamp voltage.

AMPLIFIER GAIN
For some floppy systems, it may become necessary
to either reduce the gain of the amplifier or reduce the
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signal at the input to avoid exceeding the output swing
capability of the amplifier. The voltage gain of the ampli-
fier can be reduced by putting a resistor in series with
the épacitor between pins 3 and 4 (Figure 14). The
relationship between the gain and the external resistor is
given by
AV _ Rext
AVR 2(re + Re)
where AVQ 4 voltage gain with the external resistor = 0,
Avg 4 voltage gain with the external resistor in,
Rext 8 the external resistor, and
re + Re L the resistance looking into pin 3 or pin 4.
Thus,

Av
Rext = 2(—2 - 1) (re + Re).
AVR

A plot of (re + Re) versus temperature is shown in
Figure 21. Figure 20 shows the normalized voltage gain
versus temperature with the external resistor equal to
500 ohms.

ACTIVE DIFFERENTIATOR
The active differentiator in the MC3470 (simplified
circuit shown in Figure 24), is implemented by coupling

FIGURE 24 — ACTIVE DIFFERENTIATOR NETWORK

>
Rc SR

o
VO

"_o
o—
Vin(t)

a1 a2
12 " 13
1€
ie(t) o

o} b

the emitters of a differential amplifier with a capacitor
resulting in a collector current that will be the derivative
of the input voltage,

| = Cdv/dt
If the output voltage is taken across a resistor through

which the collector current is flowing, the resulting volt-
age will be the derivative of the input voltage.

dvin(t)
dt
Vo is applied to a comparator which will provide zero

Vo = 2Ri¢ = 2RC

crossing detection of the current waveform. Since the
capacitor shifts the current 90° from the input voltage,
the comparator performs peak detection of the input
voltage.

The following terms will be used in determining the
value of C to be used in the differentiator:

Ep 4 peak differential voltage applied to MC3470

amplifier input.

Ep sin wtévoltage waveform applied to MC3470
amplifier input (for purposes of discussion,
assume a sine wave).

AvD 4 differential voltage gain of input amplifier.

vin(t) 4 differential voltage waveform applied to the

differentiator inputs.
= EpAypsinwt (Note: The filter is assumed to
be lossless.)

igft) £ current through capacitor Cp.

Ro 8 output resistance of Q1 (Q2) at pin 12 (13).

If vin(t) = EpAypsinwt, then the current through the
capacitor Cp is given by

ic(t) = CpDAypEpwcoswt
and Vg(t) = 2RcCpAvDEpwcoswt.

Accurate zero crossing detection of VQ(t) [peak
detection of vjn(t)] occurs when the current waveform
ic(t) crosses through zero in a minimum amount of time.
This condition is satisfied by maximizing current slew
rate. For a given value of w, the maximum slew rate
occurs for the maximum value of i¢ or coswt = 1. There-
fore,

ic = CDAVD Epw

The MC3470 current-sourcing capacity will determine
the maximum value ig; therefore, Cp must be chosen such
that the maximum ic occurs at the maximum AypEpw
product.

_ icmax _ 1 mA
D (AVDEpwImax  (120)(Epw)max

If the peak value specified for ic is exceeded, the
current source (lQ in Figure 24) will saturate and distort
the waveform at pins 12 and 13. Consequently, the
differentiator will not accurately locate the peaks and
peak shifting will occur in the digital output.

The effective output resistance RQ of Q1 (Q2) will
create a pole (as shown in Figure 25) at 1/2RQCp. If
this pole is ten times greater than the maximum operating
frequency (wmax), the phase shift approaches 840,
Locating the pole at a frequency much greater than
10 wmax needlessly extends the noise bandwidth thus:

1
Cp 10 wmax’

2Rg =

If Rg is not large enough to satisfy this condition, a series
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FIGURE 25 — RESPONSE OF DIFFERENTIATOR
USING ONLY Cp

ic(t)

AypEpw

1
Wmax 37 ¢p wVijn(t}
resistor can be added so that

1
R=2Rg+Rp = ———.
0 D cD10wmax

To further reduce the noise bandwidth, a second pole
can be added (as shown in Figure 26) by putting an

FIGURE 26 — COMPLETE RESPONSE OF DIFFERENTIATOR

ic(t)

CpAvDEpwW

1
Wmax ——
Viocp

inductor in series with the resistor and the capacitor.
The values of R and L are determined by choosing the
center frequency (wg) and the damping ratio (8) to meet
the systems requirements where

1

w,
° Vit
5= RCp

. 2/LCp

1
Wo = 10 Wmax =
vLCp
where Cp is chosen for maximum i¢ as shown previously.
Solving for L gives:
L — 1
100 Cp(wmax)?2

wVip(t)

Using this value for L gives:

§=—RCD
2/ ¢
10 CD(‘*’max)2
Solving for R gives:
-8
5 Cpwmax

The total resistance (R) is the effective output resis-
tance (RQ) plus the resistor added in the differentiator
(Rp). Values of & from 0.3 to 1 produce satisfactory
results.

PEAK SHIFT CONSIDERATIONS

Peak shift, resulting from current imbalance in the
differentiator, offset voltage in the comparator, etc., can
be eliminated by nulling the current in the emitters of

the differentiator with a potentiometer as shown in
Figure 27.

FIGURE 27 — PEAK SHIFT COMPENSATION

20k to 60 k

The potentiometer across the differentiator components
is adjusted until a symmetrical digital output cycle is
obtained at pin 10 for a sinusoidal input with the mini-
mum anticipated Epw product.

DESIGN EQUATIONS FOR ONE-SHOTS

As shown in Figure 28, the MC3470 input waveform
may have distortion at zero crossing, which can result in
false triggering of the digital output. The time domain
filter in the MC3470 can be used to eliminate the distor-
tion by properly setting the period (t{) of the one-shot
timing elements on pins 6 and 7. The following equation
will optimize immunity to this signal distortion at zero
crossing of the read head signal.

The timing equation for the time domain filter’s one-
shot is:

t1=R1C1K1 + T

where K1 = 0.625, Tg = 200 ns.

Actual time will be within £15% of t{ due to variations
in the MC3470. '
If AT is the maximum period of distortion (see Figure
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FIGURE 28 — WAVEFORMS THROUGH THE READ CIRCUIT
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28), then choose t1 such that

AT<t1>T—-Az—T

where T = .
4f(max)
The width of the digital output pulse t2 (pin 10} is
determined by
t2 = RoC2K2

where K2 = 0.625.

Actual pulse width will be within £15% of t2 due to
variations in the MC3470.

To preserve the specified accuracy of the MC3470,
R1, R2, C1, and C2 should remain in the ranges shown in
the Electrical Characteristics. Also, to minimize current
transients, it is important to keep the values of C1 and C2
as small as is convenient. For t1 = 1 us and t2 = 200 ns,
suggested good values for the capacitors are

C1 =250 pF
C2 =160 pF

BOARD LAYOUT AND TESTING CONSIDERATIONS

An LS! package has many input/output pins in close
proximity, some carrying high level signals and others
low level signals. As carefully as the on-chip isolation
of the devices connected to these pins is implemented by
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the manufacturer, the coupling of signals or noise between
external wires is under the control of the end-user who
designs the integrated circuit into a piece of equipment.
The designer should be familiar with the following layout
procedures which will optimize the performance of the
device. See Figure 29.

1. Build all circuits on printed circuit boards {including

- breadboards). Transmission line theory for flat conductors

in a plane quite convincingly proves that coupling is far
less than for round conductors in three dimensions.

2. Use a ground plane under the IC and over as much
of the printed circuit board surface as possible without
exceeding practical limits.

3. Avoid signal runs under the IC. Also avoid parallel
runs of 1 inch or greater on the opposite or same side
of board.

4. Use monolithic ceramic 0.1 pF capacitors for
decoupling power supply transients: one from Vggq to
ground and one from Vg2 to ground for each IC
package. Keep lead lengths to 1/4 inch or less and place
in close proximity to the IC.

5. Keep all signal runs as short as possible.

When evaluating the device for phase jitter and fre-
quency response, a special test jig should be designed
to reduce ground loops and coupling caused by instru-
mentation. Instrumentation test setups must be calibrated
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at each test frequency and differential equipment
utilized where required, A valid evaluation of the per-
formance of any read amplifier chain requires considerable
care and thought.

FIGURE 29 — POWER AND GROUND DISTRIBUTION FOR
MC3470 PRINTED CIRCUIT BOARD LAYOUT

Veez Veer

N !
ioooooa

NOTE: Dotted lines outline ground plane
on back side of printed circuit board.
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@ MOTOROLA MC3480

Specifications and
Applications Information DYNAMIC

MEMORY CONTROLLER

MEMORY CONTROLLER FOR 16 PIN 4K, 16K

AND 64K DYNAMIC RAMs SCHOTTKY MONOLITHIC

The memory controller chip is designed to greatly simplify the INTEGRATED CIRCUIT

interface logic required to control the popular 16 pin multiplexed
dynamic NMOS RAMs in a microprocessor system such as the
M6800. The controller will generate, on command from the micro-
processor, the proper timing signals required to successfully transfer

data between the microprocessor and the NMOS memories. The ) L SUFFIX
controller, in conjunction with an oscillator, will also generate the CERAMIC PACKAGE
necessary signals required to insure that the dynamic memories are CASE 623

refreshed for the retention of data.

© Greatly Simplify the MPU-Dynamic Memory Interface

® Reduce Package Count and System Access/Cycle Times 30%
® Chip Enable for Expansion to Larger Word Capacity
.

Generate 1 of 4 RAS Signals for an Optimum 16K/64K
Memory System

e High input Impedance for Minimum Loading of MPU Bus
® Schottky TTL Technology for High Performance
. . P SUFFIX
® Useful with 4K and 16K and Future Expanded Dynamic RAMs . PLASTIC PACKAGE
CASE 649
BLOCK DIAGRAM
Signals
To PIN CONNECTIONS
MC3232A/
MC3242A
Address |~ Row Enable
Control
Signals Logic [—— Refrash Enable v,
From el 24V
Fror ) . € 7 vee
A12/14 ——m{  Address (2] znjmc
A13/16 ——pi Decode i
- = AAS w2(3] B
Interface [ RAS2 3[4] (1] Ref cik
' > And —— RAS 3
Memory ——— RAS 4 145 20) Ref Request
Ref Clk ——>— Refrosh Control E j
efres!
Ref Grant —s=— /' 10 Logic 5@ [15] Ref Grant
Ref Request - .
— ——® CAS R/WIn|7 18] A12/14
:z —a— R/W [ D
Ref En (8 17] A13/15
R/W [: :]
; 111f Row En (3] e} RAS 1
MCt11213 416 R/W Out [i0] 5] RAS 2
Several methods may be employed to generate the required time delay: C_A—S-@ |__4] RAS3
1. One shots
2. High frequency counters Gnd E E RAS4
3. High frequency shift registers
4. Delay lines
5. Signals from MPU Clock See Pin Descriptions
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ABSOLUTE MAXIMUM RATINGS (Note 1)

Rating Symbol Value Unit
Power Supply Voltage Vee 7.0 Vdc
Input Voltage V) -0.5t0+7.0 Vde
Output Voltage Vo -0.5t0 +7.0 Vde
Operating Ambient Temperature Ta 0to +70 °c
Storage Temperature Tstg -65 to +150 oc
Operating Junction Temperature Ty °c
Ceramic Package 176
Plastic Package 150

Note 1: “Absolute Maximum Ratings’’ are those values beyond which the safety of the
device cannot be guaranteed. They are not meant to imply that the devices should
be operated at these limits. The table of “’Electrical Characteristics” provides '
conditions for actual device operation.

RECOMMENDED OPERATING CONDITIONS

Rating Symbol Value Unit
Power Supply Voltage Vee . +4.50 to +5.60 Vde
Operating Ambient Temperature Range TA 0 to +70 oc

ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply over recommended power supply and temperature

ranges.)
Characteristic Symbol Min Typ Max Unit
Input Voltage — Low Logic State ViL - - 0.8 \"
input Volitage —~ High Logic State ViH 2.0 - - v
Input Current — Low Logic State TN - - -250 HA
{(VjL=0.5V)
Input Current — High Logic State (V| =2.7 V) ItH - - 40 BA
(ViH=5.5V) 100
Input Clamp Voltages ViK - . - -1.5 v
{lik = 18 mA)
Qutput Voltage — Low Logic State VoL \Y
(loL = 24 mA for RAS, CAS, and RW) - - 0.5
{lpL = 8.0 mA for Row En, Ref En, 'MC, Ref Req) . - - 0.5
Output Voltage — High ligic State VoH \"
{lgH = -1.0 mA for RAS, CAS, and R/W) 3.0 - -
{loH = -0.4 mA for Row En, Ref En, and ‘™MC) 2.4 — -
1oH =-0.2 mA for Ref Req . 2.4 - -
(Note: Ref Req output has internal 5.0 k
resistive pullup to Vge.)
Power Supply Current — During R/W or Refresh Icc - - 65 mA
~— During Idle 40
Output Short-Circuit Current los mA
{Vor =0 V for Row En, Ref En, and MC) -10 - ~55

FIGURE 1 — TYPICAL tpT1,3,and4 (HIGH TO LOW) versus
LOAD CAPACITANCE — RAS, CAS and R/W

i |

Z
g RAS L L
=
o = ///'f
4 CAS, R
; PT1 T W
=]
E LT s
(%] 1
g -
g 0 \T/cc =50 Volts_|
-~ A=259C
E
0
0 100 200 300 400 500

Cy. LOAD CAPACITANCE (pF)
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SWITCHING CHARACTERISTICS

(Unless otherwise noted, 4.5 < Vge < 5.5V, and 0 < T < 70°C

Characteristic Symbol Min Typ Max Unit
Propagation Delay Times {Full AC Load — All Outputs) ns
MC to MC ~ Low to High tPLH(VMC) - - 14
MC to MC — High to Low tPHL(MT) - - 17
1 to RAS tPpT1 18 - 40
t2 to Row En tpT2 16 - 35
13 to CAS tpT3 17 - 45
t4 to RW tpT4 16 - 45
t5 to CAS tPTSC 22 - 42
to RAS tPTSR 19 - 40
to RW . PT5W 30 — 68
to Row En (Refresh) : tPTSER 30 - 65
to Row En (R/W) tPTSE 25 - 48
to Refresh En tPTSF 22 - 45
Ref Clk to Ref Req tpca 10 — 27
Ref Grant to Row En tPGS 20 - 43
to Ref En }
t1 to Ref Req (Ref only) tpTQ 22 - 60
Propagation Delay Times (AC Load, 15 pF — All Qutputs) ns
t1 to RAS tpT1 10 - 30
t2 to Row En tpPT2 16 - 35
13 to CAS T3 8.0 - 25
14 to RIW P14 8.0 - 25
t5 to CAS tpT5C 14 - 35
to RAS tPT5R 14 - 35
to R/W tPTEW 22 - 45
to Row En (Refresh} tPTSER 30 - 65
to Row En (R/W) tPTSE 25 - 48
to Refresh En tPTSF 22 - 46
Setup Times (Full AC Load — All Pins) ns
Ref Clk before Ref Grant tsu(RC) 35 - -
A12, A13 before t1 tsu(A) 10 - -
RM Input before t4 tsu(R/W) 33 - -
CE before t1 tsu(TE) 30 - -
Ref Grant before t1 tsu(RG) 25 - -
Hold Times (Full AC Load — All Pins) ns
A12, A13 after t5 th{A) 15 - -
TE after t1 th(TE) [¢] - -
R/W after t4 th(R/W) 0 - -
MC Rising after t1 Rising th(MC) 30 - -
Minimum Delay Times (Note 2 — Full AC Load — All Pins) ns
t1 Low to High to t2 Low to High td(1-2) 30 - -
t1 Low to High to t4 Low to High 1d{1-4) 33 - -
12 Low to High to t3 Low to High td{2-3} 30 - -
13 Low to High to t5 Low to High td(3-5} 30 - -
Minimum Pulse Widths ns
t1 through t5 . Low WL (t) 30 - -
High WH(t) 30 - -
mc twime) 30 - -
Ref Grant TW(RG) 25 - -

Note 2: |If delays between t1~—t5 are less than the mimimum specified, the succeeding outputs may not switch.

AC LOADS (Note 3)

R/W and CAS Outputs

450 pF to Gnd*

RAS Outputs

150 pF to Gnd*

MC, Row En, Ref En, and Ref Req Outputs

15 pF to Gnd*

*Includes probe and jig capacitance.

NOTE 3: All outputs can drive larger capacitive loads than those shown
with a small decrease in speed. See Figure 1.

4-75




MC3480

PIN DESCRIPTION TABLE

Name No. Function
RAS1 *| 16 | Row Address Strobe pins which connect to each of the dynamic RAMs to latch in row address on memory chips.
RAS2 15 | Decoded to 1 of 4 during R/W cycle. All 4 go low during refresh cycle.
RAS3 14
RAS4 13
CAS * | 11 | Column Address Strobe pin which connects to each dynamic RAM to latch in column address.
R/MW Out * | 10 | This pin signals the dynamic RAM whether the RAM is to be read from or written into.
Row En 9 | Row Enable output which goes to the MC3232A (MC3242A). It signals the Address Multiplexer that the lower half
(Row Addresses) or the upper half {Column Addresses} of the address lines are to be multiplexed into the dynamic
RAM address inputs. A Logic 1 on this output indicates the Row Addresses, and a Logic O indicates Column Addresses.
Ref En 8 Refresh Enable output. A Logic 1 signals the Address Multiplexer that a refresh cycle is to be done, and a Logic 0
indicates that address multiplexing should be done.
CE 22 Chip Enable Input. A Logic 1 on this pin disables all chip functions, except that of Refresh and the MC ou(put_.CE must
be low during t1 low to high transition to initiate R/W cycle. Once t1 is initiated, the cycle is independent of CE.
R/W in 7 | The Read/Write input pin receives information from the M6800 MPU as to the direction of data exchange in the
dynamic RAM. It transmits a Logic O to the R/W output for a Write Cycle and a Logic 1 for a Read Cycle.
A13(A15} | 17 Upper Order Address lines from the M6800. These two inputs decode to four sianals controlling the four RAS outputs.
A12(A14) | 18 A14 and A15 apply to 16K RAMs. )
mMC 23 | Memory Clock input from MC6875 clock or other signal source. The rising edge of MC must occur after the rising
edge of t1 to avoid aborting the refresh cycle. When MC rises, it resets an internal flag that will terminate refresh at the end
of the current cycle. Failure to reset the flag forces the 3480 to refresh every cycle thereafter. MC can be connected to
t2 or t3 in noncritical applications.
™MC 1 The buffered complement output of MC. It 1s a buffered output which may be used to drive the circuitry creating the
N time delays used on inputs t1 through t5.
1 KA 2 | These pins use external timing inputs to sequentially select the outputs to be enabled. They are positive-edge triggered
2 2 /frx tyl 3 inputs. Assuming a Read/Write cycle is to be executed, a positive edge on t1 forces a logic O on one of the four RAS
t3¢C ,5 4 outputs as determined by the A12/14, A13/15 inputs. After a delay, a positive edge on t2 causes Row Entogo to a
t4 Wﬂ:’”f 5 Logic O, providing address-multiplexing information to the MC3232A or MC3242A. 13 enables the CAS output and it
t5 e 6 goes low. t4 enables the R/W output and it goes low, assuming the R/W input was fow. t5 resets all the outputs to a
Logic 1 {with the exception of MC, Ref En, and Ref Reg). The inputs t1, t2, t3, and t5 are daisy-chained, so they must
be sequentially driven to obtain the desired output signals. t4 can be driven at any time after t1.
Ref Clk 21 The 32 kHz (64 kHz) Refresh Clock signals this pin that another refresh cycle s required. It is a positive-edge triggered
input, and upon triggering, the mpin goes to a Logic 0.
Ref Req 20 The Refresh Request output acts as an input to the MPU system, requesting a refresh cycle, This output has
a 5 kQ pullup resistor to the Ve supply to allow wire-ORing if desired.
Ref Grant 19 Through the Refresh Grant input, the MC6875 initiates a refresh cycle. This input is positive-edge triggered and is
enabled only after the Ref Req pin has gone low. This allows the MC3480 to discern between a Refresh Grant or a
DMA Grant even though they appear on the same line. When employing both dynamic memory (refresh) and DMA
in a microprocessor-based system with a combined Refresh/DMA Request control on the clock, provision must be
made for holding off a DMA request during a refresh period (and visa versa). If this provision is not made, clock
stretching (cycle stealing} will continue indefinitely and dynamic microprocessor data will be lost. The positive edge
on Ref Grant causes Row En output to go low and Ref En output to go high. This signals the MC3232A (MC3242A)
that a refresh address 1s required. The refresh cycle occurs with the succeeding pulses on t1-t5. A positive edge on t1
causes Ref Req to go high and all the RAS outputs to go low. A positive going edge on t2 causes no change in the
outputs, since it controls the address multiplexing (Row En) during the Read/Write cycles. There is no output change
when t3 and t4 go high because no CAS or RIW signal is needed during refresh. A positive edge on t5 resets the RAS
and Row En toa Logic 1 state, and Ref En to a Logic O state, ready for the next Read/Write cycle.
Vee 24 +5.0 V supply. A 0.1 uF capacitor 1s recommended to bypass pin 24 to ground.
Gnd 12 System Ground.

*These outputs are designed to drive the highly capacitive inputs of multiple dynamic RAMs/{150 pF for RAS outputs, and 460 pF for CAS
and R/W outputs). Consequently, these outputs have no short-circuit limit and must be handled accordingly. Good high capacitance load
driving techniques’usually include a 10 © or greater series damping resistor. It 1s highly recommended that this be done on RAS, CAS and
R/W outputs of the MC3480. The effect of thgse series damping resistors on rise and fall times must be included in timing considerations.

NOTE: All other outputs are LS/TTL totem-pole configuration unless otherwise noted.
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TIME DELAY INFORMATION
TIMING REQUIREMENT CONSTRAINTS

Minimum is determined by MPU Address Detay {taop), plus RAM Row Address Set-Up Time (tasR), minus MC3480

Minimum is determined by RAM Row Address Hold Time (tg o) minus the minimum MC3232A/3242A Row Enable to

Output Delay ({togmin!- .

Minimum is determined by RAM Column Address Set-Up Time (tASC minimum! plu§ maximum MC3232A/3242A Row

Minimum is determined by RAM minimum CAS Pulse Width (tcas) or Access Time from CAS (tcac) plus Data Set-Up Time

At1
Propagation Delay {tpT1).
At2 - Atl
At3 - At2
Enable to Output Delay {tgp1pmAX)-
At4 - A3 No Minimum
At5 - Alt3
of MPU (tpsR).
At5 - At4

Note: Also required in computing time delays are the various delays incurred by the particular delay scheme used; i.e., delays between
4 x fo, 2 x fg, and fg from the MCE875 which are used as inputs or the gate delays of the gates used in Figures 5A through 5C.

Minimum is determined by the RAM minimum Write Pulse Width (typ).

TYPICAL APPLICATION
16K X 8-BIT MEMORY SYSTEM FOR M6800 MPU

Note: Numbers in parenthesis indicate
part types or values for 16K x 1 RAMs
Fower-On Reset
c P-OR A
I X1, X2 1
= MPU
System MPU
Crystal Ctock MC6800 c
(4 x MPU 1) =—-|: MC6875 ?2
Ref gef Control BD::a
rant Bus
mc Req Address
(Mem Bus
ctk) A12, A13 (A14, A15)
AO0-A11
(AD — A13)
mMc
lt—— Refresh Address
o Enable Multiplex [¢— DE
and Data
Refresh Buffer
12 M c . Counter MC6880A
emory Contro MC3232A l—@ RE
Delay and Timing Row | ol (MC3242A) P RE
Circuit t3 MC3480 Enable
@ T N\
L — o]
32 kHz
L ) Ref Clk (64 kHz)
—_— e . e e [Oscillat
RASi AASZ FRAS3 RAS4 CAS R/W serflater
.
Address
Bus
00-05
(00-0s6)
{} {} Data
+ y Bus
4K x 8
Memory MCM4027 4K x 8 4K x 8 4K x 8
Array (16K x 8) {16K x 8) {16K x 8) (16K x 8)
(MCM6616)
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FIGURE 2 — READ/WRITE TIMING CYCLE
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FIGURE 3 — REFRESH TIMING CYCLE
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MC3480

APPLICATIONS INFORMATION

GENERAL DESCRIPTION

The MC3480 uses five general timing inputs in place of
a master clock with on-chip timing generation. This gives
the system designer optimum flexibility in interfacing
with the various microprocessor families and dynamic
memories that are available. In simpler slow speed

systems, the timing signals required can be directly
obtained from those available from the microprocessor. In
systems requiring high speed memory/microprocessor
cycle times, timing input t1-t5 can be obtained using
delay lines or a range of techniques as shown in Figures 4
thru 8. It is only necessary to maintain the time delay
relationships shown under time delay information.

FIGURE 4 — UNIVERSAL TIME DELAY USING MC6875

READ/WRITE CYCLE

R I

2f,
_l—‘ ﬂ From MC6875
MC "o oo Mcaaso
| ] S8 T RAM
Q Controller
1 Fe—at1—= t1 RAS i[—o
t2 RAS 2—0
At2
12 =—At 3 RAS 3—o0
13 [=—At3 @ RAS 4—0
CAS—0
t4 —At4 [ 15 y
R/WH—o
5 le—aws Mc H:W Lo
JR— MC Ref|—o
RAS — /——- En
Row En —f /__
NOTE. t4 can be tled to t3 instead of 2fg,
giving a longer write pulse width
:::’:ess A0- A5\ A6 - A11 /T
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FIGURE 5 — ALTERNATE TIME DELAYS USING MC6875
5A {Read/Write Cycle Shown)
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FIGURE 56C — ALTERNATE TIME DELAYS USING MC6875
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FIGURE 6 — ONE SHOT TIME DELAY METHOD
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FIGURE 7 — DELAY LINE TIiME DELAY METHOD
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FIGURE 8 — DELAY LINE TIME DELAY (ALTERNATE METHOD)
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REFRESH CONSIDERATIONS

The MC3480/MC3232A (M032442’A) memory control
system can be used with either cycie steal or transparent
refresh methods. Figure 9 shows one transparent tech-
nique employing refresh during ¢2 low in an M6800
microprocessor-based system. Using this technique requires
that the memory be capable of completing a Read/Write
Cycle and a Refresh Cycle sequentially during the M6800
cycle. The minimum cycle time at the time of printing for
dynamic multiplexed RAMs is 320 ns, therefore limiting
the microprocessor to 1.56 MHz operation, The D flip-
flops of Figure 9 produce a trigger at the beginning of
both ¢1 and ¢2. For a 1.0 MHz system, the t1-t5 inputs
should be adjusted for the following delays:

RAS falls at 150 ns (triggered by t1)

Row En falls at 250 ns (triggered by t2)
CAS, R/W falls at 300 ns (triggered by t3)
5 rises at 500 ns.

A delay line could be used to generate t1-t5 in place of
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the four monostables, For the 1.0 MHz system, it would
require either two 5 tap delay lines with 50 ns per tap or a
10 tap line with 50 ns/tap. For use with a 600 kHz
system, a delay line with 5 taps of 150 ns each could be
used. For this case: '

RAS falls at 150 ns

Row En falls at 300 ns

TAS, R/W falls at 450 ns

t5 rises at 750 ns .

Figure 10 shows typical refresh oscillator configurations
for both 32 kHz {fREF min for 4K) and 64 kHz (fREFmin
for 16K). In the case of transparent refresh, if the designer
is not concerned with power consumption, the refresh
oscillator may be eliminated and the Ref Clk input con-
nected to the MC input yielding a refresh every ¢1.

For DMA operation combined with cycle stealing
refresh, care must be taken not to allow a DMA request
during a Refresh Request/Grant period and to hold off a
refresh during a DMA operation. See comments under pin
descriptions, Pin 19.




MC3480

FIGURE 9 — EXAMPLE OF ¢2 LOW METHOD OF HIDDEN REFRESH
USING MC3480 AND 4K RAMS
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FIGURE 10 — SUGGESTED 32 kHz OSCILLATORS
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‘ MOTOROLA

MC6875
MC6875A

Specifications and Applications

Information

M6800 CLOCK GENERATOR

Intended to supply the non-overlapping $1 and $2 clock signals
required by the microprocessor, this clock generator is compatible
with 1.0, 1.5, and 2.0 MHz versions of the MC6800. Both the
oscillator and high capacitance driver elements are included along
with numerous other logic accessory functions for easy system
expansion.

Schottky technology is employed for high speed and PNP-buffered
inputs are employed for NMOS compatibility. A single +5 V power
supply, and a crystal or RC network for frequency determination
are required.

M6800 TWO-PHASE
CLOCK GENERATOR/DRIVER

SCHOTTKY MONOLITHIC
INTEGRATED CIRCUIT

Typical MPU System with Bus Extenders

MC6875
cLock ° I
GND +5 v 4 x toMPU
T T 1092 I
| mcssoo
;— - \r—j
MC6885/MC8T95
thru MC6880A/MCBT26A
MC6888/MC8T98 MC6889/MC8T28
BUS EXTENDER

N N

MC6830
ROMs ﬁ/
ADDRESS /L__JQ
AND MC&810 DATA
CONTROL RAMSs B
\l 1% us
8uUS | | |
MC6820 u
P1As
[N r—N
| MC6850
ACIAs N 1%

~ [1I] | =

TO | MC6860
Das MODEM

L SUFFIX
CERAMIC PACKAGE
CASE 620

PIN CONNECTIONS

./
X1 1 16 Iy vee
‘X242 15 3 MPU 01
Extin —]3 14 [0 Reset Output
4 x fo a 13 FOMPU 92
2 x fo t‘_‘l 5 12 =3 Power-On Reset
M;’::J: 6 1 DMA/Ref Grant
Bus 2 7 10 ) DMA7Ref Req
Ground q 8 9 3 Memory Clock
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MC6875, MC6875A

ABSOLUTE MAXIMUM RATINGS (Unless otherwise noted Tp = 25°C.)

Rating Symbol Value Unit
Power Supply Voltage Vee +7.0 Vdc
Input Voltage V) +5.5 Vdc
Operating Ambient Temperature Range Ta oc
MC6875L Oto +70
MC6875AL 55t0 +125
Storage Temperature Range Tstg oc
Ceramic Package -65 to +150
Plastic Package -55 to +125
Operating Junction Temperature T oc
Ceramic Package 175
Plastic Package 150
RECOMMENDED OPERATING CONDITIONS
Rating Symbol Value Unit
Power Supply Voltage Vee +4.75 to +5.25 Vdc
Operating Ambient Temperature Range Ta 0to +70 oc

ELECTRICAL CHARACTERISTICS
(Unless otherwise noted specifications apply over recommended power supply and temperature ranges.
Typical values measured at Vo = 5.0 V and Ty, = 25°C.)

Characteristic Symbol M:n Typ Max Unit
Output Voltage — High Logic State
MPU ¢1 and ¢2 Qutputs \
(Vee =475V, IgHm = -200 pA) VOHM Vee -06 - -
(Vee =525V, IgHMK = 5.0 mA) VOHMK — - Ve +10
Bus ¢2 Output . Vv
(Vee =475V, IgHg = -10 mA) VOoHB 24 - - .
(Ve =5.25 V, IQHBK = +5.0 mA) VOHBK - - Voo +1.0
4 x fo Output Vv
(Ve =475 V, Vil = 2.0 V, IgH4x = -500 pA) VOH4x 2.4 — -
. 2 x fo, DMA/Refresh Grant and Memory Clock Outputs VOH 24 - - v
(Ve =475V, IgH = ~500 nA)
Reset Output VOHR 24 - - \Y

(Vee =475V, V| =33V, IgyR = -100 uA)
Output Voltage — Low Logic State

MPU ¢1 and ¢2 Outputs \
(Ve =4.75 V, IgLm = +200 nA) Vowm - - 04
{(Vec =4.75 V. IgLMK = -5.0 mA) VoLMK — - -10
Bus ¢2 Output \Y
(Vec =475V, IgLg = +48 mA) voLs - - 05
(Vee =475V, IgLgK = -5.0mA) VOLBK - - -1.0
4 x fo Output Vv
(Vec =475V, V| =08V, lgLax = 16 mA) Vorax = - 0.5
2 x fo, DMA/Refresh Grant and Memory Clock Qutputs VoL - - 0.5 v
{(Vec =4.75 V, IgL = 16 mA) '
Reset Qutput VOLR - - 05 v
(Vec=4.75V, VL =08V, Ig LR =3.2mA}
Input Voltage — High Logic State v
Ext. In, Memory Ready and DMA/Refresh Request Inputs ViH 20 - -
Input Voltage — Low Logic State \"
Ext. In, Memory Ready and DMA/Refresh Request Inputs ViL - — 08
tnput Thresholds — Power-On Reset Input (See Figure 2} v
Output Low to High VIiLH - 28 3.6
Output High to Low ' VIHL 08 14 -
Input Clamp Voltage MC6875L Vic ~ - - -10 v
(Vec =475V, | =-5.0 mA) MCB875AL - - -15 '
Input Current — High Logic State
Ext. In, Memory Ready and DMA/Refresh Request Inputs HH - - 25 HA
(Ve =475V, V) =50V}
Power-On Reset HHR - - 50 HA

{(Vec =50V, V|HR=50V)
Input Current — Low Logic State

Ext. In, Memory Ready and DMA/Refresh Request Inputs he - - -250 BA
(Veg=5.25V, V) _=05V)
Power-On Reset Input IR —~ - -250 BA

(Vec=5.26V, V| =05V)
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MC6875, MC6875A

OPERATING DYNAMIC POWER SUPPLY CURRENT
Characteristic Symbol Min Typ Max Unit

Power Supply Currents

(Vee =525V, fo5¢ =8.0MHz, V) =0V, V)3 =30 V)

Normal Operation IcenN - - 150 mA
(Memory Ready and DMA/Refresh Request Inputs at
High Logic State)

Memory Ready Stretch Operation IcCMR - - 135 mA
{Memory Ready Input at Low Logic State;
DMA/Refresh Request Input at High Logic State)

DMA/Refresh Request Stretch Operation IccDR - - 135 mA
{Memory Ready Input at High Logic State;
DMA/Refresh Request Input at Low Logic State)

SWITCHING CHARACTERISTICS
{These specifications apply whether the Internal Oscillator (see Figure 9) or an External Oscillator s used (see Figure 10).
Typical values measured at Voe = 5.0 V, T = 25°C, fo = 1.0 MHz (see Figure 8).

[ Characteristic | Symbol | Min | Typ | Max [ unit ]
MPU ¢1 AND ¢2 CHARACTERISTICS
Qutput Period (Figure 3} ' to 500 - - ns
Pulse Width (Figure 3} tPWM ns
{fo = 1.0 MHz) 400 . -
(fo = 1.5 MHz2) 230 - -
(fo = 2.0 MHz) 180 - -
Total Up Time (Figure 3) tUPM ns
(fo =1.0 MHz) 900 - -
(fo = 1.5 MHz) 600 - -
(fo = 2.0 MHz) 440 - -
Delay Time Referenced to Qutput Complement (Figure 3)
Output High to Low State (Clock Overlap at 1.0 V) tPLHM 0 - - ns
Delay Times Referenced to 2 x fo (Figure 4 MPU ¢2 only)
Output Low to High Logic State tPLHM2X - - 85 ns
Qutput High to Low Logic State tPHLM2X - - 70 ns
Transition Times (Figure 3)
Output Low to High Logic State tTLHM - - 25 ns
Qutput High to Low Logic State tTHLM - - 25 ns
BUS ¢2 CHARACTERISTICS
Pulse Width — Low Logic State (Figure 4) tPWLB ns
(fo = 1.0 MHz2) : 430 — -
(fo = 1.5 MHz) 280 - -
{fo = 2.0 MHz) 210 - -
Pulse Width — High Logic State tPWHB ns
{fo=10MHz) 450" - -
{fo =15 MHz) 295 - -
(fo = 2.0 MHz2) 235 - -
Delay Times — (Referenced to MPU ¢1) (Figure 4)
Output Low to High Logic State tPLHBM1 ns
{fo = 1.0 MHz} 480 - -
{fo = 1.5 MHz) 320 - -
(fo =20 MHz) 240 - -
Output High to Low Logic State ! tPHLBM1
(Cy = 300 pF) ) - - 25
{CL =100 pF) - - 20
Delay Times (Referenced to MPU ¢2} (Figure 4)
Output Low to High Logic State tPLHBM?2 -30 - +25 ns
Output High to Low Logic State tPHLBM?2 0 - +40 ns
Transition Times (Figure 4)
Output Low to High Logic State tTLHB - - 20 ns
Qutput High to Low Logic State tTHLB - - 20 ns
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MC6875, MC6875A

SWITCHING CHARACTERISTICS (continued)

[ Characteristic | Symbot | min |- Ty Max unit |
MEMORY CLOCK CHARACTERISTICS
Delay Times (Referenced to MPU ¢2) (Figure 4)
Output Low to High Logic State tPLHCM -50 - +25 ns
Output High to Low Logic State tPHLCM o] - +40 ns
Delay Times (Referenced to 2 x fo) {Figure 4}
Output Low to High Logic State tPLHC2X - - 65 ns
Output High to Low Logic State tPHLC2X - - 85 ns
Transition Times (Figure 4) - .
Output Low to High State tTLHC - - 25 ns
Output High to Low State tTHLC - - 25 ns
2 x fo CHARACTERISTICS
Delay Times (Referenced to 4 x fo) (Figure 4)
Output Low to High Logic State tPLH2X - - 50 ns
Quzput High to Low Logic State tPHL2X - - 65 ns
Delay Time (Referenced to MPU ¢1) {Figure 4)
Output High to Low Logic State tPHL2XM1 - ns
(fo =1.0 MH2) 365 - -
(fo = 1.5 MHz) 220 - -
Transition Times (Figure 4)
Output Low to High Logic State tTLH2X - - 25 ns
Output High to Low Logic State tTHL2X - - 25 ns
4 x fo CHARACTERISTICS -
Delay Times (Referenced to Ext. In) (Figure 4)
Output Low to High Logic State tPLH4X - - 50 ns
Qutput High to Low Logic State tPHLAX - - 30 ns
Transition Time (Figure 4)
Output Low to High Logic State TTLHAX - - 25 ns
Output High to Low Logic State TTHLAX - - 25 ns
MEMORY READY CHARACTERISTICS
Set-Up Times (Figure