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MASTER INDEX

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

Device

Number Function Page
AM26LS31 Quad RS-422 Line with Three-State Output .............e0vvenunn. eeeerersaseaans 5-3
CA3054 Dual Differential Amplifier .........ccoiriiviiiiiiiiiinenaetreeenncranaseccanas Linear
CA3059 Zero Voltage SWItCh ........cvvieiiniiineiieennrenassnnrinrssssenceasnssoncanns Linear
CA3079 ZeroVoltage SWItCh .. .....uiiiiiiiiieii it iiii ittt ittt eiaaaeanns Linear
CA3139 TVTUNING CIrCLIL o ovuettiintieierrsraerrosestoasnaresssosasssasancnssnsnnsss Linear
DS8641 Quad Unified Bus TranSCeIVEr .....uvvuvesuieriasssisissnacstsssasesssarenrerssons 5-6
HA1199 AM Radio SUDSYSIEM ... ..ttt iiiiiiiiiiiieitetiriteatiii e, Linear
LF1565 Monolithic JFET Operational Amplifier .........ccviiiiiiiiiiiiiiiiiiiienanann. Linear
LF155A Monolithic JFET Operational Amplifier ........coooviiiiiiiieiieiioiiniiisnnnnnss Linear
LF156 Monolithic JFET Operational Amplifier .........cccoiiiiiiiiiineneinnrennennn. «. Linear
LF156A Monolithic JFET Operational Amplifier ........cooviiiiiiiiiiiiiieiiiienaiinnnss Linear
LF167 Monolithic JFET Operational Amplifier ........c.cociiiiieeriiiineriinnnrovennes Linear
LF157A Monolithic JFET Operational Amplifier ........occviiierieieiiiirinnerssernenens Linear
LF255 Monolithic JFET Operational Amplifier ........ccoeiiiiiiiiriiiirrerocoroenannes Linear
LF256 Monolithic JFET Operational Amplifier ........... e beeseeas e abes et e ananes Linear
LF257 Monolithic JFET Operational Amplifier .........ccoiiiiiiiiiiiiiiiiieieiianans Linear
LF355 Monolithic JFET Operational Amplifier .........coooiiiiiiiiiiaeiiiiererireanens Linear
LF355A Monolithic JFET Operational Amplifier .........c..oiiiiiiiiiineieiiiiiniiancans Linear
LF355B Monolithic JFET Operational Amplifier ........ccvviriieivieenieinerinrenneannns Linear
LF356 Monolithic JFET Operational Amplifier ..........ccvviiiiiiiiiiiiiiinnieninnnns Linear
LF356A Monolithic JFET Operational Amplifier ..........ccoviiiiiiiiiiiiieiineiennennnns Linear
LF356B Monolithic JFET Operational Amplifier ..........coiiiiiiiiiiiiiiiiiiiiiieennnns Linear
LF357 Monolithic JFET Operational Amplifier ............ooiiiiiiiiiiiiiiiaeiiinenans Linear
LF357A Monolithic JFET Operational Amplifier .........ccovviiiiiiiiiiiieniieenenncns Linear
LF357B Monolithic JFET Operational Amplifier ........................ etresteseaneanas Linear
LM101A General Purpose Adjustable Operational Amplifier ..............coiviiiiiiinnees Linear
LM104 Adjustable Negative Voltage Regulator ..............c.ooiiiiiiiiiiiiiiana., Linear
LM105 Adjustable Positive Voltage Regulator ...........ccoiviiviiiiirriaeiinannnes, Linear
LM107 General-Purpose Operational Amplifier ..........cooiiiiiiiiiiiiiiiiiiiieiann., Linear
LM108 Precision Operational Amplifier ........cooiiiiiiiiiiiiiiiiiiiiiiiiiiiiirrneens Linear
LM108A Precision Operational Amplifier ..........cocoiiiiiiiiiiiiiiiiiieiiririurennnes Linear
LM109 Positive Voltage Regulator .......cicetriiiiiiiiiettiniotereiiacesonsasconnnnes Linear
LM111 Voltage CoOmMPArator .. ...uvereneeeersreeererstsnscaceassossacanasssssssasansnnan 7-3
LM117 Positive VOItage Regulator ........c.oveiiiiiisnieinstineesresssssssnsascsnnsens Linear
LM117L Positive Voltage Regulator .. .......oviiereeeeisieresinrtontesenesarasseesnnenss Linear
LM124 Quad Operational AmMplfier ......covvuiiriiiieiiineieniiiraceiereeieancanens Linear
LM139 Quad Comparator {(Single Supply) ......coviiiiiiiiiiiiiiiiiiiiiriatiitiieeenaaas 7-7
LM139A Quad Comparator {Single Supply) ... ..covviiiiiiiiiiiiiiiie ittt 7-7
LmM140 Series of Positive Voltage Regulators ...........ccceveiieirverecrscrasssonennnns Linear
LM158 Dual Operational Amplifier .........ccoviiiiiiiiieiiieeiiieiniererenernnnnanes Linear
LM201A General-Purpose Operational Amplifier ...........ccoviiiieiiiiiiiiiiiiiiinine, . Linear
LM204 Adjustable Negative Voltage Regulator ............cciiiiiiiiiiieneiinanrneness _Linear
LM205 Adjustable Positive Voltage Regulator .............ccveiiiiiiiiiiiiiiiiainasas Linear
LM207 General-Purpose Operational Amplifier ...........coiiiiiiiiiiiiiiiiniieeianees Linear
LM209 Positive Voltage Regulator ..........ciiiiieereivisissoneisnosnososcccansacaees Linear
mM211 VolItage COMPAratOr .. ..covveraresiaerescosssasossocsnsessssonssasssssennsossnnan 7-3
tM217 Adjustable Voltage Regulator ..........c.cciieiriennrerereronincnaseeassncanons. Linear
LM217L Adjustable Voltage Regulator ...........ccoeiieiiiiiiiniierineenrecenennnnness Linear
LM224 QuadOperational Amplifier ........coieiireneeineneiananeiiraancesesanannnss Linear
LM239 Quad Comparator (Single Supply) ...covieeiiiiiiiiiieriirittieenioressresnesenss 7-7
LM239A Quad Comparator {SingeSupply) ...cieeiiiiiiiiiiiiiiniietioenaranioioacnnanens 7-7
LM258 Dual Operational AMplifier ........ovveiiiinenrieereenrierarsissaransaronannns Linear
LM301A General-Purpose Operational Amplifier .........ccooiiiiiiiiiiiieieieriiinnennns Linear
LM304 Adjustable Negative Voltage Regulator ............ e riesenentanaseenaas erenens Linear
LM305 Adjustable Positive Voltage Regulator ............cceieieiiieereneieieiecnnnanss Linear
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Daevice
Number

LM307
LM308
LM308A
LM309
LM311
LM317
LM317L
LM324
LM339
LM339A
LM340
LM358
1M2901
LM2902
LM2904
MC8T13
MC8T14
MC8T123
mMC8T24
MCBT26A
mMC8T28
MCBT95
MC8T96
MC8T97
MC8T98
MC26510
MC26511
MC755110
MC1302
MC1306
MC1309
MC1310
mMC1323
MC1324
MC1327
MC1330A
MC1349
MC1350
MC1351
MC1352
MC1356
MC1357
MC1358
MC1364
MC1372
mMC1373
MC1391
MC1393A
MC1394
MC1398
MC1399
MC1400
MC1400A
MC1403
MC1403A
MC1404
MC1404A
MC1405
MC1406
MC1408
MC1411
MC1412

Function Page

General-Purpose Operational Amplifier ............. Cheereraserearstancsonrnnes Linear
Precision Operational Amplifier ........coiiiiieiiiiiiiieaiiiireirieniiinrenans Linear
Precision Operational Amplifier ........c.ovveeiriieiiaeriasnriieesisnrnaraasnnes Linear
Positive Voltage Regulator .......... S eeeees et eariaeeraeas Linear
Voltage Comparator .........voeciatserenerssorsnsssnseassosanns eesrerentarecans 7-3
Adjustable Positive Voltage Regulator ...........c.ccvecmieiiinnriincenionannans i

. Adjustable Positive Voltage Regulator ............c.coiceerevivrerinsroruoroncnss
Quad Operational Amplifier ..........cccovvunnnnn. . ;
Quad Comparator {SingleSUppPlY) . .c.vvuieiiieiiirirtiiiittsnrreaieisireconcanassns
Quad Comparator. (Single SUpPly) .. .vvirnriiieiiieiiereieiriiiesiecansannneanenns
Series of Positive Voltage Regulators ....... e
Dual Operational Amplifier .........cooeeiiiiiiiiiereneersnreeaceessencasaaonas
QUAd COMPArALOr . ...iouereeencrosreesesessnasesnnssanassssnssesnassosnsananns
Quad Operational Amplifier .....c.ciiiiiiiiiiiiiiriiiiieiiseeiianenioronnnes
Dual Operational Amplifier ............. e eeenesesasitierasataesteennasebanans
DuallineDriver ..........ccoiviiieaneen s iitereretaeseseteenarersereesrarane
Triple Line Receiverwith Hysteresis ..........cccieinieeiienienneeeaannnss
Dual Line Driver ............... Seeesreriiiraneiaas .
Triple Line Receiverwith HySteresis ........cvoviieiieiiintieeseriirescsnrosanacnns
Quad Three-State Bus TranSCeIVer .......vcvitirnnusrerecioriosssnsosoesssnsanns
Non-Inverting Bus TransCeiver ........cuieeviiiieteraraotsresessneosanencones
Hex Three-State Buffer/Inverter ........cciiiiieriinesareinnsctesacecaeroonens
Hex Three-State Buffer/Inverter ........c..c.cciiiiionereireeacncnesoconancasans
Hex Three-State Buffer/InVerter ...........ccoieiesesseerscroesissasssserensans
Hex Three-State Buffer/Inverter ........... e rereasecie et eaeteieareeas
Quad Open-Collector Bus TransSCeIiVer ......coveeiirnreecesranacrtosooenssacennss
Quad Open-Collector Bus Transceiver ..... et reieaeisieeieiee et tetetaaaans 5-16
DU LiNe DFiVOr .. vvtvntteiiiereianatttretotessesensnsesssssssssosasessasancnnss 5-19
7-Stage Divider .......ovvviiierraiireinitiioietaeteonnanetsetsionnttiosananas Linear
1/72Watt Audio Amplifier ......ovuviviiiiierneiaraiiiriiisiriraerensnennanas Linear:
FM Stereo Demodulator ......ccoeueiieeeiiiosoassrssrosssessasacsssnsasornonas Linear
FM Stereo Demodulator .......c.ccueeeiiiiiessiiininierernsiososenancoroaranns Linear
Triple Doubly Balanced Chroma Demodulator ..........c...coainenene, P Linear
Dual Doubly Balanced Chroma Demodulator ...........iviveeeiiireneiniresans Linear
Dual Doubly Balanced Chroma Demodulator ...........ccieveiiiviienennnaannss Linear
Low-Level Video DeteCtor .. ...ccveriereieroieiesierossotseraneasssanrasssssnes Linear
I AMPIIEr . o.ttriierieennetssteressanessesreneasssantssosassssssssnanns Linear
IEAMPHIIOr . .ooineiitiii ittt etiarenneeneransenneronsasonseancsosnnas Linear
TVSOUN CIrCUIL . oveiieiitiini et raviarntneeatansoesorsstenassaroctansnes . Linear
TV Video IF AMplifier ....coviiieiennrniiivireessrecanssiaanens N Linear
Limiting FM IF AMPIIfier ......coiiiiiriiiieirenneirnenieirecricotsanncaanans Linear
IF Amplifier and Quadrature Detector ..........cieieitrescanntrioarsssosscanes Linear
TVSound IFAmplifier .........cviiievviirerennnacens L N Linear
Automatic Frequency Control .......cvvviieerinineretosssertesesisssssannnsanss Linear
Color TVVideo Modulator ........ciiiiiiiennnsncesseantnoesssoncaossioennnnns Linear
TVVIdeoModulator .........vvivirieneanreeetveciotonososavsassssossrsssasanns Linear
TV HOrizontal ProCessSor . ...vvveivioieinasrrrsresareresssosenearsossroansronas Linear
TV Vertical ProCesSOr ....ciuivivieeieorssrsresenrosssnsssossoossasasssasnnnans Linear
TV HOrizontal ProCesSOr .. .ovouviovereriiiservsesienesessnnanseenanons errereas Linear
TV Color Processing Circuit .......vvviiniiiiieiiiaroneerttrnecsstinesosssaesans Linear
TV Color Processing CirCUit . ......oiiriiiiieeieniaessiionaerasersnosanaserans Linear
Precision Voltage Reference ..........cviveeinrvereiiitonsecietsosanassnnciannes 9-3
Precision Voltage Reference ..........cciiiviiniiaiiiintiaisesnuenesaroncancsens 9-3
Precision Low-Voltage Reference ..........cooviiiriiiiiiiiiiiiiiiieneetoocennans 9-4
Precision Low-Voltage Reference ..........ccoiiiiiiiniiiiiiniieiateneincecaaannas 9-4
Precision Low-Drift Voltage Reference ...........ceevviiinereiioinrerinisartaronss 9-8
Precision Low-Drift Voltage Reference .............coiiiiiieiiiiiiiariiiiencannnns 9-8
Analog-to-Digital Converter SubSYStem .........coereviieennrrrervnanrensosnnnsans 8-3
6-Bit Multiplying Digital-to-Analog Converter ............oeieiiietieieananerncanns 8-17
8-Bit Multiplying Digital-to-Analog Converter .........ceceviinerterooneeesossnnass 8-29
Peripheral Driver Array . ......coeviveeniuinnuuennuoeneusssinsessiussssnansnsassns 5-25
Peripheral Driver Array .........oiiiiiiiiiirieietentesarorooserorsstosnnasenssnns 5-25
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Davice
Number

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
MC15620
MC15630
MC1531
MC15633
MC1535
MC15636
MC18637
MC1538
MC1539
MC1544
MC1545
MC1550
MC1552
MC1553
MC1554
MC1555
MC1556

Function Page
Peripheral Driver Array «......cicvisvnensvsonsssasessssescsarsssesans reeeeeeaan 5-25
Dual Differential Comparator ................. e reettetretetaneteneanetoinannnean 7-15
Peripheral Driver Array ........cvvveenrnorareessnsrarocessosssesnsnases [ 5-25
Differential Output Operational Amplifier ........cocovveevinnsn Cetesseataanasan Linear
Timing Circuit with Adjustable Threshold ...........c.civiiiiiiiiiieiiniaan... Linear
Operational Amplifier .......cccvitiiiiiiiiiiiiiiiiiiieneiseiataterssssnenness Linear
Operational AMPLifier .....c.cveieiiiierererivessearrtissersrosessecssssrcssns Linear
Operational AmMplifier .......ccoiieiiiiiiiiiiiiiretettssiierorsseceesenanises Linear
Dual Operational Amplifier ............oieiiiiiiiriiiiiiiireiiiiniiancesaneans Linear
High-Voltage Operational Amplifier .............. teesreisat et esstnnsbenans Linear
High-Voltage Operational Amplifier ................ PN Linear
Dual Operational Amplifier ........c.coieiiiiieienteeeiriserissosscsecsoasaans Linear
POWEE BOOSIOr ... i.viiriiiiaeresreeneuannsissenntsonsssasssnsssenaiossnnsans Linear
High-Slew-Rate Operational Amplifier ........cooiiiiiiiiiiiiiiiiiiiiiinicennns Linear
AC-Coupled 4-Channel Sense Amplifier .............. P 4-3
Wideband Amplifier .......coieiiiiiiiiriiineineissrinstiinsaessunatssanacanas Linear
1 Watt Power Amplifier ...........c.oiiiiiiiiiiiiiiiiiiienerenanss e eeienranaens Linear
TIimMING CirCUIt ...ttt ittt ietittatiirisennnsssannnansenssnenns Linear
High-Performance Operational Amplifier .............ccoiiiiieiiiiiiieiiiin, Linear
High-Performancc Operational Amplifier .......cciiiiiiiiiiiiiiiiiiiieniinns, Linear
Dual Operational Amplifier ........coviiiiiiiiiiiiiiiiiitenseseinnssssecanenns Linear
Dual Operational Amplifier ...........c.coiiiiiiinnnss e eebeseneteeaaetenncenn Linear
Low-Noise Dual Operational Ampilifier ..... et eeiiitateseraenarariaceiaeaaaan Linear
High-Slew-Rate Dual Operational Amplifier .............ccoviimveniaiiiiiiiaes Linear
Adjustable Negative Voltage Regulator ...........icvievrenininencnnecenananenn Linear
Voltage and Current Regulator ..........uitiiieieeeiininraoesnnoresensssonnnanes Linear
Dual * 15-Volt Tracking Regulator ......... e eaaeeieeaiasesesae et aiaeeann Linear
Adjustable Positive Voltage Regulator ...........ciiiiiiiiiiiiiniireecananenan Linear
Dual Peripheral Positive NAND Driver .......ciiiiieiiiiiiiinniiiiintinrncneennns 8-29
QuUad MDTL LINe Driver .......c.c.iieieiiiieiaaeenntecarsoreivsscnacaserssonesss 5-32
QuadMDTL LIiNe ReCRIVET .. v..eetiiieiiiieentenacrnatoccaaeoarsesasesanencsan 5-38
Quad MDTLLINne ReCeIVer ......c.viveniiiiiereanacsansnnnes G eeeresseerateriiens 5-38
Four-Quadrant Multiplier ........ e bie e eateataseeateataaaaatasttteaccocnnnanas Linear
Four-Quadrant Multiplier ....... e e hteneeetaresatanntraartarecttttsaettiarannn Linear
Balanced Modulator-Demodulator ........cc.vveeeensranocscsnsssrensseonans ‘Linear -
Precision Voltage Reference ...........voviiiineierinnsreessecessenserscanaseedis 93
PrecisionVoltage Reference ............c.ccciiiiiiieiieninierernnsvecosreansasanass 9-3
Precision Low-Voltage Reference ..........c..vviiiiiurrisceneerionciorenssasnsans 9-4
Precision Low-Voltage Reference ..........coverevineeeriiarnivessrsesionsssnenass 9-4
Precision Low-Drift Voltage Reference ...........c.cociiueiiiiriiiiiitinisenenaneas 9-8
Precision Low-Drift Voltage Reference .........cooiveeeiiriinarersneenscscrancrans 9-8
Analog-to-Digital Converter Subsystem ............. e eeteanaatetet et anaeoen 8-3
6-Bit Multiplying Digital-to-Analog Converter ..........coviiinviniinnerneenraneees 8-17
8-Bit Multiplying Digital-to-Analog Converter ................ e eereecetesaenatenas 8-29°
Dual Differential Comparator ...........cvvirunnrensasseennsserncerossesasnses 7-15
Differential Qutput Operational Amplifier ..........ceiiiiiiiiiiiiiiiiereninnas Linear
Operational Amplifier .........c.oiitiiiiiriiniiiiiaeesteseeeravesasssroneesns Linear
Operational Amplifier .........ciiniiiiiiiiiiiiiiiioerserereeresenanenensannns Linear
Operational Amplifier ........cciiiieiiiiiiiiiiiiiiiiiiieneiieriieoiaranaenns Linear
Dual Operational Amplifier .......c.ovvivererencsaraonsas e enretetenetaeaanaan Linear
High-Voltage Operational Amplifier ........c..ociiiiiiiiieiniernrienienaraeanss Linear
Dual Operational Amplifiar ........cciiiiiiiiiiriieiiiiiiiiiarresenncntaannns Linear"
POWEr BOOSIBT ..t veiiitinieateaasneaassoseeanssassnssesosasonanscessanaranes Linear
High-Slew-Rate Operational Amplifier .........ccoiviiiiiiiiiiiiiiiiieeiinee, Linear
AC-Coupled 4-Channel Sense Amplifier ..........covivieiiiiiiiiieiiiiiiennnnens 4-3
Wideband Amplifier .................... e et saenesbenatteat it ansoctteannonn Linear
RF-IF AMPIEIEr .. ocveeinriiieteniiitiatasnnerasasersnesetenensssssnssscannas Linear
Video AMPlfier ... .oueieieiiiaiiintotooressssenessstotsasesessesesasssnanons Linear
Video Amplifier ...........civvieinans PR eeessereseeiatatierareeteraaas Linear
1Watt Power Amplifier ..........ooeevieiviiiniana. N Linear
BT 1T T T of T S Linear
High-Performance Operational Amplifier ...........cooviieiiieiiiiiiineinnene. Linear
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Device
Number

MC1558
MC1658N
MC1558S
MC1663
MC1566
MC1568
MC1569
MC15680
MC1594
MC1595
MC1596
MC1709
MC1709A
MC1709C
MC1710
MC1710C
MC1711

Mci711¢C

MC1712
MC1712C
MC1723
MC1723C
MC1733
MC1733C
MC1741
MC1741C
MC1741N
MC1741NC
MC17418
MC1741SC
MC1747
MC1747C
MC1748
MC1748C
MC1776
MC1776C
MC26S10
MC26S11
MC3232A
MC3242A
MC3245
MC3301
MC3302
MC3303
MC3310
MC3325
MC3333
MC3340
MC3344
MC3346
MC3357
MC3358
MC3360
MC3370
MC3380
MC3386
MC3393
MC3401
MC3403
MC3405
MC3408
MC3410

Function

Dual Operational Amplifier .........c.oiieieieiereeeeiienresanscanasosescssosans

Low-Noise Dual Operational Amplifier ..........c.ciiiiiiinierecanans Cereseeans Linear
High-Slew-Rate Dual Operational Amplifier ...............ccoieiiiiiiieiaenenn. Linear
Adjustable Negative Voltage Regulator ...........cooeiiiiieriiiiiariiecnanceses Linear
Voltage and Current Regulator .........coeiervreiericenrorssorincencssssreceses Linear
Dual £15-Volt Tracking Regulator ..........ccciiiiiiiiiinrrireiaistieesenunes Linear
Adjustable Positive Voltage Regulator ...........cceeiiiiiioiiieciiiiianneenaes Linear
Wideband Amplifier with AGC ... .ciiiiiiiiiiiiiiiiiiiiieiranecetciinnennsans Linear
Four-Quadrant MUIIPHEr ......ccceeieiiiiverenneissneneresassossssnsosassanan Linear
Four-Quadrant MUItIplier .........cccvviurensinoocanetesscsorasssresannssossons Linear
Balanced Modulator-Demodulator .........cciciiiiiiieeiorirenterassnensancass Linear
General-Purpose Operational Amplifier ..........coeiiiiiiiiiniiniiiiinienen.. Linear
General-Purpose Operational Amplifier ...........ccciiiiiiiiiiiiiiiiieneennas Linear
General-Purpose Operational Amplifier .........oviiiiivieiiniiieiiinieensninens Linear
Differential Comparator .................... e resarssesessesaaeeterentaenraranan 7-19
Differential Comparator ...........civiiraresevasssaseessiocesanssscssonrsseconns 7-19
Dual Differential Comparator ..........c.ivivieeenerenonvorans M eeeeseeraseeeaiaan 7-23
Dual Differential Comparator ..........cecveieearesrnsetccoriarenasisissscssanns 7-23
Wideband DC AMPIfier ......ovvreriieririeneeiroriiieeessrionanssisonanneaas Linear
Wideband DC AMPIfiar ......ciiiiiiiireeerirerenncenrasacseresscsanenens Linear
Adjustable Positive or Negative Voltage Regulator ............c.ccciiiiiineren.n Linear
Adjustable Positive or Negative Voltage Regulator ............c.coveieieoieiann. Linear
Differential Video Amplifier .......ociiiiiiieiniiiaiiiiiiiiieieciersionnananss Linear
Differential Video Amplifier .........ccoiiiiveiirenrerisrenrssesseresasanancsnes Linear
General-Purpose Operational Amplifier .......ccooiiiiiiiiiiiiiiiieiniiienseeans Linear
General-Purpose Operational Amplifier ............0iiiiiiiiiiiiiiiriienannenes Linear
Low-Noise Operational Amplifier ........coiiiiiiiiiiiiiiiiiiiiiiiieiennrnnnens Linear
Low-Noise Operational Amplifier .......covveriiniiieiniiiiereiiireesceacernnns Linear
High-Slew-Rate Operational Amplifier ...........ccoiiiiiiiiiiiiiiiriiinnenee. Linear
High-Slew-Rate Operational Amplifier ...............cvvvnenn Ceresesierieenaans Linear
Dual MC1741 Operational Amplifier ...........c.coeviiiens  eisieseenesssnenens Linear
Dual MC1741C Operational Amplifier .......c.ccveivviiiiivennnnnee. Ceeaeeanaes Linear
General-Purpose Operational Amplifier ...........coviiiiiiiiiiiiiiiiinenea.. Linear
General-Purpose Operational Amplifier ...........ccoiiviiiiiiiiiiiiiieneinenn Linear
Programmable Operational Amplifier ...........coiieiiiiiiiiiiiiniiiiiiinnenns Linear
Programmable Operational Amplifier .........ccciivviiiiiiiiiiiiiainiiieeeanns Linear
Quad Open-Collector Bus Transceiver ..............o0vee-tn sreeresanranesenaean 5-16
Quad Open-Collector Bus Transceiver ..... et eiesesete et eanatttetsaaaasearae 5-16
Memory Address Multiplexer and Refresh Address Counter ...........cvvveeennne. 4-11
Memory Address Multiplexer and Refresh Address Counter ...... esesneeenesienns 4-16
QUad TTL-to-MOS DFiVer ......ceeveeteiesrereeasionsanenessisosessesesessasenen 4-21
QuadOperational AMplIfier ........coeiiiniiiiiiiiiiiriirsiieeiienesiarinans Linear
QUAd COMPAratOr ...cvvtvivirrniensossesnsessenracseessoseenssassonnnanasnsas 7-27
Quad Differential-Input Operational Amplifier .......c.ccoviiiiiiiiineiiainnnss Linear
Wide-Band Amplifier .......covivineiiiiiororaeietaiessoressssansssoseesenas Linear
Automotive Voltage Regulator ..........coovivveriieeereriirenetetrenenneennns Linear
Vari-Dwell Ignition .. .. ..oiiiiieieiiiiiiiitieii ittt ittt ereaany Linear
ElectroniC AtteNUALOT . ....vvuiieeeeerrsseonnecesasonsserossasocansnossassanan Linear
Programmable Frequency SWitCh ........cceviiiriiiiineeriiiniiniiinenansnees Linear
General-Purpose TranSiStOr AITAY . ......cveernirreterosrarstascncasecaarsranes Linear
Low-Power FM IF ... . ittt iiiiioseraraneosossannnsessnsesasanaanans Linear
Dual Low-Power Operational Amplifier .......c.cocoiiiiiiiiieiiiiininnereronenss Linear
1/74-Watt Audio Amplifier ........c.ciiiiiiniiiereirttiiiiierttiteceranrasesennen Linear
ZeroVoltage SWitCh ..... ..t iiiiiiiviierierenrenreenssanennnnns Cereassaaes Linear
Emitter-Coupled Astable Multivibrator ..........ccoiiiiiiiiiiiiiiiiierennsnnns Linear
General-Purpose TransiStor Array .....ccocveerrencasisosesssroresseeesnacnreees Linear
TWOo-MoOQUIUS Prescaler ......cieeeeeeeieioiesesieesiassssssasessssscassoceans Linear
QuadOperational Amplifier .........cooiieiniiiiiieiiiiiiiiiiiiiinstnareaeeas Linear
Quad Differential-Input Operational Amplifier ............coiiiiiiiiaiiiinenn... Linear
Dual Operational Amplifier plus Dual Voltage Comparator ........c.ceevvenienvenss Linear
8-Bit Multiplying Digital-to-Analog CoONVertar ............ccieveineeeaevsinnsecsnnes 8-43
10-Bit D-to-A Converter ................ M eteeesaceearasbenerreceetrtseenarnrnen 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
MC34888
MC3490
MC3491
MC3492
MC3494
MC3503
MC3505
MC3510
MC3517
MC3518
MC3519
MC3520
MC3523
MC3556
MC3558
MC4558
MC4558AC
MC4558C
MC4558N
MC4558NC
MC4741
Mc4741C

Function Page
T1O-Bit D-10-A CONVEITEr .. ....cuueeiiiiiiniorerstetenanesasocassonasceaonncne 8-49
High-Speed 12-Bit D/A CONVEIEr . .....oouvivnttrnrniireecsssorossaoersssoeresse 8-60
Crosspoint SWItCh ... .. iiiiiiiiiiiiiiiiiieetreeneteecnarresaseasssasasananias B-3
Continuousiy-Variable-Slope Delta Modulator/Demoduiator ...........cicneveeeen. 6-12
Continuously-Variable-Slope Delta Modulator/Demodulator ............. RN 6-12
Subscriber Loop Interface Circuit .........ciiiiiintietiiiiiiereenrernsesiasenans 6-30
Switchmode Regulator Control Circuit ......cvvvivierviienrioenierissssnssnransns Linear
Overvoltage Sensing CirCuit ... ... ..iivinirriinnrieeiniereresrssesasenscccsnns Linear
High-Speed Quad CoOmMParator .........veveuurirorerersarastsosinssssossnsassess 7-31
High-Speed Quad CoOmMpParator ........c.coeuviireiirornneeeesnnssnsssoreesnaneons 7-31
High-Speed Quad CoOmMParator .......c..oceiierrrsiieerrseisesesosssasossanancens 7-31
RHigh-Speed Quad Comparator .........ccevviiiiniiiernoasonnesaseaenasanssnanss 7-31
Hex Unified BUs RecCeiVer .........coiiriteiiniianercresierarssasenarasncsssanss 5-44
Quad Unified Bus TranSCeIVer .. ....vuutiiiisiorscereresaotanscasacssasssasannns 5-47
Quad Interface Bus Transceiver ...........cccitiiiiireirienrriiianerenanenenens 5-50
Quad Interface Bus TransCeiver ..........coeiiiieriniiitrareteontesanssannnans 5-50
Quad Interface Bus TranSCeIVEr ........vieuersiainnerorisnsrsionasssnansansanes 5-50
Quad Interface Bus TranSCeIVer ........ccoiiutieiiirreresesaronansesonssasacans 5-54
Bidirectional Instrumentation Bus Transceiver ...........ccoiiiiiiiiniinniieanns 5-57
Quad Three-State Bus TransSCeIiver .........c.vuvivirirernesioneesasarasronsness .. 5-63
Triple Bidirectional BusSwWitch ......c..viiuiiiiniieirinnnttsnnnorsnvensrronss 4-104
QUAd LINe RECEIVEI . ...t iiiiiiiineteraetrsceussasssanscssssnansnnannnes 5-68
Quad LiN@ RECEIVET .....vueieiineiiniiiataenreeesseneaneesnsnrassraracsoneoncns 5-68
Quad Line Driver  ......ceviiiiirietiiateiasattreternisocsnasssananssosanses 5-75
Dual Timing CirCuUit ...ttt ittt nerestnisnrarsasnnsscrsanssascesssnsssnes Linear
Dual Low-Power Operational Amplifier ..........cooviiiiiiiiiiiiiiiiiiiinenns Linear
Quad NMOS Memory Driver ... .....ooueiiiiiiienentieersnionncnsoncacssunnnons 4-24
Dual NMOS Memory Sense Amplifier «....ocovveiiiiiiviinennns beaanes PPN 4-28
Triple Preamplifier . ..cooiiiiiiiiiiiiiiineraiesrienetnieeessnssssassrssecsssases 4-34
Magnetic Read Amplifier .............. e teeietieeatet b e, 4-39
Floppy Disk Read Amplifier System ...........ciiiiiiinieniniiinineieiosinnnnn, 4-59
Programmable Operational Amplifier ...........ccoiiiiiiiiiiiiiririienionnenes Linear
Memory Controller Circuit .......coveteerriiiiienieneronesssnnesonancns AP 4-73
Quad Single-Ended LINe Driver .......c.cviviiurtivinerrasssanrronsarssssasanses 5-79
Octal Three-State Buffer/Inverter ..........c.oiiiiiieiiniiiiiininerannnansnnans 4-109
Octal Three-State Buffer/Inverter .......cccvviiiiariiirasenastsssassssesssnss 4-109
Quad Single-Ended LINe Driver .........ccveieeiiiinerrireneaseossaaecssinanones 5-79
QuadRS-422/423 LiN@ RECEIVEN .. ...voveeieiriurioreernrereconssssssnnsesesnases 5-80
Quad RS-422 Line Driver with Three-State Qutputs ............ccieicieireennnans 5-83
DUal RS-423/232C Driver «.viiiiviiiniieeeeeioresasassssssassssansarssasnenancens 5-87
DUal RS-423/232C Driver ...uuvreviriinnaonunnecasaceeresenosecsossncassonnnans 5-87
7-Digit Gas Discharge Display Driver ...........ciiieiiiiiiiiieiiineiensesecnnnss 5-90
8-Segment Visual Display Driver ........ccoivieieiiiinineiiesnrnrenssnsansneneons 5-96
8-Segment Visual Display Driver .....ocvviiiiiiiiiiiiiiiiiiiieciarassennencnnnes 5-96
7-Digit Gas Discharge Display Driver ...........ciiiiireieeiiriiiiiiniainiinnnns 5-90
Quad Differential-lnput Operational Amplifier ............oiiiiiiiiiiiiiina... Linear
Dual Operational Amplifier plus Dual Voltage Comparator ........cccveveeeiananes Linear
1O-Bit D-t0-A CONVEITBI .. .ivtiinieinerereretseonsesassacatosasssasasassatosenns 8-49
Continuously-Variable-Slope Delta Modulator/Demodulator ..............ccovao... 6-12
Continuously-Variable-Slope Delta Modulator/Demodulator .............ccoeieunens 6-12
Subscriber Loop Interface Circuit ........c.oiiiiiiiiiiiiiiiiiiriaionenaaanoionnns 6-30
Switchmode Regulator Control Circuit .......ciiiiirrriiieiiiiiniiiierernnees Linear
Overvoltage Sensing Circuit ...... ..ottt iiiiiiiiinnanieeaniearannnnerans Linear
Dual Timing Circuit ...ttt iiiiiiiiiiraiietataeeearsseovanonnans Linear
Dual Low-Power Operational Amplifier ........covviiiiieiiiiiiiiiiiiiiineeens Linear
Dual High-Frequency Operational Amplifier ............c.coiiiiiiiieineiinnns Linear
Dual High-Frequency Operational Amplifier ........... e eeetereseetrerseananean Linear
Dual High-Frequency Operational Amplifier .......c..ccioiiiiiiiiiiiiiiiiiiann, Linear
Dual High-Frequency Operational Amplifier ............. .ot Linear.
Dual High-Frequency Operational Amplifier ..............coiiiiiiiiiina... Linear
Quad MC1741 Operational Amplifier ......cociieiiiiiieriiirenrrnrnsecasnanes Linear
Quad MC1741 Operational Amplifier .........coiiiiiiiiiiiiniiereaniiiniiinnsn Linear
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MC6875 MBBO0 Clock Generator/Driver .......coecvseenerocresenccsnnes Seeseeerseresenan

M C6880A Quad Three-State Bus Transceiver .........ccovvueees Ceeeenes Cerertesesaarrenns 4-99
MC6881 Triple Bidirectional Bus SWItCh .......ccvviiirieieiniiiierenierotctosscncsonnas
MC6882A Octal Three-State Buffer/Latch .. ....cvviiiiiiirrienrenerirncaroacsneeasasanns
mMces828 Octal Three-State Buffer/Latch .........cv0vaees ciseeraavecas tersresenenairen .. 4-109
MC6885 Hex Three-State Buffer/INVerter ........ccevveveroreeceosserecarsossessnssasses 4113
MC6886 Hex Three-State Buffer/Inverter ...........cvcvviueeeenn, N Ciesenaen .. 4113
MCe887 Hex Three-State Buffer/Inverter ...........ceecereserenirsocesresesesannasarsen 4-113
MC6888 Hex Three-State Buffer/Inverter ..........ccvvvviererienocecinnness Ceesacenaaas 4-113
M C6889 Noninverting Bus Transceiver ......c.cvviiiererersrorerstossesesarrsencesnssces 4-118
MC6890 8-Bit Bus-Compatible MPU D/VA CONVerter ........c.cceeeieenersreessnsssnccnnnss 8-61
MC75S110 DUAl LiNe Driver . .covviieeenenneetsencarsssoneasassoassasssassssssassssnsssons 5-19
MC78056 Positive Voltage Regulator (1.5 A) ...... e becassacrtnrarestiiasanearanans .. Linear
MC7805A Positive Voltage Regulator (15 A) ..........coioeeuinen rerretseerateaiaaanan Linear
MC7805AC Positive Voltage Regulator (1.5 A) ...iiviiiiieiiiieiiiiiieieaiiitnesesencensnans Linear
MC7805C Positive Voltage Regulator (15 A) .. ...coivieiiiiiiiivirierneeieineananionnns Linear
MC7806 Positive Voltage Regulator (1.5 A) ....iiviiiiiiiiiiiiiiiieiiiiiiiieeiineeenss . Linear
MC7806A Positive Voltage Regulator (15 A) ....cviiieinnriiiririiincenniesnteiononnns Linear
MC7806AC Positive Voltage Regulator (1.6 A) ................ e rereese st rseanranes Linear
MC7806C Positive Voltage Regulator (15 A) ......iiiiiiiiiniiieeenserentecnseennsenass Linear
MC7808 . Positive Voltage Regulator (1.5 A) .........cocivvennnns Cetseetirensentittiacnas Linear
MC7808A Positive Voltage Regulator (1.5 A) .....ciiviiiiieeieiiirerearanenessiannnasess Linear
MC7808AC . Positive Voltage Regulator (1.5A) ...civiiriiiiiiiiiiiiiaiiiiienienenionnnanes Linear
MC7808C Positive Voltage Regulator (1.5 A) ....ciiiiiiiiiiiiieniiiiinienans Ceeeiaieaas Linear
MC7812 Positive Voltage Regulator (1.5 A) ......ivriiiiiiiiiienceiieinnneenns PP Linear
MC7812A Positive Voltage Regulator (156 A) ........... M eeeeneerseasebrantetstaaanaa Linear
MC7812AC Positive Voltage Regulator (1.5A) ........ccocvven.nn. Chereentreseriiateaaanen Linear
Mmc7812C Positive Voltage Regulator (1.5 A) ...vueiiiiiiiiiiiiiiieraiieraranieeanananns Linear
MC7815 Positive Voltage Regulator (1.5 A) ... coiviiiiierinaneenss A Linear
MC7815A Positive Voltage Regulator (1.5 A) ....iiviiiiiiiiiieiiiiitiieanninanss Creeeeaes Linear
MC7815AC Positive Voltage Regulator (1.5 A) ...ccviiiiierriiierencerrnersssastecoscssnns Linear
MC7815C Positive Voltage Regulator (1.5 A) ...iiiiirieniiiiiieriieneesnneecsacsonnrsans Linear
MC7818 Positive Voltage Regulator (1.5 A) .......ccvveiiiiiiienenenranenens Ceeeieeans Linear
MC7818A Positive Voltage Regulator (15 A} ...c.oviiiiiiiiiieiiienriiieencenenennnannas Linear
MC7818AC Positive Voitage Regulator (15 A) ...oiiiiieintiiiiiiiirerninreasiiineccasans Linear
MC7818C Positive Voltage Regulator (1.5 A) .....ouireiimiiiiiiiieiiiaiaseairionecaannss Linear
MC7824 Positive Voltage Regulator (1.5 A) ...iiiiiueriiiiiiinrreraeroseranntanencasens Linear
MC7824A Positive Voltage Regulator (1.5 A) ... ..coiiiriiiienneiiieiiinencanaarcensss Linear
MC7824AC Positive Voltage Regulator (1.5 A) ....iviiiiiniiiieeiiiinannnnann eveseaeees Linear
MC7824C Positive Voltage Regulator (1.5 A) .....oovirreiierieeiieerencasonrtnesasansans Linear
MC78L02AC Positive Voltage Regulator (100 mA) ..... Cerreeireaaianenes e b e eeeseecesianans Linear
MC78LO5AC Positive Voltage Regulator (100 MA) .....cvieiiiiirirernnecerionisrsactcssenes Linear
MC78LO5C Positive Voltage Regulator (100 MA) .....couiirrrvirrarreanettienrssitenenenas Linear
MC78LOBAC  Positive Voltage Regulator (T00 MA} ...ceiiiriieiiiieitiraniitrenatinscccnsons Linear
MC78L08C Positive Voltage Regulator (100 MA) .......cciiiveirrareneanetsncsisacsnscanes Linear
MC78L12AC  Positive Voltage Regulator (TOOMA) ......iieiiiiiiireeirertottnacssrecacaones Linear
mc7sL12C Positive Voltage Regulator (100 MA) .....covviirrierinivereceriaeisaisononnens Linear
MC78L15AC Positive Voltage Regulator (100 MA) ... .. .iiiiiiieniieiernanenasononennansnn Linear
MC78L15C Positive Voltage Regulator (100.mA) .........iiiveneeenracrrrsannns e eriiceaes Linear
MC78L18AC Positive Voltage Regulator (1IO0OMA) . .oiiiiiiiiiieiiiiiitiiiiorssnansconcss Linear
McC78L18C Positive Voltage Regulator (TOOMA) .. ouvivinrerreiiirereererocesetsansoseaans Linear
MC78L24AC Positive Voltage Regulator (100 MA) ......oieiiieiiieniiiiineeriiinessaianene Linear
MC78L24C Positive Voltage Regulator (TOOMA) .......oviiiiiiiiineintenncnreseaancasonnn Linear
MC78MO5C . Positive Voltage Regulator (SO0 MA) ...ociuiiiiiiiiiiiiiiiiiiiiireriasconeass Linear
MC78M06 C Positive Voltage Regulator (SOOMA) ...vvverrreneiirerinteniieenerosananinonns Linear
MC78M08C Positive Voltage Regulator (SO0 MA) ....viiiiiireiiierensriorescoronassasennns Linear
MC78M12C Positive Voltage Regulator (SO0 MA) .. ..coviiitiiriiiieriiieiaiiieescasaasaaans Linear
MC78M15C Positive Voltage Regulator (BOOMA) .....iviiriiirrrnriieranettenenssersaanans Linear
Mc78mi8C Positive Voltage Regulator (SO0 MA) «...oiviiiiiiiiiriiieiitieracienocancannns Linear
MC78M20C Positive Voltage Regulator (SO0 MA) ....oueiverireriiirereriossranistosanaacoss Linear
mMc78M24C Positive Voltage Regulator (SO0 MA) ......viiiiiniiieeriniraneriseeenonnsanaes Linear
MC7902C Negative Voltage Regulator (15 A) ... .cviviniiieieririiriiiineiasssnnnneenns Linear
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MC7905C
MC7905.2C
MC7906C
MC7908C
MC7912C
MC7916C .
MC7918C
MC7924C
MC79L03AC
MC79L03C
MC79LO05AC
MC79L05C
MC79L12AC
MC79L12C
MC79L15AC
MC79L16C
MC79L18AC
MC79L18C
MC79L24AC
MC79124C
MC8T13
MC8Ti14
MC8T123
MC8T24
MCBT26A .
mcsT28
MC8TI5
MCB8TI6
mceTe7
MC8TI8
MC10317L
MC10318L

MC10318L9

M C34001
M C34002
M C34004
MC34022
MC35001
M C35002
MC35004
M C36022
M(C55325
MC75107
MC75108
MC758110

‘MC75125

MC75127
MC75128
MC75129
MC75140P1
MC75325
MC75365
MC75368
M C75450
MC75451
M C75452
MC754563
MC75454
MC75461
MC75462
MC75463
MC75464

Function Page
Negative Voltage Regulator (1.5 A) ....c.ccvvvvviennnnenen. feeeceveacssesanonan Linear
Negative Voltage Regulator (15 A) ....cviuiiiiiiiiiiiiieniiieieiennneccnennes Linear
Negative Voltage Regulator (1.5 A) ....... teesvaes tereee cesrreseena teseceneaan Linear
Negative Voltage Regulator (1.5 A) .....ceiveiuiiiiieiiinnnrerenesnnncanasrens Linear
Negative Volitage Regulator (1.5 A) .....c.cveeiiiieirinnnnecerrrarercnnnans .... Linear
Negative Voltage Regulator (15 A) .......
Negative Voltage Regulator (1.5A) ..................
Negative Voltage Regulator (1.5 A) .........cecvnnet.
Negative Voltage Regulator (100 mMA) ........ccvvvvrenennss RN tevsesseeinan
Negative Voltage Regulator {100 mA)
Negative Voltage Regulator {100 mA)
Negative Voltage Regulator (100 mMA) .........c.oiviiiiiieeinaneans Ceerrseienes Linear
Negative Voltage Regulator (IOOMA) .....ciiiiiiiiiieiieirinciaraasnsanensnes Linear
Negative Voltage Regulator (100 MA) ......oiiieriiinriinarinierenarenecanass Linear
Negative Voltage Regulator (100 MA) ....couvinierinriiereneeroncennsancnennss Linear
Negative Voltage Regulator (100 mA) ........... R teebresaseseestctsanes Linear
Negative Voltage Regulator (100 mA) ....... teeeetesaennniaand Ceeseseseisscees Linear
Negative Voltage Regulator (IO0OMA) .....covvvrierrrerenerensssensssasansonnes Linear
Negative Voltage Regulator (100 mA) ........ feeasesesensesatanatatenseaananas Linear:
Negative Voltage Regulator (100 mA) .............. Cesesatenanaane ererenrenes Linear
Dual Line Driver ......covvuvinincreirisesncsssonns Ceeeetertesenetanceniarbanonas 5-9
Triple Line Receiver ................ ceetesrernenes Cesecanans N Creresnanen 5-12
Dual Line Driver .......cooucvviuenienncnesncsnnncnss esesasassssssatscatecacsnnn 5-9
Triple Ling ROCEIVEI . ...uioieeneccrarrveseeseencncnnsscsnsssosssasssascssosases 5-12
Quad Bus Transceivet’yMPU Bus Extender ........... Cesetaaneenee fesernnions ... 4-99
Noninverting Bus TransCeiver .......c.ivcrviieercasessrssnccsasssssecsassssnns 4-118
Hex Three-State Buffer/Inverter ...........c.cvevivienrereeinsnecsscenessncsnnne 4-113
Hex Three-State Buffer/lnverter .............ceiiiiiiiiiiiieieneeninnsnnnans 4-113
Hex Three-State Buffer/Inverter ............ccveivuseresocescnsrsosssasercscaes 4113
Hex Three-State Buffer/lnverter ..........ceviiieieiinesrrinieansonossssanoncs 4-113
7-8it High-Speed A/D Converter ....... fr e aiesaseseserenttsatenactatanranenas 8-65
High-Speed 8-Bit VA Convemer ..........cccceeeeeiresecioseecancsaannsssnnane 8-66
High-Speed 8-Bit VA Converter ..........ccieviiinnaceannss Ceesescsesentansnas 8-66
Single TRIMFET Operational Amplifier .........ccoevieieencenernracansaannns Linear
Dual TRIMFET Operational Amplifier ............cccovveiveenne, teeteetaianaan Linear
Quad TRIMFET Operational Amplifier ........cccciieieiiiniiinioencencacnnens Linear
Dual Precision TRIMFET Operational Amplifier .................. feereecceianae Linear
Single TRIMFET Operational Amplifier ............... eebesiiesencnonee tenens Linear
Dual TRIMFET Operational Amplifier ..........coceeenreeireiererenarcacneann Linear
Quad TRIMFET Operational Amplifier .............. Citeeressesrerererateanean Linear
Dual Precision TRIMFET Operational Amplifier ...................... seeeeanas Linear
Dual Memory Driver ..........c.oceviennnn. etieesesaretanetsecctntaeerarosane 5-120
Dual Line ReCaIVEr .......cciiiiiiieiiiiereneeeoeeecesssecorescssensnannnns 5-103
Dual Line Receiver ........ccovvveenees P 5-103
Dual Line Driver ....iiiiiiiiiiiiiiiiitiiiiineiiersetacessesconesnsonansnsnnnes 5-19
7-Channel Line ReCEIVOr «...ovviuuiiiseressnetiecsosssnccacasssnsssesanasanes 5-108
7-Channel Line Receiver .........cccvvucevonsnnens fedsrieestateestenstentnnnan 5-108
8-Channel Line ReCeIVer ........ccoiiiiiiiiiiiiienenenececssceraerocneannesnns 5-112
8-Channel Line Receiver ............ccevvevennnns ereseevas Ceerennn theteieienne 5-112
Dual LINB RECEIVEr .......coivviniriiionsnersranrrssanness B 5-118
Dual Memory Driver .........ccevieveenness teenaes Cettieetsaenirenonenonsasaan 5-120
Quad MOS Clock Driver ........cceieeeiivoerencnnnencnces teeetssatitetannnans 4-124
Dual MECL-to-MOS Driver .......ccovvveniansn ieteiesetenatsarsarerarrreseraans 4-132 .
Dual Peripheral Driver, Positive AND ....... Chreeeieareneay Ceereeeriacracianeas 5-126
Dual Peripheral Driver, Positive AND .......ciiiiiiiiiiiiiiiiiiiiiiiierecennnens 5-131-
Dual Peripheral Driver, Positive NAND ....... S 5-131
Dual Peripheral Driver, Positive OR .........ccovviiiiiiiiniinnae.., teeecernens 5-131
Dual Peripheral Driver, Positive NOR ..........ceciviiiiiiiiiiiiiieiiininnens, 5-131
High-Voltage Peripheral Driver .......c...ovvvevvieverennens eteeenetireeananras 5-135
High-Voltage Peripheral Driver ........c.ceviiiiieiinnenanen. e edsesaiieietanan 5-135
High-Voltage Peripheral Driver ...........ceviiiieieirernecenronerenecessaronss 5-135
High-Voltage Peripheral Driver .........cocieieiiriieiorerencsaenrcncsnnsaenans 5-135



MASTER INDEX

Device
Number

M C75491
M C75492
MCCF3326
MCCF3333
MMHO026
MM H0026 C
NES65
NE592
SE592
SN75431
SN75432
SN754518P
SN754528P
SN754538P
SN754548P
TCA4500A
TDA1190P
TDA1190Z
TDA2002
TDA2002A

Function Page

Quad Light-Emitting Diode (LED) Driver .........coveveiviinenninenninnaeaansn. 5-140
Hex Light-Emitting Diode (LED) Driver ............cvivivineeniiiioniannnnianias 5-140
Flip- Chip Automotive Voltage Regulator ............ccviiiiireiieirnnenrananes Linear
Vari-Dwell Ignition Circuit .........ocviriiiriiiiitieiiieteanaionenesiniasanas Linear
Dual MOS Clock Driver .......... i h e ierereratteiecaaninas e eeereraaaeaaa 4-137
Dual MOS Clock Driver .......covviivvinnnnennas e erebesssrassensstiirennraans 4-137
Phase-Locked LOOP ...cueiiiriteriiiiniiaiserinovesscseesoncenens reineesanns Linear
Video AMplifier ...t iiitiiiii ittt tiiraiar i reitireatriranaeaas Linear
Video Amplifier .........c.cciviiiiiiiiiiiiiiiiiaat, b rereanrerre ey Linear
Dual Peripheral Driver .........c.ciieeiviiirrecnorrisnsistoeeensnnsessosananans 5-146
Dual Peripheral DFVer ... ....ciivcuriiinscisiitstraaanerrotitsasesossonasseses 5-146
Dual Peripheral Driver .........ccciiiiiieinnennnneeenananss N 5-147
Dual Peripheral DFVer .......oieiiieereeieererennotsassasoriosasanannns RN 5-147
" Dual Peripheral Driver .................. e . . ' 5-147
Dual Peripheral Driver ...........cieeueeterrrinrarisesanensiiessesosanannasnns 5-147
FM Stereo Demodulator .......c..vcuuiiinierrronnisianencesvssssssnssscssnns Linear
TV SoUNA SYSIEM o ovvnerrteinreeanntorasnserensasiosassseisorsasesasennnnes Linear
TV SOUNA SYSIBM .. .iiturineiiniiarenesietotoessaseesrntessnronnesnnnsnanns Linear
Audio Power Amplifier .....coeiiiiitiiiiiiiiiieriiiiiitiieiiiiiiiiiciinansons Linear
Audio Power Amplifier ...........cocveeeiinnen e eteenassssessrsosasenssnsnanne Linear




LINEAR
INTEGRATED CIRCUITS

@ MOTOROLA

MOTOROLA — LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

. . . provides a complete infterchangeability fist linking over 3000 ture range. The "Matorota Functional Equivé!enl" column provides a
devices offered by most major Linear Integrated Circuits manufacturers device which performs the same function but with possible differences
o the nezrest equivalent Motorola device. The “Motorola Direct in package configurations, pin connections, temperatute range or

Replacement” column lists devices with identical pin connections and electrical specifications.
_package and the same or better etectrical characteristics and tempera-
703BE —ADS59S
MOYOROLA  MOTOROLA MOTOROLA  MOTOROLA MOTOROLA  MOTOROLA
DIRECT SIMILAR BIRECT SIMILAR " DIRECT .
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PARY NO. REPLACEMENY REPLACEMENT
7098BE MC1708G 862 MC1489AL 75450BDC MC75450L
7098H © MC1708F 9836AT MC3488AP 754508PC MC75450P
709CE MC1705CG 96377 - MC3486P 75451APC MC75451V
709CH MC1709CF 96387 MC3487P 75451ATC MC75451P
7080 MC1709CP2 9640) MC3443P 75451BRC MC75451V
T10BE MC1710G 98400 MC443P 175451B7C . SN75451BP
T10CE MC1710CG 9640DC MC3440AP 75452ARC MC75452V
T11BE MCI1711G 9640NC MC3440AP 75452ATC MC75452P
T11BN MCI711L 96650C MC1411L 754528RC MC75452u
711CE MC1711CG 8665PC MC1411P 7545287C SN754528P
ey MC1711CP $666DC MC1412L 75453ARC MC75453V
723BE MC1723G 9666PC MC1412p T5453ATC MC75453P
723CE MC1723CG 86670C MC1413L 75453BRC MC75453V
723CJ MC1723CL 9667PC MC1413P 7545387C SN754538P
741BE MC1741G 9668DC MC1416L 78454ARC MC75454U
T41BH MCt741F 9668PC MC1416P 75454ATC MC75454P
741BN MC1741L §5107ADM MC55107L 75454BRC MC754540
T41CE MC1741CG 5510780M MCS5107L 75454B7C SN754548P
T47BE MC1747G S5108ADM MC55108L 754600C MC75450L
747BN MC1747L §510880M MC55108L 75460PC MC75450P
747CE MC1747CG 551100M MC75S110L 75461RC MC75461V
T48BE MC1748G §51210M MC8T13L 75461TC MC75461P
T48CE MC1748CG 551220M MC8T14L 75462RC MC75462V
809BE MC17766 §52070M MC55107L 75462TC MC75462P
809CE MC1776CG 55208DM MC55108L 75463RC MC75463U
823AE MC1723G §53250M MC55325L 75463TC MC75463P
1458CE MC1458CG §5325FM MC55325L 75464RC MC75464U
a2 MC3232AL 75107ADC MC75107L 75464T7C MC75464P
3245 MC3245L 75107APC MC75107P 754910C MC75491P
6605J MC3443P 7510780C MC75107L 75491PC MC75491P
6605L MC3443P 751078PC MC75107P 75491ADC MC75491P
8216 MCBT26AL 75108ADC MC75108L 75491APC MC75491P
8226 MC8T28L 75108APC MC75108P 754920C MC75492P
96140C MC755110L 7510880C MC75108L 75492PC MC75492P
96140M MC75S110L 75108BPC MC75108P 75492ADC MC75492P
86150C MC75108L 751100C MC75S110L 75492APC MC75492P
96150M MC55108L 75110PC MC755110P AD301AL LM301AH
9615FM MC55108L 751210C MC8T13L ADS05) MC1776CG
9616COC MC1488L 75121PC MC8T13P ADSO5K MC1776CG
9616E0C MC1488L 781220C MC8T14L AD5058 MC1776G
96160M MC1488L 75122PC MC8T14P AD508J LM301AH
$6170C MC1489AL 75123DC MC8T23L ADS50SK LM301AH
96200C MC758110L 75123PC MC8T23P AD509S LM101AH
96200M MC755110L 75124DC MC8T24L AD518) LM301AH
9621DC MC75108L 75124PC MC8T24P AD516K LM301AH
96210M MC55108L 752070C MC75107L AD518S LM101AH
86220C MC75140P1 15207PC MC75107P AD530 MC1595L
96220M MC75140P1 75208D0C MC75108L ADS31 MC1595L
96240C MMH0026CL 75208PC MC75108P ADS32) MC1595G
96240M MMK0026CL 753250C MC758325L ADSS9JD MC1408L8
$625DC MMH0026CL 75325PC MC75325P ADS59K MC1408L8
98250M MMH0026CL 75450A0C MC75450L AD559KD MC1408L8
9627COC MC1489AL 75450APC MC75450P ADS59S MC1508L8

1-10




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

ADS559SD —CA3054

MOTOROLA MOTOROLA
OIRECT SIMILAR
PART NO. REPLACEMENY REPLACEMENT
ADSS3SD  MC1508L8
AD580J MC1403U
ADSB0K MC1403P1
AD580M MC1403AP1
ADSE0S MC1503U
ADS80T MC1503AU
AD741CJ N MC1741CG
ADT41J MC1741G
AD741K MC1741G
ADT41L MC17416
ADTA1S MC17415G
AD75200 MC3410L
AD7520F MC3410L
AD7520N MC3410L
AM26S100C  MC26S10L
AMBST0PC  MC26510P
AM26S1IDC  MC26STIL
AM26S1IPC  MC26S11P
AMT25A31T MC 15566
AM166039F LM301AH
AM166039T LM301AH
AMLM101 LMIMHAH
AMLMIOIA  LM101AH
AMLM101AD LM101AH
AMLM101AF LMID1AH
AMLM101D LM101AH
AMLM101F LM107AH
AMLMI05  LM1OSH
AMLM105F LM105H
AMLM10SH  LM10SH
AMLMIOT  LM1OTH
AMLM107D LM107H
AMLM107F LM107H
AMLMIIID LML .
AMIM111H LM111H
AMLM201  LM201AH
AMLM201A  LM201AH
AMLM201AD LM201AN
AMLM201AF LM201AH
AMLM201D LM201AN
AMLM201F LM201AH
AMLM20S  LM205H
AMLM205F LM205H
AMLM20SH  LM205H
AMLM207  LM20TH
AMLM207D LM207H
AMLMROTF LM207H
AMLM2ID' tM211
AMLM21IH  LM211H
AMLM301  LM3OIAH
AMLM30TA  LM301AH
AMLM301AD LM301AJ
AMLM301D LM301AJ
AMLM305  LM305H
AMLM30SA LM305H
AMLM305F LM305H
AMLM30SH  LM30SH
AMLM311D  LM311J8
AMLM3TH  LM3TIH
AMU3FT733312 MC1733L
AMU3FT733393 MCI733CL
AMU3FT748312 MC1748G

AMU3IT741312 MC1741F
AMU3I7741393 MC1741CL
AMUSB7733312 MC1733G
AMU5B87733393 MC1733CG
AMUSBT741312 MC1741G

MOTOROLA
DIRECT
PART NO.
AMUSB7741333 MC1741CG
AMUSB7747312 MC1747G
AMUSBT747393 MC1747CG
AMU5B7748312 MC1748G
AMUSB7748393 MC1748CG
AMUSR7723312 MC1723G
AMUSR7723393 MC1723CG
AMUGAT723312 MC1723L
AMUBA7723393 MC1723CL
AMUGAT7733312 MC1733L
AMUBA7733393 MC1733CL
AMUBA7741312 MC1741L
AMUBAT7741393 MC1741CL

AMUBAT748312
AMUGA7748393
AMUBW7747312 MC1747L
AMUEW7747393 MC1747CL
CA101AT LM101AH
CAt01T LM101AH
CA107T LM107H
CA108AS LM108AJ-8
CA108AT LM108AH
CA108S LM108J-8
CA108T LM108H
CA139AG LM139AJ
CA139G LM139J
CA201AT LM201AH
CA201T

CA07T LM207H
CA208AT LM208AH
CA2085 LM208J-8
CA208T LM208H
CA239AE LM239AN
CA239AG LM239AJ
CA239E LM239N
CA39G LM239J
CA301AT LM301AH
CA307T LM307H
CA308AS LM308N
CA308AT LM308AH
CA308S LM308H
CA339AE LM339AN
CA339AG LM339AJ
CA339E LMJ3SN
CA339G LM333J
CAT23CE MC1723CP
CA741CS MC1741CP1
CAT41CT MC1741CG
CA741S MC1741V
CAT4IT MC1741G
CAV47CE MC1747CL
CAT47CF MC1747CL
CA747CT MC1747CG
CAT47E MC1747L
CA747F MC1747L
CA747T MC1747G
CA748CS MC1748CP1
CA748CT MC1748CG
CAT485 MC1748U
CA748T MC1748G
CA758E

CA1310E MC1310P
CA1352E MC1352P
CA1391E MC1391P
CA1394E MC1394P
CA1398E MC1398pP
CA1458S MC1456CP1

MOTOROLA
SIMILAR

REPLACEMENY REPLACEMENT

MC1748G
MC1748CP1

LM201AH

MC1310P

PART NO.
CA1458T
CA15585
CA1558T
CA2111AE
CA2111AQ
CA3000
CA3001
CA3002
CA3004
CA3005
CA3006
CA3007
CA3008
CA3008A
CA3010
CA3010A
CA3011
CA3012
CA3013
CA3014
CA3015
CA3015A
CA3016
CA3016A
CA3020
CA3020A
CA3021
CA3022
CA3023
CA3026
CA3028A
CA3028AF
CA3028AS
CA30288
CA30268F
CA3028BS
CA3029
CA3029A
CA3030
CA3030A
CA3031
CA3032
CA3033
CA3033A
CA3035
CA3035V1
CA3037
CA3037A
CA038
CA3036A
CA2040
CA3041
CA3042
CA3043
CA3044
CA3044V1
CA3045
CA3045F
CA3046
CA3047
CA3047A
CA3048
CA3052
CA3053
CA3053F
CA30538
CA3054

MOTOROLA
DIRECT

MOTOROLA
SIMILAR

REPLACEMENT REPLACEMENT

MC1458G

MC15586
MC1357P

MC1357PQ

MC3346P

CA3054

MC1558U

MC1556G
MC1550G
MC 15506
MC1550G
MC1550G
MC1550G
MC1550G
MC1709F
MC1708F
MC1709G
MC1709G
MC1530G
MC1590G
MC1357P
MC1357P
MC1708G
MC1708G
MC1709F
MC1709F
MC1554G
MC1454G
MC1590G
MC1590G
MC15906
CA3054
MC1550G
MC1550G
MC1550G
MC1550G6
MC1550G
MC1550G
MC1709P2
MC1708P2
MC1709P2
MC1709P2
MC1712G
MC1712CG
MC1§33L
MC1533L
MC1352P
MC1352P
MC1709L
MC1709L
MC1708L
MC170SL
MC1510G
MC1351P
MC1357P
MC1357P
MC1364P
MC1364P
MC3346P
MC3346P

MC1433L
MC1433L
MC3301P
MC3301P
MC1550G
MC15506G
MC15506G




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

CA3056 —DS8897N

MOTOROLA MOTOROLA . MOTOROLA MOTOROLA N MOTOROLA MOTORCLA
DIRECT - SIMILAR . DIRECT ~ SIMILAR a DIRECT SIMILAR

PART NO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEME!
CA3056 MC1741CG DM7897) MC3434P DS75107J MC75107L ..
CA3056A MC1741G DM7897N MC3494P DS75107N MC75107P
CA3058 CA3059 DM8820AN MC75140P1 DS751084 MC75108L
CA3059 CA3059 . DMB88204 MC75140P1 DS75108N MC75108P
CA3064 MC1364P DMB820N MC75140P1 DS751100 MC755110L
CA3064E MC1364P DMm8822) MC1489AL DS75110N' MC75S110P
CA3065 MC1358P DMB822N MC1489AP DS751214 MC8T13L
CA3066 MC1399P - DMB837N MC3437P DS75121N MCBT13P
CA3067 MC1323P DMB83IEN MC3438P Ds75122) MC8T14L
CA3068 MC1352P DMB8861IN MC75491P DS75122N MC8T14P
CA3070 MC1399P DMBBEIN MC75492P DS75123J MC8T23L
CA3071 MC1399P DMBs87y MC3490P DS75123N MC8T23P
CA3072 MC1323P DM8889J MC3491P 0875124J MC8T24L
CA2076 MC1590G OMB897J MCJ494p DS75124N MC8T24P
CA3078AS MC1776G DM75491N MC75491P DS752074 MC75107L
CA3078AT MC1776G DM75492N MC75492pP DS75207N MC75107P
CA30788 MC1776CG DS0026CG MMH0026CG 05752080 MC75108L
CA3078T MC1776CG DS0026CH MMH0026CG DS75208N MC75108P
CA3079 CA3059 DS8026CS MMH0026CL DS75325J MC75325L
CA3085 MC1723G DS0026CN DS0026CP1 DS75325N MC75325P
CA3085A MC1723G 0500266 MMH0026G DS754504 MC75450L
CAJ085AF MC1723L DS0026H DS0026G ' DS75450N MC75450P
CA3085AS MC1723G DS0026J DS0026L DS75451H MC754510
CA30858 MC1723G DS0056CG MMH0026CG DS75451N SN754518P
CA30858F MC1723L DS0056CH MMHG026CG DS75452H MC75452U
CA308585 MC1723G DS0056CJ MMH0026CL - DS75452N SN754528P
CAJ085F MC1723L DS0056CN MMH0026CP1 0S75453H MC75453V
CA30855 MC1723G DS0056G MMH0026G DS75453N SN754538P
CA3086 MC3386P DS0056H MMHC026G DS75454H MC75454U
CA3086F MC3346P DS00564 MMHQ026L DS75454N SN75454BP
CA3080AQ MC1313P DS1488J MC1488L DS75461H MC75461V
CA3091D MC1594L DS1488N MC1488P DS75461N MC75461P
CA3120E MC1344P DS 1489A) MC1489AL 0S75462H MC75462V.
CA3125¢ MC1323p DS1489AN MC1489AP DS75462N MC75462¢
CA3134E TDA1190Z DS1483) MC1489L DS75463H MC75463U
CA3134EM TDA1190Z DS1489N MC1489P DS75463N MC75463P
CA3134CM TDA11802 DS3486) MC3486L DS75464H MC75464U
CA3136A MC3346P DS3486N MC3486P DS75464N MC75464P
CA3137E MC1323P DS3487J MC3487L 0875491 MC75491P
CA3139 CA3139 DS3487N MC3487p DS75491N MC75491P ’
CA3146 MC3346P 0S3612H MC1472u DS75492J MC75492P
CA3401E MC3401P DS3612N MC1472pP1 DS75492N MC75492P
CA6078AS MC1776G DS3632H MC1472V DS7837J . MC3437L
CAGO078AT MC1776G 0S3832J MG 14720 DS7837W MC3437L
CA6741S MC1776G DS3632N MC1472P1 0878384 MC3438L
CA67417 MC1776G DS3644J MC3245L DS7838W MC3438L.
CA3302E MC3302P DS3644N MC3245P DS7887J MC3490P
CMP-01CJ MC1556G DS36504 MC3450L . DS7889J MCa491P
CMP-01CP MC1856P DS3650N MC3450P DS78974 MC3494p
D555CY MC1555G DS3651) MC3430L DS8833y MC8T28L
03232 MC3232AP DS3651N MC3430P DS883IN Mmcerasp
D3242 MCI242AP 083652) MC3452L 0S8834J MC8T26AL
03245 MC3245P DS3652N MCa452p 0S8834N MC8T26AP
08216 MC8T26AL 0836534 MC34320 0S8835J MCBT26AL
08226 MC8T26L DS3653N MGa432p DSB83I5N MCB8T26AP
DAC-01 MC1506L 0S36744 MC3460L 058837J MC3437L
DAC-08 MC1408L8 DS3674N MCa460P DS8837N MC3437P
DAC-IC10BC  MC3410L DS551074 MC55107L DS8s3s) MC3438L
DM7820AD MC75140P1 DSS5107W MC75107L DS8838N MC3438P
DM78200 MC75140P1 DS55108) MC55108L DS8838J MCaT28L
DM7822) MC1489AL DS55108W MCS5108L DSB83ON MC8T28P
DM7837) MC3437L DS551104 MC755110L DS8887J MC3490P
DOM7838J MC3438L 0855121 MC8T13L DSB887N MC34890P
DM78874 MC3490P 0855121w MC8T13L DS888Is MC3491P
DM7887N MC3490P 08551224 MCBT14L DSB88BIN MC3491P
DM7889 MC3491P 0855122w MC8T14L DS8897y MC3494P
DM788IN MC3491P 08553254 MC55325L DSB8ITN 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 PARY NO. REPLACEMENTY REPLACEMENT
HA1199 HA1199 LF156JG LF156J LF3sS7L LF357H
1CB8000C M1t LF156L LF156H LF357N LF357N
1CB3001C LMY LF157AH LF157AH LF357P LF357N
1CB8741C MC1741CG LFI57AJG LF157A) LHOCO1ACH MC1776CG
{CHB500ATV MC1776CG LF157AL LF157AH LHO001AH MC1776G
ICHB500TV MC1776CG LFI57H LF157H LHO00IACD MC1776CG
(CL101ALNDP LM101AH LF157G LF157J LHCS01AD MC1776G
ICL101ALNFB LM{01AH LF157L LF157H LHGO01ACF MC1776CG
ICL1OTALNTY LM101AH LF2520 LF255) LHO001AF MC1776G
ICL301ALNPA LM301AH LF255H LF255H LHO002CH MC1538R
ICLI01ALNTY LM301AH LF255JG LF255 LH0002H MC1538R
ICL741CLNPA MC1741CP1 LF255L LF255H LHO004CH MC1436G
ICL7T41CLNTY MC1741CP1 LF255p LF255) LHO004H MC15366
ICL741LNDP MC1741L LF256H LF256H LK0042CH MC1776G
ICL745LNFB MC1741L LF2564G LF256J LH10WF MC1741F
ICL741LNTY MC1741L LF256L LF256H LH101H MC1741G
1CL8001CT2 w1y LF256P LF256J LH201F MC1741F
ICLB00IMTZ LM111) LF257H LF257H LH201H MC1741G
ICLB0O7CTA MC1708CG LF257JG LF251 LH740ACH LF355H
(CL8OOTMTA MC1709CG LF257L LF257H - LH740AH LF155H
(CL8OGSCPA LM301AN LF257P LF257J - LH2101AD MC1537L
1CLBODECTY LM301AN * LF347N MC34004P LH2101AF MC1537L
ICL8013A MC1594G LF347AN MC34004AP LH2201AD MC1537L
1CLB0138 MC1594G LF347BN MC34004BP LH2201AF MC1537L
ICLB013C MC1534G LFI51H MC340016 LH2301AD MC1437L
ICL8017CTW LM301AN LF351AH MC34001AG LH2301AF MC1437L
ICLBO17MTW LM3D1AN LF351BH MC34001BG LM100F LM105H
ICL8021C. MC1776G LFI5IN MC34001P LM100H LM105H
ICL8021M MC1776G LF351AN MC34001AP LM101AD LM101AH
1CL8022C MC1776G LF351BN MC34001BP LM101AF LM101AH
ICL8022M MC17766 LF352D LF355 LM101AH LM101AH
ICL8043CDE MC1776G LF353H MC34002G LM101AJ LM101AJ
ICL8043CPE MC17766 LF353AH MC34002AG LM101AJ-14 LMIMA)
ICLB043MDE MC1776G LF353BH MC340028G LM101AJG LM101A)
ICLBO48CDE MC1776G LF353N MC34002P LM101AL LM101AH
ICL804BDPE MC1776G LF3S3AN MC34002AP LM101D LM101AJ
IHS1011IE MC1545G6 LF353BN MC340028P LM107F LM101AH
IH5101MIE MC1545G6 LF355AH LF355AH LM101H LM101AH
7641 MC1385P LF355AJG LF355A) LM101J-14 LM101AJ
ITT652 MC1411P LF355AL LF355AH LM104F LM104H
IT7654 MC1412P LF385AP LF355AN LM104H LM104H
ITT656 MC1413P LFIS5BH LF3S58H LM104J LM104H
111330 MC1330P LF3558J LF3558) LM104L LM104H
1TT1352 MC1352P LF355BN LF3I55BN LM10SF LM105H
1173064 MC1364P LF355H LF355H LM105H LM105H
ITT3065 MC1358P LF355JG LF355) LM105JG LM105H
1173066 MC1398P LF3s5L LFISSH LM105L LM10SH
1773701 TDA1190Z LFI55N. LF355N LM106H MC1710G
ITT3707 MC1393P LF355P LF355N LM107F LM107H
73710 MC1391P LF356AH LFI56AH LM107H LM107H
73714 MC1394P LF356AL LF356AH LM107TL LM107H
L144AP LM324N LF356AJG LF356A) LM108AD LM108AJ
L201 MC1411P LF356AP LF356AN LM108AF LM108AF
1202 MC1412P LF356BH LF356BH LM108AH LM108AH
1203 MC1413P LF3568) LF3568J LM108AJ LM108J-8
LDI11CY MC1405L LF3S6BN LF356BN LM108D LM108)
LF152D LF158¢ LF356H LF3S6H LM108F LM108F
LF155AH LF156AH LF356JG LF356J LM108H LM108H
LF155AJG LF155A LF356L LF356H LM10SH LM109H
LF155AL LF1S5AH LF356N LF356N LM10SK LM109K
LF155H LF155H LF356P LF356N LM109LA LM108K
LF155JG LF155) LF357AH LF357AH LM1110 LMY
LF155L LF155H LFI5784 LF357BH LM111H LM111H
LF156AH LF156AH LF3578) LF3578J4 LM112D MC1556L
LF156AJG LF156AJ LF357TBN LF357BN LM112F MC1556L
LF156AL LF156AH LF357TH LF3S7H LM112H MC1556G
LF156H LF156H LF3574G LF357J LM117H LM117H




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

MOTOROLA MOTOROLA
DIRECT SIMILAR

PART NO. REPLACEMENT REPLACEMENT
LMI17K M117K
LM118D MC1741SL
LM118F MC1741SL
LM118H - MC17418G
LM120H-50  LM120H-5.0
LM120H-5.2 MC7905.2CK
LM120H-60  LM120H-6.0
LM120H-8.0  LM120H-8.0
LM120H-12 LM120H-12
LM120H-15 LM120H-15
LM120H-18 LM120H-18
LM120H-24 LM120H-24
LM120K-50  LM120K-5.0
LM120K-5.2 MC7965.2CK
LM120K-60  LM120K-6.0
LM120K-8.0  LM120K-8.0
LM120K-12 LM120K-12
LM120K-15 LM120K-15
LM120K-18 LM 120K-18
LM120K-24 LM120K-24
LM122F MC1555G
LM122H MC1555G
LM124AD LM124)
LM124AF LM124)
LM124A) LM124J
LM124D LM124)
LM124F LM124)
LM124J LM124)
LM125H MC1568G
LM126H MC1568G
LM128H MC1568G
LM139AD LM139A)
LM139AS LM139AJ
LM138D LM139J
LM133J LM139J
LM140K-50  LM140K-5.0
LM140K-6.0  LM140K-6.0
LM140K-80  LM140K-8.0
LM140K-12 LM140K-12 N
LM140K-15 LM 140K-15
LM140K-18 LM140K-18
LM140K-24 LM140K-24
LM140LAH-5.0 MC76L0SACG
LM14CLAH-6.0 MC78LOSACG
LM140LAH-8.0 MC78L0BACG
LM140LAH-12 MC76L12ACG
LM140LAH-15 MC78L15ACG
LM140LAH-18 MC78L18ACG
LM140LAH-24 MC78L24ACG
LM143D MC1536G
LM143F MC 1536G
LM143H MC15366
LM145K MC7905CK
LM148D LM148)
LM148 LM148J
LM148F MC4741L
LM149D MC4741L
LM 149F MC4741L
LM 158AH LM158H
LM158H LM158H
LM158JG LM158J
LM158L LM158H
LM163J MC3450L
LM171H MC1590G
LM200F LM205H
LM200H LM20SH
LM201AD LM201AJ

MOTOROLA MOTOROLA
DIRECT SIMILAR

PART NO. REPLACEMENT REPLACEMENT
LM201AF LM201AH
LM201AH LM201AH
LM201AJ LM201AJ
LM201AJG LM201AJ
LM201AL LM201AH
LM201AN LM201AN
LM201AP LM201AN
LM201AJ-14 LM201AJ
LM201D LM201AY
LM201F LM201AH
LM201H LM201AH
LM201J LM201AJ
LM201J-14 LM201A)
LM204H LM204H
LM204F LM204H
LM205F LM205H
LM205H LM20SH
LM206H MC1710CG
LM207F LM207H
LM207H LM207H
LM208AD LM208AJ
LM208AF LM208AF
LM208AH LM208AH
LM208AY LM208AJ-8
LM208D LM208J-8
LM208F LM208F
LM208H LM208H
LM209K LM203K
LM209H LM20SH
LM211D LM21
LM211H LM211H
LM2120 MC1556L
LM212F MC1556L
LM212H MC1456G
LM217H LM217H
LM217K LM217K
LM218D MC17415L
LM218F MC1741SL
LM218H MC1741SG
LM220H-5.0 MC7905CK
LM220H-5.2 MC7905.2CK
LM220H-6.0 MC7906CK
LM220H-8.0 MC7908CK
LM220H-12 MC7912CK
LM220H-15 MC7915CK
LM220H-18 MC7918CK
LM220H-24 MCT7924CK
LM220K-5.0 MC7905CK
LM220K-5.2 MC7905.2CK
LM220K-6.0 MC7906CK
LM220K-8.0 MC7908CK
LM220K-12 MC7312CK
LM220K-15 MC7915CK
LM220K-18 MC7918CK
LM220K-24 MC7924CK
LM222H MC1555G
LM224AD LM24)
LM224AF LM224)
LM224A) LM224J
LM224D LM224)
LM224F LM2240
LM224) LM224
LM225H MC1568G
LM226H MC1568G
LM228H MC1568G
LM23940 LM233A
LM239AJ LM239AJ

PART NO.

LM 117K —LM309H

MOTOROLA

LM233D
LM239)
LM240LAH-5.0
LM240LAH-6.0
LM240LAH-80
LM240LAH-12
LM240LAH-15
LM240LAH-18
LM240LAH-24
LM240LAZ-5.0
LM240LAZ-6.0
LM240LAZ-8.0
LM240LAZ-12
LM240LAZ-15
LM240LAZ-18
LM240LAZ-24
LM243H
LM245K
LM248D
LM2484
LM249D
LM2494
LM258AH
LM258H
LM2901N
LM300F
LM271H
LM300H
LM301AD
LM301AF
LM301AH
LM301AJ
LM301AJG
LM301AL
LM301AN
LM301AP
LM302H
LM304F
LM304H
LM304)
LM304L
LM304N
LM305AH
LM305AJG
LM30SAL
LM305AP
LM30SF
LM305H
LM30SIG
LM305L
LM305P
LM306H
LM307F
LM307H
LM3I07L
LM307N
LM307P
LM308AD
LM308AF
LM308AH
LM308AH-1
LM308AH-2
LM308AJ
LM308D
LM308H
LM308N
LM309H

. DIRECT
REPLACEMENT REPLACEMENT

LM233J
LM239J

LM248)
LM248J

LM258H
LM2901N

LM301AH
LM301AJ
LM301AJ
LM301AH
LM301AN
LM301AN
LM310H

LM304H

LM304H

LM305H

LM305H

LM307H
LM307H
LM307N
LM307N
LM308AJ

LM308AH

LM303AJ-8
LM3084
LM308H
LM308N
LM309H

MOTOROLA

SIMILAR

MC78L05ACG
MC78L06CG
MC78LOSACG
MC78L12ACG
MC78L1SACG
MCT78L18ACG
MC78L24ACG
MC78LOSACP
MC78LOSACP
MC78L0BACP
MC78L12ACP
MC78L15ACP
MC78L18ACP
MC78L24ACP
MC1536G
MC7905CK

MCa741L
MC4741L
LM258H

LM305H
MC1590G
LM305H
LM301AJ
LM301AH

LM304H
LM304H

LM304H
LM305H
LM30SH
LM30SH
LM305H
LM305H

LM305H
LM305H

MC1710CG
LM307H

LM308AJ

LM308AH
LM3C3AH




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

LM30SK —LM741J-14

MOTOROLA
DIRECT

PART NO.
LM309K LM308K
LM309KC LM309K
LM30SLA LM309K
LM3110 M3
LM311H LM311H
LM31IN LM3NN
LM311N-14 LM311J
LM3120 )
LM312F
LM312H
LM3ITH LM317H
LM317K LM317K
LM317P LM317T
LM37T LM317T
LM3180
LM318F
LM318H
LM318N
LM320H-50  LM320H-5.0
LM320H-5.2
LM320H-6.0  LM320H-6.0
LM320H-8.0  LM520H-8.0
LM320H-12 LM320H-12
LM320H-15 LM320H-15
LM320H-18 LM320H-18
LM320H-24 LM320H-24
LM320K-5.0  LM320K-5.0
LM320K-60  LM320K-6.0
LM320K-80  LM320K-8.0
LM320K-12 LM320K-12
LM320K-15 LM320K-15
LM320K-18 LM320K-18
LM320K-24  LM320K-24
LM320MP-5.0
LM320MP.5.2
LM320MP-6.0
LM320MP.8.0
LM320MP-12
LM320MP-15
LM320MP-18
LM320MP-24
LM320T-50 = LM3207-5.0
LM320T-5.2
LM320T-6.0  LM320T-6.0
LM320T-80  LM3207-8.0
LM320T-12 LM320T-12
LM320T-15 LM320T-15
LM320T-18 LM320T-18
LM320T-24 LM320T-24
LM322H
LM322N
LM324A)
LM324AN
LM324J LM324J
LM324N LM324N
LM325AN
LM325H
LM325N
LM326H
LM326N
LM328AN
LM328H
LM328N
LM339AD LM33%AJ
LM3J9AN LM339AN
LM33SN LM33SN
LM340K-5.0  LM340K-5.0

MOTOROLA
SIMILAR

REPLACEMENT REPLACEMENT

MC1456L
MC1456L
MC14566

MC1741SCL
MC1741SCL
MC1741SCG
MC1741SCP1

MC7905.2CK

MC7905CT
MC7905.2CT
MC7906CT
MC7906CT
MC7912CT
MC7915CT
MC7918CT
MC7924CT

MC7905.2CT

MC1455G6
MC1455P1
LM324)
LM324N

MC3403P
MC1468L
MC1468G
MC1468L
MC1468G
MC1468L
MC1468L
MC 14686
MC1468L

MOTOROLA
OIRECT
PART NO.
LM340K-6.0  LM340K-6.0
LM340K-80  LM340K-8.0
LM340K-12 LM340K-12
LM340K-15 LMB340K- 15
LM340K-18 LM340K-18
LM340K-24 LM340K-24
LM340KC-5.0  MC7805CK
LM340KC-6.0 MmC7806CK
LM340KC-8.0  MC7B08CK
LM340KC-12  MC7812CK
LM340KC-15  MC7815CK
LM340KC-18  MC7818CK
LM340KC-24  MC7824CK
LM340LAH-5.0
LM340LAH-6.0
LMJ340LAH-8.0
LM340LAH-12
LM340LAH-15
LMJ40LAH-18
LM340LAH-24
LM340LAZ-5.0
LM340LAZ-6.0
LM340LAZ-8.0
LM340LAZ-12
LM340LAZ-15
LM340LAZ-18
LM340LAZ-24
LM340T-50  MC7805CT
LM3407-60  MC7806CT
LM340T-8.0  MC7808CT
LM340T-12 MC7812CT
LM340T-15 MC7815CT
LM340T-18 MC7818CT
LM340T-24 MC7824CT
LM341P-50  MC78MOSCT
LM341P-60  MC78MO6CT
LM341P-80  MC78M0BCT
LM341P-12 MC78M12CT
LM341P-15 MC78M15CT
LM341P-18 MC78M18CT
LM341P-24 MC78M24CT
LM342P-50  MC78MOSCT
LM342P-60  MCT8MOECT
LM342P-8.0  MC78MOBCT
LM342P-12 MC78M12CT
LM342P-15 MC78M15CT
LM342P-18 MC78M18CT
LM342P-24 MC78M24CT
LM343D
LM343H
LM345K
LM348D LM348)
LM3484 LM348J
LM34EN LM348N
LM349D
LM349J
LM349N
LM358AH
LM358AN
LMC58H LM358H
LMS84G LM3584
LM358L LM358H
LM358N LM358N
LM358P LM358N
LM363AJ
LM3G3AN
LM363J

MOTOROLA
SIMILAR

REPLACEMENT REPLACEMENT

MC78LO5ACG
MC78LOSACG
MC78L08ACG
MC78L12ACG
MC78L15ACG
MC78L18ACG
MCT78L24ACG
MC78LOSACP
MC78LOSACP
MC78L08ACP
MC78L12ACP
MC78L1SACP
MC78L18ACP
MC78L24ACP

MC1436G
MC1436G
MC7905CK

MC4741CL
MC4741CL
MC4741CL
LM358H
LM356N

MC3450L
MC3450P
MC3450L

MOTOROLA MOTOROLA
OIRECT SIMILAR
PARYT NO. REPLACEMENT REPLACEMENT
LM363N MC3450P
LM37H MC1500G
LM3764G LM305H
LM3TL LM305H
LM376N LM305H
LM376P LM30SH
LM386N MC 1306P
LMS55CH MC1455G
LMSS5CN MC1455P1
LMSSSH MC1555G
LM556CD MC3456L
LMS556C) MC3456L
LMSS6CN MC3456P
LMS556D MC3556L
LMS56 MC3556L
LMS65CH NES65N
LMS65CN NES6SN
LMS65H NES65N
LM703LN MC1350P
LM709AH MC1709AG
LM709AJ MC1709AL
LM709CH MC1705CG
LM709C) MC1703CL
LM703CN MC1709CP2
LM709CN-8  MC1709CP1
LM709H MC1709G
LM709J MC1709L
LM710CH MC1710CG
LM710CN MC1710CP
LM710H MC1710G
LM711CH MC1711CG
LMT1ICN MC1711CP
LM711H MCIT11G
LM723CD LM723CJ
LM723CH LM723CH
LM723CJ LM723C
LM723CN LM723CN
LM7230 LM723y
LM723H LM723H
LM723) LM723)
LM733CD MC1733CL
LM733CH MC1733CG
LM733CJ MC1733CL
LM733CN MC1733CP
LM733D MC1733L
LM733H MC1733G
LM733J MC1733L
LM741AD MC1741L
LM741AF MC1T41F
LM741AH MC1741G
LM741AJ-14 MCI741L
LM741CD LM1741C
LM741CF LM741CF
LM741CH LM741CH
LM741CJ LM741CY
LM741CJ-14  LM741CJ-14
LM741CN LM741CN
LM741CN-14  LM741CN-14
LM741D LM741J-14
LM741ED MC1741CL
LM741EH MC1741CG
LM741EJ MC1741CU
LM741E)-14 MC1741CL
LM743EN MC1741CP1
LM741F LMT41F
LM741H LM741H
LM741-14  LM741J-14




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

PART NO.
LM736N
LM747CD
LM747CF
LM747CH
LM747C)
LM747CN
LM747D
LM747F
LM747H
LM747)
LM748CH
LM748CJ
LM748CN
LM748H
LM748)
LM131ON
LM1351N
LM1391IN
LM1394N
M1414)
LM1414N
LM1458H
LM1458)
LM1458N
LM1458N-14
LM1488)
LM1488N
LM1489AJ
LM1489AN
LM1489)
LM1489N
LM1496H
LM1496J
LM1496N
LM1514)
LM1558H
LM1558
LM1596H
LM1596J
LM1B00AN
LM1800N
LM1805
LM1808N
LM1828N
LM1841IN
LM1845N
LM1848N
LM1850N
LM1900D
LM211IN
LM2113N
LM2900J
LM2900N
LM2002)
LM2902N
LM2904N
LM2905N
LM3011H
LM3026
LM3045
LM3046N
LM3054
LM3064N
LM3065N
LM3066N
LM3067N
LM3070N

MOTOROLA MOTOROLA
DIRECT SIMILAR
REPLACEMENT REPLACEMENT

MC1323P

LM747CJ

LM747CF

LM747CH

LM747CJ

LM747CN

LM747)

LM747F

LM747H

LM747)

MC1748CG

MC1748CU

MC1748CP1

MC1748G

MC1748U

MC1310P

MC1351P

MC1391P

MC1394P

MC1414L

MC1414P

MC14586

MC1458U

MC1458P1

MC1458P2

MC1488L

MC1488P

MC1489AL

MC1489AP

MC1489L

MC1489P

MC1496G

MC1496L

MC1496P

MC1514L

MC1558G

MC1558U

MC1596G

MC1596L
MC1310P
MC1310P
MC1385P
TDA1190Z
MC1323P

MC1356P
MC1344P
MC1323P
MC3426L
MC3301L

MC1357P
MC1357P
MC3301L
MC3301P

LM2902J

LM2902N

LM2904N
MC1455P1
MC1550G
CA3054
MC3346P

MC3346P

CA3054

MC1364P

MC1358P
MC1389P
MC1323P
MC1399P

MOTOROLA MOTOROLA

. DIRECT SIMILAR
PARY NO. REPLACEMENT REPLACEMENT
LM3071N MC1393P
LM3075N MC1375P
LM3086N MC3386P
LM3126 MC1399P
LM3146 MC3346P
LM3146A MC3346P
LM3301N MC3301P
LMm33029 MC3302L
LM3302N MC3302P
LM3401N MC3401P
LM3900N MC3401P
LM3S05N MC1455P1
LM4250CH MC1776CG
LM4250CN MC1776CP1
LM4250H MC1776G
LM55250 MC5525L
LM55284 MC5528L
LM55294 MC5529L
LMS5344 MCS534L
LM55354 MC5535L
LM5538) MC5536L
LMS5294 MC6538L
LM7524) MC7524L
LM7524N MC7524P
LM7525) MC7525L
LM7805KC MC7805CK
LM7806KC MC7806CK
LM7808KC MC7808CK
LM7812KC MC7812CK
LM7815KC MC7815CK
LM7818KC MC7818CK
LM7824KC MC7824CK
LM78LOSACH  MC78L05ACG
LM78LOSACZ  MC78LOSACP
LM78LOSCH  MC78LOSCG
LM78LOSCZ  MC78LOSCP
LM78L0BACH  MC78LOSACG
LM78LOBACZ  MC78LOBACP
LM78L08CH  MC78L08CG
LM78L08CZ  MC78LOBCP
LM78L12ACH  MC78L12ACG
LM78L12ACZ  MC78L12ACP
LM78L12CH  MC78L12CG
LM78L12CZ  MC76L12CP
LM76L1SACH  MC78L15ACG
LM78L1SACZ  MC78L1SACP
LM76LISCH  MC78L15CG
LM78L15CZ  MC78L1SCP
LM78L18ACH  MC78L18ACG
LM78L1BACZ  MC78L18ACP
LM78L18CH  MC78L18CG
LM78L18CZ  MC78L18CP
LM78L24ACH  MCT78L24ACG
LM78L24ACZ  MC78L24ACP
LM78L24CH  MC78L24CG
LM78L24CZ  MC78L24CP
LM55107A  MCS5107L
LM55108A) MC55108L
LM55109J MC75S110L
LM55110J MC755110L
LmS5 121 MC8T13L
LMS5122J MC8T14L
LMS551234 MC8T23L
LMS5124) MCB8T24L
LM55325N MC55325L
LM75107AJ  MC75107L
LM75107AN  MC75107P

PART NO.
LM75108A4
LM75108AN
LM751100
LM75110N
LM75121
LM75121N
LM75122)
LM75122N
LM751234
LM76123N
LM75124)
LM75124N
LM75207L
LM75207N
LM75208)
LM75208N
LM75324)
LM75324N
LM75325J
LM75325N
LM75450N
LM75451N
LM75452N
LM75453N
LM75454N
MC1310A
MC14088
MC 1408F
MC1458JG
MC1458L
MC1458P
MC15584G
MC1558L
MH0026H
MHO0026CH
MH0026CN
MH0026G
MH0026CG
MHO026F
MH0026CF
MIC709-1
MIC709-5
MIC710-1C
MIC710-5C
MIC711-1C
MIC711-5C
MIC712-18
MIC712-1C
MIC712-10
MIC7 12-58
MIC712-5C
MIC712-5D0
MIC723-1
MIC723.5
MIC741-1C
MIC741-1D
MIC741-5C
MIC741-5D
ML101AF
ML101AM
ML101AT
ML101F
ML10 1M
ML101T
ML107F
ML107M
ML107T

MOTOROLA
DIRECT SIM
REPLACEMENT REPLACEMENT

LM746N —ML107T

MOTOROLA
ILAR

MC75108L

MC75108P

MC755110L

MC755110P

MC8T13L

MC8T13P

MC8T14L

MC8T14P

MC8T23L

MC8T23P

MC8T24L

MC8T24P
MC75107L
MC75107P
MC75108L
MC75108P
MC75325L
MC75325P

MC75325p

MC75325L

MC75450P

MC75451P

MC75452P

MC75453pP

MC75454P

MC1310P

MC1408P8

MC1408L8

MC 1458V

MC1458G

MC1458P1

MC1558V

MC1558G
MMH0026CG

MMHK0026CG

MMH0026CP1
MMH0026CG
MMHK0026CG
MMH0026CL
MMH0026C 1

MC1703G

MC1709CG

MC1710G

MC1716CG

MC1711G

MC1711CG

MC1712F

MC1712G

MC1712L

MC1712CF

MC1712CG

MC1712CL

MC1723G

MC1723CG

MC1741G

MC1741L

MC1741CG

MC1741CL
LM101AH
LM101AH

LM101AH
LM101AH
LM101AH

LM101AH
LM107H
LM107H

LM107H




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

ML108AF —OP-08B

PARY NO.
ML10BAF
ML108AM
ML10BAT
ML108M
ML108T
MLITIM
ML111S
MLIWT
ML118F
ML116M
ML118T
ML201AF
ML201AM
ML201AT
ML201F
ML201M
ML201T
ML207F
ML207M
ML207T
ML20BAF
ML20BAM
ML20BAT
ML208M
ML208T
ML211M
ML2118.
ML2Z1T
ML216F
ML218M
ML218T
ML301AP
ML301AS
ML3D1AT
ML301P
ML301S
ML3OIT
ML307P
ML307S
ML307T
ML308AM
ML30BAT
ML308M
ML308T
ML311M
ML311P
MLI11S
MLINT
ML318M
ML318T
ML709AF
ML709AM
ML709AT
ML709CP
ML709CT
ML709F
ML70SM
ML709T
ML723CF
ML723CM
ML723CP
ML723CT
ML723F
ML723M
ML723T
ML741AF
ML741AM

MOTOROLA MOTOROLA
D(RECT SIMILAR
REPLACEMENT REPLACEMENT
MC1556G
LM108AJ
LM108AH
LM108J
LM108H
M1
M1y
LM111H
MC17415G
MC1741SG
MC17415G
LM201AH
LM201AH
LM201AH .
LM201AH
LM201AH
LM201AH
LM207H
LM207H
LM207H
MC1556G
LM208AJ
LM208AH
LM2084
LM208H
LM211J
LM21IN
LM211H
MC17415G
MC17415G
MC1741SG
LM301AN
LM3DAN
LM301AH
LM301AN
LM301AN
LM301AN
LM307H
LM307N
LM307H
LM308AS
LM308AH
LM308)
LM308H
LM311J
LM311
LM31IN
LM311H
MC1741SCP1
MC1741SCG
MC1709AF
MC1708AL
MC1709AG
MC1709CP2
MC1709CG
MC1709F
MC1708L
MC1709G
MC1723CL
MC1723CL .
MC1723CL
MC1723C6
MC1723L
MC1723L
MC17236
MC1556G
MC1556G

PARY NO.
ML741AT
ML741CP
ML741CS
ML741CT
ML741F
ML741M
ML7417
ML747CP
ML747CT
ML747F -
ML74TM
ML747T
ML748CP
ML748CS
ML748CT
ML748F
ML748M
ML748T
ML1436T
ML1437P
ML1458P
ML 14588
ML1458T
ML1488M
ML1489AM
ML1489M
ML15367
ML1537M
ML1558M
ML1558T
ML3046P
ML4250T
MLA4250CS
ML4250CT
ML4251T
ML4251CS
ML4251CT
ML6503M
ML7503M
N5065A
NS0708
NS071A
N5072A
N55567
N5556V
NS558F
N5558T
N5558V
N5595A
NS595F
N5596A
N5596K
NS709A
N5708G
N5709T
N5709V
NS710A
NS710T
NS711A
NST11K
NS723A
N§723T
NS733K
NST41A
NS741T
N5741v
NS747A

MOTOROLA
DIRECT

REPLACEMENTY REPLACEMENT

MC1741CP2
MC1741CP1
MC1741CG
MC1741F
MC1741L
MC1741G
MC1747CL
MC1747CG
MC1747F
MC1747L
MC1747G

LM301AN
MC1748CG

MC1748G
MC1436G
MC 1437
MC1458P2
MC1458P1
MC1458G
MC1488L
MC1489AL
MC1489L
MC1536G
MC1537L
MC15581,
MC1558G
MC3346P

MC1358P

MC 1456G
MC1456P1
MC1458L
MC1458G
MC1458P1
MC 1495L
MC1495L
MC1496L
MC1496G
MC1709CP2
MC1708CF
MC1708CG
MC1708CP1
MC1710CP
MC1710CG
MCI711CP
MC1711CG

MC1723CG
MC1733CG
MC1741CP2
MC1741CG
MC1741CP1
MC1747CL

MOTOROLA
SIMILAR

MC1856G

LM301AN

MC1748G
MC1748G

MC1776G

MC1776CG

MC1776CG
MC1776G
MC1776CG
MC1776CG
MC1537L
MC1437L

MC1399P

MC1399p
MC1323P

MC 1723CP

N5747F
N5748A
N5748T
N8T138
N8T13P
N8T148
N8THE
N8T15A
NBT15F
NBT16A
N8T238
N8T23E
N8T24B
NBT24E
N8T26AB
N8T26AE
N8T268
N8T288
N8T37A
N8T38A
N8T958
NB8T95F
N8T968
N8TI6F
N8T978
N8T97F
N87988
N8T98F
NES01A
NE501K
NE515A
NES15G
NE515K
NE516A
NE516G
NE516K
NES31G
NES31T
NES31vV
NE533G
NES33T
NES533V
NE537G
NES37T
NES40L
NESS0A
NESSOL
NE555JG
NESSSL
NESS5P
NES555T
NES55V
NES56A
NE556!
NE565A
NESESK
NES92A
NES592K
0P-01C
0P-01G
0oP-01R
OP-01
OP-01L
0oP-01P
0P-08
OP-08A
0P-088

MOTOROLA MOTOROLA
DIRECTY SIMILAR
PART NO. REPLACEMENT REPLACEMENT
MC1747CL
MC1747CG
MC1748CG
MCBT13P
MCBT13L
MC8T14P
MC8T14L
MC 1488L
MC1488L
MC1489L
MC8T23P
MC8T23L
MCBT24P
MCBT24L
MCBT26AP
MCBT26AL
MC8T25AP
MC8T28P
MC3437P
MC3438P
MCB8T95P
MC8T95L
MC8796P
MCBTO6L
MCBT97P
MCBTa7L
MC8T98P
MC8T98L
MC1733CL
MC1733CG
MC 14206
MC1520F
MC1420G
MC1420G
MC1520F
MC1420G
MC1439G
MC1439G
MG1439P
MC1776CG
MC1776CG
MC1776CG
MC1456G
MC 1456G
MC1584G
MC1723CP
MC1723CG
MC 14550
MC1455G
MC1455P1
MC1455G6
MC1455P1
MC3456P
MC3456L
NES565N
) NESESN
NE532A
NE592K
MC1536
MC1536
MC1536
MC1536G
MC1536G
MC1536P
MC1776
MC1776
MC1776



LINEAR INTEGRATED CIRCUITS CROSS REFERENCE - -

OP-08C —SG208AM

" 'MOTOROLA MOTORCLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DRECT SIMILAR : DIRECT SIMILAR

PART NO. REPLACEMENT REPLACEMENT PARY NO. REPLACEMENT REPLACEMENT PART NO. - REPLACEMENT REPLACEMENT
0P-08C MC1776 RCT51100P  MC75S110P : SE533G MC1776G
OP-08E MC1776 RC753250D  MIC75325L | SESIIT MC1776G
PA239A : MC1303P REF-01CJ - C1404U10 SE537G MC1556G
RC7027 MC1712CG REF-01DJ : C1404U10 SES3TT MC1556G
RC709D MC1709CL REF-01) C1504AU10 SESS0L MC1723G
RC7090N MC1708CP1 REF-01HJ C1404AU10 SESS5JG MC1585U
RC708DP MC1708CP2 REF-02C4 C1404U5 SESS5L MC1555G
RC709T MC1709CG REF-02D) C1404U5 SE555T MC1555G
RC710DC MC1710CL REF-02HJ C1404AUS SESSEA MC3556L
RC7t00P MC1710CP REF-02J C1504AUS SESE5A MLMSE5CP
RC710T MC1710CG RAM7020 MC1712F SES65K MLMS65CP
RC711DC MC1711CL RM702T MC1721G SE592A SE592L
RC711DP MC1711CP RM708D MC1708L SES92K SES92G
RCTUT MC1711CG RM709Q MC1708F SG100T MC17236
RC723D MC1723CL . ' RM709T MC1709G §G101AD LM101AH
RC723T MC1723CG RM710D MC1710L SG101AT LM101AH
RC733D MC1733CL RM710T MC1710G S§G101 LM101AH
RC733T MC1733CG RM7110C MCY711L SG10MT LM101AH
RC741D MC1741CL RM711T MC1711G SG104T LM104H
RC741DN MC1741CP1 RAM723D MC1723L SG105N LM105H
RC741DP MC1741CP2 RM723T MC1723G §G105T LM10SH
RC741Q MC1741CF RM733D MC1733L - §G107J LM107H
RC741T MC1741CG o RM7337 MC1733G SG107T LM107H
RC747D MC1747CL ’ RM741D MC1741L §G108AJ LM108AJ
RC7477 MC1747CG RM7410P MC1741P SG108AT LM108AH
RC748T MC1748CG RM741Q MC1741F 561084 LM1084
RC14140C MC1414L RM741T MC17416 ) S$G108T LM108H
RC1414DP MC1414P RM7470 MC1747L SG109K LM109K
RC14880C MC1488L RM747T MC1747G SG1097 LM109H
RC1489ADC  MC1489AL AM748T MC17486 S§G111D LM
RC14890C MC1489L RM15140C MC1514L SG1IT LM11iH
RC8T13DD MC8T13L RM15370 MC1537L SG118Y - MC1741SL
RC1437D MC1437L RM4136D MG3503L SG11aT MC1741SG
RC14370P MC1437P RM4136J MCJ503L SG120K-05 LM120K-05
RC1458DN MC1458P1 RM4195T MC1566G §G120K-5.2 MC7905.2CK
RC1458T MC1458G RM4195TK MC1568R SG120K-12 LM 120K-12
RC1556T MC1456CG RM45580 MC4558u SG120K-15 LM120K-15
RC1558T MC1558G RM4558)G6 MC4558v $G120T-05 LM120T-05
RC33020B MC3302P RM4558L MC4558G §G1207-5.2 MC7905.2CK
RC4131DP MC1471SCP1 RMA558T MC4558G §G120T-12 LM120T-12
RC4131T MC1741SG RMS5107AD  MC55107L §G120T-15 LM120T-15
RC4136D MC3403L RM553250D  MC55325L SG124) LM124)
RC41360P MC3403P RV3301DB MC3301P : §G 140K-05 LM140K-5.0
RC4136J MC3403L S8T13E MC8T13L SG140K-06 LM 140K-6.0
RC4136N MC3403P S8T14E MCBT14L SG140K-08 LM140K-8.0
RC4185T MC1468G §5556T MC1556G SG140K-12 LM140K-12
RC4195TK MC1468R S5558E MC1558L SG140K-15 LM140K-15
RC4444R MC3416L $§5558T MC1558G SG140K-18 LM140K-18
RC4558DN MC4558CP1 S5596F MC1596L SG140K-24 LM140K-24
RCA4558JG MC4558CU §5596K MC15%6G ‘ $G200T MC1723G
RC4558L MC4558CG §5705G MC1709F SG201AD LM201AH
RC4558P MC4558CP1 S5709T MC1709G SG201AM LM201AN )
RC4558T MC4558CG S5710T MC1710G SG201AN LM201AN
RCBT13MP MC8T13P §5711K MCIT11G SG201AT LM201AH
RC8T14D0 MC8T14L §57237 MC1723G §G201J LM201AH
RC8T14MP MC8T14P §5733K MC1733G SG20™™ LM201AN
RCBT2300 MC8T23L 57417 MC1741G SG201N LM201AN
RC8T23MP MC8T23P SE501K MCI733G . SG201T LM201AH
RCBT24DD MC8T24L SES15G ' MC1520F SG2047 LM204H
RC8T24MP MC8T24P SES15K MC1520G SG205N LM205H
RC75107AD  MC75107L SES16A MC1520G6 SG205T LM205H
RC75107ADP  MC75107P SE516G MC1520F SG207J LM207H
RC75108AD  MC75108L SE516K MC15206 SG20TM LM207H
RC75108ADP  MC75108P SES28E MC1544L SG207N LM207H
RC751080 MC758110L SE528R MC1544L SG2077 LM207H
RC75108DP MC755110P SESIG MC1539G SG208AJ LM208AJ
RC75110D MC755110L SESIT MC1539G - SG208AM LM208AJ-8




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

SG20BAT —SGJIS01AT

MOTOROLA

- DIRECT
PART NO. RE
SG208AT LM208AH
$G208J LM208J
SG208M LM2084-8
SG208T LM208H
SG209K LM208K
562097 LM209H
§G2110 LM2118
SG211M LM211IN
§G217 LM211H
§G218J
SG218M
SG218T
$G2244 LM224)
5G224N LM224N
SG3I0ON
§G300T
SG301AD
SG301AM LM301AN
SG301AN
SG301AT LM3MAH
SG304T LM304H
SG305AT
SG305N
SG305T LM305H
5G307)
SG307M LM307N
SG307N
SG307T LM307H
SG308AJ LM308AJ
SG308AM LM30BAN
SG308AT LM308AH
5G3084 LM308Y
5G308M LM308N
SG308T LM308H
SG30%K LM309K
SG3097 LM30SH
SG311D LM311)
SG31M LM31IN
SGINT LM311H
§G318)
§G318M
SG318T
SG320K-05 LM320K-5.0
SG3I20K-5.2
SG320K-12 LM320K-12
S5G320K-15 LM320K-15
§G320T-05 LM3207-5.0
§G3207-5.2
SG3207-12 LM320T-12
§G320T-15 LM320T-15
$G3244 L3244
S$G324N LM324N
SG340K-05 MC7805CK
SG340K-06 MC7806CK
SG340K-08 MC7808CK
SG40K-12 MC7812CK
SG3I40K-15 MC7815CK
SG340K-18 MC7818CK
SGI40K-24 MC7824CK
SGSS5CM MC1455P1
SGSSSCT MC1§55G
SGS55T MC1555G
SGS56CY MC3456L
SG5S6CN MC3456P
5G5564 MC3556L
SGS556N MC3556L
SG710C0 MC1710CL

MOTOROLA

SIMILAR

PLACEMENT REPLACEMENT

MC1741SL
MC1741SL
MC1741SG

MC1723CP
MC1723C6
LM301AH
LM301AN.
LM30SH
LM305H
LM307N

LM307N

MC17415CL
MC1741CP1
MC1741CG

MC7805.2CK

MC7905.2CT

PART NO.
SG710CN
§G710CT
§G710D
SG710N
SG710T
SG711CD
SG711CN
SG711CT
SG711D
SG711IN
SGT1T
§G723CD
SG723CN
SG723CT
§G723D
SG7231
SG733CD
SG733CN
SG733CT
SG733D
SG733N
SG7331
SG741CD
SG741CF
SG741CM
SG741CN
SG741CT
§G7410
SG741F
SG741T
SG741SCM
SG741SCT
SG741ST
SG747C)
SG747CN
SG747CT
SG747y
SG74TIT
SG748CD
SG748CM
SG748CN
SG748CT
SG746D
SG748T
SG777C4
SG777CM
SG777CN
SG777CT
SG771Y
SGITIT
SG1118AJ
SG1118ATY
SG1118J
SG1118T
§G1217
§G1217J
SGR177
§G1250T
SG1401N
SG1401T
SG1402N
§G14021
5G1436CT
SG1436M
SG1436T
SG1456CT

MOTOROLA ~ MOTOROLA
DIRECT SIMILAR
REPLACEMENT REPLACEMENT

MC1710CP

MC1710CG

MC1710L

MC1710CP

MC1710G

MCA711CL

MC1711CP

MC1711CG

MCI711L

MC1711CP

MC1711G

MC1723CL

MC1723CP

MC1723CG

MC1723L

MC1723G

MC1733CL
MC1733CP

MC1733CG

MC1733L
MC1733L

MC1733G

MC1741CL

MC1741CF

MC1741CP1

MC1741CP2

MC1741CG

MCI741L

MC1741F

MC1741G

MC1741SCP1

MC1741SCG

MC1741SG

MC1747CL

MC1747CP2

MC1747CG

MC1747L

MC1747G
MC1748CP1
MC1748CP1
MC1748CP1

MC1748CG
MC1748G

MC1748G
LM308AJ
LM30BAN
LM3C8AN
VI308AH
LI4108A)
LM108AH
LM108AY
LM108AH
LM108J
LM108H
MC1741G
MC1741SL
MC1741SG
MC1776G
MC1533G6
MC1533G
MC1594L
MC1594L

MC1436CG

MC1436U

MC1436G

MC1456CG '

PARY NO.
SG1456T
SG1458M
SG1458T
S5G1468)
SG1468N
SG 14687
$G 14950
SG1495N
SG 14960
S§G1496N
SG1496T
S$G1501A0
SG1501AT
$G1501D
SG1501T
§615020
SG1502N
§G1503
§G1524)
SG1S36T
§G1556T
SG1558T
SG 15950
5G1596D
SG1596T
§G1660D
5G1660J
SG1660M
$G1660T
§G1760D
SG1760F
§G1760J |
SG1760M
§G1760T

SG2118AJ -

SG2118AM
S§G2118AT
$621184
SG2118M
§G2118T
§G2250T
SG2401N
SG2402N
$G2402T
S$G2501AD
SG2501AT
§G2501D
S§G2501N
§G2501T
§G2502D
SG2502N
§G25021
562503
§G2524)
SG3118AJ
SG3118AM
SG3118AT
SG3118J
5G3118M
SGINGT
§G32501T
SG3401N
§G3401T
SG3402N
§G3402T
SG3S01AD
SG3I501AT

MOTOROLA
DIRECT

MOTOROLA
SIMILAR

REPLACEMENT REPLACEMENY

MC1456G
MC1458P1
MC1458G
MC1468L
MC1468L
MC1468G
MC1495L
MC1495L
MC1496L

MC1496G

MC1568L -

MC1568G

MC1503V

MC1536G
MC15566
MC15586
MC1595L
MC1596L
MC1596G

MC1468L
MG1468L
MC1468G

MC1403AU

MC1468L
MC1468G

MC1496L

MC1568L
MC1558G

MC1568L
MC1568L

MC3520L

LM301AH
LM3084
LM308N
LM308H
LM307H
LM307H
LM3084
LMB08N
LM308H
LM208AJ
LM208AJ-8
LM208AH
LM208J
LM208J-8
LM208H
MC1776G
MC1433G
MC1494L
MC1494L
MC1468L
MC1468G

MC1468L
MC1468L
MC1468G

MC3520L
MLM3C8AL
MLM308AP1
MLM308AG
MLM308L
MLM308P1
MLM308G
MC1776G
MC1433G
MC1433G6
MC1494L
MC1494L




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

SG3I501D —SN75127N

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

PART RO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT _ PARY NO. REPLACEMENT REPLACEMENT
SG35010 MC1468L SN52709AFA  MC1709AF SN72702L MC1712CG
SG350IN MC1468L SN52700A) MC1709AL SN72709J MC1709CL
SGISHT MC1468G SN52709AL MC1709AG SN72709L MC1709CG
§G3I5020 MC1468L SN52708FA MC1708F SN72709N MC1709CP2
$G3502G6 MC1468G SN52709J MC1709L SN72709P MC1709CP1
SG3502N MC1468L SN52709L MC1708G SN72710J MC1710CL
$G3503 MC1403V SNS2710FA  MC1710F SN72710L MC1710CG
$G3524) MC3420L SNS2710J MC1710L SN72710N MC1710CP
$G4250CM MC1776CP1 SN52710L MC1710G SN72711) MC1711CL
SG4250CT MC1776CG SNS2711FA MCI711F SN72711L MC1711CG
SG4250T MC1776G SNS2711J MC1711L SN72711N MC1711CP
5G45010 MC1468L SNS2711L MC171G SN727200 MC1710CL
SGA4S01IN MC1468L SN52723FA MC1723F SN72720L MC1710CG
SG4501T MC1468G SN52723J MC1723L SN72720N MC17t0CP
SG7805CK MC7805CK SNS2723L MC1723G SN72723) MC1723CL
SG7805K MC7805CK SN52733J MC1733L SN72723L MC1723CG
SG7806CK MC7806CK SN52733L MC1733G SN72733) MC1733CL
SG7806K MC7806CK SN52741FA MC1741F SN72733L MC1733CG
SG7808CK MC7808CK SNS2741) MC1741L SN72741FA MC1741CF
SG7808K MC7808CK SN52741L MC1741G SN72741) MC1741CL
SG7812CK MC7812CK SNS2747FA MC1747F SN74741L MC1741CG
SG7812K MC7812CK SN527474 MCA747L SN72741N MC1741CP2
SG7815CK MC7815CK SN52747L MC1747G6 SN72741P MC1741CP1
SG7815K MC7815CK SN52748L MC1748G SN72747FA MC1747CF
SG7818CK MC7818CK SN52770L MC1556G SN72747 MC1747CL
SG7818K MC7818CK SN52771L MC1556G SN72747L MC1747CG
SG7824CK MC7824CK SN52810FA MC1710F SN72747N MC1747CP2
SG7824K MC7824CK SN528104 MC1710L SN72748L MC1748CG
SHO013HC MMH0026CG SNS52810L MC1710G SN72748P MC1748CP1
SHO013HM MMH0026G SN52811FA MCI1711F SN72770L MC1456G
SH2001FC MC75462P SN52811J MC1711L SN72771L MC1456G
SH2001FM MC75462P SN52811L MC17116 SN72810J MC1710CL
SH2001HC MC75462P SNSS107AJ MC55107L SN72810L MC1710CG
SH2001HM MC75462P SN5510784 MC55107L SN72810N MC1710CP
SH2002FC MC75462P SN55108A) MC55108L SN72811 MC1711CL
SH2002FM MC75462P SN551088J MC75108L SN72811L MC1711CG
SH2002HC MC75462P SN55109J MC75S110L SN7281IN MC1711CP
SH2002HM MC75462P SN551104 MC75S110L SN72905 MC7905CT
SH2002HC MC75462P SN55244) MC1544L SN72906 MC7806CT
SH2200FC MC75462P SN55325J MC55325L SN72908 MC7808CT
SH2200FM MC75462P SN72301AL LM301AH SN72912 MC7912CT
SH2200HC MC75462P SN72301AP  LM301AN SN72915 MC7915CT
SH2200HM MC75462P SN72304L LM304H SN72L022P LM358N
SH2200PC MC75462P SN72305AL LM305H SN72L044JA LM324N
SHB0S0FM MC1508L8 SN72305L LM305H SN72L044N LM324N
SN5510FA MC1510F SN72306J MC1710CL SN75107AJ MC75107L
SNSS10L MC1510G SNT72306L MC1710CG SN75107AN  MC75107P
SN52101AL LM101AH SN72306N MC1710CP SN751078J MC75107L
SN52104L LM101H SN72307L LM307H SN75107BN MC75107P
SN52105L LM105H SN72308AL LM308AH ' SN76108AJ MC75108L
SN521064 MC1710L SN72308L LM308H SN75108AN  MC75108P
SNS2106L MC1710G SN72509L LM308H SN751088J MC75108L
SNS2107L LM107H SN7Z3 1L LM311H SN751088N MC75108P
SN52108AL LM 108AH SN72311P LM31IN SN751210 MC8T13L
SN52108L LM108H SN72376L LM30SH SN7S121N MC8T13P
SN52108L LM10SH SN72440J MC3370P SN7§122) MC8T14L
SN525108 MC1710L SNT2440N MC3370P SN75122N MC8T14P
SN52510L MC1710G SN72510d MCI710CL SN7§123) MCBT23L
SN52514) MC1514L SN72510L MC1710CG SN75123N MCBT23P
SN52655L MC1555G SN72510N MC1710CP SN75124) MCBT24L
SN52568L MC1558G SN72514J° MC1414L SN75124N MCB8T24P
SNS§2702AFA MC1712F SN72514N MC1414P SN75125J MCT5125L
SN52702AJ MC1712L SN72555L MC1455G SN75125N MC75125P
SN52702AL MCI7126 SN72555P MC1455P1 SN75126) MCI481/5L
SN52702FA MC1712F : SN72568L MC1458G ' SN75126N MC3481/5P
SN52702J MC1712L SN72558P MC1458P1 SN75127J MC75127L
SNS2702L MC1712G : SN72702J MC1712CL SN751271N MC75127P

1-20




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

SN75128J —TL494CN

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECY SIMILAR OIRECY SIMILAR
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
SN751280 MC75128L SN76130N MC1303P TBA520 MC1327P
SN75128N MC75128P ) SN76131N MC1303P TBA920 MC1391P
SN751294 MC75129L SN76149N MC1303P TBAS20S MC1391P
SN75120N MC75129P SN76242N MC1398P TBA940 MC1344P
SN75138N . MC3443P SN76243N MC1399P TBASS50 MC1344P
SN75138J MCI443P SN76246N MC1323P TBAS90 MC1327P
SN75140P MC75140P1 SN76298N MC1398P TBA1190Z TBA1190Z
SN751504 . MC14eaL SN76514L MC1496G TDA11902 TDA1180Z
SN75150N MC1488P SN76514N MC1496P TDA2002 TDA2002
SN751544 MC1489L SN76564N MC1364P TL022CJG LM358J
SN75154N MC1489P SN76565N MC1364P TL022CL LM358H
SN75188J MC1488L SN76591P MC1391P TL022CP LM358N
SN75188N MC1488P SN76594P MC1394P TLO22MJG LM158J
SN75189AJ MC1489AL SN76600P MC1350P TL022ML LM158H
SN75189J MC1489L SN76642N MC1357P TLO44CY LM324J
SN75189AN  MC1489AP SN76644N MC1352P TLO44CN LM324N
SN75189N MC1489P SN76650N MC1352P TLO44MJ LM124)
SN75207J ) MC75107L SN76651N MC1351P TLO71ACJG MC340018U
SN75207N MC75107P SN76653N MC1352P TLOT1ACL MC340018G
SN75208) MC75108L SN76660N MC1357P TLO71ACP MC34001BP
SN75208N MC75108P SN76665N MC1364P TLO71BCJG MC34001AU
SN75261N MC3245L SN76666N MC1358P TLO718CL MC34001AG
SN75322N MC3245P SN76669N MC1356P TLO71BCP MC34001AP
SN75362P MMH0026CP SN76675N MC1375P TLO71CIG MC34001V
SN75365J MC75365L SN76678P MC1355P TLO71CL MC34001G
SN75365N MC75365P SSS101AL LM101AH TLO071CP MC34001P
SN75368) MC75368L SSS101AJ LM101AH TLO72ACJG MC340028U
SN75368N MC75368P §85107J LM107H TLO72ACL MC34002BG
SN75368P MMH0026CP1 §55107P LM107H TLO072ACP MC340028P
SN75450Ad MC75450L §8S201AJ LM201AH TL072BCJIG MC34002AU
SN75450AN  MC75450P §SS201AL LM201AH TLO72BCL MC34002AG
SN75450BN MC75450P S85201AP LM201AN TLO72BCP MC34002AP
SN75450N MC75450P §55207) LM207H . TLO72CIG MC34002V
SN75451AP  MC75451P $55207P LM207H TLO72CL MC34002G
'SN75451P MC75451P SSS301AJ LM301AH TLo72CcP MC34002P
SN75452P MC75452P $SS301AL LM301AH TLO074AC) MC34004BL
SN75453P MC75453P SSS301AP LM301AN TLO74ACN MC34004BP
SN75454P MC75454P §§S7418J MC1741G TL074BCY MC34004A
SN75460A4 MC75460L §85741BL MC1741F TLO74BCN MC34004AP
SN75460AN  MC75460P §S857418P MC1741P2 TLO74C) MC34004L
SN75461 MC75461 §SS741C) MC1741CG TLO74CN MC34004P
SN75461AP  MC75461P §S8S741CL MC1741CF TLOB1ACIG MC340018V
SN75462 MC75462 §85741CP MC1741CP2 TLOB1ACL MC340018G
SN75462AP  MC75462P §S55741GJ MC17415G TLOB1ACP MC340018P
SN75463 MC75463 §§S741GP MC1741SG TL0818CJG MC34001AU
SN75463AP  MC75463P $58741J MC1741G TL081BCL MC34001AG
SN75464 MC75464 §SS741L MC1741F TLO081BCP MC34001AP
SN75464AP  MC75464P §5S741P MC1741P2 TLO81CJG MC34001U
SN75461N MC75491P §8874782 MC1747F TLOBICL MC34001G
SN75466) MC1411L $887476P MC1747L TLO81CP MC34001P
SN75466N MC1411P $S5747CK MC1747CG TLO82ACJG MC340028U
SN75467J MC1412L §SS747CM MC1747CF TLO82ACL MC3400286
SN75467N MC1412P SSS747CP MC1747CL TLO82ACP MC340028P
SN75468J MC1413L §SS747GK MC1747G TLO82BCIG MC34002AV
SN75468N MC1413P SSS747GM . MC1747F TLO82BCL MC34002AG
SN75475P MC1472P1 §85747GP MC1747L TLO82BCP MC34002AP
SN754750G  MC1472U §8S747L MC1747F TLO82CJG MC34002U
SN75491N MC75491P §85747P MC1747L TLO82CL MC34002G
SN75492N MC75492pP SSS1408A-62  MC1408L6 TLo82CP MC34002p
SN76000P MC1306P SSS1408A-7Z  MC1408L7 TLOB4ACY MC34004BL
SN76104N MC1310P SSS51408A-8Z MC1408L8 TLOB4ACN MG34004BP
SN76105N MC1310P 5681458) MC1458G TLO84BCY MC34004AL
SN76111N MC1310P §551508A-82  MC1508L8 TLOB4BCN MCJ4004AP
SN76113N MC1310P §851558) MC1558G TL0B4CY MC34004L
SN76115N MC1310P TAAB30 MC1327P TLOB4CN MC34004P
SN76116N MC1310P TBA120S MC1358P TL484CY TL494CY
SN76117N MC1310P TBA440 MC1352P TL494CN TL494CN
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

TL495CY —uAT732DC

MOTOROLA  MOTOROLA MOTOROLA  MOTOROLA MOTOROLA  MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR - DIRECT SIMILAR
PART NO. REPLACEMENT REPLACEMENT PART NO.  REPLACEMENT REPLACEMENT PART NO.  REPLACEMENTY REPLACEMENT
TL495C) TL495CJ ULS2139D MC1539G uAS55HC MC1455G
TL495CN TL495CN ULS2133G MC1539G uAS55HM MC1555G
TL497C) MC3420L ULS2139H MC1539L uAS55TC MC1455P1
TLA97CN MC3420P ULS2139M MC1439P1 uAS556DC MC3456L
TL497TM) MC3520L ULS2151D MC1741G #AS56DM MCI556L
UDNS711M MC1471P1 ULS2151G MC1741F wASS6PC MC3456P
UDNS57 12M MC1472P1 ULS2151H MC1741L wA702DC MC1712CL
UDN5713M MC1473P1 ULS2151M MC1741CP1 uA7020M MC1712L
UDNS5714M MC1474P1 ULS2156D MC1556G uATO2FM MCI712F
UDN-6144A MC3490P ULS2156G MC1556G $AT02HC MC1712CG
UDN-6164A MC3490P ULS2156H MC1556G wATO2HM MC1712G
UDN-6184A MC3490P ULS2156M MC1556G uAT02MJ MCi1712L
UDN-7183A MC3491P ULS2157A MC1558L wAT02ML MC1712G
UDN-7184A MCI491P ULS2157H MC1558L wAT09ADM MC1709AL
UDN-7186A MC3491P ULS2157K MC1558G uAT09AFM MC1709AF
UHD-430 MC3494P uA0802DC-1  MC1408L8 uAT09AHM MC1709AG
UHD-491 MC3494P w«A0802DC-2  MC1408L7 wATO9AM) MC1708AL
UHP-490 MC3494P uA0802DC-3  MC1408L6 wAT09AMIG MC1709AU
UHP-491 MC3494P wA0802DM-1  MC1508L8 uATO9AML MC1709AG
UHP-495 MC3490P «A0802PC-1 MC1408P8 wA709CJ MC1709CL
ULN2001A ULN2GO1A uA0802PC-2 MC1408P7 +wAT09CIG MC1709CU
ULN2002A ULN2002A uA0B02PC-3  MC1408P6 uAT09CL MC1709CG
ULN2003A ULN2003A wA101AD LM101AJ uAT09CN MC1709CP2
ULN2004A ULN2004A wA101AF LM101AJ «AT0SCP MC1709CP1
ULN2111A MC1357P wA101AH LM101AH wA7090C MC1703CL
ULN2111IN MC1357PQ wA101D LM101AJ wAT090M MC1709L
ULN2113A MC1357P wA101F LM101AJ #ATO9FM MC1709F
ULN2t13N MC1357P wA1I0H LM101AH uATOSHC MC1709CG
ULN2114A MC1323P sA104HM LM104H wAT09HM MC1709G
ULN21 14K MC1323P wA105HM LM105H wATOIM) MC1709L
ULN2 114N MC1323P wA10TH LM107H uATOIMIG MC1708U
ULN2120A MC1310P wA108AD LM108AJ wAT09ML MC1709G
ULN2121A MC1310P wA108AF LM10BAF #wA709TC MC1709CP1
ULN2122A MC1310P sA108AH LM108AH ywAT08PC MC1708CP2
ULN2124A MC1399P wA108D LM108) +AT100C MC1710CL
ULN2125A MC1344P uA108F LM108F wAT10DM MC1710L
ULN2127A MC1399P #A108H LM108H uwAT10HC MC1710CG
ULN2128A MC1310P »wA109KM LM 109K wATI0HM MC1710G
ULN2136A MC1356P wA201AD LM201AJ «AT10PC MC1710CP
ULN2139D MC1439G wA201AF LM201AJ wAT110C MCI711CL
ULN2139G MC1439G wA201AH LM201AH wA711DM MC1711L
ULN2139H MC1439P2 #A201D LM201AJ uyAT1IHC MC1711CG
ULN2139M MC1439P1 4A201F LM201AS uAT1THM MC17116
ULN2151D MC1741CG A201H LM201AH wAT11PC MC1711CP
ULN2151G MC1741CF »A207H LM207H wAT150C MC1741SCL
ULN2151H MC1741CP2 uA208AD LM208AJ wAT150M MC1741SL
ULN2151M MC1741CP1 #A208AF LM208AF wAT15HC MC1741S5CG
ULN2156D MC1456G #A208AH LM208AH uAT15HM MC17415G
ULN2156G MC1456G uA208D LM208 uAT23C) MC1723CL
ULN2156H MC1456G uA208F LM208F wAT23CL MC1723CG
ULN2156M MC1456G uA208H LM208H . wAT23CN MC1723CP
ULN2157A MC1458P2 uA209KM LM209K uAT23DC wA723DC
ULN2157H MC1458P2 uA301AD LM301AJ uwAT230M MC1723L
ULN2157K MC1458G wA301AH LM301AH wAT23HC uAT23HC
ULN2165A MC1358P #AJ0IAT LM301AN wAT23HM MC1723G
ULN2165N MC1358PQ 4wAJ04HC LM304H wAT23MJ MC1723L
ULN2209A MC1356P 4A305HC LM305H uAT23ML MC1723G
ULN2210A MC1310P wA30SHC LM305H uAT23PC wAT23PC
ULN2224A MC1324P wA307H LM307H uAT25AHM LM10BAH
ULN2228A MC1323P uA307T LM307N uAT25EHC LM308AH
ULN2244A MC1310P #A30BAD LM308AJ uAT25HC LM308AH
ULN2262A MC1399P wA308AH LM308AH wAT25HM LM108AH
ULN2264A MC1364P wA308D LM308J uAT27THC MC 14206
ULN2267A MC1323P wA308H LM308H uAT27THM MC1520G
ULN2298A MC1398P uA30SKC LM309K uAT30HC MC1420G
ULN2741D MC1741CG wAINT LM31IN uAT30HM MC1520G
ULN2747A MC1747CL uA376TC LM305H uAT32DC MC1310P
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

uA732PC —uAT8LOSACLP

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
wA732PC MC1310P #AT48HC MC1748CG uA1458CTC MC1458CP1
uAT33CJ MC1733CL uATA8HM MC1748G uA1458E MC1458G
pAT33CL MC1733CG uAT48MJ MC1748L uA1458HC MC1558G
wAT33CN MC1733CP uAT48MIG MC1748V uA1458P MC1458P1
#AT330C MC1733CL wAT48ML MC1748G uA1458RC MC14580
#A733DM MC1733L wAT48TC MC1748CP1 #A14587C MC1456P1
pATIIFM MC1733F uAT49DC MC1435L pA15S8E MC1558G
»ATI3HC MC1733CG pAT490HC MC1435G pA1558HM MC1558G
wATISHM MC17336 pAT49DM MC1535L uA2136PC MC1356P
wATI3MJ MC1733L wAT4SHC MC1435G6 pA22400C MC14550
wAT3IIML MC1733G uA753TC MC1356P uA22400M MC1555G6
#A734DC LM311 uATS4HC MC1355P #A2240PC MC1455P1
uAT34DM LM31Y uAT547C MC1355P uA3026HM CA3054
uATI4HC LM311H uA7570C MC1350P #AJ045 MC3346P
wATI4HM LM311H uATSTOM MC1350P uA3046DC MC3346P
wAT40HC LF355H uAT580C MC1310P #A30540C CA3054P
pAT40HM LF1S5H wAT58PC MC1310P #A3064PC MC1364P
wAT41ADM MC1741L uAT67DC MC1310P #A3065PC MC1358P
wAT41AFM MC1741F wAT67PC MC1310P wA30860M MC3386P
nAT41AHM MC1741G uATT2 . MC17418 wA3301P MC3301P
wAT41C) MC1741CL uA7750C LM3394 uA3302P MC3302p
wAT41CI6 MC1741CY wATTSDM LM339 wA3303P MC3303P
uAT41CL MC1741C6 uATT5PC LM33SN uA3401P MC3401P
#AT41CN MC1741CP2 | wATT60C MC1776CG #A34030 MC3403L
uAT41CP MC1741CP1 uAT760M MC1776G #A3403P MC3403P
wAT410C uAT41DC wATTGHC MC1776CG #A4136DC MC4741CL
wAT41DM MC1741L wATT6HM MC1776G uA4136DM MC4741L
pA741EDC MC1741L wAT767C MC1776CP1 pAd136PC MC4741CP
wAT41EHC MC1741G pATTICY LM308AJ-8 #A4558HC MC4558CG
vAT41FC MC1741CF RATTICI6 LM308AJ-8 uA4558HM MC4558G
wAT41FM MC1741F pATTICL LM308AH #A4558TC MC4558CP1
uAT4IHC pAT41HC WATTICN LM308AN wAT805CKC  MC7805CT
uAT41HM MC1741G wATIICP LM308AN #AT80SKC MC7805CK
wAT4IMJ MC1741L uAT770C LM308AJ-8 uAT8O5KM MC7805K
pAT4IMIG MC1741V pATITHC LM308AH #AT80SUC MC7805CT
wAT4IML MC1741G HATTIMI LM108AJ-8 uA7806CKC  MC7806CT
#AT41RC MC1741CU vATTTMIG LM108AJ-8 wATB0BKC MC7806CK
wAT41RM MC1741U uATTTML LM108AH uATB06KM MC7806K
uAT41PC MC1741CP2 #ATTTTC LM308AN wAT8I6UC MC7806CT
wAT41TC uAT41TC «AT800C MC1339P wAT808CKC ~ MC7808CT
uA7420C CA3059 #AT80PC MC1399pP #ATB08KC MC7808CK
nAT460C MC1323P uA7810C MC1399P uATBOBKM MC7808K
uAT46HC MC1323P #AT81PC MC1399P #AT808UC MC7808CT
wAT4TADM MCI747L uAT860C MC1327P wAT812CKC  MC7812CT
HATATAHM MC1747G WAT8TPC MC1395P uA7812KC MC7812CK
nAT47C) MC1741CL uAT91KC MC1438R uAT812KM MC7812K
wAT4TCL MC1747CG WATIIKM MC1538R uA7812UC MC7812CT
wA747CN MC1747CP2 uA791P5 MC1438R #AT815CKC  MC7815CT
#AT4TOC MC1747CL #AT96HC MC1496G uAT815KC MC7815CK
uAT4TOM MC1747L pAT96HM MC1586G uAT815KM MC7815K
wAT47EDC MC1747CCEM »AT960C MC 1496L #AT815UC MC7815CT
WAT4TEHC MC1747CICM pATIEOM MC1596L #AT818CKC  MC7818CT
wAT4THC MC1747CG uAT98HC MC3458G #ATB18KC MC7818CK
uATATHM MC1747G #ATIBHM MC3558G uA7B18KM MC7818K
uATATMY MC1747L #ATS8RC MC3458U uA7818UC MC7815CT
uAT4TML MC1747G uAT98RM MC3558U uAT824CKC  MC7824CT
uAT47PC MC1747CP2 #AT98TC MC3458P1 uAT824KC MC7824CK
uAT48AFM MC1748F #AT99HC MC1741G uA7824KM MC7824K
uAT48AHM MC1748G #AT99HM MC1741G pAT824UC MC7824CT
uAT48CY MC1748CL sA1312PC MC1312P uAT8GHM LM117K
#AT48CIG MC1748CU #A1314PC MC1314P uAT8GKC M117K
#AT48CL MC1748CG uA1315PC MC1315P #ATBGKM LMI7K
wAT48CN MC1748CP2 uA1391PC MC1381P uAT8GU1IC LM317T
uAT48CP MC1748CP1 uA1394PC MC1394P wAT8HOSKC MC7805CK
#AT480C MC1748CL pA14SBCHC  MC1458CG wAT8LO2ACIG MC78L02ACG
#AT480M MC1748L #A1458CP MC1458CP1 wATBLOSACJG MC78LOSACG
#ATABFM MC1748F pA1458CRC  MC1458CU #ATBLOSACLP  MC78LO5SACP
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

MOTOROLA MOTOROLA
DIRECT SIMILAR

PART NO. REPLACEMENT REPLACEMENT
uAT8LOSAHC ~ MC78LOSACG
#AT8LOSAWC  MC7BLOSACP
#ATBLOSCIG MC78L05CG
#ATBLOSCLP  MC78LOSCP
#ATBLOSHC  MC78L05CG
#ATBLOSWC  MC78L05CP
#ATBLOBACSG MC78LOGACG
uATBLOBACLP  MC7BLOGACP
#AT8LO6CIG MC78L06CG
wAT8LOGCLP  MC78LOGCP
#ATSLOSACSG MC78LO8ACG
#ATSLOBACLP  MC7BLOBACP
wA78LO8CIG MC78L08CG
#AT8LOBCLP  MC78L08CP
wAT8L12ACIG MC78L12ACG
»AT8L12ACLP  MCT78L12ACP
wATBL12AHC  MCT78L12ACG
wATBL12AWC  MC7BL12ACP
wATBL12CIG MC78L12CG
wAT8LI2CLP  MC76L12CP
#ATBLIZHC  MC78L12CG
#ATBLI2WC  MCT8L12CP
wATBLI5ACIG MCT78L15ACG
wATBL1SACLP  MC7BL1SACP
#ATBLISAHC  MC78L15ACG
wATBLISAWC  MC78LISACP
wATBL15CIG MC78L15CG
wATBLISCLP  MC78L15CP
wATBLISHC ~ MC78L15CG
wATBLISWC  MC78L15CP
wATBL26AWC  MC7802ACP
#ATBMGHC LM317H
uATEMGT2C LM317T
#ATBMGU1C LM3TTT
wATBMOSCKC ~ MC78MOSCT
#ATBMOSHC ~ MC78MO0SCG
#ATBMOSHM MC78M05CG
wATBMOSUC  MC78MOSCT
#ATEMOSCKC  MC78MO6CT
#ATBMOGHC ~ MC78MOGCG
wATBMOGHM MC78M06CG
#AT8MOGUC  MC78MOGCT
#AT8MOSCKC  MC78MOSCT
uATEMOSHC ~ MC78M08CG
uAT8MOBHM MC78M08CG
wAT8MOBUC  MC78MOSCT
#ATEM12CKC  MCTBM12CT
wATEMI2HC  MC78M12CG
uAT8M12HM MC78M12CG
wATEM12UC  MC78M12CT
pATBMISCKC  MC78M15CT
wATBMISHC  MCT78MI5CG
uAT8M15HM MC78M15CG
#ATBM15UG  MC78M15CT
»ATEM1BHC ~ MC78M18CG
wATEM1BHM MC78M18CG
wATBM1BUG  MC78M1BCT
wA7BM20CKC  MC78M20CT
#ATBM20HC  MC78M20CG
uATBM20HM MC78M20CG
wATBM20UG  MC78M20CT
wAT8M24CKC  MC78M24CT
WATBM24HC  MCT78M24CG
uATEM24HM MC78M24CG
pATEM2AUC  MC78M24CT
#AT902KC MC7902K
#ATI02KM MC7302K

MOTOROLA

DIRECY
#ATIHUC MC7902CT
WAT90SKC  MCT905CK
ATI05KM :
#ATOOSUC  MC7905CT
#ATOOBKC  MC7906CK
WATIOEKM
#AT906UC  MC7906CT
#AT90BKC  MCT908CK
#ATOOBKM
#ATO08UC  MCT7908CT
§ATOIZKC  MCT912CK
ZATIIZKM
pATOI2UC  MCT7912CT
#AT1SKC  MC7915CK
#ATO15KM
§ATOISUC  MCT915CT
4ATOIBCKC  MC7918CT
4A7918KC  MCT918CK
#ATI1BKM
sATOIBUC  MCT7918CT
4ATS24CKC  MC7924CT
ATIAKC  MCT924CK
#AT924KM
4AT94UC  MCT7324CT
#ATSLOSAHC  MCT9LOSACG
#ATSLOSAWC  MCT9LOSACP
WATSLOSHC  MCTSLOSCG
#ATSLOSWC  MCT7SLOSCP
#ATSLI2AHC  MCTSL12ACG
4ATSLI2AWC  MCTSL12ACP
#ATSLIZHC  MC79L12CG
4ATSLIZWC  MC7SL12CP
#ATSLISAHC  MCTSL1SACG
4ATILISAWC  MC79L15ACP
4ATOLISHC  MCT79L15CG
#ATOLISWC  MCT79L15CP
#ATIMOSAHM
4ATSMOSAUC
4ATOMOSCKC ~ MC7905CT
4ATSMOSHM
#ATSMOSUC
#ATSMOSAHM
#ATIMOGAUC
4ATOMOGCKC  MC7906CT
ATSMOSHM
#ATSMOGUC
#ATIMOBAHM
#ATSMOBAUC
uATOMOBCKC ~ MC7908CT
ATIMOBHM
#ATIMOBUC
HATSM12AHM
yATOMI2AUC -
4ATIMI2CKC  MCT912CT
ATIMIZHM
#ATIM12UC
#ATIMISAHM
#ATOM1SAUC
#ATOMISCKC  MC7915CT
#ATIMISHM
#ATIMISUC
WATOM18AHM
#ATOM1BAUC
SATIM1BHM
#ATOM1BUC
aATSM24AHM
#ATSM24AUC
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MOTOROLA
SIMILAR

PART NO.  REPLACEMENY REPLACEMENT

MCT7905CK

MC7906CK

MC7908CK

MC7912CK

MC7915CK

MC7918CK

MC7924CK

MC7905CK
MC7905CT

MC7905CK
MC7905CT
MC7906CK
MC7906CT

MC7906CK
MC7906CT
MC7908CK
MC7908CT

MC7908CK
MC7908CT
MC7912CK
MC7912CT

MC7912CK
MC7912CT
MC7915CK
MC7915CT

MC7915CK
MC7915CT
MC7918CK
MC7918CT
MC7918CK
MC7918CT
MC7924CK
MC7924CT

#ATBLOSAHC —uABT13PC

MOTOROLA MOTOROLA

DIRECTY SIMILAR
PART XO. REPLACEMENT REPLACEMENT
wATSM24KM MC7924CK
#AT9M24UC MC7924CT
#ABT13DC MC8T13L
wAST13PC




Reliability Enhancement Programs



)

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

LEVEL {t = SUFFIXD
LEVEL Il = SUFFIX DS

_ outgeing quality inspections. The “BETTER" program  BETTER PROCESSING -~
offers three levels of extra processing, each tailoredto ~ STANDARD PRODUCT PLUS:
meet different user needs at nominal costs. T e
Thea.péc:grgm is designedto: ) 100% SCREEN I I )
iminate incoming electrical inspection ugn ek D"
e Eliminate need for independent test labs
and associated extra time and costs TEMP CYCLE, 10 CYCLES X X
o Reduce figld failures | _-25°C to +150°C
o Reduce service calls BURN-IN — MIL-STD-883 X X
* Reduce equipment downtime POST BURN-IN ELECTRICAL X X
o 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
e [ncrease end-customer satisfaction “NMOS does Functionsl and dc 100% at 100°C.
“BETTER” AQL GUARANTEES
AOL
TEST CONDITION LEVEL | LEVEL [l “LEVEL W |
HIGH TEMPERATURE FUNCTIONAL TA = 100°C 0.15 0.15
DC PARAMETRIC TA = 25°C 0.28 0.28 0.28
DC PARAMETRIC TaA MIN, TA MAX 0.40 040 040
DC PARAMETRIC (LINEAR AND NMOS) TA MIN, TA MAX 0.65 0.65 0.65
AC PARAMETRIC TA = 25°C 0.65 0.65 0.65
DYNAMIC TEST (LINEAR AND NMOS) Ta = 25°C 0.65 0.65 0.65
MAJOR 0.1 0.1 0.1
EXTERNAL VISUAL AND MECHANICAL MINOR 250 250 250
HERMETICITY GROSS 0.40 0.40 0.40
(NOT APPLICABLE TO PLASTIC PACKAGES) FINE 1.00 1.00 1.00
HOW TO ORDER PART MARKING
MC140018 CP s The Standard Motorola part number with the corre-
T sponding “BETTER" suffix can be ordered from your
Part Standard BETTER local authorized Motorola distributor or Motorola sales
Identification Package PROCESSING offices. "BETTER" pricing will be quoted as an adder to
Suffix LEVEL | = SUFFIX S

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 complement 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 lacnlnly by the De-
fense Electronics Supply Center of DOD.
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MIL-M-38510 JAN-Qualified Product

Screening Levels Available:
Class B & Class C

How to order

MIL-M-38510
JAN-Qualified Product
| | | ] i |
INDICATESA  MILITARY DETAIL DEVICE TYPE CLASSB,ORC 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 | 1. Manufactured in a government-
Appendix C approved facility.
Letter | Designation Description 2. G.S.l. (Government Source
A F-1 14-lead FP (174" 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.
¥ 7 -
E pa et t A PARALY ORDER: JM38510/00104BCB
G A-1 8-lead can MARKING: JM38510/00104BCB
H F-4 10-lead FP (1/4" x 1/4") .
1 A-2 10-lead can
J D-3 24-lead DIP (1/4” x 1-1/4")
K F-8 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")
Q D-5 40-tead DIP (9/16" x 2-1/16") L
R D-8 20-lead DIP (1/4" x 1-1/16") ead F'nISh Table
] 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 0-6 18-lead DIP (.300:: x 1")" with acid tin plate
w D7 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
F 4 detail specifications. ordering purposes only.




JEDEC Processed Product

Screening Levels Available:

Class B & Class C

How to order

JEDEC -
Processed Product
| I | |
MOTOROLA CLASSB,0ORC CASE OUTLINE LEAD FINISH JEDEC DESIGNATOR
DEVICE TYPE (SEE DEVICE (SEE CASE (SEE LEAD PER JEDEC
(WITHOUT CLASS TABLE) OUTLINE TABLE) FiNISH TABLE) PUBLICATION NO. 101
LETTER -
PREFIX)
Features:
Case Outline Table -
s - MIL-M-38510D A 1. Lower cost than JAN-Qualified.
ource: -M-38510 mendment | 2. Devices manufactured using
Appendix C design and processing guidelines
Letter Deslgnation 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"} i :
o F2 14-lead FP (1/4" x 3/8") standard data sheet 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 JEDE(.:
G A-1 8-lead can Processed Markings
"‘ ;‘: :g:"": FP (/4" x 1747) DEVICE: 5400/BCBJC
- -jead can .
J D-3 24-16ad DIP (1/4" x 1-1/4") ORDER: 5400/8CBJC.
K F-6 24-lead FP (3/8" x 5/8") MARKING: 5400/BCBJC
L NONE NONE .
] A-3 12-lead can
N NONE NONE
P D-4 8-lead DIP (1/4" x 3/8")
o D-5 40-lead DIP (9/16" x 2-1/16") -
g :gue fﬂ;ﬁ‘é" DIP (1/4” x 1-1/167) Lead Finish Table
T NONE NONE A—Type A or B Per MIL-M-38510
v 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 1.17) with acid tin plate
X Dual-in-line packages not listed above C—Ty'pe A or B Per MIL-M-38510
Y Flat packages not listed above with gold plate
z All other configurations not listed above. X—Any of the above, for
ordering purposes only.




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

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

conditions and stress levels to provide be considered.
screens tailored to a particular product or
Device Class Table
CLASS B CLASS C
SCREEN METHOD RQMT METHQD 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 ConditionC 100% 1010 ConditionC 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
specification

Final Electrical Tests Per applicable Per applicable

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

Quatification or Quality 5005 Sample| 5005 Sample

Conformance Inspection Class B 3 per ClassC 3 per

38510 38510

External Visual 2009 100% 2009 100%

1 When specified in the applicable device specification 100% of the devices sha!l 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.
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BUS INTERFACE

Microprocessor Bus

This family of devices is designed to extend the General features include:
fimited drive capabilities of today’s standard 6800 and ® Single 5.0 V Power Supply Requirement
8080 type NMOS microprocessors. All devices are fabri- ® Three-State Logic Output
cated with Schottky TTL technology for high speed. ® Low Input Loading — 200 #A Max.

DATA BUS EXTENDERS
Quad, Bidirectional, with 3-State Cutputs

MC6880A/MCBT26A# — Inverting MCB889/MCBT28# —~ Non-inverting
Err) ~ Aecabvay N~
e ie] vee i D>—y 18] vee
Recoiver < Demer #These devices may bs Rocewer < Deiver
o“?‘" 2 E f:::. ordered bv:olthmor of ou?‘“ 2 L f::?
Bus 1 E Em the palred numbars, Bus 1 E Egm
rver hd ¢ 4 4
?noul E—l E Bus 4 (l,n:u'l E—l E Bus4
Roaw Deiver . A mv Driver
oupur 2] e Bo?: -0 1075%C 5:'?'" (<] 12) s
pus2 [ 7] Guger Peckages: 8u2 [6] 1] S
Oever ! 3 LSuffix = Cas0620 gyuer b 3
mpus (7] 0] eus3 P Sutfix — Case 648 tnowt [7] 7o) susa
2 2
Gno E 35"“’?‘" ane [8 o f::."'
] 3
Input Current loHL ‘PLI-I- tPHL
Qutput ( P Dstay Time — High to Low or
Device ItH h Leskege Current — High Logic Stats Low to High
Number BA Max §A Max HA Max ns Max
MCB880A/MCBT26A 28 -200 100 14
MC6889/MCBT28 28 -200 100 17
BIDIRECTIONAL BUS SWITCH M6800 CLOCK GENERATOR
MC6881/MC3449# — For exchanging TTL level digital MC6B75 — Provides the non-overlapping two-phase
information between selected pairs of ports in 8 clock signals for M68G0O MPU systems.

3-port network.

] )
Enabie 1 2 b v, X1 1 16 Vee
[ -—ﬁ:.. 18| Vee x2 o 2 15 MPU 61
a1 3] s Enitte . Extin 3 14 o Reset
Et ° axty s 13 2 MPU G2
a3 G, - i) 2xty 5 12 ko System Reser
#This device may be ”:‘.‘:‘;: —s 11 £ DMA/Ref Grant
F orde
az [4] L &l S orod by cither of But¢2 7 10 =0 DMA/Ref Roq
Select p— Gnd 8 9 =3 Memory Clock
or2 LB E c2 Both types:
Control o E 82 Ta =010 70% Vorc = 0.3V Max
(Direction) F-J:i Pecksges: VoHe * Vcc — 03 V Min
L Suffix — Case 620
] H 10] 83 P Suffix — Cato 648 fop = 2.0 MHz Typ
ana (8] 9] o MCE881/MC3449 TRUTH TABLE
Ensble | Select | Control Data Flow
0 0 ] 23
[) 0 1 32
VoL lop o hH ] 1 0 13
@ (gL =8.0mA| @Vo=27V | @V =04V |OV)y=22V ° 3 1 3=
Volts Max pA Max 1A Max pA Max - -
0.8 25 ~200 20 1 High Impedance

X - Don’t Care
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Micraprocassor Bus {continued)

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

MC8B82A/MC3482A # — Inverting #These davices may be MC6882B/MC3482B # — Non-inverting
ordered by elther of
the paired numbaers. \/

0wt [Z oy ow1 3] [ ows
o e
)

20} vee

Elrn h2)4 Eln7

All types:
E out? Ta =010 769C Out 2 E

EOH(7

=l

oy oy
g R P
E & |
<+ <H

E ns Packages: nals E ng
L Suffix ~ Case 732
E] Out s P Suffix — Case 738 outals

E Out &
E Latch ) OnaE

11] Letch

Output . Output
Enable Lstch input | Cutput Enable Latch Input | Output
[ 1 0 1 o [ o o
0 1 1 0 0 1 1 1
] 0 x S [ ) X Op
1 X X 2 1 X X z
VoL Vou
Devica los PHL
@loL=4BmA |@lgy=-52mA
Number Volts Max Volts Min mATvp | mTve
MCEBB2A/MC3482A 0.5 2.4 -80 8.0
MC68828/MC34828 0.5 2.4 -80 10
Hex, Unidirectional, with 3-State Outputs
MC6886/MC8TH5# — Non-inverting MC6887/MC8T97 # — Non-inverting
MC6886/MCB8T86 # — Inverting MC6888/MCBTI8# — Inverting )
Two-input Enable controls all six buffers. Two Enable inputs, one controiling four buffers
snd the other controlling- the remaining two

buffers. Y

(1) E )T 18] vee e s [1]
mthE W’-! IMUIAE
Output AE@EE nput F ovout A3

EVcc
CHaw=

E Input
E@ Outpul F

Input B E E Qutput F (LX) E

[l ieTjaTge

1 UR{ :
ouswre 3] ) ote A TQ::‘;zeo'n% ousput 8 [5] 12] tnon &
¢ ! \ 11] outout € Packages: nout € f6 Wl Qutput B
et Ei _ ,53 L Suffix — Cate 620 o il
Ouwut @ 1] oo P Suffix — Ca18848  ouuc [7] @ 1nout ©
ane [ 1 ‘5 Rt ona [o] \53 Outeut
*Add invertyr for MCG886/MCBTSE. *Add inverter for MC8888/MCBT98.
VoL Vou
@lgL=48mA @lgn=-52mA los tPLH | !P(Enable)
Volts Max Voits Min mA Typ ns Typ ns Typ
0.6 2.4 -80 6.0 1
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BUS INTERFACE {continued)

MiniCOmputel' BUS T ' and ivers for bus ized minl employing

120-ohm terminated fines. )

+50V +5.0V
‘30% 120  Data Bus 180%
> by 2N »
149 W L<9 W
390 330
= e va 14 =
MC3437 088641 058641

To Computer or Paripharals

All thrao dovices:
Ta = 0to70%

HEX RECEIVERS Peckages:
MC3437 —~ Hysteresis-equipped for improved noise MC3437
ity. DS8837 equival MC3438 DS8641

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

Input 4 L‘l_ o _El Vec
ouwu a[Z}- i8] mput 1 ’ QUAD TRANSCEIVERS
tnput 5 E Eoulpul 1 DS8641 'MC3438
Open collector driver outputs allow
ousur 8 [4] 13]inour 2 wire-OR connection. MC3438 has
Input 5E E Output 2 hy.smr'esis-eqt-lipped receiver for improved
noise immunity {not available with DS8641).
Output 6[8 | 1] taput 3 MC3438 is equivalent to the DS8838.
Oisevte 8[7] 10 outpur 3
Gna [8] [9] Dissvie & susaft] rlsJ Vee
laput 3 E EE Bus 1
[} t
e VI(AR"):'::'D v C:ﬁ:;:: ) CE-:;:%.%”; Output 3 E—cq— E Input
- 50 05 30 Bus 4 Eﬁ LDO—-E] Output 1
Input 4 [B: ﬁg Bus 2
outpur 4 [6|—- [13] 1npur 2
Oluavte 8[7 ] —{>o—{10] outpue 2
Gna[3] 9] Cisate A
Receiver | Vi (gus) Isus tPLHID) | tPLH(R)

Hysteresis | @ lgys = | O Viqigus)=| @CL= | ©@CL =
Volts 50 mA 40V 15 oF 15 pF
Min Volits Max uA Max nasMax | nsMax
0.26° 0.7 100 25 30

*MC3438 only.
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BUS INTERFACE (continued)

Computer Bus

NEW IBM 360/370 1/O INTERFACE

SEVEN-CHANNEL LINE RECEIVERS

Line Receivers and Drivers designed to operate compatibly. The MC751256/MC76127 Seven-Channel
Receivers, MC76128/MC75129 Eight-Channe! Receivers, and the MC3481/MC3486 Drivers meet the new
1BM System 360/370 1/O standard requirements.

MC76127 — Standard Ve

MC75125 and Ground Pinouts.
\J NS
LV e 1Y 1A 1 —D°—L:] 16 Vvee
274 2 E-—.Do— []15  Vee Al typos: 24 ,EH)n—L:] 15 v
3a s[—{>— 14 a3y Ta =010 709 3A 3[:-{>s—‘_:| 14 2y
sa - a o gta av aa 4C——Do—-|—j 13 av
sa s O—> 12 sv 5A EE-{)»—‘—g 12 av
6A 6 E—-D: 111 ey Packages: éa el] 11 sY
L Suffix — Case 620
wm o —De—1Ie v P Suffix — Caza 648 a2 (110 sv
ana 8 [] —s 2y Gnd 8 (s 7v
Logic: ¥ = A Logic: Y= A
EIGHT-CHANNEL LINE RECEIVERS
MC75128 — Active-High Strobe "’ MC?76129 — Active-Low Strobe
18 L [J20 vee 1B 1] d 20 vec
1A 2(] [J19 v 1 2] 19 v
2a 3] 18 2v Packages: 2a 3(] e 2v
3a 4[] 17 ay L Suffix ~ Caso 732 3a 4[] [J17 3y
4 s[] e av P Suffix — Case 738 4 s[] e av
A @ 16 oY 5Aa  8[] [J16 &Y
6A 7 [J14 v ea 7[] 14 ey
7A 8 [jm v 74 s[ 13 7Y
8A 8 12 8Y 8A 9[] [J12 8y
Gnd 10 11 28 positive loglc: ¥ = AS Gnd 10[] 11 25
Input 1
IH(R) PLH
frnited Resistanes @Vip=31V @Cy =50 pF
o Min/Max mA Max ns Max
MC76126/76127 7.4/20 0.42 28
MC75128/76120 7.4/20 0.42 25
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BUS INTERFACE (continued)

New IBM 360/370 1/O Interface (continued)

QUAD LINE DRIVERS
(To be introduced)
. MC3485 — Open emitter driver
Mi(:‘::;i -Idople? en::iftlter driver with combined open collsctor
w vidual Tault Tlags. Both types: fault flag and inverted outputs.
—\/ Ta=0t0 700C ° \ O
on E:LIIZ - E Vee Oriver Output A 1] he] Vee
Fault Flag A E E OutputD - Drivor Output A E . E Driver Qutput D
tnput A [3] : : [14] Fautt Fieg O input A [3 . [13) Briver Gutput D
Enable A8 [4] @ Input D Enedte ABco (3 3] tnput 0
Feult Fleg
taput [g] 2 Enable CO Peckages: tnput 8 (5 P> T3 (Gpen coltactan)
L Suffix — Caso 620 _ Driver .
Feutt Fleg 8 [3] E lnputC  Sufflx — C0i0 820 swmorE a 1] inputc
Driver B E E Fault FlagC Ou:'u':.; Py E e OemetE
Gnd E 3 Driver C ‘Gnd E 3 Driver Output €
Von los*® tpLH
Devico 0oy =-E9.3mA @Vg=0 @Cy = 100 pF
Number
Volts Max oA Max ns Typ
MC3481/3485 an 0.0 26

*Fsult Protoction

Line drivers and receivers designed to operate com-
patibly. The MC8T 13/MCBT 14 combination is specified

DUAL LINE DRIVERS

MCET13 — Open emitter driver; specified for general
TTL systems,

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

GENERAL-PURPOSE I/0 INTERFACE

for general TTL system applications. The MC8T23/
MC8T24 combination is orlented toward older IBM
360/370 system requirements.

TRIPLE LINE RECEIVERS

MC8T14 — Hysteresis-equipped receiver; specified for
general TTL systems.

MC8T24 — Hysteresis-equipped receiver; specified to
meet older IBM system requirements,

— /S
o Gate
trput a1 [1] 6] vee tmourag | 16[Vec
e Gate . . Strobe
tnput a2[2] Cﬁ 1] input 6 oput 83 (2 18] ot ea
Receiver Recsiver
Input A3 E [13] 1nput 85 trput Ay 2 "] input A3
All four dovices: Strobe O
Input A4 E E tnput B4 Ta =010 75°C tnput 514 13 ll::\ﬂ-
Packages: Gate
taput a8 [5 | [12) 1rput 82 L Suffix — Case 620  tnput a1 |3 [E] iy
P Suffix — Case 648
Gate s Suobe
1nput A6 [6 ] E Input 82 Input @y 11 input's2
Output
Output A E Input B1 F3 L :\:I'v:z
G"‘E 9]ouwut 8 ana[2] ° Ouzux
Vo YHIR) .
@igH=-76mA 1gs tPLH Q@ VIH(R) =38V tPLHIR)
Device [O@igy=-B93mA* | OVg=0|O@C =16pF Devics ViiR) | @VINIR)=3.11V* | ©C) =15pF
Number Volts Max mA Max ns Max Number | Volts Min mA Msx ns Msx
MCET13 24 -30 20 MC8T14 03 017 ao
MCBT23 3.11¢ -30 20 MCaT24 0.2 0.17¢ 30
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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

common Enable input; one common Enable input. common Enable input; no
driver without Enable. termination resistors.
Output end
Termination NS Y U
ana [3 ) vee o D o )
8uA [T T4 Busc E‘ 13 G is)
Recsiver Recelver ; ;
Output A 4| output C Bl 4] E] ]
Driver Driver
put A L& 13} 1nput © [ ] ] i3]
Driver
Input 8 5 12] Enable E E E E E
Receiver Oriver
Output 8 input D E . E E E
Recaivor
Bus B q-T 19 oumput D m' E E ‘——;]
Logle Ond [g] r{3] BusD E‘ 19 [z] B
MC344B6AP — For low-power instruments, including MC3448A — For common Send-Receive bus;
MOS. bidirectional.
NS \J
Receiver . Send/Roc. E <
output A U 1e] vee Packages: . tnput A vee
. Rocslver L Suffix — Cass 820 Send/R
Bus A [2] 5] gawuto P Suffix— Case 648 DS A [7] % hs) ,“:m fal
i
ln:;;:.A' E 8us D PB"‘I'UA E 3 Dsta D
ull-Up L)
Ensble Driver Bus D
Enable |4 T3 us
13
ABC j Input O A w‘m taput A-B E j Pull-Up
: Enabl
| ,?;‘;'; (= 12} EncbloD Ta =010 70°C ~ Busm (=F % hz) ,,:;:u,'c,o
Oriver Data 8 [ 411] BusC.
euse [g] 1) Tt c C v$ s
Raceiver Send/Rec. ol
Output B E T‘E BusC Input B 7 ic] Damc
Recoiver Saend/Rec,
Gnd g 3 Ouput C Vee Gnd E 2 InputC
+OBU‘ — Indicates g:r'minuinm
Gnd
Roceiver Drive PHL
Devico " Input Cutput Voitage (Driver or
Number Hysteresis @1oL 4B mA; Receiver)
mV Min Voits Max ns Max
MC3440AP - 400 0.6 30
MC3441AP 400 0.6 30
MC3443P 400 04 258(D) 22 (R)
MC3448AP 400 0.5 60 (D) 40 (R)
MC3448a 400 08 17 (D) 23 (R)
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BUS INTERFACE (continued)

Instrumentation Bus (continued)

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.

Oata’ SE

Dats 4[G ]

o TR

T

siB [ —]— [Za)vee
Data o[ 2| —F 3|/ Bus 0

Oata |E'—tg:—+ 22| Bus 1

F—{21] Bus 2

N

F Eaun 3’

Data 5[_T_
SR 8]

L3

F—19] Bus 4
EBuss

17)s/@ (1.

Oata s[g—tg:——f—maus 6

Rocaiver (=
Qutput
Driver
Input A

Driver

input 8 5

s
8us 8 [7]
Gnd E

*Inverter on MC26S11 only.

MC26S11 — Non-inverting
Quad transceivers with open-collector drivers and
PNP-buffered inputs for MOS compatibility.

All types:

Ta=0to700C

Packages:

L Suffix -- Cate 623
P3 Suffix — Case 724

—F—O Bus - Indicates

Vee

{Narrow)

Terminations

Gnd
Rocaiver Orive tpH
Dovice Input Output Voltage (Drgvo;' or
Number Hystarasis ] I9|.l =48 mA; Recelvar)
mV Min olts Max ns Max
MC3447 400 08 30(D) 22 (R)*
*Fast Channel,

HIGH-CURRENT PARTY-LINE BUS TRANSCEIVERS

Davices for industrial control and data communication.

Data 7@ —F EBM 7
s/R (eIfi1 —D—L——Es/ﬁ ]
a2 Bk
MC26S10 — Inverting

S

Packsges:
e v L Suffix — Case 620
j ce P Suffix — Case 648
18] Bus C
. Test Condltion Limits
3 Output C VoL (o) IoL = 100 mA 0.8 Voits Max
3] Orlver lo (D) VoH =48V 100 pA Mox
Input ¢ 101(D) Vee=0V, 100 uA Max
@ Enable Vou = asv
liH (D) ViH=27V 30 uA Max
Drlvor ) . _
Y input o Lo ;ch“:': v :.B‘:A Max
tp (D) 16 ns Max
Recal
19 Gutput MC26511 19 ne Max
t Both T
9] Bus© P(R) oth Typat 16 ns Max




MEMORY INTERFACE AND CONTROL

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
of RAM,

The memory controller chip Is designed to greatly
- gsimplify the interface logic required to control popular
16-pin 4K, 16K, or 64K dynamic NMOS RAMs in a
microprocessor system such as the M6800. The con-
troller wil! generate, on command from the micro-

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.

processor, the proper RAS and timing signals required to
successfully transfer data between the microprocessor
and the NMOS memories. The controller, in con-

]
Signals Mc E E Vece
To
MC32324/ ule 2] me
MC3242A —
c3 23] 2] TE
Address | ROw Eneble
Control w[+] [21] Ret CIx
Loglc j———- Rofresh Enable
Signats [ ——
From ’ 4 [3] (20] Ref Raquest
MPY
16 E E Ref Grant
A12/14 et Address
A13/16 =] Docode AW In[7] 18] A12/14
- et AT T
In:::f':c- - Ref En Out IE‘ MESERL
And j——t RAS 3 —_—
! Memory  [—w=RAS 3 Aow En Out [¢] 6] RAS T
Ref Clk —=d Control
Aef Grant — -} E:z:"' Logle AW Out (10 [15) RAS 2
Raf Reguest ﬁ . J——
— —e-CaS cas 1] U] AAS3
CE fripee R/W .
Mmc Gna [i7] 1] AT 4
N T
MC 2131418 Ta =0to 709C
Packages:

L Suffix — Caso 623

Designed to interface directly with MC3232A or
P Sutfix — Case 649

MC3242A address/multiplexers/refresh counters.
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MEMORY INTERFACE and CONTROL (continued)

NMOS Memoaries to TTL Systems (continued)
Multiplexed 18-Pin.RAM Control {continued) - L
{For 4K, 16K, and 84K Dynamic Memories) A e

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

MC3232A — Designed for multiplexing 12 address MC3242A - Designed for multiplexing 14 address lines
lines into 6 for the 16-pin multiplexed 4K RAMs, while . into 7 for the 16-pin multiplexed 16K RAMs, while

also contzining a 6-bit refresh counter. also containing a 7-bit refresh counter.
— \ ’ e
Count | 1} [23]vee ‘ Count [ 1]
Ret En [2] 23] Row En Ref En [ 2]
Al E 22] AS Both types: Row En z
a1 [a] 21} A1 Ta=0to 76°C NC.|4 ]
A2 E 2] As alfs]
Ae [6] 18] a10 Packages: A8 [s]
Ao 7] 18] A2 MC3232A — L Suffix — Case 623 A2[7]
as (8] 17] Ap : P Suffix ~ Case 649 A9i8
&5 3] 6] 53 Ao[5]
a3 [10] E 53 MC3242A — L Suffix — Case 733 ) A7 Z
& m E S8 P Suffix — Cass 710 &6 [11]
and [12] 3] ce 63 17|
&1
Ond |14
MC3232A MC3242A MC3242A MC3232A
A11 A3
=
AS A6 —
[ 1 Output 6 Output B
1 1
1
12 14 : ' |
Total Total | |
Addross Address | t
Lincs Lines |
[} | N°
| ) Total
} 1
| 1
Ag A7 : .
. . ]
A0 ADO- .
-0 Output 0 Output 0
o—d e
Refresh »-{ s )
Enable o ] Vee
Row o———J-l 03
Enehle
50k
N-8ItC . CE

Emo_____r

*N = g-Bit for MC3232A
= 7-BIt for MC3242A
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MEMORY INTERFACE AND CONTROL {continued)

NMOS Memoriss to TTL Systams (continued)

B8US EXTENSION
{See Microproceassor Bus)

Data Bus (Bidirectional) Extanders MC68887/MCB8T97 — Hex Non-inverting
MCB880A/MCET28A — Inverting MC6888/MC8T98 ~ Hax Inverting
MC8889/MCBT28A — Non-inverting MCEB882A/MC3482A — Octal Inverting

Addrass Bus (Unldirectional} Extenders MC88828/MC34828 — Octal Non-inverting
MCB885/MCBT95 — Hex Non-inverting Bus Switches
MC6886/MCBT88 — Hex Inverting MC3449 — Triple Bidirecticnal

DATA AND ADDRESS LINE DRIVERS
(Low Level)
MC3469 — Quad Address Line Driver
et 15 ~ ) vee Ta =0 t0709C
Packages:
toput 3 i3] "nou L Suffix — Case 632

P Suffix — Cass 846

OMAD\II E E u-;;;n
tnput E Qutput
18 E E ° Device VoH g loH VoL ¢loL Propagation CL

Delay @ Features

Ir;;u E T_:l‘ oput Number |VoltsMin mA |VoltsMax mA s Max pF
Ov;vul E_OJ_ 3 “‘zpc“ MC3489 2.4 |-z.o 0.7 I 80 26 380 | High fan-out capsabliity

o 3] 3] g

- CLOCK AND CHIP ENABLE LINE DRIVERS
’ {High Laevel)
MC3245 — Qued Clock Drivers MC75365 — Quad Clock Driver or MMHO0026 Dual Clock Dri
with Refresh Select Logic High-Current NAND Gate MMHO0026C ual Llock Driver
~ S

Voo1 E 6] vee Veez[1] 16) Vees
Output A E t ] E Output D pyput AE Eowm D Input A [2]}

Channel Channet

—_— 13 14| ] 1A

Select A El S T E) i4) input ©

Enebie i |4 E" bie 3 (nput 2a8[3] 13 1nput 3C0 0 0 a

Rs'::::l: 3 — E Emable 2 Input 3ABE E tnput 2CD

intubiniei S (Pin Connections for U or P1 Package)

Thannol (g Ecrmmcl input 18[8] ”T_1] tnhput 1C Ta:

Select B Setect C MMH0026 —-55 to 126°C

Output 8 [7] [1gOutout ¢ Dutout 8[7) [16] Output € MMHO026C — 0 to 70°C
Packages
Gna [8 [5]ne ana(g] -%J Veea G Suffix — Case 601
L Suffix — Case 632
- 0y ' . - O U Suffix ~ Case 693
Ta=01070°C Ta=0t070% P1 Suffix — Case 626 (For
Packages: Packages: MMH0026C only}
L Suffix — Case 620 L Suffix — Case 620 :
P Suffix — Cass 848 P Suffix — Case 648
Devico Vox loH ~VoL loL | DML CL
Number voluMin © mA VoisMax @ mA mMax @ pE Festure

MCJ245 Vpp -0.8 -1.0 0.45 6.0 k¥3 280 Doos not require second high voltage
supply. Low input losding.

MC786365 Vee2 - 0.3 -0.1 0.3 10 18 200 | Derivos Vo power from TTL 6-V
supply, and Vg2 8nd Vg3 from Vgg
and Vgg supplies from NMOS memories.

mx:gg::c vg-10 0.4V* Vgeg + 1.0 24v* 12 1000 | For very high capacitance loads.

‘@ V| - Ve
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MEMORY INTERFACE and CONTROL {continued)

NMOS Memories to MECL Systems
DRIVER/TRANSLATORS
MECL-to-MOS driver/translators convert standard memory systems, The MC75368 may also be used as
MECL 10,000 input signals to suitable levels for NMOS positive logic NOR or non-inverting gates.
MC75368 — Dual Clock Line Drivers suitable for driving
address, control, and timing inputs. Maximum Supply Voltage:
MC75368 = 18 V
N/
vee i 1 vee Ta=010709C
1A E h3] 24 Packages:
L Suffix ~ Casa 832
13@ . §28 P Suffix — Case 646
1c[3] i1 2¢
veealB] folveea
1¥[g] 9]2y Device | VoOH loH| VoL loL|toHL o CL
onals tl Number | Voits Min mA |VoltsMax ~ mAlnsMax =~ pF
8| veea MC75388|Vcca- 0.3 0.1 0.3 10] 28 300
SENSE AMPLIFIER
MC3461L — Dual Sense Amplifier with MECL 10,000- 1\ :
compatible control inputs and complementary, Ogwout [i]e §) Reterance
open-emitter outputs. Designed for 7001 and 2105
type NMOS 1K RAMs. iyl Bl i Rt
O;t:ut E i 0:1;00!
O A ] B
: el E oo
o E R
L} tpp (Amplifier) tpp (Enable}
nATI\';u PDmMax PDmA::: * ";?' [] 1Y Ir;paut
$200 10 8.0 Ampl. input
:.:;z’: E E T:rr‘:lln:::n
Vee j {Ry)
8 9] Vee
Ta=0to76°C feav (7
Package:
Cas0 620




MEMORY INTERFACE and CONTROL {continued)

Magnetic Memories to TTL Systems

SENSE AMPLIFIERS
. «. for Magnstic Tape Memoriss
-
A
2 TAPE AMPLIFIER SYSTEM A two-component preamplifier/amplifier combination
that provides the interface between magnetic tape heads
13 L | | mcaass and digital logic. Suitable for both open reel and car-
M?“G'I Filtars Read |—@ tridge tape systems. Triple preamp has individually ad-
= | Ampritier [ ] Ampllfier justable gain controts. LS| Read Amplifier performs
peak detection and threshold detection functions, as
¢S 6 required for NRZI/phase encoded recording formats.
LA~ Elug:r::lvcc:hm c?ﬂzs'.'ﬁc'
MC3487 — Triple Preamplifier MC3488 — Read Amplifier

A

Channe! Select

Thrashotd Amplifier

B mf oo A
tmput Ouiput Threshold Amplifier
E E ‘ Inverting Input

Threshold Amplifior

lnpu:‘ E > E Iolmm Input B % :CD Output
lg g i ShTewe {E—~ y g
;@k"t g = il
lnaut Output E'—Lr Guinst
lE g ‘ Inputs 8 l E o, ~

Z-] Vee

" l_’.] Threeshold Detector
Output 7O

Threshold

Lovel Input

P Suffix — Case 701 Gein Stato

VEE

... for Plated Wire and Thin-Film Memories
and other low-level sensing applications.

MC1544 — TA = -55 to 126°C tnputs {E 4 } Inputs
MC1444 — TA =0to 70°C Channe!l C E E Channel 8
Features 4-channel input with decoded channel
selection and strobed output capability. Inputs { Eﬂ% [<[E] } tnputs
Channgi D Channel A
(2] B
Packages: - VEE Ij E Vee
MC1544/MC1444 Coooci
L Suffix — Caso 620 Strobo gl n Restore
Inputs input
Channel { E . @Ground
Selact
VoH VoL 1 8 )
Dovica | Vyu |@1gy =400 uAl@ 1g = 10 mA} tpp nauns (8] 8] outeur
Number mV Volits Min Volts Max ns Max
MC1544 | 0.8 t0 1.5 24 0.6 26
MC1444 | 031023 2.4 0.5 25




MEMORY INTERFACE and CONTROL (continued)

Magnetic Memories to TTL Systems {continued)

FLQOPPY DISK READ AMPLIFIER SYSTEM

A\
MC3470 — Designed as ‘a monolithic READ Amplifier [le 18 veea
System for obtaining digital information from floppy Amontier g
disk storage. It is designed to accept the differential ac ] | Amptifier
signal produced by the magnetic head and produce a G T Qututs
digital output pulse that corresponds to each peak of the g'.::; o
input signal.. The gain stage amplifies the input wave- i {7 Elmm
form and applies it to an external filter network, enabling E] T 3""’"""""“""'
the active differentiator and time domain filter to ’ .
produce the desired output. It combines all the active oneshor (€1 E] S——
circuitry to perform the floppy disk READ emplifier Componants Companants
function In one circuit, and is guaranteed to have a C] Bl
maximum peak shift of 5.0%, adjustable to zero. Onesnot {E 1 veer
Componsnts [-717]
Ta =010 700C (5] ig O
Package: utout
" P Suffix — Case 701
soVv 12V Gnd
I _lo_ Ti
—_——— - - —_— —_——_—————
L |
1 170714 | T
Magnstic d | Filter o Active ! Putss | Ono | D lPuIn 10 Digital
MHesd O =_°_ Dift, @eon, | shot | Fiep 'Ocn. Output
2 1816 ! ] 1
Galn T Peak | Timos Domasin
Stage 1 : Fliter
H I H : lt l { l' $ H I
adda | 126 013 | [ l7 ad 19
Gsin 1 “Differentistor | Mono 1 Mono 2
Select | Netwark RC RC
CORE DRIVER
—Ta=- 0, so )
uosss— Taz St 5% ez e
Contains two source switches and two sink switches. wl2 18] x
Source and sink selection is determined by one of al3 hals
two logic inputs, and turn-on is determined by the -
sppropriate strobe. sifa 13| R Node
Packages: s2|5Hm 12| Pine
L Suffix —Case 820
P Suffix — Case 648 {(MC75326 only) c|8 11jo
: 7 10|z
Gns |8 9] Vces
Viar lott tPLH | tPLH
Device | @ lgink OF lgource ® 600 MA | @ Voe2 =24 V | (Source) | (Sink)
Number Volts Max uA Max ns Max | ns Max
MC85325 0.70 180 48
MC78326 0.75 200 a8
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COMPUTER AND TERMINAL INTERFACE

LINE DRIVERS AND RECEIVERS
for Modem/Terminal Applications

Voltage Mode

RS-232C SPECIFICATION
DRIVER : RECEIVERS

MC1489 — Quad; 0.26 V input hysteresis.

MC1488 — Quad; output current limiting. MC1489A — Quad: 1.1 V input hysteresis.

\/ g . NS
v [ ) vee oA [1 ) Ve
tnput AE@ 73] Input 01 .- ivaitodl ) 3] 1new ©
G q @ = Al .devica: Ot E E 3..«... [
Ta =010 70°C
L} 11] Outout O ! [ 3] 13] Output DO
tnoat 01 Package: e E 3
ot 82 B 10] Input €1 L Suffix — Case 632 m-; s E Input €
Output® | 8 3 Input C2 Output 8 E E] &m
ana [7 6] ovouec om [7 6] ovoure
tPHL
VoH VoL tPHL Deavice tnput Vi | 1PUtViLH | ORy =3800
@ Voc/Veg = t90 V [@ Voo/VEg = 280V los |@CL=18pF Number Volts Volts ns Max
Voits Min Volts Max mA ns Max MC1489 1.0t 1.8 0.76 t0 1.28 80
8.0 -8.0 26.0t0 12 176 MC1489A 1.76102.26 | 0.76 10 1.26 80
RS-422/423 SPECIFICATION
DRIVER RECEIVER
MC3487 — Quad; three-state outputs. MC3486 ~ Quad; three-state outputs and input hysteresis.

./ /T

ot & [7] ) vee , . { [
B ' T '

’El Vee
p )
‘ Inputs B
]
Qutputs Both devices: Output A/C -
Ta =0to 70°C Controt 2 _DT E] Output B

G

O

Channel A
Outputs E E output A E
Channel O
A8 Controt E E ,
Chenne! B ‘ E E /D Control Pull:agr’:ﬁx —CassB20 O ¢ E O St
Outputs E E

3 Output O
Channel C

wwput@ 7] 4 f10] Quioun TV ol Inouts D
ora 3] 5] wone '“E 4 El}

P Suffix — Case 648
Inputs C l

Vou Vot Vgo(umu&;m-n p P oV Imt 0V
Q@loH=60mA|® Ig =48 mA RL=1000 |tpLH/tPHL TH(D| D"
@Viem=17.0V | Vec = 010625 V| tpyL/tPLH|tP(Controt)
Voits Min Volts Max Vol:oNlln m"l;vp [ mA Max e CAlid
29 28 . 10.2 +3.28 20/26 26
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COMPUTER AND TERMINAL INTERFACE (continued)

Line Drivars and-Recsivers for Modem/Terminal Applications (continued)

Differential Current Mode

DRIVERS

MC765110 — Dual; industry standard.

Inhibit .
Input
Qutputs -—  Outputs

v 1Y 12 vgeg O 22 2v
wpnaepnpfollo e

1 2 3 4 L] ] ?
tA 18 1€ 2€¢ 2A 28 Ond
Logle 1nbibiv Logic
Inputs laputs taputs

MC3453 — Quad; common inhibit input; current sink

approximately 12 mA.

RECEIVERS

MC75107/MC55107 — Dual; active pullup output.
MC76108/MCE5108 — Dual; open collector output.

Inputs Output Strobe
Vcc VEe 2A 28 NC  2v 20
TA'UIO70°C 9 13 12 u 10 9 8
(MC75xxx)
-68 to 126°C
(MCS5xxx)
Packages:
L Suffix — Case 6832
P Suffix — Case 646
{MC75xxx only)
S
1 2 3 4 5 6 7

1A

Inputs

] Yy 10

state enable.
MC3452 — Quad; open collector outputs.

NC Output Strobe Strobe Ond

MC3450 — Quad; active pullup outputs; common three-

N A

Input A d he vee wpers ~ L] 18] vee

v (3 hs] inpute A .E E-

Output A taputs
2 (3 Y Output A E [1g) e
Output 8
ouac Z Al throe dovices: swove [} 53] oo €

utput - 0,

v E z TAa=0t070°C omw\cE 7_;]\,“

Cutput O Packages:
tnhibk 8] Y L Suffix — Ce10620 | our, * [17) ovtput ©
P Suffix — Case 648 c
Input © g tnputD "E 1)+ .
nouts
Gns (8] 9] vee Gnd E E]- L4
BOTH DRIVERS ALL RECEIVERS
{0 {on) lotet) | tPHL K o
mA Min #A Max ns Max lnputVoy | @©Vp=05V | @V|p=-20V tPLH
6.6 _ 100 16 mV Max HA Max HA Max s Max
+28 76 -10 26
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PERIPHERAL INTERFACE

Dual Drivers

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

Representative Diagrams

MC754xx Serios MC147x Series MC75450 — Similar to MC75451, but with uncommitted
vec 28 28 3Y output transistors.
s s aa i E ~ > v Vec 24 3v 28 3¢ 3¢ wate

L 'ce

2 F) r OND| 4 ¢ [CLAMP
“ ® Y Ona G 1A 1w 18 1€ '€ Gnd
(MC76451/MC75461) (MC1472) Al Devices '
TA=0to070°C
Logic gatas vary to provido output shown:
Logie Output BV PacNk?gi’rgm
{Inctuding 70V
Transistor toversion)] 30 V 30V 35V | Hi-ZInput 'l;gzg:: - g::: 2:
AND MC764561 | SN7B4618° | MC75461 -
NAND MC75452 | SN784828° | MC75482 | mcia72 MC754E1 -B4/MC76461~-64
oR MC75483 | SN754838° | Mc75483 P Suffix — Caso 626
NOR MC75484 | SN754848° | MC75464 U Suffix — Case 693
MC1472
*Semo e3 equivatont MC types, but with gusranteod switching Hmits. P1 Suffix — Casa 628

U Suffix — Case 693

2 NS
Driver Arrays T
...Saven Darlington transistors with output clamp ;

diodes. a % o

Dovice All Types: E:_—D“' wl

Numbsr Application Input Element YMN:?:;%:‘ A s o iy 3,
MC1411 Geoneral Purpose Basic

MC1412 | 14-25 v PMOS 2ener and Serics 10.6 k1 Ta =010 85°C E—D" ™ ]

resistor .
vors | gvouma | gmazsimee | PV cwsn Doy
- P Suffix — Ce30 648 O L5

vee Output Ref  Line

Dual Recelver input Inz

MC75140P1. — Dual single-ended receiver with common
strobe and reference inputs for maximizing noise
immunity. Useful for bus-organized (party line)

TTL systems.
Ta=0to70°C
v A t
TH Rof PLHIL) Package — Caso 626
£100 V 1,6t03.6V 36 ns Output Strobe Line Gnd

1 input Input 1
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NUMERIC DISPLAY INTERFACE

... for mating multiplexed LED or gas discharge numeric display's to MOS or TTL logic systems.

LED Drivers for Common-Cathode Displays
MC76491 — Quad segment driver MC75492 — Hex digit driver
Input1]1 E Input 4 Qutput 1 : E Input 1
Emitter 1 Eﬁ EE Emitter 4 Both Devices: o Output 2 [2] [13] outpur 6
Coltector 1 {3 | : [12] coltactor 4 Ta=01070% Input 2 E-Do] l—oq-:] tnput 6
d Packages:
Gnd [4] (1] vss L Suffix ~ Casa 632 and (4] 1) vss
c 28] [10] cottactor 3 P Suffix — Case 646 mnmﬁl:ﬁ [T0] 1nput 5
Emitter 26 | ZEB Emitter 3 Output 3 ﬂ [5] Output &
tnput 2 [7] [8] Input 3 Output 4 [8] 1nput 4
h
Oevice |OVy=10V VoL o foL Vss
Number mA Max Volts Max mA | Voits Max
MC78491 33 1.2 250 10
MC76492 33 1.2 80 10
Gas Discharge Drivers
MC3491 . MC34390 — High Level
— Eight segment cathode drivers with MC3494 — Low Level
MC3492 e .
programmable current. Seven digit anode drivers
° .
Y, ut _oq_\
Programming 7 E 1 u: E E Vee
Current Qutput Output 7} . ’E Input
tnputt |2 17{ Qutput 2 a j l A
Input 2 E 18{ Qutput 3 Outgul E——\—SQ—LEI m’a‘“ :
tnput 3 E E Output 4 All Devices: Oug"‘ E . E '09&"
Input 4 E 14| Output B Ta =010 70°C Output E E Input
Input 6 E E Output 8 E _\—3<]—\_ o
Output E E Input
fnput 6 E E Output 7 F * E
tnput 7 E E Output B Outeut [5 E Input
pu G . £
I 8 10| Sybstrate (Gad) v input
npu(E jua EE .‘—«‘—o A
Peckage: P Suffix — Case 701 *Inverter on MC3494 only.
Packsge: P Suffix — Case 848
Current Output Voltsge Brezkdown { Input Voitage |input Voitage| Input
Output Breakdown Devistion Compliance Dsvice Voltage ({OPF-Stats) (ON-Stats) | Current
Device [ON Current | Voitags |{All B Outputs) Range Number | Volits Min Volts Volts uA Max
Number | mA Mex | VoltsMin % Max Voits MC3480 a8 ~8.0 Min 22.0 Max a0 ||
MC3491 1.85 80 10 8.0 to 80 MC3404 48 -2.0 Max -8.0 MIn -380
MCI492 8.28 80 10 8.0 to 80
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PRECISION CIRCUITS — DATA CONVERSION

Low-cost bullding blocks for construction of D-A/ processing where necessary to achieve the required
A-D systems. Involves use of advanced technologies functional capability, operating accuracy and production
such as ion implantation, laser trimming and CMOS repeatability.

D-A Converters — General Purpose

10-Blt ! o i
| 8-8it Multiplying D-A converters designed to supply an
ﬁ_—ﬁn‘ —] I output current that is a linear product of an analog input
Al A2 A3 A4 AS AG A7 ABAT A0 reference voltage and a digital input word. Devices for
T T T T T T T T T T 6-, 8- and 10-bit digital word inputs are available.
Range - Ip
Control l—o
0= Current Switches Pp lo
@ Vee = @VRet=|
T T 1T U 1T T 1. 1 1 Devico | Errar| -6V | tgottling 2v
Ledder Torminators Number |% MaxjmW Max| ns Typ mA Suffix| Caso
and 8-Bit
Teimming Networks MC1506°
— T T T T me—-lzo.wr 120 l 150 |1.9:oz.1| L l 832
8-8it
A-2R Ladder MC16808L8°| L 620
r : mciaosta | 1 O°
Veat(+) ) MC1408L7 [+0.39] 170 300 [19t021| L, P |620,648
b [o MC1408L6 |+0.78
ol Fotarancel | Bias vec | Mcaaos_ |:0.8 L | ez0
Veof (=) Amplifler Circuitry 10-Bit
mcasio T o o L 690
T MC3410 - 220 250 |38104.2
l [ l - Mc3s10c {201 L. P | 680, 848
VEe Compen. . Gnd v *Ta=-5810128°C,
-~~~ Dottad terminels avallable © " Devices without asterisk: T4 = 0 10 70°C.
on @. and 8-bit units only. ' '
D-A Converters — High Speed
. e
Lse 88 |1 [16] Gna
87 [2 E Tout

MC10318 — A high speed 8-bit D/A converter capable of data conversion 86 E E fout

rates in excess of 26 MHz. It is intended for applications in high speed v

instrumentation and communication equipment, display processing, storage 8s E E NC

oscilloscopes, radar processing, and TV broadcast systems. The inputs are

compatible with MECL 10,000 series logic, while the complementary current 84 [5] 17 v,ot

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 a3 [E E Comp

than 15 ns. 82 El 15) Veet-

TA =0to 700C M8 B7 E E Vee
Packeges:
L Suffix — Caso 620/680
Pp o & ]3
Device Error oo tSottiing = 10.56 V
Number % Max oVEE a2V s Typ @ VRet =0,
MC10318L 20,19 876 18 . 81
MC10318L9 £0.10 676 .18 81
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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.

Vage vee

.":“'. X3 u{ l:} " [

Conver!
et
r— ad a 308 ? Te
5T
Calidration Ll
MC1505/1405 — A-D Converter MC14435 — Digita! Logic
. {Sao CMOS Data Book for dato.}

MC1443§EFL/EVL® — Tp = ~55 to 125°C— Case 620

Ogtsl Ot
Outpur Selecr

MC1506L — Tp = ~B5 to 126°C — Case 820 MC14436FL/VL® —Tp = -40 to 869C — Case 620
MC1405L — T4 =010 70°C  — Case 620 MC14436FP/VP*  —Tp =-401085°C —Case 648
Temperature oL oL oL
Linearity Voltage Coefficient Icc PC(ﬂuiﬂeenl{I @Vpp=580V|@Vpp=60V|@Vpgp=50V
Eeror Reference of Reference | @ Voc =50V || @Vpp =60 {Digit Setects) | (BCD O )| (AN O )
% Max Volts x/°C mA Max mW Max mA Min mA Min mA Min
+0.05 1.15 to 1,35 0.006 12 1.76 1.6 1.6 -0.2

*MC14435EFL/FL/FP: Vpp = 3.0 to 18 Vdc
MC14436EVL/VL/VP: Vpp = 3.0 t0 6.0 Vdc

VOLTAGE REFERENCES

PreCiSion LOW-VOltage A family of precision low-voltage bandgap voltage
reference, these devices are designed for applications
References requiring low temperature drift.
MC1403/MC1503 Packages: MC1404/MC1604
U Suffix — Casa 693
Vin 1] [2) ne
Vout E [7] Nne
Gno 7] 6] ne
NC a [¢]ne
Low Temperature Drift, Low Voltags Refsrence -
line Reglina Regioed
:/’::: :; A\:“‘I‘;:T Device 8BS VIIBV/ | Vin=Vourt 0.0mA Ta
T Mex e Max Number 15VEVI40V | 2BV 040V | 19<1OmA oc
i mV Max mV Max mV Max
282 20mv 10 40 MC1403 3.0/4.8 N/A 10 Otoe70
26 MC1403A
86 MC1803 -B6 t0 +126
26 MC1603A
8.0 60mv 10 40 MC1404U8 NIA 8.0 10 010470
a8 MC1404AUS
88 | ™ 3 ~66t0 +126
25 MC1604AUS
6.286 1 GOmV 10 40 MC14 N/A 6.0 10 O0ta+70
25 MC1406AUS
[ 65 "T'BWG_‘M 3 -66 10 +128
326 MC1804aUg
10z 160mv 70 ;: :guﬂum N/A 8.0 10 0t0+70
28 __L MC1404AY1Q |
:: %ﬂ.\uﬂ_ ~B6t0 +128
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VOLTAGE COMPARATORS

General Purpose Comparators

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

MC1710 —Ta = -56to 1269C MC1711 —Ta = -551t0 1250C
MC1710C — T = 0 to 70°C MC1711C — Ta = 0 to 70°C
Single comparators Dual comparators with strobes and wire-ORed
outputs
[ ]
Nc.l ~ _1_]N.c nc [T 12 Jne
Packages:
a2 13 IN.C. G Suffix — Case 601 {MC1710) (] 13 ] strobe 1
Non Inv. G Suffix — Case 603 (MC1711)  'PPUsl Gnd
nput L3 12IN.C L Suffix — Cose 632 3 iz ] Gn
Inv. P Suffix — Case 646 (for v r v
imput L8] E‘lcc MC1710C, MC1711C only) ¢ (] T ]vee
: | 5 10 I Qutput
ne[s 10 |nc Inputs 2
| 3 E Strobe 2
veel® E Output {Pin Connections
for L or P Package) ne* [ [5_JncC
3 I 8 |ncC

*Connoctad ta pin 4 via the substrate on
*Connectaed to pin 8 via tho substrate on somo plastic units.

some plestic units.

MC1514 — Tp = -55 to 126°C

MC1414 — T = 0 to 70°C Device Vio ™ AvoL
Dual comparators with strobes. Number mV Max HA Max VIV Min

mMc1710C 8.0 26 1000

MC1710 2.0 20 1280

~ Mc1711¢ 8.0 100 700

Outout [1] E Vee MC1711 3.6 75 700
MC1B14 2.0 20 1250

swove [2] 13] rertind MC1414 8.0 25 1000

vee E 3 MN::-‘lnvulmq

ne. [4] [11] Goa

Non-lnverting 10| Vi

tnpot LJ D_ j cc
Inverting be
Input 'y E Strol

Vge{? 3 Output

Packages:
L Suffix — Case 632
P Suffix — Case 646 (MC1414 only)
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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 - T =-5510 125°C
LM211 - Tp = -25 to 85°C

LM311 — TA = 0 to 70°C

Gnd| 1 8 Vee
2 7 OCutput
Inputs 3 6 Batance/Strobe
VEE 4 8 Batance
{Pin Connections for J8 or N Packege)
Packages:

H Suffix — Case 601

3-8 Suffix — Case 693

J Suffix — Case 632

N Sufflx — Cese 626 (LM311 only)

. Voir
Slngl.e comparators; high gain, high' input imped- Device Vio g @1gL =S50 mA
ance; strobe and balance inputs provided. Number mV Max nA Mex Volts Max
LM111 3.0 100 1.8
LM211 3.0 100 1.8
LM311 7.8 250 1.8

Quad Compal’atOI'S .. . for epplications requiring multiple comparators.

MC3430 }

MC3431

— High-speed quad comparators with three-

state Enable common to all four devices;

6 volt supply: Ta = 0 to 70°C.

MC3432
MC3433

— Quad comparators with open collector

outputs, common strobe input; £5 volt

supply; Ta = 0 to 70°C.

Inputs ._E
A . E
Output A E

Strobe E

Output € [3

nputs * E
c

-0

ona (3]

L Suffix — Case 820

e vec P Suffix — Case 648

)
_{E]‘ lﬂ;utl
[13] output €

E Vee

E Output O

Packages:
4 Suffix — Case 632

N Suffix — Caso 646 (For
2!l devicas axcept
LM139, LM139A)

LM139
LM138A

MC3302
LM2801
LM239
LM239A

LM339
LM339A

}— Ta=-55t0 1250C

—Ta=-40 to B5OC

}—TA=Oto 700C

Single supply voitage comparators.

7
Output 2 E E Output 3
Output 1 E E Output 4
Vee E E Gna
nput 1 E E tnput 4
wnput 3 5] 10] tnout 4
3 Input 3

IS

(6] inouta

i)+
_4{3_

VoL
Q@lgL =20 mA*
Vio I Isink @lgL =3.0mA**
Dovice | @269C | ©265C | @Vg =500mV | @ig =4.0mA
Number | mV Max | nA Max mA Min mV Max
Device Vis i tPHL MC3302 20 1000 - 400°
Number mV Max BA Max ns Max LM2901 7.0 250 6.0 400**
MC3430 6.0 20 a5 Lmi33 8.0 100 8.0 BGO
LM139A 2.0 100 8.0 800
'ﬂgﬁ; :;_‘; §3 :: LmM239 8.0 280 6.0 500
MC3433 +10 20 0 LM238A 2.0 260 6.0 600
- LM339 8.0 260 8.0 800
LM339A 2.0 250 6.0 500

3-22




COMMUNICATION INTERFACE (Telephony)

Crosspoint Switch , -

MC3416 — Low-cost solidstate crosspoint switch T
offers important advantages in modern telephong Rom Spiect
exchanges employing space-division switching, Camnoce
Faatures 4 x 4 two-wire monolithic structure for o
PABX applications. Select inputs are both CMOS Seisc1 A
and TTL compatible. » S

Ta =010 709 ot
Packages: :::T;
P Suffix — Cese 648 Comone
L Suffix — Case 623 Aow wet o]
fotf fon 8Vak Vak c-t:oﬂ

OVAK=10V @ lak=20mA| BVka [@lak=20mA M

M0 Min OhmiMsx | VoltsMin | Volts Max Arose
100 10 25 [KX]

Voice Encoding/ Decading

Simplified voice encoding/decoding using continuous
Variable Slope Delta Modulator (CVSD) technique. grinied I 8 |vee
MC3417/MC3517 — 3-bit algorithm; for military secure Faegmaes |2 52::‘.‘:'
communication and general-purpose low- swsme (5] vy PN
sampling rate applications. Fuzer
N Gan a 3 Degetat
MC3418/MC3518 —~ 4-bit algorithm; telephone quality. . Convor ot
t grtal
Packeges: "\D‘ﬂ'::) L] 12 gnnv"':uln
Ta = 0to 709C — MC3417/MC3418 L Suffix - Cesa 620 Fw —Comccence
= =55 to +1269C — MC3517/MC3518 P Suffix — Casa 848 "™''°* Oviowt
ourmer L 10 Joshd
Samplo Rate | Totsl Loop | tpp, Clock Trigger vee E o o5
Device Ssmples/s | Offset Voltage 10 Output
Nuraber Typ mV Max us Max
MC3417/MC3617 16 k :5.0 28
MC3418/MC3518 3|k £2,0 2.5
CVSD Encoder - CVSD Decoder
Clock c
- Stope
in «ft) o igitel Digitsl Alaori
Vgl:lm |ﬂ“ * v | Command
Algorithm
A Puu"d L ‘
mplitude Stopo
1 Modutat
® :': .°' Command
Pulse
Audio Amplitude
Out " (PAM)
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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 709C ~ MC3419
= —40 to +850C — MC3519

and provides dc line current for powering the telset. It
operates from up to a 60 V supply. On-hook power is
below § mW and current sensing outputs are provided
for off-hook status from both tip and ring leads. 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

T 1
I I P
1 MJE2T1
| |
I ! 8P
I I
! | R1
*-— \N—— R
' [

F—w _ e

R4 l 3 I
| ! R2
| ] *— N—R2
| |
' - aN
| |
IoLed 1 -
MJE270
l— _l EN
MDA220 Veer

Vee

MC3419

TS - Tip/S Currant
RS —0 Ring/S Currgnt
PD ——O Power Down Input
As c1
AX Vax
X1 R6 + R7 A8
c2 I VVv
1L
TX2 ——o—> Vrx

<
>
Q
<
>
[~}

Anglog Ground Rof e
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Memory/Microprocessor Support



MEMORY/MICROPROCESSOR SUPPORT

Temperature Range

Commercial Military Page
MC1444 MCi1544 AC-Coupled 4-Channel Sense Amplifiers .......c0cc0ee.. 4-3
MC3232A —_ Memory Address Multiplexer/Refresh Address Counter ..... 4-11
MC3242A _ Memory Address Multiplexer/Refresh Address Counter ..... 4-16
MC3245 L — . Quad TTL-to-MOS DIiVer + c s v ceeverrrescccccscneesss 4-21
MC3459 — Quad NMOS Memory Address Driver « « e cocossvecesesess 4-24
MC3461 — » High-Speed NMOS/MECL Sense Amplifier ......c.c..... 4-28
MC3467 - Triple Magnetic Tape Memory Preamplifier .............. 4-34
MC3468 — Magnetic Tape Memory Read Amplifier .......ccc0v.v... 4-39
MC3470 - . Floppy Disk Read Amplifier System .......cceo0t0s00e0s.. 4-69
MC3480 — Dynamic Memory Controller ....ccocosseevescasssssss 4-73
MC6875 —_ M6800 2-Phase Clock Generator/Driver .......ccc00000.. 4-88
MC6880A/

8T26A — Quad 3-State Bus TranscCeIiVer ....cccevvecesossccsses. 499
mC6881/

3449 — Bidirectional Bus Extender/Switch ......ccccc0ceeeese. 4-104
MC6882A, B/ .

MC3482A, B — Octal 3-State Buffer/Latch .....cc000eenne seeessasess 4-109
MC6885-88/

MC8TS85-98 — Hex 3-State Buffer/INnVerters . ....ccssceecssossssccaecs 4-113
MC6889/

8728 — Non-Inverting Bus TransCeiver . s ceceeeecerssecsccveses 4-118
MC6890 MC6880A 8-Bit Bus-Compatible MPUD/AConverter .. .....ccc000.. 4-123
MC763656 — Quad MOS ClockDriver .....cccevevcecccnnassosscsss 4-124
MC75368 — Dual MECL-to-MOS DFiver .....cccoeeeccesosssans eee 4-132
MMHO0026C MMH0026 Dual MOS Clock Driver «..ccvcevvesososnsvssscassses 4-137
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MOTOROLA

HIGH SPEED, LOW THRESHOLD SENSE AMPLIFIERS

The MC1444 and MC1544 are high-speed quad sense amplifiers
for use with plated wire, thin film or other memory systems requiring
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-
tition Rate Limitations

TRUTH TABLES

Channel Select
Pin
7(X)

Pin  Channel

8(Y) Selected
H = high level (steady state. Vj * ViH(min) or ~ID ~ vth

H A

H B L m low level (steady state). Vj~ v |L(max) or vID " vth
L c X * irrelevant (any input, including transitions)

L D _J = transition from low level to high lovel

X T - low-level output pulse

AC-COUPLED
FOUR-CHANNEL
SENSE AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CASE 620
Channel |
Select \ .
Inputs *[8
Inputs
Differential
Capacitor Input
Strobe  Restore +Channel A
L X X
H
X X X
X X X
H L H
H L H
JT L H

__ Capacitor
11 Restoro
Input
10l Ground
Output
Output
Channel
Selects
X X H
X X H
L X H
X L H
H _r “ur
_Tr h ~LT
H H U

*«Channel A used as an example, other channels
function similarly. Soo channel select table.



MC1444, MC1544

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

Rating Symbol Value Unit
Power Supply Voltages(1) Vee +70 Vdc
VEE -8.0
Input Common-Mode Voltage Range VICR +5.0, Vdc
6.0
Input Differential-Mode Voltage Range!2} VIOR +5.0, Vde
-6.0
Input Cepacitor Aestore, Channel Select, and Vi(CR) 455 Vdc
Strobe Voltage Viics)
' Vitsi
Power Dissipation (Package Limitation) Po 1.0 Watt
Derate above T o = 25°C . 6.7 mwW/°C
Operating Ambient Temperature Range MC1444 TA Oto +75 oc
MC1544 -55t0 +125
Storage Temperature Range Tstg -65 to +150 oc
Operating Junction Temperature Ty +175 OS¢

(1} Alt voitage vglues, except differentia! voltages, gre with respect to the network ground terminal.
{2) Differentiel input voltages are at A1 with respect to A2, and similarly 81 to 82, C1 to €2, and D1 to D2.

FIGURE 2 — EQUIVALENT CIRCUIT SCHEMATIC

n Hools ool 2 12vge
Al az] ot 82 or 2
CHANNEL
seeer * !
INPUT
9 OUTPUT
CHAKKEL
seLecT Y8
INPUT 10 GRGUKD
6 STROBE
INPUT
3+ 1
CAPACITOR 3
RESTORE N1 : 5 Vee
INPUT
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Min Tye Max Unit
Power Supply Voltages . Vee 4,75 5.0 5.26 \4
VEE -6.7 6.0 -6.30

44



MC1444, MC1544

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications spply for .75V < Vog < 526V, -5.7V » Vgg > 6.3V,

Ta = 25°C.) .
MC1444 MC1844
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Thresho!d Voltage (Figure 4) Vth 0.3 1.0 23 0.5 1.0 1.5 mV
(Vee = 5.0V, VEE = 8.0V, TA = Thigh 10 Tiow! (1) '
Input Bias Current (Selected Channel) [T - 20 50 - 20 50 A
Input Offset Current (Setected Channat) Yo - 1.0 10 - 1.0 10 A
Channel Seiect Input Current-High Logic State, hH(cs) -1 - 26 - - 26 mA
(VIH(CS) = 3.5 V)
Channel Select Input Current - Low Logic State, liLics) - - 1.0 - - 1.0 mA
tViLics) =0 i
Capacitor Restore input Current - High Logic State, IIHICR) - - 10 - - 10 HA
(ViHicR) = 3.5 V)
Capacitor Restore Input Current-Low Logic State, HIL(CR) - - -35 - - -35 mA
ViLicr) =0 V)
Strobe Input Current-High Logic State, 1tH(S) - - 200 - - 200 sA
{ViH(s) * 3.5 V) :
Strobe Input Current-Low Logic State hLts) - - 200 - - 200 HA
ViLis) ~ 0Vl
Channel Select Input Voltage-Low Logic State ViL{CS) - — 0.7 - — 0.7 v
Channel Select Input Voltage-High Logic State VIHICS) 2.1 - - 2.1 - - v
Capacitor Restore Input Voltage-Low Logic State VIL(CR) - - 08 - - 0.8 v
Cepacitor Restore Input Voltage-High Logic State VIH(CR) 20 - - 20 — = v
Strobe Input Voltage-Low Logic State VIL(S) - — 0.8 - - 038 v
Strobe Input Voitage-High Logic State VIK(S) 20 - - 2.0 - - \"
Input Common-Mode Voitage Range VICR+ - 4.7 - - 4.7 - \"
VICR- - -6.0 - ~ -6.0 -
Input Differential Voitage Range VIDR - +3.7 - - 3.7 - \
Output Voltage-Low Logic State VoL - 04 0.5 - 04 05 \'4
{ioL = 10 mA}
Output Voltage-High Logic State VOoH 24 - - 24 - - \'2
{1QH = =400 #A)
Positive Power Supply Current . icc - - 30 - - 30 mA
Negstive Power Supply Current 113 - - 30 - - 30 mA
SWITCHING CHARACTERISTICS (unless otherwisa noted, Ta = 25°C, Voc = 5.0 V, Vgg = -6.0 V)
MC1444 MC1544
Characteristic Symbol Min Tye Max Min Tvp Max Unit
Propagation Delay Time tPLH(D) - 40 - - 40 - ns
Differential Inputs to High Logic State Output
Propagation Delay Time tPHLID) - 18 26 - 1 26 ns
Oifferential Input to Low Logic State Output
Propagation Delay Time PLH(S) - 30 - - 30 - ns
Strobe Input to High Logic State Output
Propagation Delay Time tPHL(S) - 18 25 - 18 25 ns
Strobe Input to Low Logic State Output
Lead Time from Channel Select input to tw(csi - 45 - - 45 - ns
Application of Differential Input Volitage
Lead Time from Application of &8 50 mV Offsat tLICRO) - 15 - - 15 - ns
Signa! to Application of the C: itor Restore Signa!
Lead Time from Application of Strobe Input 1o t(s) - 10 - - 10 - ns
Application of Differential input Signa!
Lead Time from Application of Capacitor Restore tLICR) - 10 - - 10 - ns
Signal to Application of Differential Input Signal
Common-Mode Recovery Time ns
{ejny = +2.0V) tCMR+ - 50 - - 50 -
{einy = -2.0 V) tCMR- - 50 - - 50 -
Differential-Mode Recovery Time : ns
{ejn1 = +1.0V) IDMR+ - 65 - - 65 -
“{ojny = =1.0 V) tDMA- - 65 - - 65 -

(1) Thign = 76°C for MC1444, 126°C for MC1544.
Tiow= 0°C for MC1444, -55°C for MC1644.



MC1444, MC1544

FIGURE 3 - THRESHOLD VOLTAGE TEST CIRCUIT
VEE vee )

R

s

[ 8
5

e

I
[

0@ «
Y0000
AAaEE
“\- 5

=

®

<
2030 350

¥,

CHANNEL SELECT

CAPACITOR RESTORE

= CHANNEL SELECT

3

STROBE

8 g
1 b 1—e

! C includes peabe, witing, sod lozd capiitince.
FIGURE 4 — SWITCHING CHARACTERISTICS TEST CIRCUIT
VEE vee

$80

/r ]_ y
Qn cr 4
15p! I ¥ . . ot
= ¥ WTTL {11 GATES
MC3110 o7 equiv
LATCH RESET LINE
CAPACITOR RESTORE .
50—%
. STROSE = =
iw Diodes ase 1INS16 or equivalent %
L CT inckades probe, wiring, and load cxpacitance. N

FIGURE 8 — THRESHOLD VOLTAGE TEST
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MC1444, MC1544

VOH
VoL
VIK(S)

vius)

Vih

Vicms
vicm-

VIH(CR)
ViLica)
ViH(cs)
Vivics)
Vio
‘o

oL
liH(s)

iLts)

CMRs

LICRO)

FIGURE 8 = tpLH|CS)- tPHLICS)

.
™ pur
SIGNAL

IV mmmane

"0 cuanneL m;IL_.JX
SELECTX o
1 {
IV-—-n : :
, ! ; \

4 : '
[ 7 '
™ capacrron” Y ' )
RESTORE | |

8---——

05 STROBE

[
3 CHANNEL
SELECTY

Soutgyrput

VoL

PHLICS =t

——tPLHICS)

HOTE: To test oher channed seiect input,
mq,,zndth,.

o STLH S T0rs
tioy - viog { T

OEFINITIONS

Output Voltage — High Logic State

Output Voltage — Low Logic State

The minimum high-level voitage at the strobe input which
will allow normal operation during the hold test
The maximum low-lovel voltage at the strobe input which
will result in Vou at the output regardless of in-
put signals

The minimum input signal (ejn,) required to driva the
MTTL Ill gates to obtain the e, waveform shown in
Figure 5

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

The ode input voltag
break down the amplifier

The minimum high-level voltage at the capecitor restore
input required to insure that the cepacitors are clamped
i.e., the input threshold voltage is greater than 10 mV
The i tow-leve! voitage at the capacitor restore
input which will allow normal operation during the
threshold test

The minimum high-level voltage at a channel selact in-
put required to insure that the total of the base currents
of all unselected inputs is fess than 1.0 uA

The i tow-level ge at 2 | seloct in-
put required to insure that the totat of the base currents
of all unselected inputs Is less than 1.0 uA
The differenti de input
not saturate the amplifier

Output Source Current — High Logic State

Output Sink Current - Low Logic State

The current into the strobe input when the input is at a
high-tevel of 3.5 volits

The current Into the strobe input when the input is at a
low-level of O volts

The minimum time between the 50% leve! of the trailing
edge of a + or - 2 volt common-mode signal (tTLH. tTHL
< 15 ns) and the 50% level of the leading edge of a
5 mV input puise when the capacitor restore and strobe
inputs are used in 8 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 itor restore puise as shown
in Figure 9

that will not

Itage that will

tLICR)

tL(cs)

PLHI(CS)

tPHLICS)

DMR4

PLH(D)

PHL{D)

wis)

tPLH(S)

PHLIS)

hH(CS)
I1H(CR)
huics)

liL(cr)

FIGURE 9 ~ 4 (CRO)
[7 S5mv
1 composiTE
N
SIGHAL
.
"2 cHANKEL
SELECT X
.
3 CHANNEL
SELECT ¥
tin, Jy et Fiucso
CAPACITOR oo |
nestore 747 |
)
[ V- T
5 sTROBE / ) \
Q0 1
Vo .
‘o qurpur v |.sv—:¥ /
oL wHL~ —
NOTE: <0

Siny- ¢in2 {"I'NI.

The minimum time betweoen the 50% levet of the leading
edgoe of the capacitor restore signal and the 50% level of
the leading edge of 8 5 mV input signal as shown in
Figure 6

The minimum time between the 50% lovel of the leading
edge of the channel select and the 50% level of the
teading edge of 8 S mV input signal as shown in Figure 6
The delay time from the 50% level of the trailing edge of
the channel select signal to the 1.5 vait leve! of the
pasitive 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 volt level of the
negative edge of the output when the input to the select-
ed channel it hetd at the ““1* level as shown in Figure 8

The minimum time between the 50% level of the trailing
edge of a + or - 1 volt differential-mode signal (tyH.
tTHL < 15 ns} and the 50% level of the fesding edge of
85 mV input pulsa when the capacitor restore and strobe
inputs are used in 8 normal manner as shown in Figure 23
The delay time from the 50% level of the trailing edpe
of a 5 mV input 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 8 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 t0 the 1.5 volt level of the positive edge of
the output when the input is held at the High Logic Level
as shown in Figure 7

The detay time from the 50% level of the leading edge
of the strobe to the 1.5 voit level 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
is at a high-level of 3.5 voits

The current out of the capacitor restore input whan the
input is at a low-leve! of O voits

The input current to 8 channel salect input when that
input is at a high-level of 3.5 volts '

The current into a channel select input when the input
is ot a low-fevei of O volts




MC1444, MC1544

TYPICAL CHARACTERISTICS
(T = +25°C uniess otherwise noted)

FIGURE 10 — THRESHOLD VOLTAGE versus TEMPERATURE FIGURE 11 — THRESHOLD VOLTAGE versus POWER SUPPLIES
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_
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> >
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~18 -2 +25 +15 " 45 475 50 525 58
T, TEMPERATURE (°C)} Ve, POWER SUPPLY VOLTAGE {VOLTS)
FIGURE iz — THRESHOLD versus INPUT OFFSET VOLTAGE FIGURE 13 — THRESHOLD VOLTAGE versus PULSE WIDTH
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FIGURE 14 - OUTPUT VOLTAGE FIGURE 15 ~ SENSE AMPLIFIER RESPONSE
versus CURRENT snd TEMPERATURE varsus TEMPERATURE (See Figura 3 and 6}
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V0, OUTPYT VOLTAGE, PIN 8 (VOLTS)

Vo. OUTPUT VDLTAGE, PIN S (VOLTS)

40

05

V|, INPUT VOLTAGE (mV)

FIGURE 20 — CHANNEL SELECT X to.
OUTPUT TRANSFER CHARACTERISTICS

1

+128°C, VEE = 63V

T
:uuum. VEE=*-50V

i

+250¢C, Cmm =50V

[

T T
-550C, Veg = -63 V.,

1T 1

T T T
-556C, VEg =-50V

] ]

— 14

T
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4.0

Vi{cs). CHANNEL SELECT INPUT VOLTAGE, Pin 7 (VOLTS)

. Vo, OUTPUT VOLTAGE (VOLYS)
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MC1444, MC1544

TYPICAL CHARACTERISTICS (continued)

FIGURE 17 — CAPACITOR RESTORE

FIGURE 16 — INPUT IMPEDANCE versus FREQUENCY TIME versus INPUT OFFSET VOLTAGE
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30 2 P
2 ST Pra
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z2 10 -~
5] IN S
/Il =1
0 0 i
(X 1.0 fo 20 40 60 80
1, FREQUENCY, MHz V;q. INPUT OFFSET VOLTAGE (mV)
FIGURE 18 — AMPLIFIER INPUT TO FIGURE 19 - STROBE TO
OUTPUT TRANSFER CHARACTERISTIC OUTPUT TRANSFER CHARACTERISTICS
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FIGURE 22 - COMMON MODE CHARACTERISTICS

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

COMMON-MODE INPUT 2 V/DIV

SIGNAL INPUT '0 mV/D|V

CAPACITOR RESTORE 5 V/mv

STROBE INPUTSV/qiv

OUTPUT 25 V/D|v

1
i 25 n5/DIV

FIGURE 23 - DIFFERENTIAL MODE CHARACTERISTICS

Note: The 5mV Input Signal is superimposed on the Differential
Input and is shown separately for reference only.

/ DIFFERENTIAL INPUT 1V/D|V
DIFFERENTIAL INPUT >V/D|V
SIGNAL INPUT 10 mV/D|V SIGNAL INPUT 10mV/0 |V
CAPACITOR RESTORE 5 V/DW CAPACITOR RESTORE 5 V/DIV

STROBE INPUT 5 V/0 |V

OUTPUT 2-5 V/IDIV OUTPUT 2-5 V/OIV



@ MOTOROLA

MC3232A

MEMORY ADDRESS MULTIPLEXER

The Motorola MC3232A is an address multiplexer and refrash

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
® Muitiplexing: Row Address/Column Address/Refresh Address
® High Input Impedance for Minimum Loading of Bus:
IF = 0.25 mA Max
® Schottky TTL for High Performance Address
Input to Output Delay )
tAQ = 26 ns @ C)_ = 250 pF, 9.0 ns Max @ C|_= 15 pF
® Second Source to Intel 3232 . :
(Detect Zero Function Not Included and Additional
Power Fail 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

AN
. AS —
[} Output 8
1 [}
1 1
1 |
121 t |
Total | : !
Address | , 6 l g
Llnm: 4 Total : Total
|
] | !
| \ :
A6 : \
. h }
A0 | 0 Output 0
Refresh o-o-l o otal
Enable S Toul Vee
how ool
Enable
B0k
@ Bit C CE*

Count 0——T

*See Pin Definitions

P SUFFIX
PLASTIC PACKAGE
CASE 649
Count 1 24 vee
"Eﬂlbl. 25 2232::::“
Al 3 2248
A7 4 =221 A11
A2 s ] > 20 A4
A8 6] 19 A10
A0 7 T 18 A3
As 8 17 A9
6o o 1603
9210 . 15 04
SR N — . =14 05
Gnd 92 & 513 ce

Note: A0 Through AB Are Row Addresses
A8 Through A11 Are Column Addresses
*See Pin Definitions

TRUTH TABLE AND DEFINITIONS
Refresh Row
Ensble Enable Output
H X Refresh Address
{From Internal Counter)
L H Row Address
{AQ through AS)
L L Column Address
{AB through A11)

Count — Advences Interns] Refresh Counter
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"MC3232A

ABSOLUTE MAXIMUM RATINGS (T4 = 25°C unless otherwise noted.) “Absolute Maximum Ratings” are those
Rating Symbo! Valce Unit - - values beyond which tho safety of the device
’ v v cannot be guaranteed. This is a stress rating
awer Supply Voltage ce -0510+7.0 only and functional operation of the dovice
Input Voltage Vi -0.510 +2.0 v at these or any other conditions above those
Output Voltage . Vo -0.510+7.0 \ indicated in the operationa) soctions of this
Output Current. o 100 mA specification Is not implied. Exposure to
Operating Ambient Temperature TA 0to+75 °c ”’?‘:;w m:;:fmum ﬂ'a;:;i'g’ for extended
Storage Temperature Tyt -65 to +150 °c periods may affect retiability.
Junction Temperature TJ 5C
Ceramic Package +175
Plastic Package +160

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Min/Max values apply with 45 V < Vcc € 5.5 V, 0°C € Ta < 75°C;
typical values apply with Vog = 5.0 V, T4 = 25°C.}

Characteristic Symbot © Min Typ Max Unit

Input Current, Low Logic State he - -0.04 -0.2% mA
(Vi =045 V)

Input Current, High Logic State {IH - - 10 HA
(Viy=55V) . .

Input Voltage, Low Logic State ) ViL - - 0.8 v

Input Voltage, High Logic State VIH 2.0 - - v

Output Voltage, Low Logic State VoL - 0.25 04 v
{loL = 5.0 mA) e

Output Voltage, High Logic State VOH 28 4.0 - v
{ioH = -1.0mA)

Input Clamp Voltage vic - -08 -18 v
{lic=-12mA) )

Power Supply Current Ice - 75 125 mA
{(Vee=55V)

SWITCHING CHARACTERISTICS {Unless otherwise noted, Min/Max values apply with 4.6 V < Vgg < 5.5 V, 0°C < Tp < 78°C;
typicel values apply with Vog = 5.0 V, Ta = 25°C.}

Characteristic - Symbol Min Typ Max Unit
Propagstion Delay Times v
Address Input to Output tAD ns
{Load = 1 TTL,Cy_ = 250 pF) 1 - 12 25
{Load =1 TTL, C_ = 15pF, Vgc = 5.0 V, T4 = 25°C) - 6.0 2.0
Row Engble to Output t00 ns
{Load = 1 TTL, C_ = 260 pF) 12 27 41
{Load = 1 TTL,C_ = 16pF, Voo = 5.0 V, Ta = 256°C) 7 12 27
Refresh Enable to Output €0 ns
{Loed = 1 TTL, C_ = 250 pF) 12 30 45
{Load = 1 TTL, C = 15pF, Vg = 5.0 V, Tx = 25°C) 7 14 27
CTount Pulse Width WG 30 - - ns
Counting Frequency i 5.0 10 - MHz
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MC3232A

FIGURE 1 — AC WAVEFORMS with MCM6804 NORMAL CYCLE

wm X

. Enable L A
ViL
TAO ]
. Address  VIH —
Input 15V
(AD-A11) Vi
[——to0—* too
VoH
24V 24V

Qutputs Don't Caro Row Address Column
(00-08) e 0.8V o 0.8 v Address

VoL .

Refrosh Enable — Low Logic State

FIGURE 2 — REFRESH CYCLE

Refrash 1M / . \
Enable - -
ViL —] '
crw
Vi
Count 1.5v 8V
Vie
—teo—
Qutputs Vo Addrass 24V pefrosh Ader 24V Rotrotn
(Go-Bs) : 08V ros o 08y Addros
VoL
TYPICAL CHARACTERISTICS
FIGURE 3 — OUTPUT CURRENT versus FIGURE 4 — PROPAGATION DELAY versus LOAD CAPACITANCE
OUTPUT LOW VOLTAGE Row or Column Address to Qutput
40 5 T T
= | Vec=50v
/ £ T4 = 259C
- o 0
E 30 g MEASURED 50% to 50%
8 ]
B [
= % —
= 20 @ =
& a L~
= zZ0 [
5 / £ "
& < ~
5w -3 |1
o
4
) /
0 0.1 02 0.3 0.4 0 100 200 00 400 500
OUTPUT VOLTAGE, LOW-LOGIC STATE, Vg (VOLTS} LDAD CAPACITANCE, € (oF)

4-13



MC3232A

Count Input — Pin 1

PIN DEFINITIONS

CE Input — Pin 13
Optional use, chip enable control pin. Left open, an

Active fow input increments internal 6-bit counter internal 50 k2 pullup resistor keeps this pin high and the

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).

AO0-AS Inputs — Pins 7, 3, 6, 18, 20, 22

Row address inputs.

AB-A11 Inputs — Pins 8,4, 6, 17, 19, 21

MC3232A is a functional replacement for the Intel 3232
(without detect zero function). As an active input, when
pulled low, 3ll 3232A outputs go three-state. Regardlass
of Pin 13 (CE) condition, when power {Vge) is 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

Column address inputs. consulting factory.
©0-05 Outputs — Pins 9, 11, 10, 16, 15, 14 Row Enable Input — Pin 23 )
Address outputs to memories. Inverted with respect High input selects row, low- input sefects column

to address inputs.

Gnd — Pin 12
Power supply ground.

addresses of the driven memories.

Vee —Pin24

- +56 V power supply input. Due to high capacitance
drive capability, a 0.1 uF capacitor should be used to
ground along with careful Voc and Gnd Bus layout.

Address
Bus
AD-AN

GENERAL 4K DYNAMIC RAM
SIMPLIFIED BLOCK DIAGRAM

Data Input O

__—_I_ N\ ax --l N  ax
Oy oy
MC3232A %:"_%: RAM RAM
MCM4027 MCM4027
—V or Simlter —V or Simitar
Refrash = | Row —O Data
Eneble € | gnabte Output
f——e——- AAS
Memory [———e CAS
Control | W G5

—————— /W
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MC3232A

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

Noto: N

‘Pare typos or valucs for 16K 'x 1 RAMs

ower-On Resot
< : P=OR R
. X1, X2 1
- MPU
System MPU
Crysta! Clock MCG800
(4 x MPU t5) '=I MC6875 @2
112 Ref  Control BD"" )
MC Toq Grant Bus us
Address
Mem 8
Cik us
AO0-A1Y
ta0-a13  \ /
MC
Rafrosh Address
e Enable Multiplex DE
and Data
Rafresh Buffer
12 Countor MC6880A
Maemory Control MC3232A
Oelay and Timing Row L o  (mc3z2e2a) b RE
Clrcuit | 3 Enabte
—— MC3480
4 c (}
32 kHz
A Aet Cik (64 kHz)
BAEh JE— Oscillator,
AAS1 RAS2Z RAS3 RAS4 CAS RA/W 00-08
I {60 =06
Address
Bus
TR RETTR, | fe
Bus
4Kk 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)
(MCMa116}
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MOTOROLA

MEMORY ADDRESS MULTIPLEXER
FOR 16K RAMS

The Motorola MC3242A is an address multiplexer and refresh
counter for 16-pin 16K dynamic RAMs that require a 128-cycle
refresh. It multiplexes fourteen system address bits to the seven
address pins of the memory device. The MC3242A also contains
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.

* Simplifies 16-Pin 16K Dynamic Memory Design
* Reduces Package Count
* 7-Bit Binary Counter for 128 Refresh Address
¢ Multiplexing: Row Address/Column Address/Refresh Address
* High Input Impedance for Minimum Loading of Bus:
IF =0.25 mA Max
e Schottky TTL for High Performance Address Input
to Output Delay —
tAC) = 25 ns @ C|_ = 250 pF
« Second Source to Intel 3242
(Detect Zero Function Not Included and Additional
Chip Enable Feature Added at Pin 15)

LOGIC DIAGRAM

Total
Address
Linos

Refresh
Enable

*Seo Pin Definitions

4-16

MC3242A

MEMORY ADDRESS
MULTIPLEXER
AND REFRESH

ADDRESS COUNTER

SCHOTTKY
SILICON MONOLITHIC
INTEGRATED CIRCUITS

L SUFFIX
RAMIC PACKAGE
CASE 733
P SUFFIX
PLASTIC PACKAGE
CASE 710
Count [T H]VCC
Ref En [T -2 A6
Row En!3 26]A13
N.C. [T 25] A5
AL[T 2 A12
A8 [fF 23| A4
A2 [T 2]AL1
A9 [T ~271A3
AO [T 20| A10
A7 Qo TF] 06
00 [77 Ts] 03
02 Q7 77] 04
o1 [7T ] os
Gnd [77 Ts] CE*

Note:  AO Through A6 Are Row Addresses
A7 Through A 13 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
(AO through A6)
L L Column Address

(A7 through A13)

Count —Advances Internal Rofresh Counter



MC3242A

ABSOLUTE MAXIMUM RATINGS (Tp = 25°C unless otherwise noted.) “Absolute Maximum Ratings” are those
Reting Symbol Vaive Unit values beyond which the safety of the device
cannot be guaranteed. This is 8 stress rating
Powar Supply Voltage Vee -0.5t0+7.0 v only and functional operation of the davice
input Volitage Vi -0.51t0+7.0 v st these or any other conditions sbove those
QOutput Voltage Vo -0510+7.0 v indi in the operational tons of this
Cutput Current o 100 mA speclfication is not implied. Exposure to
O ing Ambient T TA 010475 oc absolute maximum eatings for extended
Storage Tempersture Tsig -65 to +150 o°c periods may offect reliability.
Junction Temperotyre Ty °c
Ceramic Package +175
Plostic Package +150

ELECTRICAL CHARACTERISTICS {Untess otherwise noted, Min/Max values apply with 4.5 V < Ve < 55 V, 0°C < Ta < 75°C;
typical values apply with Vo = 5.0 V, Tp = 26°Cl)

Characteristic Symbol Min Typ Max Unit

tnput Current, Low Logit State [IT8 - -0.04 -0.28 mA
ViL = 045 V)

Iaput Current, High Logic State [ITY] - - 10 BA
{(ViH=55V}

Input Voltage, Low Logic State ViL - - 08 v

Input Voliage, High Logic State VIH 20 - - \4

Output Volitage, Low Logic State voL - 0.25 0.4 v
{igL = 5.0 mA)

Output Voltage, High Logic Siate VoH 30 4.0 - v
(lgH = -1.0 mA)

Input Clemp Voltage Vik - -08 -15 \'
hik=-12mA)

Power Supply Current Icc - 25 126 mA
Vec=55V)

SWITCHING CHARACTERISTICS (Unless otherwise noted, Min/Max values apply with 4.5 V < Vgc < 6.5 V, 09C < T < 75°C:
typical vatues apply with Voc @ 5.0 V, T = 25°C.)

Characteristic Symbol Min Typ Max Unit
Propagation Delay Times
Address Input to Qutput tAQ ns
{Load = 1 TTL, C(_ = 250 pF} - 12 25
{Load = 1 TTL, C| = 15pF, Voc = 5.0 V, Tp = 26°C) - 6.0 9.0
Row Enable to Output 100 ns
{Load = 1 TTL, C_ = 250 pF) 12 27 41
{Loed = 1 TTL,C_ = 15pF, Vg 50V, Ta = 25°C) 7 12 27
Refresh Ensble to Output tE0 n
{Load = 1 TTL, C_ = 250 pF) 12 30 45
({Load = 1 TTL, C = 15pF, Vge = 5.0V, Ta = 25°C) 7 14 27
Count Pulse Width Wt 30 — - ns
Counting Frequency [} 5.0 10 - MHz
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MC3242A

FIGURE 1 — AC WAVEFORMS WITH MCM3116 NORMAL CYCLE

v
Row ™ [ \
Enable 7 ‘\

Vi

'Ao—.
Address  VIH
Input 1.5V
(AD~-A14) viL
F——loo——" too

Vo 24V 24V
Qutputs Don’t Care ) Row Address Column
{00~06) 08V 0.8 v Address

Vou

Refresh Enable — Low Logiec State
FIGURE 2 — REFRESH CYCLE

Refresh Vin { L5V
Enable .

vi. —7 . W

cew

Vin
Count 15v 1.5V

Vi

[~ tc0—™

Outputs  VOM F24 v F24V  fefresh
(60-06) Address 0aVv Refresh Address o@y Address

Vou

OQUTPUT CURREMT, ig {mA)

20

FIGURE 3 — QUTPUT CURRENT versus

TYPICAL CHARACTERISTICS

FIGURE 4 — PROPAGATION DELAY versus LOAD CAPACITANCE

OUTPUT LOW VOLTAGE Row or Cofumn Addross to Output

2 T T
/ | Veg=50V

Ta=259C

]
FR |- MEASURED 50% 10 50%
ul
-1
L)
3 et —
8 —
Z 10 Lt
/ £ ]
A P =
/ £ 50 —
@«
O
0.1 02 03 04 1] 100 200 300 400 500
GUTPUT VOLTAGE, LOW-LOGSC STATE, Vg (VOLTS) LDAD 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 is in refresh mode {H) or address enable {L).

AD-A6 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.

©0-06 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 16

Optional use, chip enable contro! pin. Left open, an
internal 50 k€2 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 (Vccl 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. N

Vee —Pin 28
+5 V power supply input. Due to high capacitance

drive capability, a 0.1 gF capacitor should be used to
ground along with careful V(Bc and Gnd Bus layout.

GENERAL 16K DYNAMIC RAM
SIMPLIFIED BLOCK DIAGRAM

Dats Input O——

Address
Bus MC3242A
A0-A13

Addraes
G0-0s

Rafrash _ | Row
Enablo E€nable

o

N

V]

16K —l\ 16K

Dynamic Oynamic
RAM RAM
MCM4116 MCM4116

or Similar _l/ or Simllar

—O Dsua
Qutput

l———— RAS
Memory [———— CAS
Control | T§

e R/W




MC3242A

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

Note: N s in par
part typos or valucs for 16K x 1 RAMs
Power-On Aot
c P=OR §
X1, X2 N (-3
- R MPU
System MPU
Crystol Clock MC8800
axmputy S= MC5878 92
/ I
el Ref  Control Oata
mMeC Teq Grant Bus Bus
Mem Address
©ik Bus
AD-A11
(A0 — A13) v
MC
Refrash Address
1 Enable | 7] Multiplex ‘T OE
and OData
2 Refresh Buffar
t. Counter MC6880A
——
Memory Control MC3232A ==
Dalay and Timing Row L 1 (MCazaza) @ At
Circuit 3 Enable
[—* MC3480
14 [ A
32 kHz
A Ra! CIk (64 kHz)
e o o o 3 ecitl
RAS1 RASZ RAS3I_RASd CAS R/MW 00-05
1 o0 —o8}
n 4
Addross
Bus
J B 4 5 q 5 { 4 Data
Bus
4K x 8
Memory | McMa027 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

QUAD TTL TO MOS DRIVER

This high-speed driver is intended as a clock (high-level)
driver for 22-pin and 18-pin dynamic NMOS RAMs and CCD
memories. It is designed to operate on nominal +5 V and

+12 V power supplies.

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
= Qutput Voltages Compatible with Many Popular
MOS RAMs

« TTL and DTL Compatible Inputs —

High-Speed Switching
Interchangeable with Intel 3245

TYPICAL APPLICATION WITH 4K NMOS RAM IN TTL SYSTEM

TYPICAL APPLICATION WITH '7001 RAM AND TTL SYSTEMS

Selects

MC3245

GATE-CONTROLLED
FOUR-CHANNEL
MOS CLOCK DRIVERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 620

P SUFFIX

PLASTIC PACKAGE

CASE 648

PIN CONNECTIONS

Vddi U

Output A £

Channel HT
Select A
Enable 1

Refresh rnr
Solect —

Channel ['g~

Select B

Output B

Gnd [IT

TRUTH TABLE

Inputs

Control Address
Channel  Refresh
Enable 1 Enable 2 Enable 3 Select  Select
M | 1 1 |
1 H | 1 |
1 1 H 1 i
| 1 1 H H
L L L L 1
L L L 1 L

H = High Logic State
L - Low Logic State
I« Irrelevant

Output

ITrrrc-



MC3245

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

Rating Symbol Value Unit
Power Supply Voltages Vce -0.6t0 +7.0 Vde
Vpp | -05t0+14 Vde
B K Output Voliage Vo |-1.0toVpp +1.0| Vde
input Voltage S . Vi | -1.0t0 Vpp Vdc
Operating Amblent Temperature Range . Ta . Q0 to+7B ¢
Storage Temperature Range Tag -65 to +150 oc
Junction Temperature R T R
Ceramic Package 175
Plastic Package .160

RECOMMENDED OPERATING CONDITION:

. Charactaristic : Symbol Min Typ Max Unit
Power Supply Voltages vee 4.78 6.0 - 626 Vdc
) Vpp 114 12 128 Vdc

o Ing Amblent T Renge Ta 0 ps 75 oc

ELECTRICAL CHARACTERISTICS {Unlets otherwiss noted, thesa specifications apply over recommended power supply and tempera-
ture conditions. Typlcal values meatured at Ta = 26°C.)

Characteristic Symbol Min Typ Max Unit

Output Voltage ~ High Logic State VoH | Vpp-05 - - vde
{(ViL= 0.8V, IgH = -1.0 mA) )

Output Clamp Voltage — High Logic State VOHC - - Vpp+1.0 Vdc
{lgH = 50 mA, Vi =0 V)

Output Voltege — Low Logic State voL - - 045 Vde
(Vi =20V, oL = 5.0 mA)

Output Clamp Voltage ~ Low Logic State voLc -1.0 - - Vdc
(ViH = 5.0 V. gL -6.0 mA) T

Input Voltage — High Logic State VIH 2.0 - - Vde

Input Voltage — Low Logic State ViL - - 08 Vde

input Clamp Voltage ViK - - -10 Vde
(i = -5.0 mA)

Input Current — High Logie State [ : BA
vi=50V)
Channel Select Inputs o= - .10
Refrath Select and Enable Inputs - - - 40

Input Current — Low Logic State [ITR B mA
(VIL=045V) '
Channel Select Inputs . - - -0.26
Rafrosh Select and Ensble Inputs - - -10

Power Supply Current — Output High Logic State IcCcH - 23 30 mA
(Vec =526V, Vi =0V, g =0mA, Vpp = 126 V} IDDH - 19 26

Power Supply Curfant — Output Low Logic State icoL p D 39 mA
(Vee =526, Vi =5.0V,lgL=0mA, Vpp = 128V} pDL - 12 16
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MC3245

SWITCHING CHARACTERISTICS (Unloss otherwise noted, these specifications apply over reccommended power supply end tempera-
tura conditions. Typical values measured at +26°C.)

Chersctecistic Symbol Min (1) Typ (2) Max (3) Unit
Datay Time ns
Output High to Low Level (Rg=0 Q) tOHL 30 70 -
Qutput Low 10 High Level (Rg = 0 01) tDLH 5.0 11 -
Transition Time ns
Output High to Low Level (Rg = 20 £2) tTHL 5.0 17 25
Output Low to High Level (Rg = 20 3) ) tYLH 10 17 25
Propagation Delay Time R ns
Output High to Low Level (Rg =0 Q) tPHL - 18 32
Output Low to High Level (Rg =0 1) tPLHY - 20 32
{Rg =20 1) tPLH2 - 27 38
(1) C = 150 pF
{2) C_ = 200 pF
(3) C = 260 pF
CAPACITANCE® (Unless otherwise specified, Ta = +26°C, f = 1.0 MHz, V) = 20 V, and Ve = 0 V.)
Characteristio Symbol Min Typ Max Unit
Input Capacitence Cin(CS) - 50 8.0 pF
Channel Select Inputs
Input Capacitance cintE) - 8.0 12 pF
Refresh or Enable Inputs

*Periodically sempled, but not 100% tested.

FIGURE 1 — SWITCHING TEST WAVEFORMS

tTHL =5.0ns ft— YLK =5.0ns
30V Zov 2.0V
Input 1.8V \ 1.5V
ov 1.0V .0V
toLH aand IDHL-»=
Vou
Vpp-20V Vpp1-20V
Output tpLH—] ] TPHL
v, 20V, 20V
oL
‘—‘ TTLH tTHL
Input Pulso Charactoristics
PRR = 1 MHz
PW = 500 ns

FIGURE 2 - SWITCHING TEST CIRCUIT

To Scopo To Scopo
(input) {Output}

Pulse Generator 1

A Enablo 1
Enable 2

I EEE=D

CL :[
Chonnel Select

€y Includes Jig and
Probe Capacitance
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MOTOROLA

MC3459

Specifications and Applications

in numerous applications

Information

QUAD NMOS ADDRESS
LINE DRIVER

QUAD NMOS MEMORY ADDRESS DRIVER SILICON MONOLITHIC

INTEGRATED CIRCUIT

The MC3459 is designed for high-speed driving of the highly
capacitive Address select inputs for NMOS Memories. It is also useful

requiring a high-current MTTL NAND

gate. It is pin-compatible with the popular MC7400 Quad NAND gate.

Fast Propagation Delay Time —
20 ns Typical with 360 pF Load

Output Voltages Compatible with NMOS Memories

Inputs Compatible in MTTL and MDTL Logic Families

Output Loading Factor — 50

REPRESENTATIVE CIRCUIT SCHEMATIC

(1/4 of Circuit Shown)

L SUFFIX
CERAMIC PACKAGE
CASE 632
TO 116 1j
\Y%
Input j—
la LI U Vee
Input Input
2A | ID
Output lu /\1 Input
A — 2D
Input 1 U Output
8 LI F3 D
InpUt | I Input
2B - i1c
Output Iw Input
B L 3 2C
Qutput
A
Gnd | 3 o4
P SUFFIX
PLASTIC PACKAGE
CASE 646
TYPICAL OPERATION
Input
25
Vidiv
25
Vidiv
OQutput

VCC =50v 50 Ci * 360 pF
Ta - 25°C ni/div. RS- 0n
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MC3459

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

Rating Symbol Value Unit
Power Supply Voltage vee 85 Vde
Input Voltage vy 5.5 Vdc
Power Dissipation (Package Limitati
Caramic Package @ T4 = 26°C Po 1000 mw
Derate above Tp = 25°C 1/RgyA 6.6 mw/°C
Plastic Package @ Tp = 25°C Pp 830 mw
Derate above T4 = 25°C 1/Rgja 6.6 mw/oc
Ceramic Package @ T = 26°C Pp 3.0 Watts-
Derate above T¢ = 25°C 1/Rgjc 20 mw/°C
Plastic Package @ Tg = 25°C Pp 18 Watts
Derate above T = 25°C 1/Rgyc 13 mw/°C
Operating Ambient Temperature Range Ta 0t 70 oc
Junction Temperature Ty oc
Ceramic Package 175
Plastic Package 150
Storage Temperature Rangs Tag -85 to +150 o¢

‘ELECTRICAL CHARACTERISTICS (Unless otherwiss noted, 4.75V < Vog < 5.25V and 0 < T, < 70°C)

Characteristic Symbol Min Typ{1) Max Unit

Input Voitage — Righ Logic State ViH 20 - - v

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

Input Current — High Logic State
(Vec=5.25V, Vi =24V) W1 - - 80 #A
(Vee =526V, Viy=5.5V) liH2 - - 2.0 mA

Input Current — Low Logic State he - - -36 mA
(Vee= 526V, VL = 04 v}

1nput Clamp Voitege Vic - - -1.5 v
(he=-12mA)

Output Voltage — High Logic State v
(Vee=4.75V, Vi = 0.8V, Igy = 640 uA) VOH1 3.2 - -

(Ve =4.75V, V)L = 0.8V, IgH = -2.0 mA) VoH2 24 - -

Output Clamp Voltage Voc - 58 6.75 v
(Veg=5.25V, VL =0V, Igc= 50mA)

Output Voltage — Low Logic State v
(Vo= 4.7V, Vg =20V, gL = 640 uA) Vou1 - - 0.3
(Vee=4.76V, Vi = 2.0V, Ig = B0 mA) VoL2 - - 0.7

Power Supply Current — Outputs High Logic State R lccH - 12 18 mA
(Vee=626V,V | =0V)

Powar Supply Current'— Outputs Low Logic State IccL - 85 122 mA
(Veg =525V, ViH=50V)

SWITCHING CHARACTERISTICS (Untess otherwiss noted, Vog = 5.0 V, T4 = 26°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 PLH - 16 26 ns

{1) Typical valuos measured at Ty = 26°C, Ve = 5.0 V.
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FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES

ot € 5.008 To Scope To Scope
(input) {Qutput)

f=1.0MHz
v 90% 20% PW = 500 ns
input 15V 15V 1/4-MC3459
ov 10% Pulse
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VoH N All four drivers H
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oV 1 = 360 pF
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T 1
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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 8) where
some of the inputs such as Address lines have to be
common, the totl parallel input capacitance can be over
300 pF. Standard TTL logic gates have insufficient current
drive capability to rapidly switch a high capacitive load; 8
high speed buffer, such as the MC3489, is required.

Aconsiderable 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 resuit 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 dufing switching. This causes
a very low impedance path ‘between Vg 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 3 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 (VH). There
are N-Channel MOS memories with a V| minimum
ranging from 2.4 V to 4.0 V. The MC3459 can directly
interface with those N-Channel memories having a V|H
minimum of 3.0 V. The higher driver output levels can be
accomplished by adding a pull-up resistor to' Ve or by
increasing the VcC voltage. There aré some N-Channel
MOS memories, such as the MCM7001, that have 8 supplv

" requirement of 7.5 V. The high maximum supply voltage

rating of ‘the MC3459 can accommodste &8 7.5 V Vee
supply without affectingits input TTL logic compatibility.
Figure 4 gives the typical VQR versus JQH characteristics
for both Ve = 6.0 V and Vg = 7.5 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
16K X N Msmory Systsm Employing
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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

DUAL NMOSMEMORY
SENSE AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

"1". In this event, the Output 1 and Output 2 remain at, or go to,
logic "0" and logic "1" respectively. L SUEFIX
CERAMIC PACKAGE
CASE 620
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

PIN CONNECTIONS

Power Supplies Compatible With MCM7001/MECL10.000 Systems
Amplifier Input Termination Voltage Range from Gnd to Vref Output

Supply on MCM7001

APPLICATION WITH MCM7001 MEMORY

Gnd. H
Output
1A [l

Output
ax Ol

Outputs A
Enablo d
Input
2A
Input
1A H
Ampl. Input
Latch —
|nap31 U 10] Ter(mln)atlon
RT
Vee )
i, vee
52V H 7.5 V)

TRUTH TABLE
for latch input at logic 1

Output Output Output

Input Enablo 1 2
1(1) > -200 NA o} 0 1
12) - 0 9A 1 0 1
1(1) - OfiA 0 1 0
1(2) > 200 VA 1 0 1

Negative Currents Definod as Flowing into
Device Pin.
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MAXIMUM RATINGS (Unless otherwise noted, Tp = 259C)

Rating Symbo! Value Unit
Power Supply Voltages Vee 8.5 v
VEE -6.0 v
Termination Voltage vT Oto Ve -
Operating Ambiant Temp Range Ta 0t 75 °c
Package Power Dissipation
Still Air Pp 1000 mW
Derata above 25°C 6.7 mw/°C
Transverse Air flow > 500 linear fpm 2000 mw
ELECTRICAL CHARACTERISTICS Derate above 25°C 13.3 mwW/°C
This device hes been designed to meet the '
dc spacifications shown in the test table,
after therma! equilibrium hes been estas-
blished. The circuit is in a test socket or
mounted on a printed circuit board and
transverse air flow greater than 500 finear
fpm is maintained. Outputs are termin. TESY VOLTAGE/CURRENT VALUES
atad through a 50-ohm resistor to -2.0 {Volts)
voles. Test procedures are shown for only O Tezt
one sense amplifier. The other half is Temperature | lianse | Vikimax] ViLmin |VinAmin|ViLAmax| Ve | Vee
tested in the same manner. 0°C | >200sA| -0.850 | -1.870 | -1.156 ] -1.485 +7.5 -5.2
25% | >2004A] 0810 | -1.850| -1.105 |-1478 [ +75 | 52
75°C | >200uA]| 0.720 | -1.830 ] -1.045 [-1.4a56 | «75 5.2
in MC3461 Test Lirmita
Under 0°C +265C" 75% TEST VOLT, APPLIED YO PINS LISTED BELOW:
Characteristic Syembo! Test Min Max Min Typ Max Min Max Unit Ieense | ViKmax |ViLmin | ViHAmin|ViLAmax| Ve Vee Gno
Power Supply Drain Current Ice 9 - - = 40 [1] - — | mAd | 6.2 = - = | - [3©] 8 | &
I€E 8 - ~ - -50 -7 - - made | 5.2 — - - - 9, 10 g 3,16
Input Current [P ) = - - - 500 - = uhde 511 4 - — - 9,10 8 1,18
7 - - - - £00 - - pAde 5, 11 7 - - - - s. 10 8 1,16
linL 4 - - 0.5 - - - - BAde s, 1 - 4 - - 8.10 8 1,16
7 — - [ - - - - uhde 5,11 - ? - 9.10 8 1.16
Logic “'t* Output Valtage VoM 3 -1.0106 | -0850 | 0960 [ - -0.810 | -0900 | -0.720 | Ve 6 7 - - - 9.10 8 1,16
2 | - s 7 - - -
3 - l ‘ 5 7.4 - - ‘ ‘
Logic "0" Qutput Voltage voL 3 -1870 | -t880 | <1850 | - -1650 | -1.830 | -1.620 | vac s 7 - - - 9,10 8 116
2 - 8 7 - - -
L 2 - 1 J ‘ J 5 7.4 - - - ‘ ‘ ‘
Logic **1* Thrashotd Voltage VOHA 3 -1.030 - -0880 | - - 0920 | - Ve 6 - - 7 ) 9,10 8 1,16:
S IR I O I I I N D A - I I I AIRE
3 - - - - 5 - - a7 -
Logic 0" Threshold Voltage VoLa 3 - -1640 | - -1.630 -1.600 | Vde 5 - ? 4 9. 30 8 116
20 I N I I O A L RN R
2 - - — 3 ~ 4.7 -
Switching Times (80-ohm load) Pulse In | Puise Out
Propagation Delsy Amplitier - 2 - - - 5.0 10.0 - - ns - - - 6 2 9,10 8 1,18
AR
-+ 3 - - - - - - - 3
Enable (= 3 - - - 25 50 - - ny - = - 4 F] 9,10 ) 1,16
e 3 - - - l l - - l - - - J k] l ‘
(3 2 - - - - - - - - 2
ta 2 ~ - - - - - - - 2

*Negative currents are definad as currenis leaving the device.
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FIGURE 1 — SWITCHING RESPONSE TEST CIRCUIT AND WAVEFCRMS @ 25°C

(Other Section Tested Similarly}
Veg = +7.8 Vde
. 0.1 uF
= 1 l 10 9 =
. Ensbie Input O { I } =
Ensbie Input 4or ﬂll |
Test Point | I
5or 11 ] 3or 18
50 » 1 D
‘ ao0ua 8or 12| , A .
- = " |z or 14
vVee o= L J
Amp Input g . =l =
Test Point 5: B8k
60 :
Each Transistor
MMT3960A

IO.I uF

Vgg ™ -6.2 Vde

Amplifier Response Waveforms

[-¢———100ns
[ BOns -~
4086V
Amplitier Input o o0V —— N Ensbte Input
Test Point 05V S / Test Point
te &1 =2.0ns+ 0208
Measured 20% to 80%
™ — — [0
Vou
Output 1A 50% 50% Output 2A
VoL .
| Sediiurn
. Voun
. Output 2A Output 1A
VOL_}

Enable input hoeid at -1.69 Vde
for Amplifier Response Tests.

4-30

O Qutput 2A
50
VWA ’ 0 0-2.0 Vde
26 pF :[ Io.l HF
QO Output 1A

Unused outputs connected
thru @ 60-ohm resistor to
-2.0 vde

*Denotes squal !-nutv;cvoi 650-ohm coaxial cabla. Wire length should be € 1/4" from test point to pin or BNC connector,

Enzble Response Waveforms

j#——— 1000

S0n:

OBV

-1.690 V

t&ty=20ns202ns
Meacured 20% to 80%
- ot

50%

y

80%

-

Vor =~
VOL-—/

Amplifier input held st +0.B Vdc
for Ensblo Response Tests.
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FIGURE 2 — 32K x 2 MEMORY BOARD (MECL SYSTEM)

Dete Valid
12MC10171 172 MC10171
Address A10 D> A Q03 a1
Address A11>- 8 an2
Write Enable >———EO Q01 e ar2
—E_Qoo
1/3 MC10177, i 5 %‘
4 places —*
L]
MCM7001, ,/
32 places DOgye
1/2 MC76368
N | 18 places
Data
Vaa
MC10161 Output
- _ ao
Bay Ensble €0 Qip
Chip Sefect T ®
P El 3
Address A12 A Q4
Qs
13 > 8
Address A13 csl
Address A14 Cc Q7
Vae o
E Dlout
MCM7001, |
32 places
:| ? 1/2 MC3461
~ 8 places

Latch Enable :D‘ﬁ Connect to Connect to

Connect to all MCM7001's
~ Top Array (32K x 1} Bottom Array (32K x 1)

—_—
1/3 MC10177, Data Inputs
12 Places :

A0 Al A2 A3 A4 A5 A8 A? AB A9

DO0jn O1jn
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MC3461

REPRESENTATIVE CIRCUIT SCHEMATIC
Simplitied MC3461

. (1/2 Shown)
Ampllfl.lr input o . o o —O Voo
Termination s \ a2 L
1
2008 2200 R6Z 3 1
1 } as T Sr12
R11 SR12 Output
a2 l\\ 1 Gnd
Q10 Q16
1 a1 o3
r Q18
l l o1 D4 >< ’x’os 06
1 2 .>_E:| ae
S —
Inputs D?_ J Q12 Q14 2 3
—— —
Outputs
<
A3 R4
Eé (}'
‘h >
RB:: RO
Output
= Enable
Internal
Latch g, Qs a7 Vs an'=
(nput Ralerence
o7
AS ::
Soke R103
‘i
" 12
VEEO-
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MC3467

TRIPLE WIDEBAND PREAMPLIFIER
WITH ELECTRONIC GAIN CONTROL (EGC)

The MC3467 provides three independent preamplifiers with in-
dividual electronic gain contro in a single 18-pin package. Each pre-
amplifier has differentia) 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 allows each amplifier’s gain to be set
anywhere from essentially zero to a maximum of approximately
100 v/vV.

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

® Wide Bandwidth —~ 15 MHz (Typ)
® [ndividual Electronic Gain Control
o Differential Input/Output

TRIPLE MAGNETIC TAPE
MEMORY PREAMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

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

meP-

TYPICAL APPLICATION
HIGH PERFORMANCE 9-TRACK OPEN REEL

TAPE SYSTEM
NR2ZI/®
Vi{EGC) Setect
Active
Differantistor
9
C MC346
C 1/3 MC3467 NRZN gems
P Filters 5
L | —— Ampliti
¢ L mplifior
S I

Encode
Filters

=

LSt
Formattor
MCB500
MCB501
MC8502
MC8520

Seo MC3468 Oota Sheot For
Systemns Applications Information

!

ecc|1] 18] vee
= I

{nput A

Output
16

>
<)

$Ouwu(

G D
eac 6] /& BES

Input c > E lOuttmt
8 — | = [11] ’
Gnd| 9 10|Vee
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MAXIMUM RATINGS (T4 = 25°C unless otherwiss noted.)

Rating Symbol Value ) Unit
Power Supply Volteges : v
Positive Supply Voltage Vee 6.0
Negative Supply Voltage VEE -9.0
EGC Vo!tages (Pins 1, 6 and 13) VIEGC) -6.0 1o Vee v
Input Differential Voltage Vip :50 \
Input Common-Mode Voltage . Vic =50 v
Amplifier Qutput Short Circuit 1 10 s
Duration (to Ground)
Operating Ambient Temparature Ranga Ta 010 +70 oc
Storage Temperature Range Tug —B5 10 +150 °c
Junction Temperature T +150 oc
ELECTRICAL CHARACTERISTICS (Vog=6.0V,Vgg=—60V, =100 kHz, T = 0 to +70°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Power Supply Voltage Range
Positive Supply Voltage Veer 4.76 50 6.26 v
Negative Supply Voltage VEER -65 -80 -70 v
Operating EGC Voltoge VI{EGC) 0 - Vee v
Differential Voltege Gain {Balanced) Ayp 85 100 120 viv
(ViieGe) = 0. 9i © 256 mVp-p) (See Figure 1)
Differential Voltaga Gain Avp - 05 20 viv
WVitege) = Vec!
Maximum Input Differential Voltage VIiOR 0.2 - - Voo
{Balanced) (T 4 = 25°C)
Output Voltage Swing {Batanced) (Figure 1} : VOoR 6.0 8.0 - Vep
{9; = 200 mvp-p)
tnput Common-Mode Range VICR 1.6 2.0 - v
Differential Output Offset Voltage Vooo - 500 - mv
(Ta = 26°C) .
Common-Mode Output Offsat Voltage Vooc - 600 - mv
(T = 25°C)
C Mode Rejection Ratio (Figure 2) CMAR de
Vi{eGe) 20, Vem = 1.0 Vpp
{f = 100 kHz) 60 100 -
f = 1.0 MHz2) ' 40 100 -
Small-Signal Bandwidth {Figure 1} BW 10 15 - MHz
{-3.0dB, ¢; = 1.0 mVpp, Tp = 26°C)
Input Bias Current [T} - 6.0 16 BA
Qutput Sink Current (Figure 5) los 1.0 14 - - mA
Ditferential Naise Voltage Refarred to Input {Figure 3) en - 38 - ®VRMS
{Vi{eGc) = 0, Rg = 50 2, BW = 10 Hz to 1.0 MHz, T A = 26°C) :
{Positive Power Supply Current (Figure 4) icc - 30 C 40 mA
Nagative Power Supply Current (Figure 4) Ige - -30 - -40 mA
Input Resistance (T = 25°C) T 12 25 - 31
Input Capacitance  {Ta = 25°C) C; - 20 - pF
Output Resistance [Unbatanced) fo - 30 - Ohms
(T = 25°C)
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FIGURE 1 — DIFFERENTIAL VOLTAGE GAIN,
BANDWIDTH AND OUTPUT VOLTAGE SWING

FIGURE 2 — COMMON-MODE REJECTION RATIO
{Channel A under test, other amplifiers tested simitarly)

TEST CIRCUIT
{Channe! A under test, other channels tested similarly)
5.0V 50V
1 18 1 18 I
e O—
2 17 2 17
3 o—] Lo——* 1 34)— ‘—so—ov°
ol oo,  o0— —o——o °°
> 4 o Yoo
% 351 $5: 15 ° ey®ay~0 CMAR = 20109 20V
1» 24 51] s MC3467 v o @1 = 02 ~ 5 MC2467 " v V)
6 6 Voo
—O— —O—J Vic = 1.0 Vpp 00— = 20 log
? 7 ] 100 V|
oa = oa = '
—O— —0—
= =

-60V

FIGURE 3 — DIFFERENTIAL NOISE VOLTAGE
REFERRED TO THE INPUT

-6.0vV

FIGURE 4 - POWER SUPPLY CURRENT TEST CIRCUIT
Vee

sov
icc
1 18 1 18
Krohn-
2 17 Hite 2
o o 3202
3 Filter 3
—‘O— 2
s O : I 5 13
MC3467
51 51 b—sO— MC3467 14 5 —Oj-
P01 —
7 hp 7 =
51 = 3400A P
-7 r— 10 ) 10
© Low Pass
Filter With
= BW = 1.0 MHz = e
Astume Uncorrolated Noite Sources -é.ov
e, (Differential Noiso at Input) = 0g /2/100 Vee

FIGURE 5 - OUTPUT SINK CURRENT TEST CIRCUIT
{Channel A under test, other channels tested similarly)
+50V 420V

1 18
2 17
3
4
5 mc3ae67 |13
6
7
8 -
° 10
B -6.0V

FIGURE 6 — TOTAL HARMONIC DISTORTION
TEST CIRCUIT
(Channel A under test, other channels tested similarly)

hp 334A
Distortion
Analyzer

18 |
17

% > 51

RERERRT2E;

MC3467

f =100 kHz

-
w «w
x-

=

-6.0V
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THO, TOTAL HARMONIC DISTORTION (%)

Ay (norm), VOLTAGE GAIN NORMALIZEO {dB)

(EE. NEGATIVE POWER SUPPLY CURRENT
(NCRMALIZED)

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

FIGURE 7 — TOTAL HARMGONIC DISTORTION (THD)

versus INPUT VOLTAGE
1
8.0
Ayl
89 Vi{EGC) = 1.8V
1 = 100 kHz
} {
(Ses Figure 6)
40
20 -
e
[]
0 50 100 150 200 260

VI, INPUT VOLTAGE ImVp.g)

FIGURE 9 — NORMALIZED VOLTAGE GAIN
versus AMBIENT TEMPERATURE

1.04 | I
Ve =50V
VEE=-80V
Vi =10 mV RMS

1 1= 100KHz

Veo

]

80 0 80

088 Ay

® AJs%0)

Vi

X
096 I il
0 10 20 30 40 50

Ta, AMBIENT TEMPERATURE (0C)

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

1.04

1.02
L1
100 ]
Vec =50V
"] Ta = 259
| lem
098 7 {gg 1259C)

TEST CIRCUIT = FIGURE 4

0.86 _ _ _ _

-55 -60 65 =10
VEE, NEGATIVE POWER SUPPLY VOLTAGE (Vdc)

=15

Ay (nosm), VOLTAGE GAIN NORMALIZED (dB)

Icc, POSITIVE POWER SUPPLY CURRENT
(NORMALIZED)

16c/1ge, POWER SUPPLY CURRENTS
(NDSMALIZED)

4.37

FIGURE 8 — NORMALIZEO VOLTAGE GAIN

versus FREQUENCY
+5.0
0 T
50 N
-10
_15 Vi=10mV pp
P
0 Voo (11
~20[— Av {norm) = 20199 £y ) w0 g
_25 S
- e |
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1, FAEQUENCY (MHz)

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

1.04
1.02
16 VEE*-60V
T = 250C
. lcc {T)
038 "* ige (5%
TEST CIRCUIT = FIGURE 4
0.85
475 48 485 49 495 50 505 51 515 52 625

Ve, POSITIVE POWER SUPPLY VOLTAGE (Vde)

FIGURE 12 — NORMALIZED POWER SUPPLY CURRENTS
versus AMBIENT TEMPERATURE
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L
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05—/ SEE FIGURE 4
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FIGURE 13 — DIFFERENTIAL VOLTAGE GAIN varsus
ELECTRONIC GAIN CONTROL VOLTAGE (Vi{ggc)!

100

80 \

3
L~

GAIN (V/V)
5

N\
N

~»
[=3

™~

—
0 65 10 15 20 25 30 35 40
VI(EGC), ELECTRONIC GAIN CONTROL VOLTAGE (VOLTS)

Ayp, TYPICAL DIFFERENTIAL VOLTAGE

CMRR, COMMON MODE REJECTION RATIO (4B)

FIGURE 16 — PHASE SHIFT versus FREQUENCY

FIGURE 14 — COMMON-MODE REJECTION RATIO

. (CMRR) versus FREQUENCY
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N
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Specifications and Applications MAGNETIC TAPE
Information MEMORY READ AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

LSI MAGNETIC MEMORY READ SUBSYSTEM

L SUFFIX
CERAMIC PACKAGE
CASE 726
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

N X P SUFFIX
c-artrldge magnetic tape Sy_stems. The MC3468 .performs peak detec- PLASTIC PACKAGE
tion, and threshold detection functions as required for NRZI, Phase- CASE 701 01

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.

« Complete READ Function in One LSI Device

*« Two Pair of Differential Inputs Allow Logically Controlled Selec-
tion of Input Filter or Tape Head Configuration

* Low Recovered Error Rate

* Input/Outputs are Low Power Schottky TTL Compatible

MC3468 TYPICAL APPLICATION AND WAVEFORMS

Channel A Input
0.5 Vp-p, 160 kHz

Zero Crossing
Detector Output

Preamplifier
Throshold Detector
Output
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MAXIMUM RATINGS (T = 259C unless othorwise noted)

MAXIMUM RATINGS (continued)

Rating Symbol Value Unit Rating Symbal Value Unit
Power Supply Voltages Common Mode Input .
Positive Supply Voltage Vee +7.0 v Voltage
Negative Supply Voliage VEE -8.0 \' Threshold Amplitier Viem) 5.0 \'
Pin Voltages Gain Amplifier Vic 5.0 v
EGC Voltage (Pin 5) Viiege) | -50tw0+70| Vv Amplifier Output Short ts 10 s
Threshold Voltoge Vi +10t0-35| V Circuit Duration
{Pin 16) {Ground Pin 11)
ZCD Output (Pin 15) Vol(zco) v Operating Ambient Ta 010 +70 °c
Channel Setect A/B Viics) +70t10-20| Vv Temperature Range .
T;?:h::::!gu:t’put 5 VoriTo) v Storage Temperature Range Teg —-65t0+150| ©°C
®in 17) Junction Temperature T 150 oc
Differential Input Voltage
Threshold Amplifier Vip(r) \"
Gain Amplitier Vin Vv
ELECTRICAL CHARACTERISTICS (Ve =56.0V,Vgg = —6.0 V, T = 0 1o +70°C unless otherwise noted)
Characteristic Figre | Symbol | Min | Typ | Max | usi
TOTAL DEVICE
Power Supply Voltage Range @ Tp = 25°C
Positive Supply Voltage VeeR 4.75 5.0 5.25 v
_ Negative Supply Voltage VEER -5.5 —60 -70 \"
Positive Supply Current (Vg = +5.25 V) 713 lcc - 35 45 mA
Negative Supply Current {Vgg =-7.0 V) 713 33 - 30 45 mA
Channel Sefect Input Voltage — Low Logic State ViL{cs) - - 08 v
Channel Seloct Input Voltage — High Logic State ViHicS) 20 - - \
Channel Select Input Current — Low Logic State 6 liLics) - - —100 HA
ViLics) » 0. Vee = 5.26 V)
Channel Salact Input Current — High Logic State [ Yu(cs) - - 10 HA
ViHics) = Ve = 5.25 V)
GAIN AMPLIFIER SECTION
Voitage Gain {Unbalanced @ Max Gain) 1,14 Ay 6.6 75 8% viv
(e; = 100 mVp.p. f = 1.0 kHz
Voliage Gain (Unbalanced @ Min Gain)® 1,14 Avs - 0.05 0.1 viv
(ViHEGC) = Ve, ¢ = 80O mVp.5)
Operating EGC Current (VEge = 010 +6.25 V) 1,15 1(EGC) - - 6.0 mA
Maximum Ditferential Input Voltage ViDR 08 - - Vpp
(T 5 = 25°C)
Common Mode Rejection Ratio 3 CMRR 40 B0 - d8
{(ViteGgc) = 0. Vem = 1.0 Vpp, f = 100 kHz,
Ta = 269C)
Bandwidth 1 aw - 15 - MHz
{~3.0dB, Tp = 25°C)
Input Resl ri 30 60 = k2
Channel Isolation . 2,16 40 60 - dB
{f = 100 kHz, e = 800 mVp.p)
Input Bias Current 4 he — 5.0 15 nA
Input Common Mode Voltage Range VICR 1.0 15 - \
Output Resistance (Pin 11) fo - 15 30 Ohms
-[Tp = 26°C)
Output Sink Current (Pin 11) 1) los— 12 21 - mA
Output Voltage Swing (Pin 11) 1 Vor 2.25 30 - Vep
{t = 1.0 kHz, e; = 800 mVp.)
Output Offset Voitege Voo - £400 - mV
(T = 25°C)
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ELECTRICAL CHARACTERISTICS (vcc =50V, VEE = ~60V, T4 =0 to +70°C unless otherwise noted) (Continued)

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

ACTIVE DIFFERENTIATOR SECTION

Timing Distortion 12 - 10 30 %
{1 =1.0mA, A =15 Vpp, f = 100 kHz, Tp = 25°C)

2ero Crots Detector ~ High Leval Output Current 8 I0H{ZCD) - - 150 BA
(VOH =55 V)

Zero Cross Detector — Low Level Output 8 VorLizco) - - 0.50 v
(1oL = 8.0 mA}

Differentistor Output Sink Current 5 lo(o)- 1.0 14 - mA
{Pins 12 and 13} .

Ditter Output Resi {Unbalanced) o({D) - 20 - Ohms
{Ta = 25°C)

THRESHOLD AMPLIFIER SECTION

Differential Voltage Gain {e; = 200 mV) Ayp 425 5.0 5.75 viv

Maximum Differential Input Voltage Without VIDRI(T) - — 400 mVpp
Distortion (T 4 = 259C)

Maximum Differential Input Voltage Before VIDRIT) - - 1.4 Vep
Timing Shift (T 5 = 25°C)

Maximum Threshold Voltage [Linear Operation) VIRIT) - - -1.0 v

Threshold Voltage Required to Disable Threshold vim - -20 =25 v
Comparators (VTG > 2.7 V, T = 259C)

Bandwidth BwW - 15 - MHz
(-3.04dB, Ta = 25°C)

\nput Resistance F{{INT) 25 50 - kSl

Throshold Amplifier Biat Current * 4 hB({T) - 5.0 15 uA

Channet Isolation Ratio 2 40 €0 - d8
{f = 100 kHz)

Threshold Detector Output Vottege — Low Logic State 10 voLlr) - - 0.50 v
{lgL = 8.0 mA, Pin 17)

Threshold Detector Output Cutrent — High Logic State 1 loL(T) - - 150 A
(VoH =5.5 V,Pin 17}

Thresho!d Voltzge Input Current ITHC - 25 50 uA
{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
avgilable 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 (NRZI1/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 all amplifiers.
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FIGURE 1 - VOLTAGE GAIN,
BANDWIDTH AND CUTPUT .
VOLTAGE SWING -
{A Input Shown)

FIGURE 2 — CHANNEL ISOLATION
RATIO
{8 Inputs Shown)

20V 50V
50V
i , "
2 o o
_LO.I uF 3 O (] %
1 18 —O0— Threshold
I :
: 2 Input 8
. —— - 18 y 14 .
3 16 oo *—=O0—{ MC3468
LI cv:en e ow L -
Gain DB—O— - 1 b 7 -
Max |—0—] mc34e68 ok 11
T_‘°_ s o b= O— L o-—0¢,
=—O-—1 Input A: — 9 10
— 7 . - Input B - Gain
- 50 'a—o— " Amp Out . Stago
o —O~—1 Input B —0——0 oo o 50
io_. 10 0.8 Vpp = I
f=10kHz | i - 6.0V
L) o
= —T_ oy = CIR = 20 tog Ay i- 20109 I5e;
. FIGURE 3 - COMMON MODE FIGURE 4.— INPUT BIAS CURRENT
.- REJECTION RATIO (CMRR) TEST CIRCUIT
50V
T 5.0V
I 1 o - 18 .
o2 . .- |
- [39 18(T) | ; o 18 I '
o =
5 ' 14 : : =
%O— MC3468 — hs-2 $=0— 1a
70-— 1~ - D;O— MC3468
ls n- 7 C
o« o009 o] =
o; 60 10 T o
1.0 Vpp | }20_ 10
= - T 2he
[ [ -8.0V — — -6.0V
CMRR : — 2 — = X
RA : 20 log o 20109 5= o
FIGURE 5 — AMPLIFIER OUTPUT | FIGURE 6 — CHANNEL SELECT
AND DIFFERENTIATOR OUTPUT INPUT CURRENT TEST CIRCUIT
SINK CURRENT TEST CIRCUIT
S5.25v
+5.0V T
1 18 High J) 19
2 1
3 Low O 2
ry 3 16
S s pom 4
MC3468 -
6 5 MCaade8 14
7 6
8 ; -
L] . ? 10
- -8.0V —
-6.0V
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FIGURE 7 — POSITIVE AND FIGURE 8 - ZERO CROSS DETECTOR FIGURE 9 ~ ZERO CROSSING
NEGATIVE SUPPLY CURRENT OUTPUT CURRENT HIGH LOGIC BETECTOR OUTPUT VOLTAGE
TEST CIRCUIT STATE TEST CIRCUIT LOW LOGIC STATE TEST CIRCUIT
Vee
480V +5.0V
50V
1 18 1 18 [ 1
2 2 85V 2 .
3 16 3 16 j 3
4 4a o 15 4
5 14 3 1a 5
= MC3463 5 MC3468 _01_34 < MC3468
7 = 7 o 1 7
8 [ = 8
0 0 9 0 Forco 9
200uA
A
- = -0V -
VEE 3
460V
FIGURE 10 - THRESHOLD DETEC- FIGURE 11 — THRESHOLD DETEC-
TOR OUTPUT VOLTAGE — LOW TOR OUTPUT CURRENT — HIGH
LOGIC STATE TEST CIRCUIT LOGIC STATE TEST CIRCUIT
02V +5,0 V 5.0V 85V
T +6.0V T
o _osv

MC3468

MC3468 —Oj

|
! wwqmmauu!-
1
wmumwbuu{d
..%-
Jl®

-6.0V

-6.0Vv

FIGURE 12 — TIMING DISTORTION T4 = 25°C

. : Tt - 12
Timing Distortion {tD) = TRRT) X 100% | 1
5.0V 2
e . -?O-—
4
15v h=-0—
ov : P—o—s MC3468
I-— 1] ———'c— 2 ——-I .;o_
8
oa o
o soQ2sodln | 10 11.5 Vop)
Noto: Adjust ¢jfor 1.6 V p-patPin 13, 3 ! cov
1+ 100 kH2 —tde -8
- 1.0 mA

c + 1000 pf

" 11.5 Vop) 27 100 kHz
1

e . _ 4051+ 1200N
R = 3o (1 MH) 1000 oF 1200rms
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Igg, NEGATIVE POWER SUPPLY CURRENT (mA}

I{EGC). EGC INPUT CURRENT (mA}

TYPICAL PERFORMANCE CURVES

FIGURE 13 — NEGATIVE POWER SUPPLY FIGURE 14 — NORMALIZED VOLTAGE GAIN
CURRENT versus NEGATIVE POWER SUPPLY versus EGC INPUT VOLTAGE
VOLTAGE
2 100, —T
Veg=5.0V
Fd VEE = —QG.U v
= 80 Ta=259C -
3 3 \
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l)5.0 5 ] 3 70 05 10 15 20 2§ 30 35
VEE, NEGATIVE POWER SUPPLY VOLTAGE (VOLTS) VI(EGC), ELECTRONIC GAIN CONTROL VOLTAGE fVOLTSD
FIGURE 15 — ELECTRONIC GAIN CONTROL FIGURE 16 — CHANNEL ISCLATION RATIO
INPUT CURRENT versus VOLTAGE versus FREQUENCY
5.0 — ]
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. VEE=-60V __| z N
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<
Pl z
39 £ af Vo »
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FIGURE 17 — GAIN AND PHASE vorsus
FREQUENCY FROM Pins 6,7 to Pin3 12,13
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SYSTEM PARAMETERS
The following system parameters are characteristic of parameters are provided only as a guide to expected sys-
not only the device but external component values and tem performance. ' These parameters are not readily
circuit layout. Detailed test circuits and measured measureable on a production volume basis.

FIGURE 18 — TEST CIRCUIT FOR MEASURING PROPAGATION DELAYS

From Gain Stagoe Input to Zero Crossing Datector Output

{Pin 6 to Pin 16) (Subtract 8 ns from maasurement for probe and ceble delays)

VEE Ot
100 k* —a
2-10uF |+ 810
c " = TEK 478
A g aro sotid T ( H 7 Scopo
0.8 Vpp =  120-=—- 08 13 Vee
. B800kHz |. Vpp | B
6
oSN N - o
X10 Probo
Wavetek ) e
Model 164 © = T8¢ = MC3463
Function !
Genorstor
=2 = ot T
- Pin6
Output {\—/:
0 = YUY eLHizED) - = —~{ te-tpnLizco)
zco 18V 15V
= Pin 15 ¢ '
Nots: Symmetry (s adjusted & 60 kHz end 50 mVpp Typicel Meesurod Values: tp M(2CD) = 40 ns
* Adjust 100 k por Figura 21, Part |t PHL(ZCD) = 50 ns
FIGURE 19 - TEST SETUP FOR MEASURING PHASE JITTER
Note: Use of a sorios i in the diff i L
Vege significanuy Improvod phase jitter performanco.
100k*
2-104F]. H 510 | » TEK 475
Capacitances are soiid Tantslums Scope
12 13 Vee
b B
r\; 800 kHz 6
680 X170 Probe
Wavetek 8
Model 164 MC3468
Function
Goenorator

ZCD Output
Pin 16 15V

Typical Messurod Vatuos:
a;= 0.8 Vp-p @ Pins 12, 13 = 0.6%
26 mVp-p @ Pins 12,13 =6.0%

v
P
——) T pee
T
% Phaso Jitwr -%x 100%

-p----
I RS,

Nate: The Jitter window, t, is definod 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-— A
80 Vv,
L_,,M,_SP_J_- P TEK 475
-l - Scopo
: 680
>, \/ e X 10 Prob: 8
robe
et | ¥ Bnt] wesess 12
Function = 3
Gonorator
JuL 1O =
= 16

Note 1 I Q.1 uF
+

Input  +100mV Typical Measured Valuss: tp 4iTD) = 43 ns

Pin 2 PHL(TD) = 43 ns
100 kHz 0 : V1o(¥D) ~ 38 mV
1
J— ) =
PHLETD) — be =4 Fe= PLHITE) ' 160 mV
1 1
' TO! oy TH

Throshold h ! PLHITE) —=1F !‘" PHL(TD)
Dotoctor Q t 1
Output 1.8V 18V
Pin 17

Notes: 1. For Delay moasuroments, V Is fixed at —250 mV;
for equivaient comparator offsot voltage measuremaonts,
V is ad|ustod until Pin 17 goos low. The voltage, V, is
the equivalent offset, V1o (TD)-

2. Somo componsation 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}

Actua! Test Mi {Calibrate Instr for Phase C ion)
oda
i HP3678A
= Gain Phaso
Sotid
Tontolums Motar
2-10uF e
HBE I
+
N+ Py q -
TEK P6048
Difforentiator L
- - Probe and - 50
= N N Amplitior

120130 =
0.5 Vpp 6
N VoW
M“;::T‘:;c :ﬁ :E 50 {Sce Figura 17 for plot of dota)
Function - - - MC3468
Ganerator = I ?
DESIGN SUGGESTIONS
Gain Stage Bias Current Il Adijusting Peak Shift to Zero (See Figure 22)

One must consider supplying 16 uA 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 ground is 5 k§2.

The worst peak shift observed on the ZCD output
occurs for the smallest slew rate provided by the
Active Differentiator at the 2CD inputs. In Turn,
the Active Differentiator produces the smailest
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

los J

Pin 13

I'os

Noto: Thao 100 k$2 resistors should be close 10 tha IC to suppross nolse.

4-48



MC3468

MC3468 APPLICATIONS INFORMATION

MC3468 For NRZI Encoded Magnetic Tape

NR2Z! 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 NR2I, vast libraries of
NR2ZI tapes still exist. Computers will be reading these
tapes for years 1o 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 NR21 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 NRZI data
stream is shown in Figure 23, The NRZ{ data stream con-
sists of a continuum of Fourier components up to a maxi-
mum frequency of 5y, where fy is numerically equal to
one-half the maximum flux changes per second (FCPS).
For long strings of zeroes, the lowest Fourier component
could theoretically be near dc, 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 fi4 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 NRZI
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
low-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
fi_ which represent most of the harmonic content {with
some energy at harmonics up to the fifth). These are

F(;Pl x IPS and PCPI4x I1PS

numerically equal to {where

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
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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 opern
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 “Q's”, but adds the restriction that
flux changes occur at least once in every three bit cells
{Figure 23). The read head signal resulting from mixed
data streams consists primarily of Fourier components
from fy_ to 3f)_ = fiy and their harmonics up to the fifth,
The frequencies fi and fl{ are numerically equal to

FCPI x IPS FCPI x IPS
2 and 6
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 fower —3 dB frequency below fi_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 B8P, The “6250
BPI” 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 FCPl is
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FIGURE 23 — MOST POPULAR MAGNETIC TAPE RECORDING FORMATS

[

Bit Streem in o Track ~———e-| 1 0
+M |-
oF——— .___{‘..____._

M

NR2I
(800 B/IN., 80O FC/IN.)
°l:—‘+_:‘
PE

~M
{1,600 8/IN., 3,200 FC/IN}|4pm |-

o ——=]- 4—

GCR -
(6,260 B/IN., 9,062 FC/IN.)

= —|- ——1

=Bit Call-wt

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 Differentiator and a single-ended ocutput 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 80°. The
Active Differentiator output is applied to a Zero-Crossing
Detector, which goes low for positive levels and high for

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 2CD “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,

negative levels, changing state at the zero crossings. The
FIGURE 24 — TYPICAL MC3468 COMPONENT HOOKUP
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FIGURE 256 — WAVEFORMS SHOWING MC3468 OPERATION FOR NRZI DATA
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FIGURE 26.— TIMING D!AGhAM WAVEFORMS SHOWING MC3468 OPERATION FOR PHASE-ENCODED DATA
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FIGURE 27 — OTHER DIGITAL CIRCUITS FOR RECONSTRUCTING DATA STREAMS FROM THE MC3468

1} Ousl Qutput Circuit (Pipeline Detay for Nagativo Edge Must Be the Same for Both Outputs}

ZCco D Q

Negative Peak

Positive Poak

. 2) Single Output Clrcuit (Operation Independent of Capacitive Loading Effects on Delays)

2CD D a

Uy

Composite of
Posltive and Neagative
Paok Pulses

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 freguencies and amplitudes of required opera-
tion, Figure 28 depicts one of several possibie read chain
configurations which can be equalized for best-flat time
delay performance,

—
High Pass LD{:;V],C
(*d
e e —,

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
chein active elements have negligible phase characteris-
tics. Although phase etfects start showing above 1 MHz,
phase versus frequency is linear {constant time delay).

Other 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 Pazk Dotoctor Section
A )

FIGURE 28 — GROUP DELAY DISTORTION

Prasmplitier Fliter
it N
1€

E 3
L ] 2C0
= T.‘ > It 3 = } >
1€ L~
1/3 MCa487 Galn Zoro-Crossing

THROUGH READ CHAIN
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Datermining Rp, CD, 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.

An active differentiator is formed by Rp, Cp and Lp
coupling the emitters of a differential amplifier having
current sources |Qp in each leg. If a differential voltage
AyEp cos wt is applied to the Active Differentiator, the
resulting current through Rp and Cp is:

2AEp

- 1/wCo

COS{ wt — arctan

Active

Ditfarentistor
2A, Eg cos wt rentisto

(From Gein
Stogo)

Pin 12

<R1'

when wLp <

13 2A, Ep Cp wsln wt

where 2AEp is the product of the differential input to
the Gain Stage Ep and its unbalanced gain, Ay.

where RT is the total of Rp and the output impedances
of Q1 and Q2. The combined output lmpedances of Q1
and Q2 is 40 Ohms.

This condition is approximated for

1
RTCD
3wi (where w}y is the maximum applied frequency of
appreciable Fourier content).

The peak value of | (i.e., 2Ay Ep Cp w) is important.
As | approaches |0(D). the transistor 02 turns off'and the
waveform at Pin 12 distorts. The circuit no longer be-
haves as 8 differentiator and peak distortion results.

For best zero crossing detector performance, it is es-
sential that | ba maximized. A design value of | which
results in good noise performance and minimum peak
shift is 900 microamperes. 1

| = 2Av Ep CD w =900 x 10—6
Rearranging the equation for |,
. 900 x 10-6

2Ay Ep w

Cp

=wc=‘

}

for RT,

Also, solving wC = R':CD

1
RT=
T"&cto .
Assuming the output impedence of Q1 and Q2 com-
bined is 40 Ohms,

RancC

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 noiss.
This optimum solution requires the following relation-
ships:

2_ Rt
RtCp Lp

RT2Cp

rearranging, Lp=

1gor optimum zero-crossing detector performance,
di/dt should be as large as possible at zero-crossing.

Motorola guarantees a minimum IQ(p) of 1.0 mA,

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

we = - Sw“ 2 L
Ro °D “n"FpCp VLG
W W
we 9 a0 | wq ] a0
10 | +48.00 1.0 )
09 | +4.01 +3.01 | 09 +8.49 +8.49
08 | +61.33 | +333 | 0.8 | +12.686 | +9.16
0.7 | +56.01 +367 | 07 | +2726 | +9.6%
06 | +69.04 | +403 | 06 | +37.08 | +0.77
08 | +6343 | +4.39 | 0.5 | +4669 | +5.68
04 | +6820 | +4.77 | 0.4 | +B6.04 | +B.38
03 | +7330 | +8.10 | 0.3 | +65.00 [ +8.96
02 | +70.69 | +5.39 | 0.2 | +73.88 | +8.68
o1 | +8a20 | +6.60 | 0.9 | +8187 | +8.29
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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 up gain
during an 1D burst, and sometimes to indicate 8 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 s 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 voit-

age offsets do not influence thresholding. An attenuator, .

R1/R2, is often required in the ac coupling nstworks be-
cause the gain stage output is between 1.6 Vp-p and 2.4
Vp-p for optimum zero-crossing-detector performance.

VINTA
Vo Ay=5
from Threshold
Galn Stage Amplifiar
Pin 11
. R1
’ R1
VINTA® BT ATV

The magnitude of R1 should be less than § k< to
minimize the effects of Threshold Amplifier Bias current
{ITHA = 15 pA). Also, R1 + R2 must be greater than 3
kQ because the minimum output sink current {log) 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 2,6 V|NTA. Thresh-
olding is based on a percentage of the nominal voltage
applied to the comparators, 2.5 ViNTA. Both positive
and.negative references are derived from Vgg as follows:

v

{Vgg) +25pA xR3

v“'n:u Ra

6
=28 ViNTA X%

R3 should be less than 1 k2 to minimize the effects of
Threshold Comparator Bias Current {ITHC = S0 pA). A
0.1 pF decoupling capacitor is required for transients,

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

To
Pin 16
of Each.
Davico

-Vee

26%
Threshatd

50%
Threshold

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 hlghpass filter
attenuates some. of this p , its freq 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 fi, the fi_ signal is at-
tenuated ~3 dB; the fy = 2f|_ signal is for all practical
purposes unattenuated. Figure 29 shows the 45° 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, E,,) L2 (+45° Phasa Lesa)

VINTA
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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

AN

80%

Galn Stoge [}
Output }
for f ] |

_’! :‘_450

winta, T NG 2N\
"~ N

ZCD——I——]_—I__—
m___ . 7o

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 I1C,
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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/Qutput
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 4F Monolithic
Ceramic

Note: Ootted Lines Outiine Ground Plsn:
on Back Side of Printed Circuit Bosrd
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EXAMPLES

Exzmple #1 (See Figure 24 for Component Hookup)

Tape Drive Typa: Open Reel
Encoding: NRZ!
Recording Density: 800 BP! {800 FCPY)
Tepe Speed: 200 IPS
Signal into Gain Stage
Epp = 0.3 10 0.6 Vpp @ BO kHz
Threshold: 25% of mini: itage psaks

The voltage from the Gain Stage is designed for 1.6 Vpp at
Pin 11.

FE=Avm27

Sat the EGC for a gain of 2.7, unbatanced. )
The maximum p-p voitage to the Threshold Amplifier, ViNTA.

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

ViNTA _
Vo
R1+R2> 3k and Rt < 5 kN (See text)
These constrairits are satisfied when R1 = 4.7 k2 and R2 = 3 kn

R
“R1+R2

L
16

This is an | for a i

value.

Now der the agH to the Threshold
Amplifier

VINTA(MIN)" x27 x0.3 =05 Vpp,

The threshold P raf Itag
25VINTAIMIND
VR =0.25 x 2.5 x 0.5 ~ 300 mV

VR, is set at 26% of

—300x103= —6)

R3 + Fl4
R3 < 1 kA (See toxt)
Let R3 =470 2; then R4 = 10 k2

The vatues of Rp and Cp are determined from the equations
given in the text.
Cp < 8001076 500 x 106
0" 2a,Epw  AyEppw

. 900 x 10-6
27 x06x 27 x 80 x 103

Cp = 1000 pF
Assume fo = 3f

~40= g —~ 40

1 1
wcCp 27 x 3 x80 x 105 x 10—
Rp = 670 — 40 = 600 2

RT2Cp (67012 x 10-9
bor—F—"~"—3 —

Rp~

=224 uH

Exzmple #2 {See Figura 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
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Epp = 0.2 Vp-p @ 320 kHz
0.4 Vp-p @ 160 kHz
25% of voltage peaks

The voltage from the Gain Stage is designed for 1.6 Vpp at
Pin 11.

Threshold

16
3 = Ay =4
Sat the EGC for a gein of 4, unbalanced.
The maximum p-p voltage to the Threshold Amplifier, v.NTA,

is detigned for 1 Voit. The required attenustion factor is L

16
ViNtTA Rl _ 1
Vo RI+R2 16

R1+ A2 > 3k and R < 5 kL {Seo toxt)
These constraints are satisfied when R1 = 4.7k and R2 = 3

kf2. Thisis an i 1] for a mini g c3paci-
tor value. Now ider the voltage applied to the
Threshold Amptifier,

VINTA(MIN) =7 g% 4x02=05Vpp
The threshold reference voltage, VR, is sot at 25% of

25 VINTAIMIN)
VR =0.25x25 x05 = 300 mV

—300 x 10~3 = -6}

_R3
R3+ R4
R3 < 1 k§2 (See text)
Let R3 = 470 £2; then R4 & 10 kR

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

‘:Dugoomo—ﬁssook10-6= 900 x 10-6
2Ay Epp Ay Ep 4x04x 2% x 160 x 103
Cp = 560 pF
Assume fo = 3fyy
Rp = z——~ 40
D" weco
1
- —~40
27 x 3 x 320 x 103 x 5.6 x 10~10
Rp = 285 ohms — 40 = 250 2
RY2C 2 12
o 1': D _ {295) x5260x10— .26

Example #3 {See Figure 24 for Component Hookup)
le #2, but i base-line shift.

In to a¢ the Gain Stage and Threshold,
8 passnve d-ffercm:anon is performed to attenuate the lower fre-
pr base-Jine shift. This improves signal-to-noise
ratio. The corner frequencv is chosen at f_ = 160 kHz where the
attenuation is 0,707 (3 dB) and the phase angle is +45°.

Ssme as E

1
— . 3
L= CIRi+Ra 160%10

For C = 200 pF
R1+R2a5kQ

R 1
Now i +m2 - 16%0707 02

Let R1 = 4,7 k2, then R2 = 470 2
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Example #4 (See Figure 31 for Component Hookup)

Tape Drive Type: Open Reel

Encoding: Dus! Mode (Phass-Encoded/NRZI)

Recording Density: 1600 BPt (3200 FCP1) for PE mode and
800 8rP1 {800 FCP1) for NRZI mode

Tape Speed: 200 IPS

Signal Into Gain Stage

Same as Examples 1 and 2
Threshold: 25% of age peaks
NOTE: Consider basa-line shift for PE mode.

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

It is ¥ to fly switch differentiator compo-
nents. A tow impedance MOSFET switch is shown.

Example #5 {See Figure 24 for Component Hookup)

Tape Drive Typa: Open Reel

Encoding: Group Code

Recording Density: 6250 BPt, 3042 FCPI

Tape Speed: 200 IPS

Signal Into Gain Stage
Epp = 0.1 Vpp @ 800 kH2 = fy
Epp = 0.3 Vpp @ 300 kHz = f(_

Congsiderations for setting Gain Stage EGC, coupling {passive dif-

ferantiation for basa-line shift or straight ac) into the Threshold
Amplifier, and Threshold setting are similar to the previous ex-
amples. For Group-coded dats the EGC sotting can be electroni-
cally locked during the ID burst in conjunction with Threshold
satting. {See Figure 32.)

Vatues for Cp end Rp
800 x 10-8
2A, Epw
800x 10-6
Ay Eppw
Cp & 300 pF

Assume fc = 3ty
a 1 40 = 1 -

@gCp 7 2nx 3 x 900 x 103 x 300 x 10~12
Rp = 200 — 40 = 160 Ohms

Cp=

900 x 10—6
6.3 x 0.3 x 2x x 300 x 103

Rp 40

o= RT2Cp _ (20012 x 300 x 10-12 _

7 2 &

uH

Example #6 (Seo Figure 24 for Component Hookup}
Seme as Example #5 except 125 [PS tepe speed.
Signal Into Gain Stage 7
Epp = 0.3 Vp-p @ 565 kHz
Epp ~ 0.6 Vpp @ 188 kHz
Cp = 300 pF, Rp = 250
Lp=1264H

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

NR2ZI/PE Mode Select —— MOSFET

200 st {80 §2 On Resistance, On for NRZ1)
24 uH 330
j 260 1000 oF
1" 12134
ol \E
Channet A ' Gain “Active 2o
*E) Stage A Differen- Crossing
+18V 7 tistor Darector,
o +
€GC 5
0.1 uF
Lol |
Channel B Gain
(NRZI) Stege 8
o
A=y | Chonnol 4
8 = 0 { Sotect O
A8
| CAlL \onr g0 RN
A
200pF A2 SAa Thrashotd Throshold
Amplitier Detacror
8.7k A
-3
R1
a7k _ y
Rga = Threshold Throshold
Ik . Amplitier Detactor
L{ + 8
€s8_ Rpy ./
1OpF 4.7k |
Ve = +5 Vde L. VEE oA a
VEE = -6 Vdc = R4 100 1
10K 0w =
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FIGURE 32 — APPLICATIONS CIRCUITS

Digital Attenuator for Satting MC3468 Gain Stage
Acutomatically During 1D Burst

Vee
PE P1 P2P3 P4 P5 P6 P7 PB
Advance Clock Cik
Oown Counter
inh
N Q1Q2Q3Q4 asqeazas
Time =1 Monostable
Dealay
‘@-_ AB A7A8 AB AVA2ADA4L
sl MC1403L-6 DAC
Q
VRAEF lo
A
Threshold v fo
Detoct — cc R14

VW

{From MC3468)

Vo=Vee A SO
— Vo=Voc*Aaya

{To EGC of MC3468
= Gain Stage)
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MOTOROLA MC3470

Advance Specifications and

Applications Information FLOPPY DISK
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

P SUFFIX
PLASTIC PACKAGE
CASE 70101

¢ Guaranteed Maximum Peak Shift of 5.0%

TYPICAL APPLICATION

Active
Filter Network Differentiator

Analog Inputs

This it advance Information and specifications are subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS (Note 1)(T 5 = 25°C)

Rating Symbo! Velues Unit
Power Supply Voitage (Pin 11) Veey 70 Vde
Power Supply Voltege (Pin 18) vee2 18 Vde.
Input Voitage (Pins 1 and 2) . V) -0.2t0 +7.0 Vde
Output Voltege (Pin 10} Vo -0.2t0+7.0 Vde
Operating Ambient Temp TA 0to+70 °c
Storage Temperature Tug -85 to +150 o¢
Operating Junction T Ty 160 °c

Plastic Package -

Note 1: “‘Absoluts Maximum Ratings” aro thoso values beyond which tho safety of
the device cannot be guaranteed. They are nrot meant to imply that the
devices should be operatod at these limits. The teble of “Electrical Charac-
teristics” provices conditions for actual device operation.

RECOMMENDED OPERATING CONDITIONS

Rating Symbol Value Unit
Power Supply Voltage Vee +4,75 10 +6.26 Vde
) g Ambient Temp Range TA 0to+70 oc

ELECTRICAL CHARACTERISTICS (T = 010 +70°C, Voo = 4.76 t0 5.26 V, Vg2 ® 10 to 14 V unless otherwise notad)

Ct fsti | Figure | Symbol | Min | Typ | Max | unit |
GAIN AMPLIFIER SECTION

Differential Voltage Gain 2 Avp 80 100 120 v
{f = 200 kHz, Vipy = 6.0 mV{RMS)

Input Biss Current 3 ha - ~10 =25 HA

Input Common Mode Range Linear Operstion ViCM -0.1 - 10 v
{5% max THD)

Differential Input Voltage Linear Operation viD - - 25 mVpp
(6% max THD) .

Output Voltage Swing Differential 2 VoD 3.0 4.0 — Vp-p

Output Source Current, Toggled o - 8.0 - mA

Output Sink Current, Pins 18 and 17 4 los 28 . 4.0 - mA

Small Signal Input Resistance (T = 26°C) [ 100 250 - kR

Small Signal Qutput Resistancs, Single-Ended o - 15 - a
(Ta = 26°C, Veey = 6.0V, Vo= 12V

Bandwidth, 3.0 dB {v;p = 2.0 mV(RMS), T = 26°C, 2 BW 5.0 - - MHz
Veey1 =60V, Vec2=12V)

Common Modo Rejection Ratio (T4 = 26°C, f = 100 kHz, ] CMRR 50 - - dB
Ayp = 40dB, viy = 200 mVp-p, Vooy =60V,
Veez =12 V)

Vees Supply Rejection Ratio (T = 259C, Vog2 =12V, - 60 .- - dB
4.76 < Vg < 526V, Ayp = 40 dB)

V2 Supply Rejection Ratio (Ta = 26°C, Vogy *6.0 V, - 60 - - dB
10V € Vgea < 14V, Ayp = 40 dB)

Differential Output Offsat (T 4 = 269C, vip = vin = 0 V) Voo - - 0.4 v

Common Mode Output Offset (v;p = Viy=0V, Veo - 30 - v
Difforential and Common Mode)

Differential Noiss Voltege Referred to Input 2 en - 15 - BV(RMS)
(BW = 10 Hz t0 1.0 MHz, T4 = 25°C)
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ELECTRICAL CHARACTERISTICS {continued)(Ta = 0to +70°C, Voot * 4.76 10 5,25 V, Vo2 = 10 1o 14 V uniess otherwises noted)

| | Figere | Symbol | Min | Typ | Max | Unit |
ACTIVE DIFFERENTIATOR SECTION
Differentiator Output Sink Current, Pins 12 and 13 [ oo 1.0 14 - mA
(Vob = Vee! :
Peak Shift (f = 250 kHz, vip = 1.0 Vp-p, icgp = 600 A, 7.8 PS - - 8.0 %
whore P = 1/2 P51 P52, 1o0q
tPs1 +tps2
Veer1 =50V, Vec2=12V)
Differenti Input Resi Differential no - 30 - k2
Differentiator Output R Differenti oD - 40 - Q
(TA = 26°C)
BIGITAL SECTION _
Output Voltage High Logic Level, Pin 10 {Vgey =4.76 V, 9 VoH 27 - - v
Veez2 =12V, igH = -0.4 mA)
Output Voltage Low Logic Level, Pin 10 (Vccy =476 V, 10 VoL - - 05 v
Veg2= 12V, 1oL = 8.0 mA)
Output Rise Time, Pin 10 | 11,12 TLH - - 20 ns
Qutput Fall Time, Pin 10 11,12 tTHL - — 25 ns
Timing Range Mono #1 (tq4 and tyg) 13 t1A.B 6500 - 4000 ns
Timing Accuracy Mono #1 12,13 Eqq 86 - 116 %
(t1 2 1.0 43 = 0,625 R1C1 + 200 ns)
(R1 =6.4 k&3, C1 = 200 pF)
Accurancy guaranteed for R1 in the range
1.5 kQ < R1 < 10 k2 and C1 in the range
160 pF < C1 < 680 pF.
Note: To minimize curvent transi C1 should
be kept as small as is convanient.
Timing Range Mono #2 11,12 t2 160 — 1000 ns
Timing Accuracy Mono #2 12,13 Er2 86 - 116 %
(t2 = 200 ns = 0.625 R2C2)
(R2 = 1.6 k2, C2 = 200 pF)
Accuracy gueranteed for 1.5 k2 < R2 < 10 kR,
100 pF < C2 < 800 pF
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FIGURE 1 — POWER SUPPLY CURRENTS, FIGURE 2 — VOLTAGE GAIN, BANDWIDTH,
lcct AND lee2 OUTPUT VOLTAGE SWING
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FIGURE 4 — AMPLIFIER OUTPUT SINK CURRENT,
FIGURE 3 — AMPLIFIER INPUT BIAS CURRENT, lijg PINS 16 AND 17
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FIGURE 5 — AMPLIFIER COMMON MODE FIGURE 6 — DIFFERENTIATOR OUTPUT SINK CURRENT,
REJECTION RATIO, CMRR PINS 12 AND 13
1 18 —Ovee2 1 18 —OVee2
Vin 51
. 2 17+—0vp17 2 1?7
- T —l= 161—o0vors 3 16
25 AFL
4 18 R ¥016 = Y017 4 18
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oF o— 9 10 oF [-] 10
16K | 16K
6.4k 6.4k
NOTE: Messuromants moy be made with voctor voltmeter hp
8405A or oguivalont at 1.0 MHz to guarantso 100 kHz
psriormance.
FIGURE 7 — PEAK SHIFT,PS FIGURE 8 — PEAK SHIFT, PS
Seo Figuro 8 for Output Waveform Vin= 1.0 Vg, =260 kH2
Tost schomatic on Figure 7
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FIGURE 9 — DATA OUTPUT VOLTAGE HIGH, PIN 10
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FIGURE 11 — DATA OUTPUT RISE TIME, tTLH
DATA OUTPUT FALL TIME, tTHL
TIMING ACCURACY MONO #2, ET2

Vin is samo as shown on Figuro 13, test schematic on Figura 12

Vour
Pin 10
0.6V

1.8V

e

L

—
L— THL

12
Etz2 = 300 ns X 100%

FIGURE 10 — DATA OUTPUT VOLTAGE LOW, PIN 10
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0.2V vy,

Vour
Pin 10

FIGURE 13 — TIMING ACCURACY MONO #1, Eq1

trLH ® tTHL <10ns  f= 260 kHz

Tast Schematic on Figure 12
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FIGURE 14 - AMPLIFIER OFFSET DECOUPLING
IMPEDANCE, PINS 3 AND 4
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FIGURE 17 — PHASE AND NORMALIZED VOLTAGE -

GAIN versus FREQUENCY
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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

14

Mc3470

Filer Diffarentiator

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, filter 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
saries 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 insccurate peak detection will occur in
the differentiator. Therefore, the total impedance of the

filter must be greater than Zmjn as catculated from
(EPAVD)Imax
28mA

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 channael.

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 RW

HEAD TO THE MC3470
Powor
2NB460
j
S
R/W 4 b3 &
Hezd 2 4 $

TT |

2N6460

o>

Two of the advantages FET switches have aver diode

switching are:

1. They isolate the read channel from d¢ 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 capacitor between pins 3 and 4 {Figure 14). The
refationship between the gain and the external resistor is
given by
Ai) _ _ Rext
AVR 2(!’0 + RB)
where Avo 4 voltage gain with the external resistor = 0,
Avp B voltage gain with the external resistor in,
Rext 8 the external resistor, and
re+Re & the resistance looking into pin 3 or pin 4,

Thus, ) .
AVO
Rayt = 2[—22 — + .
oxt =2 (n 1) (re + Re)

A plot of (rg + Rg} 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

>
$Ac SA:
0
Vo
~—0
Q
Viplt)
a1 Q2
12 " 13
o
© A
[ ) €o

o bo

the emitters of a differential amplifier with a capacitor
resufting in a collector current that will be the derivative
of the input voltage,
1= 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.

Vo = 2Ric = 2Rcd""‘“’

Vo is applied to a comparator whu:h will provide zero

crossing detection of the current waveform. Since the
capacitor shifts the current 80° 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 8 peak differential voltage applied to MC3470

amplifier input.

Epsin wtevoltage waveform applied to MC3470
amplifier input (for purposes of discussion,
assume a sine wave).

Avp 4 differential voltage gain of input amplifier,

vin(t) 8 gitferential voltage waveform applied to the

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

iclt) 8 current through capacitor Cp.

Hoéoutput resistance of Q1 (Q2) at pin 12 (13).

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

ic(t) = CpAvpEpwcoswt
and Vo(t) = 2RcCpAvpEpwcoswt.

Accurate zero crossing detection of Vp(t) [peak
detection of vin(t)] occurs when the current waveform
iclt) 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 = CpAvp Epw

The MC3470 current-sou‘rcing capacity will determine

the maximum value i¢; therefore, Cp must be chosen such

that the maximum i¢ occurs at the maximum AypEpw
product.

o= igmax 1mA
(AvDEpwimax  (120){Epwimax

If the peak value specified for i¢ is exceeded, the
currant source (10 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 84°.
Locating the pole at a frequency much greater than
10 wpmgayx needlessly extends the noise bandwidth thus:

1
2R — .
0 Cp 10 wmax

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

Ielt}

AypEpw

1
Wmax 2R Cp WVp(t}

resistor can be added so that

1

R=2Rgo+Rp = — .
07D * £510 omax

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

FIGURE 28 — COMPLETE RESPONSE OF DIFFERENTIATOR
[

ity

CpAypEpw

wViplt)

1
Wmex—T——
m LDCQ

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

1

VLCp
§=_PCD
2/LCp

o= 10 Wrax =~

VLCp

where Cp is chosen for maxi ic as sh previously.
Solving for L gives:

Wo =

1
100 CD(Nmax)z

Using this value for L gives:
RCp

2/ C
10

'30(""’max)2

8=

Solving for R gives:
5
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 curent 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 B0k

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 2ero crossing, which can resuit 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 (1) of the one-shot
timing elements on pins 6 and 7. The following equation
will optimize immunity to this signal distortion at zero
crassing of the read head signal.

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

‘ 1= RIC1K1+To

where K1 = 0.625, T = 200 ns.

Actual time will be within £15% of t1 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 tq such that

aT<y>7-41

where T =

4f(max)’

The width of the digital output pulse t2 {pin 10} is
determined by
t2 = R2C2K2

where K2 = 0.626.

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

To preserve the specified accuracy of the MC3470,
R4, R2, C4, 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

C1q = 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 carafully as the on-chip isolation
of the devices connected to these pins is implemented by

4-7

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 uF capacitors for
decoupling power supply transients: one from Vgg1 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

NOTE: Dottod {inos outlina ground pleno
on back sida of printod clrcult boerd.
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Specifications and
Applications Information

MEMORY CONTROLLER FOR 16 PIN 4K, 16K
AND 64K DYNAMIC RAMs

The memory controller chip is designed to greatly simplify the
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
controller, in conjunction with an oscillator, will also generate the
necessary signals required to insure that the dynamic memories are

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

¢ High Input Impedance for Minimum Loading of MPU Bus

« Schottky TTL Technology for High Performance
¢ Useful with 4K and 16K and Future Expanded Dynamic RAMs

BLOCK DIAGRAM

MC3232A/
MC3242A

MC t1t2 t3 t4 t5

Several methods may bo employed to generate the required time delay:

1. Ono shots

High frequency counters
High froquoncy shift registers

2
3.
4. Delay lines
5

Signals from MPU Clock
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DYNAMIC
MEMORY CONTROLLER

SCHOTTKY MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 623

P SUFFIX
PLASTIC PACKAGE
CASE 649

PIN CONNECTIONS

mc [I EKc
tid m]MC
t2(J «] CE
tsE 57] Ref Clk
t4(T 20]Ref Request
te[T 19 Ref Grant
RW In (T A 12/14
Ref En [7 Tl A13/15
Row En[T il] RAS 1
R/W Out [nT RAS 2
CASEI h] RAS 3
end @ 13 ftAS 4

Soo Pin Descriptions
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ABSOLUTE MAXIMUM RATINGS (Note 1)

Rsting Symbo! Value Unit
Power Supply Voltage Vee 70 Vdc
Input Voltage \4] -05t0+70 Vde
Output Voltage Vo -0510+7.0 Vdc
Operating Ambient Temparature TA 0t0+70 °c
Storsge Temperature Tetg  1-66 to +150 o
(3] Ing Junction T Ty oc
Ceramic Package 175
Plastic Package 160

Note 1: “Absolute Maximum Ratings” are those values bayond which the safety of the
davice 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 Velue Unit
Powar Supply Voltage Vee +4.50 to +5.50 Vdc
Oparating Ambisnt Temperature Range TA 0 to +70 o¢
ELECTRICAL CHARACTERISTICS (Unless otherwiss noted specifications apply over recommendsd power supply and temperature
ranges.)
Characteristic Symbol Min Typ Max Unit
Input Voitage — Low Logic State ViL - - 0.8 v
Input Voltage — High Logic State ViH 20 - - v
Input Current — Low Logic State TS - - 260 A
(V.= 0.5 V)
Input Current — High Logic State (Vi = 2.7 V) ITY] - - 40 BA
(Vi = 5.6 V) 100
Input Clamp Voltages Vik - - -16 v
(I = 18 mA)
Output Voltage — Low Logic State VoL v
1oL =24 mA for RAS, CAS, and RW) - - 0.8
(oL = 8.0 mA for Row En, Ref En, MC, Rof Raq) - - 0.5
Output Voltage — High Logic State VoH v
(IoH = -1.0 mA for AAS, CAS, end RW) 3.0 - -
(IoH = -0.4 mA for Row En, Ref En, and MC) 24 - -
10H = -0.2 mA for Ref Req 24 - -
(Note: Ref Raq output has internal 5.0 k
resistive pullup to Vee.)
Power Supply Current — During R/W or Refresh Icc - - 65 mA
— During Idle 40
Output Short-Circuit Current los mA
{Voy. = 0 V for Row En, Ref En, and MC) -10 - -85

FIGURE 1 — TYPICAL tp71,3,8ndg (HIGH TO LOW) versus
LOAD CAPACITANCE — RAS, CAS and R/W

40
z |
= 30 = =
> L1
5 L] L1 L CAS, RMW
a 1
z
2o i
A Y
g 5
o
g Veg =50 Valts |

= 10 Ta=265C
3 |
0
0 100 00 300 400 500

€. LOAD CAPACITANCE (pF)
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SWITCHING CHARACTERISTICS  (Unless otherwise noted, 4.5 < Vg € 5.5 V, 8nd 0 € T < 70°C

Ch isti Symbol Min Typ Max Unit
Propagation Delay Times (Full AC Load — All Qutputs) ns
MC to MC - Low 1o High tPLH(NT) - - 14
MC to BT — High to Low PHLINT) - - 17
t1 to #AS tpTY 18 - 40
12 10 Row En tpT2 16 - 35
1310 TAS P13 17 - 45
4 to RW tpT4 16 - 45
t5 to CAS tpTSC 22 - 42
to RAS tPTSR 19 - 40
o RW tPTEW 30 - 58
to Row En (Refresh) tPTHER 30 - 66
to Row En (R/W) tPTSE 26 - 48
to Refresh En tPTEF 22 - 46
Ref Clk to HeT Feq tpca 10 - 27
Ref Grant to Row En PGS 20 - 43
to Ref En
t1 to Ref Heq (Ref only) PTQ 22 - 60
Propzgation Delay Times (AC Load, 15 pF — All Qutputs) ns
t1 to AAS PT1 10 - 30
t2 to Row En 1PT2 16 - 35
13 1o CAS P13 8.0 - 25
t4 to RW tPT4 8.0 - 25
15 to CAS tpTSC 14 - 35
to HAS tpTSR 14 - 35
toRMW 1PTSW 22 - a5
10 Row En (Refresh) tPTSER 30 - 65
to Row En (R/W) tPTSE 25 - 48
to Refresh En tPTSF 22 - a8
Setup Times (Full AC Load — All Pins) ns
Ref Clk before Ref Grant tsu(RC) 35 - -
A12, A13 before t1 tsu(A) 10 - -
R/MW Input before 14 tsu(RW) 33 - =
TE before 11 . t5u(TE) 20 - -
Ref Grant before t1 tsulRG) 26 - -
Hold Times (Full AC Load — All Pins) ns
A12, A13 after t5 thiA) 15 - -
TE after t1 th(TE) 0 - -
RM after t4 thiR/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 12 Low to High td(1-2) 30 - -
t1 Low to High to t4 Low to High td{1-4) 33 - -
t2 Low to High to t3 Low to High td(2-3) 30 - -
t3 Low to High to 15 Low to High 1d(3-5) 30 - -
Minimum Pulse Widths ns
t1 through t6 Low WLt} 30 - -
High TWHIt) 30 - =
MC twimc) 30 - -
Ref Grant WIRG) | 25 - -

Nt;le 2: If delays between t1--15 are less than the minimum specified, the succeeding outputs may not switch.

AC LOADS (Note 3}
R/W and CAS Outputs 450 pF to Gnd*
RAS Qutputs 150 pF to Gnd*®
—
MC, Row En, Ref En, and Ref Req Outputs 15 pF to Gnd*

*Includes probe and jig cspacitance.
NOTE 3: All outputs can drive larger capacitive loeds than those shown
with a small decrease in speed, See Figure 1,
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PIN DESCRIPTION TABLE
Name No. Funetion
RAS1  *| 18 | Row Address Strobe pins which connect to aach of the dynamic RAM:s to latch in row address on memory chips.
RAS2 15 | Decoded to 1 of 4 during R/W cycle. Alt 4 go low during refresh cycle.
RAS3 14
RASY 13
CAS  *| 11 | Column Address Strobe pin which cannects to each dynamic RAM to latch in column address.
AMW Cut * | 10 | This pin signals the dynamic RAM whether the RAM is to be read from or written into.
Row €n 9 | Row Enable output which goes to the MC3232A (MC3242A). It signals the Addrass Multiplexer that the lower hali
{Row Addressas) or the upper ha!f (Column Addresses) of the address lines are 1o be il into the dy
RAM address inputs. A Logic 1 on this output indi the Row Addresses, and a Logic 0 indi Column Addresses.
Ref En 8 | Refresh Enable output. A Logic 1 signals the Addrass Multiplexer that a refresh cycle is to ba done, and a Logic 0
indicates that address multiplexing should be done.
CE 22 | Thip Enable Input. A Logic 1 on this pin disabes alf chip functions, except that of Refresh and the MC output. 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.
RMW In 7 | The Read/Write input pin recaeives information from the M6800 MPU as to the direction of data exchange in the
dynamic RAM. it transmits a Logic 0 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 M6B0O. These two inputs decode to four signals controlling the four RAS outputs.
A12(A14) | 18 | A14.and A15 apply to 16K RAMs.
MC 23 [Memory Clock input from MCE875 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 resats 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 lications
MC 1 | The buffered complement output of MC. It is a buffered output which may be used to drive the circuitry creating the
time delays used on inputs t1 through t5.
u 2 | These pins use external timing inputs to seq ially sslect the outputs to be enabled. They are positive-edge triggered
12 k<] inputs. Assuming a Read/Write cycle is to be executed, 8 positive edge on t1 forces a logic O on one of the four RAS
13 4 | outputsas delermmed by the A12/14 AI3I|5 inputs. After a delay, a positive edge on 12 causes Row En to go toa
12 5 | Logic 0, providing ion to the MC3232A or MC3242A. 13 enables the CAS output and it
t5 6 | goos low. 14 enables the R/W output and it goes low, assuming the R/W input was low, t5 resats all the outputs to a
Logic 1 (with the excaption of MC, Ref En, and Ref Req). The inputs t1, t2, 3, 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) Refrash Clock Clock signals this pin that another refresh cycle is requlred It is a positive-edge triggered
input, and upon triggering, the Ref Reg pin 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
2 5 kQ2 pullup resistor to the Ve supply to allow wire-ORing if desired.
Ref Grant | 19 | Through the Refresh Grant input, the MCB87S initiates a refrash cycte. 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 @
DMA Grant even though they appear on the same line, When employing both dynamic memory {refresh) and DMA
in a microprocessor-based system with 2 combined Refresh/OMA 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 adge
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 is required. The refresh cycle occurs with the succeeding pulsas on t1-t5. A positive edge on t1
causes Ref Req to go high and al! the RAS outputs to go low. A positive going edge on t2 causes no changa 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 R/W signal is needed during refresh. A positiva edge on t5 resats the RAS
and Row En toa Logic 1 state, and Ref En to a Logic O state, ready for the next Resd/Write cycle.
Vee 24 | +5.0 V supply. A 0.1 uF capacitor is recommended to bypass pin 24 to ground.
Gnd 12 | System Ground,

“These outputs are dasigned to drive the highly capacitive inputs of multiple dynamic RAMs/(150 pF for RAS outputs, and 450 pF for CAS

and R/W

). C ly, these have no shortcircuit limit and must be handled accordingly. Good high capacitance load

driving techniques'usually include a 10 Q2 or greater series damping resistor. It is highly recommended that this be done on RAS, TAS and

R/W outputs of the MC3480. The effect of these series damping resistors on rise and fall times must be &

Tuded

e . :
in timing ations.

NOTE: All other outputs are LS/TTL totem-pole configuration unless otherwise noted.
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At
a2 - atl
a3 - A2

A4 - a3
Ath - At3

ats- a4

Notas: Also required in computing time delays are the various delays incurred by the particular delay scheme used; i.e., delays botwesn
4 x fo, 2 x fg, 8nd fo from the MCE875 which are used as Inputs or the gate delays of the gates used in Figures A through 5C.

TIME DELAY INFORMATION

TIMING REQUIREMENT CONSTRAINTS
Minimum is determined by MPU Address Delay {tap), plus RAM Row Address Set-Up Time {togg). minus MC3480
Propzgation Delay (tpr1).
Minimum is determined by RAM Row Address Hold Time {tg A} minus the minimum MC3232A/3242A Row Enable to
Output Delay {togmin]-
Minimum is determined by RAM Column Address Set-Up Time {tASC minimum) Plus maximum MC3232A/3242A Row
Enable to Output Delay (top1MAX).
No Minimum
Mini is d by RAM
of MPU (tpsR)-
Minimum is determined by the RAM minimum Write Pulss Width {twp).

CAS Putse Width {(1cas) or Access Time from CAS {toac) plus Data Set-Up Time

TYPICAL APPLICATION
16K X 8-BIT MEMORY SYSTEM FOR Mg800 MPU

Ta i ol

Note: N bors in pi
- part types or valuecs for 16K x 1 RAMs

Power-On Roset
c P-OR R
I X1, X2 o1
= MPU
System MPU
Crystal Clock MC6800
{4 x MPU o) '=I MC6875 92
T 1 Ret  Control :::"
MC Aeq Grant Bus Address
{Mam Bus
Clk) A12, A13 (A14, A15)
AQ-A11
{AD ~'A13)
MC
jo— Rofresh Address
o €nable Multiplex [4— DE
and Data
Refrazh Buffer
t2 ” Control Counter MCE880A
emary Control MC3232A
Ostay and Timing Row | ] (MC3242A) 9 AE
Clreuft t3 MC3480 Eneabto
w T AN
32 kHz
| 6 ) Ref Clk {64 kHz}
— _— —— (s
AS1 RAS2 RAS3 RAS4 CTAS R/W
:
Address
Bus
co-o05
{o6-08)
Data
Bus
4K x 8
Memory MCMa027 4K x 8 4K x 8 4K x 8
Array (16K x 8) (16K x 8) (16K x 8) (16K x B}
(MCME618)
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FIGURE 2 — READ/WRITE TIMING CYCLE
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FIGURE 3 — REFRESH TIMING CYCLE
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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 spesd 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
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FIGURE 6 -~ ALTERNATE TIME DELAYS USING MCB376
BA {Read/Writo Cycle Shown)

Rt I o T e O e N e I
i N I 1
MC | l
] FErom MCEB75
P e
t A 0 o 9o MC3480
" S8 % AAM
° 9 Controllar
t2 Ar2
t1 RAS 1}—o
? o 2 RAS 3|—0
B an (3 FAS3—0
RAS 4}—0
t8 AtS 4
AS —0
RAS \ [ 6 R/Wl—O
RAS — E
\d Y, MC E:w_o
mc Refl_o
Row En En
\ y —
\———-ﬂ Gote MC7400
M:::: :ZZ; AO - Asy A6 - A1l ) / —
Inputs {AO - AG) (A7 - A13) N\
caAas —\ /'_
\ T Road
RW
LN Writo
68
i L1
2 .
"| I— From MC@875
MC
I I Qo0
2N S +5V MC3480 RAM
Controller
11 An
11 RAS1|—oO
? o 4 t2 RAS2|—0
RAS3[—©
3 A3 t3
RASa[—©
4
t4 Ara s —o
e as l % awlo
' ‘MCc Row
MC Ea o
RAS ——-\ r— MC 2:' —o
Gaetaes-MC7400
Aow En
\ —
\ /
e T ]
Inputs AD-AB), (A7 - A13)
CAS \ f—
AW A /. Read
4
e e Write

4-81



MC3480

FIGURE §C — ALTERNATE TIME DELAYS USING MC6875
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FIGURE 8 — ONE SHOT TIME DELAY METHOD
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FIGURE 7 — DELAY LINE TIME DELAY METHOD

READ/WRITE CYCLE

" [ L

11—\
\: PN —
22—t MC3480
—— A2 RAM Controlter
—_\
w X A3 2 t1 AAS 11—
" —f—————\ A — 5 12 RAS2[—0
\ / 4 a RAS 3 =0
Aats \- 8 o PASAo
-_tB CASt—o
RAS —
\ j/_ % Awlo
Row
Mc En [°
Row En Memory Clock MC Reflo
\ /_ From MC6875
\ ) or Svltable
Clock Signal
Ad‘:::‘w AO0- AB AG-AN
tnputs (AQ - AB) (A7 - AI3) NOTE: t4 cen be ticd to t3 and the
41h delay slement can bo
A5 \ — eliminated.
R/W / Road

\_ _____ J‘ Write

4-84



MC3480

FIGURE 8 — DELAY LINE TIME DELAY (ALTERNATE METHOD)
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REFRESH CONSIDERATIONS

The MC3480/MC3232A (MC3242A) memory control
system can be used with either cycle 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 M68C0
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:

HAS falls at 150 ns (triggered by t1}

Row En falls at 250 ns (triggered by t2)
TAS, 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

4-85

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 80 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 falls at 450 ns

15 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.
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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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Specifications and Applications

Information

M6800 CLOCK GENERATOR

Intended to supply the non-overlapping 01 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 isemployed 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.

Typical MPU System with Bus Extenders

4-88

M6800 TWO-PHASE
CLOCK GENERATOR/DRIVER

SCHOTTKY MONOLITHIC
INTEGRATED CIRCUIT

P SUFFIX
PLASTIC PACKAGE
CASE 648

L SUFFIX
CERAMIC PACKAGE
CASE 620

PIN CONNECTIONS

IVce
MPU 01
Ext In Rosot Output
4 x fo IMPU 02
2 x fo I Powor-On Reset
M%ZSK IDMA/Rof Grant
Bus 02 iDMA/RIif Req
Ground IMemory Clock
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ABSOLUTE MAXIMUM HATINGS {Unless otherwise noted T4 = 25°C.)

Rating Symbo! Value Unit
Power Supply Voltage Ve +7.0 Vdc
Input Voltage \) +5.5 Vde
Operating Ambient Temp Range Ta 010 +70 oc
Storage Temperature Range Tag oc
Caramic Package -65 to +180
Plastic Package -55 to +125
0 ing Ji ion T e T, oC
Ceramic Package 175
Plastic Package 150
RECOMMENDED OPERATING CONDITIONS
Rating Symbo! Value Unit
Power Supply Voltage Vee 44,75 t0 +6.25 Vdc
[o] ing Ambient Temp Range Ta 01to +70 °c

ELECTRICAL CHARACTERISTICS

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

Characteristic - Symbol Min Typ Max Unit
Output Voltage — High Logic State

MPU o1 and ¢2 Outputs v
(Ve =4.75 V, Igum = -200 wA) Voum Vee -06 - -
{(Vec =5.25 V, IoHMK = +5.0 mA) VOHMK - - Vee +10

Bus ¢2 Output - Vv
(Ve =4.75V, IgHg = -10 mA) VOHB 24 - -
{Vece =526 V, IgHBK = 5.0 mA) VoHBK = — Veg+10

4 x fo Qutput ] v
(Vee =475 V, Vyy = 20 V, Iongx = =500 pA) VoHax 24 - -

2 x fo, DMA/Refresh Grant and Memory Clock Outputs VOH 24 - - v
{Vee =4.75 V, IgH = -500 wA)

Reset Qutput VOHR 24 - - v

(Vee =475V, Vi =33V, IgyR = =100 »A)
QOutput Voltage — Low Logic State

MPU ¢1 and ¢2 Outputs v
(Vee =4.75 V, lgLm = +200 uA) VoLm - - 04
(Vec =475 V, igLMK = -5.0 mA) VOLMK - - -1.0
Bus $2 Output v
{(Vec =475V, IgLp = +48 mA) VoLs - - 05
(Vee = 4.75 V, 1oLBK = ~5.0 mA) VOLBK ~ - -10
4 x fo OQutput v
(Vee =4.75V, Vg =08 V, 1gLax = 16 mA) vVoL4x = - 05
2 x fo, DMA/Refresh Grant and Memory Clock Outputs VoL - - 05 v
{Vee =4.75 V, Ig = 16 mA)
Reset Output VoLR - - 05 \4
(Vee=4.75V, V=08V, g K = 3.2mA)
Input Voitage — 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
Input Thresholds — Power-On Reset Input {See Figure 2) v
Output Low to High VILH - 28 36
Output High to Low VIHL 08 14 -
Input Clamp Voltage Vie - - -10 v

(Ve =475V, | ¢ = -50 mA}
Input Current — High Logic State

Ext. in, Memory Ready and DMA/Refrash Request Inputs IIH - - 25 HA
(Vee =475V, Vi =50V)
Power-On Resat IHR - - 50 uA

(Vec =50V, ViuR=50 V)
Input Current — Low Logic State

Ext. In, Memory Ready and DMA/Retresh Request Inputs [ITR - - -250 HA
Ve =525V, Vi =05V)
Power-On Reset Input! LR - - -250 HA

(Vee=5625V,V) =05V)
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OPERATING DYNAMIC POWER SUPPLY CURRENT

Characteristic Symbol Min Typ Max Unit

Power Supply Currents
(Voo = 5.25 V, fose =80 MHz, V)L =0 V, Vg = 30 V)
Normal Operation lcen - - 150 mA
{Memory Ready and DMA/Refresh Request Inputs at
High Logic State)

Memeory Ready Stretch Operation 1CCMR - - 135 mA
{Memory Ready Input at Low Logic State;
DMA/Refresh Request input at High Logic State)

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

SWITCHING CHARACTERISTICS
(These specifications apply whether the Internal Oscitlator (see Figure 9) or an Externa! Oscitlator is used {see Figure 10).
Typical values measured at Ve = 50 V, Tp = 25°C, fo = 1.0 MHz (see Figure 8).

| Characteristic [ symbol T Min | Tp | Max | unit
MPU 91 AND 92 CHARACTERISTICS
Output Period (Figure 3) 1o 500 - - ns
Pulse Width (Figure 3) tPWM ns
{fo = 1.0 MHz) 400 - -
{fo = 1.5 MH2) 230 - -
{fo = 2.0 MHz) 180 - -
Total Up Time (Figure 3} 1UPM ns
(fo = 1.0 MHz) 800 - -
{fo = 1.5 MHz2) 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) 1PLHM 0 - - ns
Detay 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
Output High to Low Logic State tTHLM = - 25 nt
BUS 92 CHARACTERISTICS
Pulse Width — Low Logic State (Figure 4) tPWLB ns
{fo = 1.0 MHz) 430 - -
(fo = 1.5 MHz) 280 - -
{fo = 2.0 MHz) 210 - -
Puise Width — High Logic State tPWHB ns
(fo = 1.0 MH2) 450 - -
(fo = 1.5 MH2) 295 - -
{fo = 2.0 MHz) 235 - -
Delay Times — {Referenced to MPU ¢1) (Figure 4)
QOutput Low to High Logic State tPLHBM1 ns
{fo = 1.0 MH2) 480 - -
{fo = 1.5 MH2) 320 - -
{fo = 2.0 MHz) 240 - -
Output High to Low Logic State 1PHLBM1
(C = 300 pF) - - 25
{CL = 100 pF) - - - 20
Delay Times (Referenced to MPU ¢2) (Figure 4)
Output Low to High Logic State tPLHBM2 -30 - +25 ns
Qutput High to Low Logic State PHLBM2 [+] - +40 ns
Transition Times (Figure 4)
Output Low to High Logic State tTLHB - - 20 ns
OQutput High to Low Logic State tTHLS - - 20 ns
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SWITCHING CHARACTERISTICS (continued)

Characteristic I Symbolgl Min I Typ | Max I UnltJ
MEMORY CLOCK CHARACTERISTICS
Delay Times (Referenced to MPU ¢2) (Figure 4)
Output Low to High Logic State tPLHCM -850 - +26 ns
Output High to Low Logic State tPHLECM 0o - +40 ns
Dolay Times (Referenced to 2 x fo) {Figure 4}
Qutput Low to High Logic State tPLHC2X - - 65 ns
Output High to Low Loglc State tPHLC2X - - 85 ng
Trensition Times (Figure 4)
Output Low to High State tTLHC - - 25 ns
Output High to Low State tTHLC - - 26 ns
2 x fo CHARACTERISTICS
Dalay Times (Referenced to 4 x fo) (Figure 4)
Output Low to High Logic State tPLH2X - - 50 n
Output High to Low Logic State tPHL2X - - 65 n
Delay Time (Referenced to MPU ¢1) (Figure 4)
Output High to Low Logic State PHL2XM1 ns
(fo = 1.0 MHz) 365 - -
(fo = 1.6 MHz) 220 - -
Trensition Times (Figure 4)
Output Low to High Logic State tTLH2X - - 25 ns
Qutput High to Low Logic State TTHL2X - - 25 ns
4 x fo CHARACTERISTICS
Delay Times (Referenced to Ext. In) (Figure 4)
Qutput Low to High Logic State tPLH4X - - 50 s
Output 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 TTHL4X = - 25 ns
MEMORY READY CHARACTERISTICS
Set-Up Times (Figure 5}
Low Input Logic State tSMRL 55 - - n
High tnput Logic State tSMRH 75 - - ns
Hold Time (Figure S)
Low Input Logic State tHMRL 10 - - ns
DMAJREFRESH REQUEST CHARACTERISTICS
Set-Up Times (Figure 6)
Low Input Logic State tSDRL 65 - - ns
High Input Logic State tSDRH 75 - - ns
Hold Time (Figure 8)
Low Input Loglc Stete tHDRL 10 - - ns
DMA/REFRESH GRANT CHARACTERISTICS
Delay Time Refsrenced to Memory Ctock {Figure 6)
Output Low to High Logic State tPLHG -156 - +25 ns
Output High to Low Logic Stats tPHLG -25 - +15 ns
Transition Times (Figure 6) ’
Output Low to High Logic State tTLHG - - 25 ns
Output High to Low Logic State tTHLG - - 25 ns
RESET CHARACTERISTICS
Detay Time Referanced to Power-On Resst (Figure 7)
Output Low to High Logic State 1PLHR - - 1000 ns
Output High to Low Logic State tPHLR = - 250 ns
Transition Times (Figure 7)
Output Low to High Logic State tTLHR - - 100 ns
Output High to Low Logic State tTHLR - - 50 ns

DESCRIPTION OF PIN FUNCTIONS

o anto
* 2abo

= A tree runmng ceciiztor at four times the MPU clack rete wastul for 8 system tyne sgnel.
= A (198 running oacitistar o1 two times the MU clock 15w,

o DUAIREFRES - An synchvonous inout umed to freste the MIR) clocks i Dwe 61 hegh, $ lew ctata for
Synasmic memery refrach of Cycle ttes) ORA (Direct Memory Acoecs),
® REF GRANT -Ammuﬂwmmmummunﬂw

¢ MEMORY READY — AA synchvonous input used to freece the APL chocks in Uw 61 low, 92 gh state for siow
mamory inwrtace,
o MUY — Capebla of driving the ¢1 3nd $2 Inputs 0N two MCEE00s.
Lo

* BUSe2 = AR output nomenalty in Dhase weth IRPU 92 having MCST26A tyDe desve copebeiay.

® MEMORY CLOCK - An output nominally in phase with BPU 62 which free rune during s reirash reguest cyce

o FORTATH RESEY - A Scmtt trgger inout which controls femet. A cagecitor to growrsd & recuersd t5 90t te
Ouered tome comazant. Internat §0 & resstor 1o Vo, See Genersl Dasign Suggutiens for
Manusl Reset Opevstion.

o RESEY = An sutput 10 te KPU end 11O deveon.
. X), X2 = Prowinion to atach a serisd rescnant crystal or RC network.
o EXT N = Allgws deiving by an extornal TTL signel to synchronice the KPU 10 en externad tyitem.
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Power-On Rotet

FIGURE 1 — BLOCK DIAGRAM

Meamory Rosdy O&-—

4 x fo 2xfo
(5)
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(9)

Memory Clock
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Vee
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O OMA/Refresh
Grant
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Output O
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Pin 16 — +5.0 Volits
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Vg, OUTPUT VOLTAGE (VOLTS)

FIGURE 2 — TYPICAL HYSTERESIS CHARACTERISTIC

OF RESET FUNCTION

50 LI |
Vee = S0V
Ta = 25°C
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FIGURE 3 - TIMING DIAGRAM FOR

MPU ¢1 AND 02
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MC6875

FIGURE 4 ~ TIMING DIAGRAM FOR NON-STRETCHED OPERATION
{Mamory Rezdy and DMA/Refresh Raguest held high continuously) )
Ext. In Input Voitage: 0 V 10 3.0 V, f = 8.0 MHz, Duty Cycle = 50%, tT HEX = tTHLEX =50 ns

20V
Ext. in
oav o8V
ITHLEX -—I
tPLHAX I_' tTHLAX TTLHAX
4 xto
tPLH2X le— tpHL2X Io—"n.uzx ~—’
20V 20V 20V
2xfo
a8 v 08V o8V o8V o8V
—=1  PHL2XM1
[—tPLHBM 1 ——8=
V, -08V
MPU $1 cc
7 o8V
[e—tPHLBM1
IPLHM22X —puf  fes— —o fea—tpHLM22X
—+4 Vecg-08V
MPU 02 x
08 V|t
\
—y
PLHBM2 — he— tPHLBM2
 [—tPwLBE —~
20V 20V
Bus ¢2
IPLHC2X ——o=f
tPLHCM
Memory Clock
DMA/Refrash Grant (Low)
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FIGURE § — TIMING DIAGRAM FOR MEMORY READY STRETCH OPERATION
{Minimum Stretch Shown)
Input Voltsge: 3.0t0 0V, tTHLMR * tTLHKMR =50 ns

- *THLMR —a) LC———”‘—"I'LHMR

20vY 20V

Memory Roady

DMA/Refresh Request

7// Irrelevant

2xfo

Y

OMA/Refresh Grant

{Low)
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FIGURE 6 ~ TIMING DIAGRAM FOR DMA/REFRESH REQUEST STRETCH OPERATION
{Minimum Stretch Shown)
tnput Voltage: 3.0t0 0 V, tyHLDR = tTLHOR = 5.0 ns

2.0V
Memory Resdy P
// irrolovant
08v Z
SORL —o=
e tSDAH
THORL —]
20V 20v
DMA/Reireih Reguest
98V, 0.8V
tTHLDR *TLHOR
20V 20V

2xfo

Vee - 18 Vee
-z PPWDMA = o -2
MPU 91

DMA/Refresh Grant
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FIGURE 7 — POWER ON RESET
Input Voltsge: 01050V, f = 100 kMz — Pulse Width= 10 us, ty g =tTHL =28 ns

tTTLH —_—
50V

s——

hat—— tTTHL

Power.On Reset

0.8 V47
ov

Reset

l- agv

%‘PLHﬁﬂ

tTLHA

rO.BV

c-lpm_ﬁ-—i

ITHLR ——a

[-20v

J- o8V

2.0v-

o8 v {

FIGURE 8 — LOAD CIRCUITS

To Scope
nput

cL* 5

MPU 91 Cy_ = 36 pF, Rp = 20 ©
MPU $2C| = 70pF, Ap = 16 2

To Scope
Input

For MPU ¢ 1 and MPU ¢2

+50V

RLL=18k

All diodes are 1N916
or equivalent

For 4 x fo, 2 x fo, Memory Ctock and DMA/Refresh Grant

+5.0 Volts

RLL - 240

All diodgs are 1N916
ar gquivalent

* Load capacitanca includas fixture and probe capacitance

For Bus ¢2
To Scope 50V
Input
RLL

68

All dlodes are tNS16
or gquivalent

For Resst Output

To Scope
Input

+5.0V

RLL = 1.2k

All diodes are IN916
or oguivalont
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APPLICATIONS INFORMATION

FIGURE 9 — TYPICAL RC FREQUENCY versus VOLTAGE
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FIGURE 10 — TYPICAL RC FREQUENCY
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GENERAL

The MC6875 Clock Generator/Driver should be located
on the same board and within two inches of the MC6800
MPU. Series damping resistors of 10-30 ohms may be
utilized between the MC6875 and the MC6800 on the ¢1
and ¢2 clocks to suppress overshoot and reflections.

The Vce pin {pin 16) of the MC6875 should be
bypassed to the ground pin (pin 8) at the package with a
0.1 uF capacitor. Because of the high peak currents
associated with driving highly capacitive loads, an ade-
quately large ground strip to pin 8 should be used on the
MC6875. Grounds should be carefully routed to minimize
coupling of noise to the sensitive oscillator inputs. Unnec-
essary grounds or ground planes should be avoided near
pin 2 or the frequency determining components. These
components should be located as near as possible to the
respective pins of the MC6875. Stray capacitance near
pin 2 or the crystal, can affect the frequency. The can of
the crystal should not be grounded. The ground side
of the crystal or the C of the R-C oscillator should be con-
nected as directly as possible to pin 8.

Unused inputs should be connected to VCC or ground.
Memory Ready, DMA/Refresh Request and Power-On
Reset should be connected to VcC when not used.
The External Input should be connected to ground
when not used.

OSCILLATOR

A tank circuit tuned to the desired crystal frequency
connected between terminals X{ and X2 as shown in
Figure 12, is recommended to prevent the oscillator from
starting at other than the desired frequency. The 1k§2
resistor réduces the Q sufficiently to maintain stable
crystal control. Crystal manufacturers may recommend a
capacitance {(C|) to be used in series with the crystal for
optimum performance at series resonance.

See Figures 9 and 10 for typical oscillator temperature
and VG supply dependence for R-C operation.

FIGURE 12 — OSCILLATOR-CRYSTAL OPERATION

*Required by some
Crystal monufacturers

(3)]
J_ "
Rt Lr Cy MC6B75
I w
X2
| .
o 4 cL
(3
(Trim) | M extin
[

4X fo=

——4 X fo = Crystal frequency

1
2nfL7Cy
2.5 pH € Ly € 22 pH

76 pF < Cy < 200 pF
A= 1kQ
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TABLE 1 - OSCILLATOR COMPONENTS

TANK CIRCUIT
PARAMETERS

cy
eF

APPROXIMATE
CRYSTAL PARAMETERS

Co
-3

fo
MHz

Ly
uH

)
opf

CTS KNIGHTS

400 REIMANN AVE.

SANDWICH, IL
60648

{818) 786-8411

McCOY ELECT. CO.
WATTS & CHESTNUTS 8TS.
MT.HOLLY SPRING, PA

17065
{717) 4863411

TYCO CRYSTAL PRODUCTS
3540 W. MONTECITO
PHOENIX, AZ
85019
602) 272.7948

10 150 38 12 40

47 82 47 -23 8.0

MPO4A
* 390 pF
MPO30

* 47 pF

113-31 1503260

113-32 1603270

from:

may be
FIGURE 13

RC OPERATION
(41

X1
EXTERNAL INPUT
(¢ }]

Opon

(2)
X2 X

c

MCGB75 4]

I

X2
(3)

L

Extarnal Pulse
Gonsrator

I

Extin

MCGB878

(3)
Ext In

To precisely time a crystal to desired frequency, a
variable trimmer capacitor in the range of 7 to 40 pF
would typically be used. Note it is not a recommended
practice to tune the crystal with a parallel load capaci-
tance.

The table above shows typical values for CT and LT,
typical crystal characteristics, and manufacturers’ part
numbers for 4.0 and 8.0 megahertz operation.

The MC6875 will function as an R-C oscillator when
connected as shown in Figure 13. The desired output
frequency (M@1) is approximately:

Formula 320

4xfoSCRY 271+ 23 R in K ohms
(See Figure 11) 4 x fo in Megahertz

It would be desirable to select a capacitor greater than
15 pF to minimize the effects of stray capacitance. It is
also desirable to keep the resistor in the 1 to 6 k
range. There is 2 nominal 270 Q resistor intemnally at
X1 which is in series with the external R. By keeping
the external R as large as possible, the effects due to
process variations of the internal resistor on the frequency
will be reduced. There will, however, still be some
variation in frequency in a production lot both from
the resistance variations, external and internal, and
process variations of the input switching thresholds.
Therefore, in a production system, it is recommended
a potentiometer be placed in series with a fixed R
between X1 and X2.
POWER-ON RESET

As the power to the MC6875 comes up, the Reset
Output will be in a high impedance state and will not give

C in picofarads

, Cary, 1L 60013 .(:ll!) 639-2361

a solid VoL output level until Vo has reached 3.5 to
4.0 V. During this time transients may appear on the
clock outputs as the oscillator begins to start, This
happens at approximately Vg = 3 V. At some Ve level
above that, where Reset Output goes low, all the clock
outputs will begin functioning normally. This phenom-
enon of the start-up sequence should not cause any
problems except possibly in systems with battery back-up
memory. The transients on the clock lines during the

time the Reset Output is high impedance could initiate
the system in some unknown mode and possibly write

into the backup memory system. Therefore in battery
backup systems, more elaborate reset circuitry will
be required.

Please note that the Power-On Reset input pin of the
MCEB75 is not suitable for use with a manual MPU reset
switch if the DMA/Ref Req or Memory Ready inputs are
going to be used. The power on reset circuitry is used to
initiglize the internal control logic and whenever the
input is switched low, the MC6875 is irresponsive to
the DMA/Ref Req or Memory Ready inputs. This may
result in the loss of dynamic memory and/or possibly
a byte of slow static memory. The circuit of Figure 14
is recommended for applications which do not utilize the

DMA/Ref Req or Memory Ready inputs. The circuit of

Figure 15 is recommended for those applications that do.

FIGURE 14 — MANUAL RESET FOR APPLICATIONS NOT USING
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DMAJREFRESH REQUEST OR MEMORY READY INPUTS

Vee
eI Iw
—-OR Rosot
[ Q
c 4= lIZ & e a0 B
8 8
H s

Manua! Rosat Switch

FIGURE 15 — MANUAL RESET FOR SYSTEMS USING
DYNAMIC RAM OR SLOW STATIC RAM IN CONJUNCTION
WITH MEMORY READY OR DMA/REFRESH REQUEST INPUTS

Vee
1/4 74LS08

MCE800




(M) MOTOROLA

QUAD THREE-STATE BUS TRANSCEIVER

This quad three-state bus transceiver features both excellent MOS
or MPU compatibility, due to its high impedance PNP transistor
input, and high-speed operation made possible by the use of Schottky
diode clamping. Both the -48 mA driver and —20 mA receiver out-
puts are short-circuit protected and employ three-state enabling inputs.

The device is useful as a bus extender in systems employing the
M6800 family or other comparable MPU devices. The maximum
input current of 200 juA at any of the device input pins assures
proper operation despite the limited drive capability of the MPU
chip. The inputs are also protected with Schottky-barrier diode
clamps to suppress excessive undershoot voltages.

The MCB8T26A is identical to the NE8T26A and it opeiates from
a single +5 V supply.

« High Impedance Inputs

« Single Power Supply

« High Speed Schottky Technology
« Three-State Drivers and Receivers

+ Compatible with M6800 Family Microprocessor

MICROPROCESSOR BUS EXTENDER APPLICATION
(Clock)
GND *5 v 01 02
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MCG880A
MC8T26A

This device may be ordered under
either of the above type numbers.

QUAD THREE-STATE
BUS TRANSCEIVER

MONOLITHIC SCHOTTKY
INTEGRATED CIRCUITS

J

L SUFFIX
CERAMIC PACKAGE
CASE 620

P SUFFIX
PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS - MCG6880A
MC8T26A

— IRecotvor
1*| Output

To] Bus 3

----- Driver
9 | Input
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MAXIMUM RATINGS (T4 = 25°C unless otherwiss noted.)

Rating Symbol Value Unit
Power Supply Voltage Vee 8.0 vde
Input Voitage Vi 5.5 Vdc
) Junction Temperature T, oc
Ceramic Packoge 175
Plastic Package 150
Operating Ambient Temp ¢ Range Ta 0to+75 oc
Storage Temperature Range Titg ~65 t0+150 vC
ELECTRICAL CHARACTERISTICS {4.75 V < Ve < 5.25 V and 09C < T < 759C unless.otherwise noted.)
_ Characteristic Symbol Min Typ Max Unit
Input Current — Low Logic State
(Receiver Enable Input, Vi (RE) = 0.4 V) HLIBE) - - -200 uA
{Driver Enable Input, Vi (DE) = 0.4 V] LIDE) - - -200
(Oriver Input, Vi (p) = 0.4 VI ILID) - - -200
(Bus (Receiver) Input, V| (g) = 0.4 V) HLIB) - - -200
Input Dissbled Current — Low Logic State IL{D) DIS
- (Driver lnput, V(D) = 0.4 V) - - -25 uA
Input Current-High Logic State
(Receiver Enable Input, ViH(RE) * 5.25 VI WHIRE) - - 25 uh
(Driver Enable Input, Vi(pE)-= 5.25 V) 11 H({DE) - - 25
(Driver Input, Viy(p) = 5.25 V) 1HID) - - 25
{Receiver Input, Vig) = 5.25 V} hiH(8) - - 100
Input Voltage — Low Logic State
{Receiver Enable Ingut) VILIRE) - - 0.85 v
(Driver Enable Input VIL(DE) - - 085
{Driver Input) ViLio) - - 0.85
{Receiver Input) ViLiB) - : - 0.85
Input Voitage — High Logic State
{Receiver Enable Input) VIH(RE) 20 - - v
{Driver Enable Input) VIH(DE) 20 - -
(Driver Ingut) VIHID) 20 - -
(Receiver Input} VIH(B) 20 - -
Output Voitage — Low Logic State
{Bus Driver) Qutput, lgy(g) = 48 mA) VouiB) - - 0.5 v
{Receiver Output, Ig)_(R) = 20 mA) VOLI(R) - - 05
Output Voltage — High Logic State
(Bus {Driver) Output, IgH(g) = —10 MA) VoH(B) 24 3.1 - v
{Receiver Output, IgK(R) = —2.0 mA) VOH(R} 24 3.1 -
(Receiver Output, IgniR) = —100 #A, Vee = 5.0 V) 3.5 - -
Output Disabled Leakage Current — High Logic State
(Bus Drivar) Output, Vou(g) = 2.4 V) IOHL(B) - - 100 uA
(Receiver Output, VoH(R) = 2.4 V) 10HLIR) - - 100
Output Disabled Leakage Current — Low Logic State
{Bus Output, Vo) (g} = 0.5 V) loLL(e) - - -100 HA
{Receiver Output, Vo (R) = 0.5 V) IOLL(R) - - -100
tnput Clamp Voltage
(Oriver Enabte Input )jp(pg) = —12 mA} VICIDE) - - -1.0 v
{Receiver Enable Input l|c(RE) = 12 MA) VICIRE) - - -1.0
(Oriver Input |jc(p) = —12 mA) VICID) - - -1.0
Output Short-Circuit Current, Vog = 5.25 V 111
{Bus {Driver) Output) 10s(B) -50 - -150 . mA
{Receiver Output) 10S(R) -30 - -75
Power Supply Current Icc - - 87 mA
{Vec=525V)

{1) Only one output may be short-circuited at s time.
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SWITCHING CHARACTERISTICS (Unless otherwise noted, specifications spply a8t T4, = 26°C and Vg @ 5.0 V)

Characteristic Symbol Figure Min . Max . Unit

Propagation Delay Time from Receiver (Bus) Input to tPLHIR) 1 - 14 ns
High Logic State Receiver Output .

Propagation Detay Time from Receiver (Bus) Input to tPHL(R) 1 - 14 ns
Low Logic State Receiver Qutput

Propagation Delay Time from Driver Input to tPLH(D) 2 - 14 ns
High Logic State Driver (Bus) Output

Propagation Delay Time from Driver Inputto - tPHLID) 2 - 14 ns
Low Logic State Driver {Bus) Output : .

Propagation Delay Time from Receiver Enable Input to PLZIRE) 3- - 15 ns
High Imp (Open) Logic State Receiver Output

Propagation Detay Time from Receiver Enable input to tPZL(RE) 3 - 20 ns
Low Logic Level Receiver Output

Propagation Delsy Time from Driver Enable Input to tPLZIDE) 4 - 20 ns
High Impedance Logic State Driver {Bus) Output

Propagation Detay Time from Driver Engble 1nput to tPZL(DE) 4 - 25 ns
Low Logic State Driver (Bus) Output,

FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY FROM
BUS (RECEIVER) INPUT TO RECEIVER OUTPUT, tp H(R) AND tpHL (R)

tTLH < 8.0 ns —» Ic— ——I
28V

Input
10% 18V
0V m—
PHL(R)
Vou
Output 15V

Vou

Input Pulse Frequency * 10 MHz
PLRIR) Duty Cycls = 50%

c— 6V
To Scope Recoiver To Scope 2.6

(Input) Ensble (Input)

Input

RAaceiver IN916
Qutput or Equiv,

¢

Recolver (Bus)
tnput

>
Pulso > 51

g
313k AR 30pF
Generator

AAA
V

Oriver
Enable
Input

4101
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FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
DRIVER INPUT TO BUS (DRIVER} QUTPUT, tpL(p) AND tpHL(D)

ITHL S 5.0m

t input Pulse Frequency = 10 MH2
PLHID} Outy Cycle = 50%
18V
26V
To Scope
(Input) F Ensble {Output)
i Input
1 Driver a0
Oriver (Bus) IN918
tnput Output or Equiv.
© ¢
Receiver
4 L4 L
< 51 2603 T~ 300 pF
Pulse
Generator

FIGURE 3 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
RECEIVER ENABLE INPUT TO RECEIVER OUTPUT, tpL2(RE) AND tpzy (RE)

tryL S 8.0ns

3 < 8.0 ns—o
jrbivadiing N

80% 80%
Input 1.5v 1.5V
10%
oV ————
tPLZ(RE) fo—— tPZL(AE)
~3.5V Input Pulse Frequency = 5.0 MHz
Outy Cycle = 50%
Output 1.5v
Vo ———T10%
To Scope 28V To Scope sov
{input) ? Becatver Erabie lOutp?n) ]
Input
$24k $ 240
Roceiver ;» : b3
Ourput
1&-
, L
Pulm @ 351
Generstor w 4
e 1 N9 16
8.0k :: ~30pF or Equiv.
Oriver Enable 4
Input
4 |
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MC6880A, MCBT26A

FIGURE 4 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES FROM
DRIVER ENABLE INPUT TO DRIVER (BUS) QUTPUT, tpL2(DE) AND tPZL{DE)

tTLH < 8.0 m—»l I.— —.‘ tTHL < 8.0ns
28V “¥o0% —
Input .8V 1,86V
0V Input Puise Frequency = B.0 MMz
. Duty Cycle = BO%
PZL(DE) l—— 15 2(0€)
~3.8V
Output 1.8V /
VoL 10%
+*26V oV
> To Scope s ?’
To Scope W D"";‘i’:‘”" {Output)
{Input} .p.
- 1: 3
" Driver 224k s
tnput 1
j—t
L4 Oriver (Bus)
Pulse grL g6 Racaiver Output
Generator 3 Output
3 1NB16
5.0 k:: < 300 pF or Equiv.
L
- ' =
FIGURE 5 — BIDIRECTIONAL BUS APPLICATIONS
Receivar } W . l——e
Outputs —O——@ Recelver
&——0— —O ~0— t=O~——8 Outputs
——O0— o —0—] —0—ae
o o MCBT26A] 5 MCBT26A)
Driver @——0O— O O l—O—a@ Oriver
Inputs @———O— l—O—e@ !nputs
—0— —O0—@
e 4
Drlver - Receiver
To Other
Eneble Enable Drivers/Recsivers
Driver  Becaiver
Ensble  Enable
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MOTOROLA

TRIPLE BI-DIRECTIONAL BUS SWITCH

The MC6881/3449 is a three channel, non-inverting, bi-directional
Bus Extender. It is designed to allow the bi-directional exchange of
TTL level digital information between a selected pair of ports in a
three port network. All three ports of each channel may be forced to
a high impedance condition through that channel's Enable input.

Port pair selection and listener/talker status for the three channels
is determined through the Control and Select inputs. All inputs are
PNP buffered, M6800 Family compatible, and protected with
Schottky-Barrier diode clamps to suppress undershoot voltages.

A summary of MC6881/3449 features include:

* Three Channels

*« Non-Inverting Data Exchange

« Bi-Directional Operation

« Active Pull-Up with Three-State Capability
* High Impedance Inputs

« TTL Compatible

« High Speed Schottky Technology

« Single Power Supply
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MC6881
MC3449

This device may be ordered under
either of the above type numbers.

BI-DIRECTIONAL
BUS EXTENDER/SWITCH

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

TRUTH TABLE

Enable Select Control Data Flow
0 0 0 2—=3
0 0 1 322
0 1 0 1—3
0 1 1 3-0
1 X X High Impedance

X -Don't Care



MC6881, MC3449

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

Reating Symbo! Vslue Unit
Power Supply Voltage vee 70 Vde
tnput Voltage \7] 55 Vde
Operating Amblent Temperature Range TA 0to +70 oC
Storage Temperature Range Tstg -85 to +160 5c |
Junction Temperature Range Ty o¢
Ceramic Packege 176
Plastic Peckage 150

ELECTRICAL CHARACTERISTICS (Ve = 4.75 t0 8.25 Volts and Ta = 0 to +70°C unless otherwiss noted.)

Characteristic Symbol Min Typ Max Unit
Input Voltage — Low Logic State Vi - |- 0.8 Vdc
Input Voltege — High Logic State Vin 20 - - Vdec
Input Current — Low Logic State T - - -100 A
ViL=04V)
fnput Current — High Logic State hH ) HA
(ViH=27V) - - 40
(Vi = 5.26 V) - - 100
Input Clamp Voltage Vie - - -15 Vdc
(e = -18 mA)
Output Voltage — Low Logic State VoL - - as v
{loL = 8.0 mA)
Qutput Voltage — High Logic State VoH 2.7 - - \"
{Ign = -400 uA)
Output Disabled Leakage Current oz HA
(Voz=04V) - - -40
(voz=22V) . - - 40
{(Voz =526 V) - - 100
Output Short Circuit Current tos -20 - -55 mA
Crosstalk Current — Low Logic State IxL - - -40 A

{VIH = 2.4 V on Node 3, opposite node selected
V1. = 04 V on node tested)

Crosstalk Current — High Logic State IxH - - 40 HA
(V)1 = 08 V on Node 3, opposite node solected
VIH = 2.4 V on node tested).

Power Supply Current . lce - - 70 mA
(Viy=24V,Vgc=526V) : :

SWITCHING CHARACTERISTICS (Ve = 5.0 Vend Ta = 25°C unless otherwise noted.)

Propagation Delay Times — Nodes 1,2,3 . : ns
Low-to-High Qutput ' tPLH - 30 -
High-to-Low Output tPHL = 24 =

Enable Delay Times ns
Disabled to High or Low-Logic State tEN - 18 -
High or Low-Logic State to Disabled tpIs - 10 =

Select Deloy Times ns
Third-State to High or Low-Logic State tON - 25 -
High or Low-Logic State to Third-State tOFF - 26 -

Control Delay Times ns
Third-State to High or Low-Logic State toN - 25 -
High or Low-Logic State to' Third-State tOFF ’ - 25 -
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MC6881, MC3449

PROPAGATION DELAY TIME TEST CIRCUITS AND WAVEFORMS

FIGURE 1 — NODE TO OUTPUT

Vee
810
Ensble = Gnd
1Ng18 Select = Viy
or Control = Gnd

Equivslent Nods 2 = Open

To ‘Scope
{Qutput)
2
o—l—e 3
To 1 e
‘Scope — é/- <
(Input} :: Bk 130pF
Pulse 812
Generator MC3449 Tota! Including
t= 1.0 MHz MCGB81 Probes, etc.
Duty Cycte » 50% =L Propagstion Delay — Node 1 to 3 Shown; -

tTLH "t THL=80ns

310 1,210 3 and 3 to 2 Tostod Similarty. *

Nade 1 3oV
In:n:: 1.6V 16V
ov input Pulse Characteristics
Vo I‘— tPLH PHL f = 1.0 MHz, 60% Duty Cyele
Output 15V * 1.6V TTLH " tTHL = 6.0ns
Vou ’ Al ges rof d to Gnd.
FIGURE 2 - THIRDSTATE
To ‘Scopo
2 (Output) Vee
E.Cor
S 510
To ‘Scope 1 v § i
{Input) - o . NS4
A .
> 18 pF 7R or
Pulse 812 81 kS T Equivalent
Generator MC3449
f=1.0MHz Mcesat
Duty Cycle = 50%
tTLH " tTHL = 5.0 ns = Nodo 3 shown undor test; =
Others tostod similarly.
3.0V
Enable 1.6V 16V
Input ov
oL Jt— j— ¢ .
o8 EN TEST TABLE
Control | Seloct-| Enable | Node 1 Test
VOH ™Y\ .0 ViL ViH | Pulse ViL | ten‘tpis
Output 10% Vi Vid_| Pulse ViH__ | ten/tpis
~16 VvV
High Z State
~1.6V X so%
Qutput /
10%

Vor e
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L0

Vin __—\
Enable

Vi

FIGURE 3 —~ TIMING DIAGRAM

Vin

Contrat D:;;:
V'L /l Lok

tON 3-1 tOFF 3-1 |

f-tEN
Vin/Vou
High-Z y Note Note
Port 1 1 2
ViL/VoL- \—
| tOFF 32 l ton 3.2
ViH/VoH
High-Z / Note | Note
Port 2 \ 1 2
ViVoL .
I-——l- tOFF 1,23
VIH/VOH
High-Z Noto Note \
Part3 1 2 j
ViL/Vouo

‘——"—‘OFF 32

I___/
L—‘ON 23

la—tON 1-3—-|

. Q—DI—'Dls

7
—

X

)____

Note 1: Dats Is trensenitted to only 1 of the 3 ports. Which port acts a3 en output deponds
on logic state of the select and contro! pins when the chonnel is ensbled.

Note 2: A port chosen to act 8s the output is oither high or low, depending on the logic
state of the port choson to be the input.

Noto 3: Tho srrow indicotes the diroction of dots flow. Eoch butfer Is non-inverting, so
dats maintoins the same logic state through the butfer.

Note 4: toyy is the time from third state to active (high or low) state;

tOFF is time from active to third state.

TRUTH TABLE
Enable | Select | Control | Data Direction (Note 3)
1 X X All Ports sre High-2
0 o [} Port 2 —+Port3
1] (4] 1 Port 3 —Port 2
1] 1 1] Port 1 —~Port 3
(4] 1 1 Port 3 —» Port 1

6VVEON ‘L8BION



MC6881, MC3449

FIGURE 4 — TYPICAL lgy versus VgL

40

35 Vee = 6.0 Vde
- Ta = 25°C /71
2 7
= /
o 7
s /
80
5
= 15
3 .
2 /|
L-;‘ 10

5.0

]

0 0.1 02 Q3 04 as 06 0.7 08
VoL. OUTPUT VOLTAGE - LOW LOGIC STATE (VOLTS}

TYPICAL APPLICATION
FIGURE 5 — TWO MPUs SHARING A COMMON MAIN-MEMORY

ADDRESS AND

CONTROL BUS
MCB800 i i DATA

/ 8us
DATA \ DATA

[a]
— $2

ADD. AND CONT

MC6875
cLock |92 !

MC6885-MC6838

MCge85-MC6888

Sig

ADDRESS
AND CONTRO

HIGH SPEED )
MAIN MEMORY MC6881
MC3448

MC6885-MCE888

| MCa888-MC8888

—

ADD. AND CONT
L

1 -
02 DATA < DATA DATA
MC6800 ! ! BUS

ADDRESS AND
CONTROL BUS

4-108



Advance Information

OCTAL THREE-STATE BUFFER/LATCH

This series of devices combines four features usually found
desirable in bus-oriented systems: 1) Highimpedance logic inputs
insure that these devices do not seriously load the
bus; 2) Three-state logic configuration allows buffers not being
utilized to be effectively removed from the bus; 3) Schottky
technology allows for high-speed operation; 4) 48 mA drive

capability.

« Inverting and Non-Inverting Options of Data

¢ SN74S373 Function Pinouts

« Eight Transparent Latches/Buffers in a Single Package

« Full Parallel-Access for Loading and Reloading

« Buffered Control Inputs

« All Inputs Have Hysteresis to Improve Noise Rejection

+ High Speed —8.0 ns (Typ)

« Three-State Logic Configuration

« Single +5 V Power Supply Requirement

+« Compatible with 74S Logic or M6800 Microprocessor Systems
* High Impedance PNP Inputs Assure Minimal Loading of the Bus
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MOSSR2 AVMCHAR A
MOGS828/MC34828

This device may be ordered under
either of the above type numbers.

OCTAL THREE-STATE
BUFFER/LATCH

INPUT EQUIVALENT
CIRCUIT

OUTPUT EQUIVALENT
CIRCUIT



MC6882A, B, MC3482A, B

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

Rating . Symbol

Vatiue

Power Supply Voltage Vee

8.0

Input Voltage V)

5.5

| Ogmﬁns Ambient ngnmn Range TA

Oto 475

Storage Temperature Range: T!.'H - { -85 to +160

Opersting Junction Tempsraturs ) T
Plastic Package
Ceramic Package

150
176

ELECTRICAL CHARACTERISTICS (Unlass otherwise notod, 0°C €T 4 K75°C end 4.76 V S Ve <6.26 V)

Charscteristic

Symbol

Min

Tve

Input Voltage — High Logic Stats
(Vec =4.75V, Ta = 25°C)

ViH

20

Input Voltage — Low Logic Stats
(Veg = 4.75 V, Ty = 259C)

viL

Input Current — High Logic State
(Vee=58.25V,Viy=24 V)

hH

40

'§<<l§

input Current — Low Logic State
(Vg =528V, V)L =05 V, V| (OE) = 0.5V}

i

-260°

BA

Output Voltage — High Logic Stats
Vec=4.75 V, lgH = ~20 mA)

VoH

24

Output Voltage — Low Logic Stata
{loL = 48 mA)

VoL

Output Current — High Impedance Stats
(Vee =525V, Vo =24 Vi
{(Vee = 5.25V, VoL = 0.5 V)

loz

100
-100

HA

Output Short-Clrcuit Current
{Vee = 5.25 V, Vo = 0) {only one output can be shorted at o time)

-130

mA

Power Supply Current MCE882A/MC3482A
{Vec=525V) MCE8828/MC34828

130
1650

mA

Input Clamp Voltage
(Vee=4.75 V, LK = ~12mA)

-1.2

SWITCHING CHARACTERISTICS (Voo = 5.0 V, Ta = 26°C unless otherwisa notad.)

Charscteristics Symbol

MCG882A/
MC3482A

Mmcega28/
MC34828

Typ

Max Min

Typ

Untt

Propagation Delay Times
Data to Output

Low to High PLH(D)
Cy =50 pF -
Cy = 250 pF -
CL=375pF -
Cy =500 pF -
High to Low tPHLID)
Cy =50pF -
Cy = 250 pF -
C_=375pF -
C_ =500 pF -

Propagation Delsy Times
Latch Disable {Low to High)
to Output

Low to High PLH(L)
CL = 50 pF -
High to Low tPHLIL)
Cp = 50 pF -

17

19

17

Propagation Delay Times
(CL =20 pF)
High Output Lavel to High Impedonce PHZ(OE) -
Low Output to High Impedance PLZ(OE) -
High Impedance to High Output PZHIOE) -
High Impedance to Low Output PZLIOE) =

7.0
18
8.0
12

7.0
18
18

9.0
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MC6882A, B, MC3482A, B

AC SETUP CHARACTERISTICS (vec = 5.0 V, Ta = 26°C unless otherwise notad.) :
‘ - MC@882A/ MC6882B/

Characteristic Symbo) MC3482A MC34828 Unit
Min Typ Max Min Typ Max
Setup Time (D) - [ - - 0 - ns
{Dats to Negative Going Latch Enable)
Hotd Time thio) - 1" - - 1" - ns
{Data to Negative Going Latch Enable)
Minimum Latch Enable Pulse Width tWwiL - 18 - - 15 - ns
{High or Low)
PIN CONNECTIONS AND TRUTH TABLES
MC6882A/MC3462A MCB8820/MC34828B
— S
Output . Output

[
19| ours out 1 é

F|...s

',_;l,,,s nals

E Out§ Out4| 9

E Latch Gnd @

B o & &y
418 @ @ B

38202

E Latch

FU.EL‘" — Output
Enable | Latch | Input | Output Enable | Latch | Input | Cutput
0 1 0 1 0 1 0 0
[ 1 1 0 0 1 1 1
0 0 X Q, 0 0 X Qg
1 X X z 1 X X 2z
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MC6882A, B, MC3482A, B

FIGURE 1 — TEST CIRCUIT FOR SWITCHING CHARACTERISTICS

C)_Incluces Probe and

tPH2(OE),'PZH(GE) only

TIMES DATA TO OUTPUT

To Scope (Input) Tgus‘::x:t
Closed for
Input or PL2(OE), PZL(OE) only Input
Enabte e XY} PHLID)
—y VNWN—O
Ttk Qutput
MCE882A/MC3482A
250 1NJ3064
Putse < :[ or Equivalent PLRID)
Generetor
= Output
_ ’ MC68928/MCI4828
= 1.0k l Closed for

Jig Cepaciténce

Output Enable

FIGURE 3 — WAVE FORMS FOR AC SETUP AND
LATCH DISABLE TO OUTPUT DELAY

e—TW( L) —ota—tW( L) e

Latch 16V 1.5V
(D) (D)
Input N
(Dsta) ;\\ .\\
PLHID)—] l—— tPHLID) —=f l—
Output 18V 15V

FIGURE 4 — WAVEFORAMS FOR PROPAGATION DELAY
TIMES — OUTPUT ENABLE TO OUTPUT
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tPZH(GE)

%20L68) r L2 I—

Output =3 8.0 V

VoL +0.8V 18V you-05V

Input Pulse Conditions
tTHL * tTLH € 53
t - 1.0 MH?2

oV

FIGURE 2 - WAVEFORMS FOR PROPAGATION DELAY



MOEE8/MEBTH
(M) MOTOROLA MO388/ME8T96
MOa387/MC8197
MOB388/MCBT98

This device may be ordered under
either of the above type numbers.
HEX THREE-STATE BUFFER INVERTERS

This series of devices combines three features usually found
desirable in bus-oriented systems: 1) High impedance logic inputs
insure that these devices do not seriously load the bus; 2) Three-state BFCJEFXFES)TI\E\E/-ESJTAEIES
logic configuration allows buffers not being utilized to be effectively
removed from the bus; 3) Schottky technology allows high-speed
operation.

The devices differ in that the non-inverting MC8T95/MC6885
and inverting MC8T96/MC6886 provide a two-input Enable which
controls all six buffers, while the non-inverting MC8T97/MC6887
and inverting MC8T98/MC6888 provide two Enable inputs — one
controlling four buffers and the other controlling the remaining
two buffers.

The units are well-suited for Address buffers on the M6800 or
similar microprocessor application.

* High Speed —8.0 ns (Typ)

* Three-State Logic Configuration

« Single +5 V Power Supply Requirement

« Compatible with 74LS Logic or M6800 Microprocessor Systems

« High Impedance PNP Inputs Assure Minimal Loading of the Bus INPUT EQUIVALENT

CIRCUIT

MICROPROCESSOR BUS EXTENDER APPLICATION

(Clock)
GND +5 V 01 02

OUTPUT EQUIVALENT
CIRCUIT
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MC6885-88, MC8T95-98

PIN CONNECTIONS AND TRUTH TABLES

MCG888/MC8TI6
. i -\ U
Ensble 1 E E Vee Enable 1 E E Vee
lnputAE : Em; Input A [2 ‘ E]m:
Qutput A E E Input F Cutput A |3 E Input F

E Qutput F

E Output F Input B E
E input E Output B E
E Output € InputC E

E Input O Output C E

gt 8 [3]
ousuea ]
iwpurc [3]
oupure [7]

12| Input €

11| Output E

E tnput O

el
isjlieys

Gnd |8 E Output O Gnd E E Cutput O
Enable 2 | Enzbfe 1 | nput | Output Enable 2 | ERaBlo 1| tnput | Output
L L L L L L L H
L L H H L L H L
L H X Z L H X Z
H L X k4 H L x 2z
H H X z H H X z
-7 MCB8B7/MCBTe7 MC6883/MCOTB
o/

6] vee

l__ﬁl Enabls 2
T3] inpuc e
13] output £

el 4 [1] 16] vee Erante 4 [1 |

ﬂﬂ Enable 2 Input A E
E Input F Output A E
E Output F Input B E

Input A |2

output A [3]
Input 8 E

[LRIRIG

IRy
ojjis] /o] fa

oupwB [ E Irput E Output B E
InputC lg E Output E . Input C E E Output E
Output € E E Input O Output C E E input ©
and E E Qutput O Gnd E 8 | Output D
Enabla | Input | Cutput L = Low Loglc State Ensble | tnput | Output
v Y © H = High Logic State T T
v " n Z = Third (HIgh Impedance) State C o H
" x z X = Irretovant n x 'z-
MAXIMUM RATINGS (T4 = 25°C unless otherwise noted.}
Rating Symbol Value Unit
Power Supply Voltage Vee 80 Vdc
Input Voltage Vi 5.5 Vde
Operating Ambient T Range Ta 010 +75 .%¢
Storage Temperature Ranga Tatg -66 to +150 oc
Operating Junction Temperaturg Ty oc
Plastic Packoge 150
Ceramic Package 176
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MC6885-88, MC8T95-98

ELECTRICAL CHARACTERISTICS (Unlass otherwisa noted, 0°C S T4 S 75°C and 4.75 V SV K5.25 V)

Cheracteristic Symbol Min Typ Max Unit

Input Voitage — High Logic State Vi 20 - - \
{Vee =475V, Ty = 25°C) :

Input Voltage — Low Logic State ViL - - 08 v
{(Vge = 4.75V, Ta = 25°C)

Input Current — High Logic State . hH - - 40 BA
IVee =526V, Vi = 2.4 V) N

Input Current — Low Logic State - he - - -400 BA
(Vec =528V, VL =05V, VL) =05 V)

tnput Current — High Impedance State . IH(E) - - -40 wA
(Veg =525V, VL) * 0.5 V, Vij(E)* 20 V) . s

Gutput Voltage — High Logic State VoH 24 - - v
(Vcec =475V, Ign = -5.2 mAl

Output Voltage — Low Logic State voL - - 05 v
(igL = 48 mA}

Output Current — High Impedance Stote 10z uA
{Vee = 5.26V, VoH = 24 V) - - 40
(Vgc = 525V, VoL = 0.5 VI - - -0

Output Short-Circuit Current Ios 40 -80 -118 mA

(Ve =525V, Vp=0)
{only one output can be shorted at 8 time)

Power Supply Current icc mA

(Vec=65.25 V) MCaT8s, MC8T97, MCB885, MCa887 - 65 o8
MCBT96, MC8T98, MCB886, MCE888 - 59 89

Input Clamp Volitage vic - - -15 v
(Ve = 4.75 V., ijc = -12mAl

Output Ve Clamp Voltage Voc - - 15 v
Vee » 0. 1oc * 12mA) .

QOutput Gnd Clamp Voliage . Voc - - -1.9 v
(Vee » 0, log = -12mA)

Input Voitage vy 5.5 - - v
(1) = 1.0 mA}

SWITCHING CHARACTERISTICS (Ve = 5.0 V, Ta = 25°C unless otherwise noted.)

— MICOT98/87 MCBT196/68
MC6835/87 - Mcsessge/ss

Characteristic Symbal Min Typ Max Min Typ Min Unit

Propagation Delay Time — High to Low State TPHL ns
. {CL = 50pF} 30 - 12 4.0 - "
(Cy = 250 pF) - 16 - - 15 -
{Cy_=375pF} - 20 - - 18 -
(C = 6500 pF) - 23 = - 2 -

Propagation Defay Time — Low to High State tPLH ns
(Cy = 80 pF) 30 - 13 3.0 - 10
{C = 250 pF) - 25 - - 22 -
{Cy = 375 pF) - 33 - - 28 -
(C = 500 pF) - 42 - - 35 -

Transition Time — High to Low State tTHL . : ns
{CL = 250 pF} - 10 - - 10 -
[CL = 376 pF) . - 1" - - 13 -
(CL = 500 pF} - 14 - - 15 -

Transition Time — Low to High State tTLH . as
(Cy = 250 pF) - 32 - - 28 -
{CL = 375 pF) - 42 - - 38 -
(Cy_ = 500 pF) - 60 - - §3 -
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MC6885-88, MC8T95-98

SWITCHING CHARACTERISTICS (Ve = 5.0 V., Ta = 259C unless otherwise noted.)

MC8T95/97 . MC8TH6/88
MC6885/87 . MC6886/88
Chsracteristic Symbol Min Typ Max Min Typ Max Unit
Propagation Delay Time — High State to Third State tPHZ(E) 3.0 - 10 30 - 10 ns
(C), = 5.0 pF) .
Propagation Dolay Time — Low State to Third State tPLZ(E) 3.0 - 12 5.0 - 16 ns
(C. = 5.0 pF) -
Propagation Delay Time — Third State to High State tPZHIE) 8.0 - 25 7.0 - 2 ns
{C_ = 50 pF) . .
Propagation Delay Time — Third State to Low State tpZLIE) 12 - 25 1 - 24 ns
{Cy = 50 pF)
. . FIGURE 2 - WAVEFORMS FOR PROPAGATION DELAY
FIGURE 1 — TEST CIRCUIT FOR SWITCHING CHARACTERISTICS TIMES INPUT TO OUTPUT
3v
To Scope (Input) Tgus‘:::-
Input or Open for tpzy(E) Test Only input ov
Enebie +8V fe—tpLH
I \ v
" ev—0 Output /— oH
l 3 200 mcsree, Mcasss : 15V
Sso0 cL v 1N3064 MC8TH8 or MCGB88 VoL
g-:r::"w 2 ]: or Equivatent tPLH [*—PHL
_. b 4 Output Vou
b MC8T96, MC6885 .5V
AV MCB8T97 or MC6887 i
= 1.0k Open for VoL
C¢ Includos Prabe and l tpZL(E) Tost Only Input Pulse Conditions
Jig Capscitance :TH1L°’|\;LLH <10ns
r—3 - 3. z

FIGURE 3 —~ WAVEFORMS FOR PROPAGATION DELAY TIMES — ENABLE TO OUTPUT

Vou ‘ 3ov
05V —
Output _r 1.5V Enable
| <15V _ l o
tpZLIE)

tPHZ(E)
/ ov -
Enable %\.B v k‘ BV Output
[} VoL
30V ov
nable 15V ~1.6V t5v Enadle
[+] 05V — °
tPZHIE) v
Output VoL , oH
tPLZ(E) —™ 15V Output

H = High-Loglc State, L = Low-Loglc State, Z = High Impedance Stato
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MC6885-88, MC8T95-98

FIGURE 4 — ADDRESS MULTIPLEXER FOR 16-PIN 4K NMOS MEMORY

Row Ensble o——_j -
E

Ay ———
—
—p] MCBT9?
ar
Row Addrass From MPU o ~o
p—-
— IMCMBB04A
’ NMOS
Memory
— o Ag Array
————
Column Address —— ] Mc:;l’s'l
From MPLU —— oo
Az —————n]
13

Column Ensble

4-117



MC6889
MC8T28

This device may be ordered under
either of the above type numbers.

M MOTOROLA

NON-INVERTING
QUAD THREE-STATE BUS TRANSCEIVER

This quad three-state bus transceiver features both excellent MOS NON-INVERTING
or MPU compatibility, due to its high impedance PNP transistor BUS TRANSCEIVER
input, and high-speed operation made possible by the use of Schottky
diode clamping. Both the -48 mA driver and-20 mA receiver outputs MONOLITHIC SCHOTTKY
are short-circuit protected and employ three-state enabling inputs. INTEGRATED CIRCUITS

The device is useful as a bus extender in systems employing the
M6800 family or other comparable MPU devices. The maximum
input current of 200 "A at any of the device input pins assures
proper operation despite the limited drive capability of the MPU
chip. The inputs are also protected with Schottky-barrier diode
clamps to suppress excessive undershoot voltages.

Propagation delay times for the driver portion are 17 ns maximum
while the receiver portion runs 17 ns. The MC8T28 is identical to
the NE8T28 and it operates from asingle +5 V supply.

« High Impedance Inputs
« Single Power Supply
« High Speed Schottky Technology
* Three-State Drivers and Receivers
P SUFFIX

+« Compatible with M6800 Family Microprocessor
K PLASTIC PACKAGE
* Non-Inverting CASE 648

MICROPROCESSOR BUS EXTENDER APPLICATION
(Clock)
GND «5V 01 02

PIN CONNECTIONS - MC6889
MC8T28
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MAXIMUM RATINGS (T = 26°C unless otharwise noted.).

Rating Symbol _ Value Unit
Power Supply Voitoge Vee 8.0 vde
Input Volitage : Vi 6.5 Vde
Junction Temperature T o¢
Caramic Packoge 176
Plastic Package 150
Opersting Ambient Temp Renge TA -| Ow+?s °c
Storage Temperature Range Tatg -85 t0+150 | Cc

ELECTRICAL CHARACTERISTICS {4.78 vV < V¢ € 525 V and 09C < Ta < 76°C unless otherwise noted.)

Characteristic Symbo! Min Typ Max Unit
Input Current - Low Logic State
(Receiver Ensble Input, Vy_(RE) = 0.4 V) LLIRE) - - -200 uA
(Driver Ensble input, Vi (DE) = 0.4 V) WL(DE) - -~ -200
{Oriver Input, Vy_(p) = 0.4 V) he (o) - - -200
{Bus {Receiver) Input, Vi (g) = 0.4 V) huie) - - -200
lnpu(:l; I?lublcd Current — Low Logic State - hL(D) OIS
river tnput, V| (D) = 0.4 V) - - -25 uA
tnput Current-High Logic State
{Recciver Enable Input, Vi(RE) = 5.26 V) 1 HIRE) - - 25 A
(Driver Enable Input, ViH(DE)-~ 5.25 V) 1IH(DE) - ~ 25
{Driver lnput, Viy(p) = 5.26 V) LIH{D) = - 25
Input Voltage — Low Logic State
(Receiver Enabre Input} VIL(AE) - - 0.85 v
{Oriver Enable Input VIL(DE) - - 0.86
(Briver Input) VI{iD) - - 0.85
(Recsiver Input) ViLie) - -~ 0.85
input Voltage — High Logic State
{Receiver Enable Input) VIH(RE) 20 -~ - v
(Driver Enable Input} VIHIDE) 20 - -
{Driver tnput) VIH(D) 20 - -
(Roceivar Input) VIHIB) 20 - -
Output Voltage — Low Logic State .
(Bus Oriver) Output, Io (B) = 48 mA) voiis) - - 0.5 v
(Receiver Output, IQL{R) = 20 MA) VOL(R) - -~ 0.5
Output Voitage — High Logic State
* (Bus (Driver) Output, Igy(g) = =10 mA) VOH(B) 24 3.1 - v
(Recelver Output, IgH(R) = ~2.0 mA) VOH(R) 24 to3a -
(Receiver Output, 1oH{R) = —100 4A, Vg = 5.0 V) 38 - -
Output Disabled Leskage Current — High Logic State
(Bus Driver) Output, Vou(g) = 2.4 V) \oHL(B) - - 100 HA
(Receiver Output, VOH(R) = 24 V) 'OHL(R) - - 100
COutput Disebled Leakage Current — Low Logic State -
(Bus Output, VoL (@) = 0.5 V) ‘oLL(e) - - =100 A
(Roceiver Qutput, Vo (R) = 0.5 V) 1OLLIR) - ~ =100
Input Ciamp Volitage
(Driver Ensble Input || p(pE) = ~12 MA) VIC(DE) - - -1.0 v
(Recaiver Enable Input l|c(RE) = +12 MA) VIC(RE) - - -1.0
(Drlver Input ic(p) = —12mA) Vicio) - - -1.0
Output Short-Circuit Current, Vo = 5.26 VU]
(Bus (Driver) Output) 10s(8) -60 - -160 mA
{Recoiver Qutput) 10S(R) -30 - -75
rower Supply Current Icc - = 110 mA
{Veg=625V)

{1) Onty one output may be short-circuited at a time.
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SWITCHING CHARACTERISTICS (Unless otherwise noted, Vg = 6.0 V and Tp, = 269C)

Charactaristic. Symbol Min Max Unit

Pr ion Deley Time—Recsiver (Cy. = 30 pF) tPLH(R) - 17 ns
PHLIR) 17

Propagation Delay Time—Driver (C|_ = 300 pF) PLR(D) - 17 n
PHL(D) \

Propagation Delay Timo—Enable (C|. = 30 pF) tPZL(R) - 23 ns
~ Receiver tPLZ(R) - 18
— Driver Eneble (Cy_ 300 pF) tPZL(D) - 28
tPLZ(D) - 23

FIGURE 1 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY FROM

BUS (RECEIVER) INPUT TO RECEIVER OUTPUT. tpL(R) AND tpHL(R)

Input Pulsa Frequency = 10 MHz

tTHL < 5.0ns
26V " oom
Input 1.5V
ov P 10%
PH L(R)_-l
Vou
Output LK-2Y
VoL
To Scope RAoceiver
(Input) Enabla
Input
Recoiver (Bus)
input
Putss 35
Genarator

Receoiver
Output

Oriver
Input

PLH{R) Outy Cycls = 50%
To Scope 26V
(Input)
92
1N9 18
or Equiv.,
1d-
v

%;1.“ R 30pF
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FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
DRIVER INPUT TO BUS (DRIVER) OUTPUT, tp ip) AND tpHL(D)

trLM < 5.0ns

tTHL S 5.0

28V
Input
10%
e Input Pulse Frequsncy « 10 MHz
PLH(O) Outy Cycte = 50%
Output 15V
26V
To Scope G'V Driver To Scope
{Input) Eneble (Output}
W Input
h Orivoer 30
Oriver (Bus) 1N916
Input Ouwut or Equiv.
Recoiver
L Output
3 s —O 260 2 AN 300 pF
. > Recoiver <
Pulse nable
Genarator
input
FIGURE 3 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
RECEIVER ENABLE INPUT TO RECEIVER OUTPUT, tp| 2(RE) AND tp2L(RE}
" tyLH S 8.0 ny —o ,n— ——'
26V
90% 90%
Input 1.5v 1.5V
10%
ov———
tPLZ(AE) jo—— tPZL(RE)
=35V Input Pulse Froquoncy = 5.0 MHz
Outy Cycto = 50%
Ovutput 1.5V
Vo ————— 10%
To Scope ov 5.0V
——— To Scopo
(Input) b 4 Receiver Eneblo (OJ;':“, L J
- input .
O~
$24x $ 240
Rocoiver S °
Ouiput
>
Pulse J—D 351
Generator 5 4
b3 INO 16
5.0k g -~ 30pF ¥ or Equiv.
Driver Enable 1 4
Input
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FIGURE 4 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES FROM
DRIVER ENABLE INPUT TO DRIVER (BUS] GUTPUT, tp 2(pg) AND tp2L(DE)

tTLH < 5.0 mj TTHLS S.0ns
W6V 90%
Input
0V e——— 10% Iaput Pulse Froguency = 5.0 MHz
T Duty Cycto = 50%
PZLIDE) [ wLzi08)
=35V
Output 1.5v /
VoL 10%
oV v
P To Scope 5'?’
To Scope °'i"|°' E':‘b" (Output)
Onput) n,';u
4 >
4 7
Oriver 224k $70
1nput
O l‘__4.
> Driver {Bus)
<
Pulse q_L $s1 Recaiver Output
Genargtor Output
e L N9 16
5.0kg A 300 pF or Equiv.
:‘.—<
) L
FIGURE 5 — BIDIRECTIONAL BUS APPLICATIONS
Recoiver @—O— |l—0—e
Outputs @——O— —O———@ Roceiver
*—0— l—0—— e —O—® Outputs
——0— l—O O l—0—@
MceT28 MC8T28
&—0— —O0— —O0— —O0—e
Oriver @—O— —0— —O— l—QO———@ Driver
1nputs @O —O0—e Inputs
—0— L —o0—e
Driver Recelver
Enable To Other
Enable nable Orivers/Receivars
Driver  Recalver
Ensble  Enable
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Product Preview

BUS-COMPATIBLE
8-BIT MPU D-TO-A CONVERTER

The MC6890 is a self-contained, bus-compatible, 8bit
(x0.19% accuracy) D-to-A converter system capable of interfac-
ing directly with 8-bit microprocessors. B

Available In both commercial and military temperature
ranges, this monolithic converter contains master/slave
registers to prevent transparency to data transitions during ac-
tive enable; a laser-trimmed, low-TC, 2.5 V precision bandgap
reference; and high-stability, laser-trimmed, thin-film resistors
for both reference input and outdput span and offset control.

A reset pin provides for overriding stored data and forcing lout
to zero.

¢ +1/2 LSB Nonlinearity

* Available in Military Temperature Range

* Direct Data Bus Link

« Low Power: 130 mW Typ

¢ Fast Settling Time: 140 ns Typ

* Single Enable: 10 ns Max Data Hold Time

* Self-Contained 2.5-V Precision Laser-Trimmed Voltage
Reference (May Also Be Used Externally)

* Reset Pin to Override Data

« Output Voltage Ranges: +5.0, +10, +20, or
+2.5, 5.0, £10 Volts
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FOR COMPLETE DATA
SEE PAGE 8 61

8-BIT
BUS-COMPATIBLE
MPU DAC

L SUFFIX
CASE 732

PIN CONNECTIONS

(MSBI 07 [7 El vee
06 (T 3 Ref Out
05 (T 77] Rel In
D4 (T 77] Analog Gnd
03 (7 E] 20 V Span
D2 (T TT] 10 V Span
oL [7 T] lout
Do (7 il ot
Roset [7 77] Enable
Digital Gnd [To 77] VEE



MOTOROLA

Specifications and Applications

InNformation
QUAD MOS CLOCK DRIVER

SILICON MONOLITHIC
QUAD MOS CLOCK DRIVER INTEGRATED CIRCUITS
OR HIGH-VOLTAGE, HIGH-CURRENT NAND DRIVER

The MC75365 is intended for driving the highly capacitive Ad-
dress, Control and Timing inputs on avariety of MOS RAMs such as
the "1103" and "7001" types. It is designed to operate from the
MTTL 5.0 V power supply and the VgS and VgB power supplies
used with the memories in most applications. Operation is re-
commended at VqC3 —VCC2 + 3 V, but the part is useable over a
wide latitude of supply voltages. VcC2 may te tied directly to
VcC3 'n many conditions.

® Pin Compatible with Intel 3207 and Interchangeable with T. I. L SUFFIX P SUFFIX
SN75365 CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648
¢« MTTL and MDTL Compatible, Diode-Clamped Inputs
« Two Common Enable Inputs per Gate Pair
« Low Standby Power Consumption Transient
« Capable of Driving High Capacitive Loads
« Fast Switching Operation PIN CONNECTIONS
s

TRUTH TABLE

INPUT
1 2 3 OUTPUT
H H H L
L 1 1 H
1 L 1 H
1 1 L H
Whore:

H High Logic State
L & Low Logic State
| m|° Irrelevant
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TYPICAL APPLICATION
with “1103" Type 1 K RAM
5.0V 15V 16V 5.0V
Veea ? Veca
’ Vea PVss Vcczé Veet
Veer Veea o o 3
Data In MC75365 —O—
l—-0————0—
—O0— Pracherge
o0
—o0—] "1103" Typo [ o] MTTL
m:& MC78365 | cpio Enable |  PMOS | —o—0—|MC75365[—0— & inpuys
—O0— —o0——0— RAM L O—O—
—O0— Road/Write
l—0—0— —O—0—
00—
MC?76365 [—O—
Gnd —0——-0— J
l—O——O0—
Address
Voo f Lines ‘+ Gnd .
=
MAXIMUM RATINGS (T4 = 25°C unless otherwise noted)
Rating Symbaol Value Unit
Power Supply Voltages Veet -05t070 v
Veez 05 t0 25
vees -0.51030
input Voltage Vi 5.5 \Y
input Differential Voltage (see Note 1) Vip 5.5 \
Power Dissipation {Package Limitation)
Ceramic Package @ Tp, = 25°C Pp 1000 mw
Derate above Tp = 25°C 1/RgiA 66 mW/oC
Plastic Package @ T = 25°C Pp 830 mw
Derate above T4 = 25°C 1/Rgya 66 mwW/°C
Ceramic Package @ Tg = 25°C Pp 30 Watts
Derate above T¢ = 25°C 1/Rgyc 20 mw/°C
Plastic Package @ T¢ = 25°C Pp 1.8 Woatts
Derate above T¢ = 25°C 1/Rgc 14 mw/oC
Operating Ambient Temperature Range Ta Oto 70 °c
Junction Temperature Ty oc
Ceramic Package 175
Plastic Package 150
Storage Temperature Range : Tstg -85 to +150 °c
Note 1. This is the differential voltage between any two inputs to any single gate.
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Min Typ Max Unit
Power Supply Voltages Vee 4.75 5.0 5.25 A
veez 4.75 20 24
Vees veez 24 28
Difference between Vg g and Vo2 VeeaVeez 0 4.0 10 Y
Operating Temperature Range Ta 0 - 70 oCc
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ELECTRICAL CHARACTERISTICS (Uniess otherwisa noted Ta = 25°C, Voo = 5.0V, Veea = 20V, Vegz = 24 V,
CL = 200 pF, Rp = 240, See Figures 1 and 2.)

Characteristic Symbol Min Typ* Max Unit
Input Voltage — High Logic State ViH 20 - - v
Input Voltage — Low Logic State viL - - 08 v
Input Clamp Voltage Vic - - 15 \Y
{lic = -12mA)
Input Current — Maximum Input Voltege Ith1 - - 10 mA
(V)= 5.5V)
Input Current — High Logic State ItH2 pA
(Vig{1) =24 V) - - 40
(Vig (2 or V|4 (31224 V) - - 80
input Current — Low Loglc State TR mA
(Vi) =04 v} - -1.0 -1.6
(ViL(2lor Vv {3}=04 V) - -20 3.2
Output Voltage — High Logic State v
(Vee3 = Vec2+3.0V, VL =08V, IgH=-1004A)|  Vou1 Veez-03 Veez 01 -
(Veez = Vee2+3.0V, VL =08V, IgH = -10 mA) VoH2 vVeez -1.2 Vce2 09 -
(Veea = Vee2. ViL =08V, Igy = -50 #A) VOH3 Veez-1.0 Vee2 0.7 -
(Vcea = Vee2- ViL =08 V, IgH = 10 mA} VoH4 vee2 23 Veez-18 -
Output Clamp Voltage ° Voc - - Vee2 #1.5 v
(ViL=0V,1oc = 20mA)
Output Voltage — Low Logic State v
(ViH =20V, lgL = 10 mA) vour - 0.15 03
15V Vee3 <28V, Viy=20V,IgL =40 mA) vouL2 - 0.25 0.5
Power Supply Currents — Outputs High Logic State mA
(Vg1 =5.25V, Vec2224 V, Vee3 =28 Y, ICC1(H) - 40 8.0
ViL=0V, IgH = 0mA) Icc2(H) - -2.2 -3.2/+0.25
IccatH - 22 35
(Vec1=5.25V,Vec2=24V,Veea =24V Icc2(H) - - 0.26
VIL=OV,IogH=0mAl 1CC3(H) - - 0.5
Power Supply Currents — Output Low Logic State mA
(Vec1=5.26V, Vcea=24V, Veez =28V leciiu) - 31 47
VIH 2 B.0 V, lgL = 0 mA) Iccaiu) - - 25
. lceaiu) - 16 25
Power Supply Currents — Standby Condition mA
(Vec1=0V,Vge2=24V, Veez= 24V Iccats) -~ - 0.25
ViH=50V, IgL = 0mA) Iceats) - - 05 -

*Typicel Values at 25°C, Vgg1 = 6.0 V, Vog2 =20 Veand Voeg = 24 V

SWITCHING CHARACTERISTICS (Unfess otherwise noted TA = 26°C, Voot =50V, Vge2=20V, Vec3 =24 V,
C =200 pF,Rp = 240, See Figures 1 and 2.}

Characteristic Symbol Min Typ Max Unit
Propagation Delay Time, Low to High Stats Output tPLH 10 3 48 ns
Propagation Delay Tima, High to Low Stats Output PHL 10 30 46
Delay Time, Low to High State Qutput tDLH - 1 20 ns
Delay Time, High to Low State Qutput tDHL - 10 18
Transition Time, Low to High State Output tTLH - 20 33 ns
Transition Time, High to Low State Output TTHL - 20 33
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VOH. OUTPUT VOLTAGE - HIGH

LOGIC STATE {VOLTS)

Veg 05V
vegz-1.0v
vVee-15V
vee2 -20v
vVeez-25 vV

Veez-3.0v

veez-3s v
-0

toH. OUTPUT CURRENT — HIGH LOGIC STATE {mA)

FIGURE 6 — OUTPUT VOLTAGE — LOW LOGIC STATE

VoL, OUTPUT VOLTAGE - LOW
LOGIC STATE (VOLTS)

05

o
S

e
w

e
N

IGH, GUTPUT CURRENT ~ HIGH LOGIC STATE (ma)

FIGURE 6 — TOTAL POWER DISSIPATION versus FREQUENCY

Vee2 05V ﬂ Ev
x —
S —
x
_.._. 2 veez-tov Ta=259C
m.w. Ta = 1709C
5z vee2-18V ==z
Sk ey
< » N
55 vVeez-20V - N
& NN
5 8 TA = 00C ne
|<nn_ =50V n.H.L vee2-25V
Vecz=20V o veer =50V
-veeg= 2V vee2-3.0 V- Vee2= Vees= 20V
V=08V ViL=08V
T veez-3svi L L LIIN
01 0. -0 . -10 -100 -0.01 0.1 1.0 -10

191, OUTPUT CURRENT — LOW LOGIC STATE (mA}

versus OUTPUT CURRENT (All Four Drivers)
1000 —TTTT
~T s
I w20t /1 A
vVeea=20V
¥ | vces=24v - s 800 oL -__ha_.:n /\ \\ \
ViH=2.0V \\ z N\ \ \ \\Jlln.-maum
Ta =700 — Z v
AT g q V\ /
Pz i A |
L1 Ta=00C g Pegliig \\/
o« 400 g o=
H ] 1T No Load
\ m... Vi S0V Vv : ~Na<
S cC1 =8 cc2~ N
d < 200 veeaz24v TA = 259C
§0% Duty Cycle 0-3.0 V input Pulse J
0 Ll LIl
20 40 60 80 00 01 0.2 05 ] 20 5.0 1

f, FREQUENCY (MHz}
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MC75365

FIGURE 1 - mi_._.o.:_za. CHARACTERISTIC TEST CIRCUIT FIGURE 2 — SWITCHING CHARACTERISTICS WAVEFCRMS

_ll._.._._-x <10ns |'_ TTHL S 10 ns

30v

80% 90%
Input 15V 16V m—
' To Scopo 10% 10%
ToScope 24y (Output) . . ov
npu —n] —
M 1/4MC75365 _ DHL OLH
\"/
Vv, 20V - OoH
(Includes Probe ce2 Vgez-20V
200 pF and Ji Qutput
Pulso 50 T 0 2.0 vV 20V

Generator = Capacitence) . VoL
tPHL PLH—= —
= : TTHL tTLH—

Input Pulse Characteristics:
PRR = 1.0 MHz, PW =600 ns, tT 4 = tTHL S 10 ns

TYPICAL PERFORMANCE CURVES

FIGURE 3 - OUTPUT VOLTAGE -~ HIGH LOGIC STATE FIGURE 4 — OUTPUT VOLTAGE — HIGH LOGIC STATE
versus QUTPUT CURRENT vorsus OUTPUT CURRENT

Ve e T T T T T T T 1T Voo — I T T T T T




tPLH. PROPAGATION DELAY TIME
LOW TO HIGH STATE OUTPUT (ns)

tPLH. PROPAGATION DELAY TIME - LOW
TO HIGH STATE QUTPUT (ns)

MC75365

TYPICAL PERFORMANCE CURVES

FIGURE 7 — PROPAGATION DELAY TIME - FIGURE 8 — PROPAGATION DELAY TIME —
LOW TO HIGH STATE OUTPUT HIGH TO LOW STATE OUTPUT
versus AMBIENT TEMPERATURE versus AMBIENT TEMPERATURE
40 40
w W
¥z Cy = 200F — ey CL = 260 pF
Fe 30 >»2 30
zE <k
3 ]
w (-]
o S =@
E'& 20 CLeS50pf ’E_E 20 CL=50pF
=~ <
qn g3
-3 g 9
<o o=
a = ==
S gEr
£e w0 "SE W0
F1 VeL1 =50V Vggz=20V = VeC1 =50V Vee= 20V
= Vee3=24v- Rp=240 T VEC3=24V - au=zm-—‘
0 L1 1 1 0 [
20 ) 60 80 20 40 50 80
Ta. AMBIENT TEMPERATURE (0C) TA. AMBIENT TEMPERATURE (9C)
FIGURE 9 — PROPAGATION DELAY TIME — . FIGURE 10 — PROPAGATION DELAY TIME —
LOW TO HIGH STATE OUTPUT HIGH TO LOW STATE QU TPUT
versus Vocz SUPPLY VOLTAGE varsus Voc2 SUPPLY VOLTAGE
4 40
b
- E _
" Cy =200 pF ; E Cy =200 pF L
_——— -
| et E g ,4/
- AR
20 ~ CL = 100 pF zi 20 > — CL=100pF
£E 4
(<)
VEe1 =50V Ta = 259C F3=] VeI =50V
10 Vee3= Vegz +40V. — g w vees=Veca +4.0 VT
fip =208 = RAp = 40
g i TA =259C |
0 a
40 8.0 12 16 20 u a0 8.0 12 16 20 24
Vg2, SUPPLY VOLTAGE (VOLTS) VCe2, SUPPLY VOLTAGE (VOLTS)
FIGURE 11 — PROPAGATION DELAY TIME - FIGURE 12 — PROPAGATION DELAY TIME —
LOW TO HIGH LOGIC STATE HIGH TO LOW STATE QUTPUT
versus LOAD CAPACI TANCE versus LOAD CAPACITANCE
50 I 50 I -
40 1 ¢F e Ap = 162
[o-wg A Ef Nt |
> — o
0 = //-‘L"‘ z g » e ’/“/
. Q
'//,l/ Rp=0 gE _ [ F'}-n
20 gz 0 —a [
veey =50V — g2 VEe1 =50V —
vVpe2=20V Ta =250 <= VEe2=20V T = 2500
10 vee3= 4V — 25 W Vep3=24V —
0 0 I
100 200 300 400 0 100 200 300 400

€L, LOAD CAPACITANCE (pF) Co, LOAD CAPACITANCE (pF)
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- APPLICATIONS SUGGESTIONS

POWER CONSIDERATIONS

Circuit performance and long-term circuit reliability are
affected by die temperature. Normally, both are improved
by keeping the integrated circuit junction temperatures
low. Etectrical power dissipated in the integrated circuit
is the source of heat. This heat source increases the
temperature of the die relative to some reference point,
rormally the ambient temperature. The temperature in-
crease depends on the amount of power dissipated in the
circuit and on the net thermal resistance between the
heat source and the reference point. The basic formula
for converting power dissipation into junctlon temper-
ature is:

Ty=Ta +Pp (Rgyc *+ Rgcal (1

or
Ty=Ta +Pp (Rgga) (2)
where
T4 = junction temperature
T A = ambient temperature
Pp = power dissipation

RgJc = thermal resistance, junction to case
RgcA = thermal resistance, case to ambient
RoJA = thermal resistance, junction to ambient.

Power Dissipation for the MC75365 MOS Clock Driver:
The power dissipation of the device (Pp) is dependent
on the following system requirements: frequency of op-
eration, capacitive loading, output voltage swing, and
duty cycle. The variation of power dissipation with
frequency and load capacitance for the MC75365 is
illustrated in Figure 6. The power dissipation, when
substituted into equation (2), should not yield a junction
temperature, T, greater than TJ(max) at the maximum
encountered ambient temperature. Tj(max) is speci-
fied for two integrated circuit packages in the maximum
ratings section of this data sheet.

With these ‘maximum junction temperature values, the
maximum permissible power dissipation at a given
ambient temperature may be determined. This can be
done with equations (1) and (2} .and the maximum
thermal resistance values given in Table 1 shown on
the following page.
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TABLE 1 — THERMAL CHARACTERISTICS
OF “L” AND ‘P” PACKAGES

RgJa (°C/W) Rayc (°C/W)
PACKAGE TYPE Still Air Still Air
(Mountad in Socket) | max TYP MAX TYP
“L* (Ceramic Package) | 150 100 50 27
*'P** {Plastic Pockage) 150 100 70 40

If the power dissipation determined by a given system
produces a junction temperature in excess of the recom-
mended maximum rating for a given package type, some-
thing must be done to reduce the junction temperature.

There are two methods of fowering the junction tem-
perature without changing the system requirements.
First, the ambient temperature may be reduced suf-
ficiently to bring T to an acceptable value. Secondly,
the RgCA term can be reduced. Lowering the Rgca

term can be accomplished by increasing the surface

area of the package with the addition of a heat sink or by
blowing air across the package to promote improved
heat dissipation. '

Heat Sink Considerations:

Heat sinks come in a wide variety of sizes and shapes that
will accomodate almost any IC package made. Some of
these heat sinks are illustrated in Figure 13,

FIGURE 13 ~ THERMALLOY® HEAT SINKS

6007A

*Manufactured by Thermalloy Co. of Toxas.

From Table 1, Rgja(max) for the ceramic package

with no heat sink and in a still air environment is
160°C/W.
For the following example the Thermalloy 60128 type
heat sink, or equivalent, is chosen. With this heat sink, the
Rgca for natural convection from Figure 14 is 44°C/W.
From Table 1 Rgyclmax) = 50°C/W for the ceramic
package. Therefore, the new Rgja(max) with the
60128 heat sink added becomes:

RgJa{max) = 50°C/W + 44°C/W = 940C/W.

Thus the addition of the heat sink has reduced Rgya
(max) from 1500C/W down to 94°C/W. With the heat
sink, the maximum power dissipation by equation (2)
at Ta = +70°C is:

175°C - 70°C

+94°0C/W

= 1.11 watts.

This gives approximately a 60% increase in maximum
power dissipation over the power dissipation which is
allowable with no heat sink.

FIGURE 14 — CASE TEMPERATURE RISE ABOVE
AMBIENT versus POWER DISSIPATED USING

NATURAL CONVECTION
100
g
w 80 ]
ue THERMALLOY =60128 DIP HEAT SINK OR EQUVI—,_+4~
I >
§§ 50 |— THERMALLOY 50074 // =
EE OIP HEAT SINK OR EQUIV 7< A
) Vs
% P
Syw 2 ///
2 /f
2
0
0 05 10 15 20

Pp. POWER DISSIPATED (WATTS)

Forced Air Considerations: i

As illustrated in Figure 15, forced air can be employed to
reduce the Rgja term. Note, however, that this curve is
expressed in terms of typical Rg A rather than maximum
RgJa. Maximum Rgya can be determined in the fol-
lowing manner:
From Table 1 the following information is known:

(a)  Rgyaltyp) = 100°C/W

(b)  Rgyclityp) = 27°CW
Since:

RgJa = Rgyc + Roca 3
Then:

Roca = RgJA - Rouc ‘ ()
Therefore, in still air

RgcAltyp) = 100°C/W - 279C/W = 739C/W

From Curve 1 of Figure 14 at 500 LFPM and eq-
uation (4),

RgcAltyp) = 53°C/W - 279C/W = 26°C/W.
Thus RecAltyp) has changed from 73°C/W (still air) to
26°C/W (500 LFPM), which is a decrease in typical
Rgca by a ratio of 1:2.8. Since the typical value of
Rgca was reduced by aratio of 1:2.8, Rgcalmax) of
100°C/W should also decrease by a ratio of 1:2.8.
This vields an Rgcalmax) at 500 LFPM of 36°C/W.
Therefore, from equation (3):

Rgyalmax) = 50°C/W + 36°C/W = 86°C/W.
Therefore the maximum allowable power dissipation at
500 LFPM and Ta = +70°C is from equation (2):

1759C — 70°C
= ———— = 1.2 watts.

86°Cc/wW
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FIGURE 15 — TYPICAL THERMAL RESISTANCE (Rgjp) OF
“L" PACKAGE versus AIR VELOCITY
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Heat Sink and Forced Air Combined:

Some heat sink manufacturers provide data and curves of
RgcA for still air and forced air such as illustrated in
Figure 16. For example the 6012B heat sink has an
Roca = 17°C/W at 500 LFPM as noted in Figure 15.
From equation (3):

Max RgJa = 50°C/W + 179C/W = 67°C/W
From equation (2) at T = +70°C

175°C — 70°C

Pp = 1.57 watts.
D~ 00w

FIGURE 16 — THERMAL RESISTANCE Rgca
versus AIR VELOCITY
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Note from Table 1 and Figure 15 that if the 16-pin
ceramic package is mounted directly to the PC board
{2 oz. cu. underneath), that typical RgJA is considerably
less than for socket mount with still-air and no heat sink.
The following procedure can be employed to determine
the maximum power dissipation for this condition.
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Given data from Table 1:
typical RgJa = 1000C/W
typical Rgyc = 279C/W
From Curve 2 of Figure 15, Rgjaltyp) is 75°C/W for a
PC mount and no air flow. Then the typical Rgca is
759C/W — 279C/W = 489C/W. From Table 1 the typical
value of RgCcA for socket mount is 100°C/W — 279C/W
= 730C/W. This shows that the PC board mount results
in a decrease in typical RgcA by a ratio of 1:1.5 below
the typical value of Rgca in a socket mount. Therefore,
the maximum value of socket mount RgcA of 100°C/W
should also decrease by a ratio of 1:1.6 when the device
is mounted in a PC board. The maximum Rgca be-
comes:
. 100°C/W
Roca = -—-1-5— = 669C/W for PC board mount

Therefore the maximum RgJa for a PC mount is from
equation (3). :

RgJA = 50°9C/W + 66°C/W = 116°C/W.
With maximum Rgja known, the maximum power dis-
sipation can be found. If Ta = 70°C then from
equation (2) the maximum power dissipation may be
found to be 805 mW.

In most cases, heat sink manufacturer’s publish only
RgcAa socket mount data. Although data for PC
mounting is generally not available, this should present
no problem. Note in Figure 15 that an air flow greater
than 250 LFPM vyields a socket mount Rgja approxi-
mately 6% greater than for a PC mount. Therefore, the
socket mount data can be used for a PC mount with a
slightly greater safety factor. Also it should be noted
that thermal resistance measurements can vary widely.
These measurement variations are due to the dependency
of Rgca of the type environment and measurement
techniques employed. For example, Rgca would be
greater for an integrated circuit mounted on a PC board
with little or no ground plane versus one with a sub-
stantial ground plane. Therefore, if the maximum cal-
culated junction temperature is on the border line of
being too high for a given system application, then
thermal resistance measurements should be done on the
system to be absolutely certain that the maximum
junction temperature is not exceeded.




MOTOROLA

DUAL MECL-to-MOS DRIVER

The MC75368 is adual MECL-to-MOS driver and interface circuit.
The device accepts standard MECL 10,000 and IBM grounded-
reference ECL input signals and creates high-current and high-voltage
output levels suitable for driving MOS circuits. Specifically, it may
be used to drive address, control, and timing inputs for several types
of MOS RAMs. The device may also be used as a MECL-to-MTTL
translator.

The MC75368 is optimized for higher voltage capability.

Dual MECL-to-MOS Driver
Dual MECL-to-MTTL Driver

Versatile Interface Circuit for Use Between MECL and High-
Current, High-Voltage Systems

FIGURE 1- TYPICAL APPLICATION WITH 7001 1K NMOS RAM

DUAL MECL-to-MOS
DRIVER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 632
TO-116

Output Enable

P SUFFIX
MC75368 ! PLASTIC PACKAGE
A3 't Data CASE 646
Output
Matrix of (MECL
7001 10.000)
FUNCTION TABLE
Input Voltage Conditions
Write Enable Latch Differential Logic Level Output
Enable
(More positive of A BC Y
A or B) -C
L H L
(V,D > 150 mV) H L H L
H H L
(-150 mV < V1D < X X X Indeter-
150 mV) minate
*MC3461 Dual Sense Amplifier (V,D <-150 mV) L L H H

4-132

H m high logic level, L = low logic level,
X ™irrelevant



MC75368

MAXIMUM RATINGS (Untess otherwise noted, voltages measured with respect to GND terminals, T A = 26°C.)

Rating Symbot Value Unit
Power Supply Volteges - . Veer -0.5t07.0 . Vde
) Vee2 -0.510 22 Vdc
vees -0.5t0 30 Vde
VEE -8.0t0 0.8 Vdc
Most Negative of Vg1, V2. of Voea with - -0.5 vde
respect to VEE ,
Input Voltage Vi -8.0100.5 Vde
Inter-Input Voltegol1) - 5.5 Vdc
Most negative Input Voltage with respect to VEg V)- Vge -5.0 Vde
Power Dissipation {Package Li fon) |
Ceramic Package @ Tp = 26°C - - Pp 1000 mw
Derate above Ta = 25°C 1/Rg A 6.6 mwW/°c
Plastic Packaga @ T = 25°C Pp 830 mw
Derate sbove T = 25°C - 1/RgJA 86 mw/°c
Ceramic Package @ T¢ = 25°C Pp 30 Watts
Darate above T = 25°C ' - Rgyc 20 mw/°c
Plastic Packoge @ T¢ = 25°C Pp 1.8 Watts
Derate above T¢ = 25°C 1/Rgyc 14 mw/°C
[o] ing Ambient Temp Range TA 0to 70 oc
Storage Temperature Range Tsg -85 to 150 °c

{1) With respect to any pair of inputs to either of the input gates.

f

RECOMMENDED OPERATING CONDITIONS

Charactoristic - Symbol Min Typ Max Unit
Power Supply Voltages Veer 4.75 5.0 5.25 A\
Vee? 4.75 20 22 v
Vees Vcez 2 28 v
Vces- Veez 0 4.0 10 \'
VEE -4,68 -5.2 -6.72 \
o] ing A Temp ¢ Range Ta 0 - 70 °c
DEFINITION OF INPUT LOGIC LEVELS
Input Voltage — High Logic State {Any Input) {1) . VIH -1.6 - -0.7 v
tnput Voltage ~ Low Logic State {Any Input) {1) ViL VEE - VH-150 mV
Input Differential Voitage — High Logic State [F1] ViDH 150 - - . mV
Input Differential Voltage — Low Logic State (2] - ViDL -150 - - mV
(1) The definition of these Logic Levels use Algebraic Sy of i
{2) The input diff iat voltage is from the more positive inverting input (A or B) with respect to the non-inverting

input {C) of the same gate.
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MC75368

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, spacifications spply over ded power supply and temperature
. v - renges. Typical values measured at Voo g = 5.0 V, VEg = 6.2 V, T =-26°C and Voez = 20,
. Veez =24 V) . : - o
Characteristic ) Symbol Min Typ Max Unit -

Output Voltage ~ High Logic State R v

(Veeaz=Veez+30V, VipL= - : VoH1 Veez-0.3 | Veez- 0.1 -
-150 mV, IgH = -100 wA), -

(Veez=Vecz+30V. VioL= - B -1 - Vou2 Veez-1.2 | Veez- 09 - v
-150 mV, IpH = -10 mA) :
{(Vees = Vee2. VipL = -150 mv, VoH3 Veez-1.0 | veez-0.7 - v

I0H = -60 uA) ’
(Vces = Veea Vipl, = -150mv, VOH4 Vec2-23 | Vecz-18 - v
IoH = -10 mA) .

Output Voltage — Low Logic State ’ ’ o v
{VipH = 150 mV, lg = 10 mA). . VoLi - 0.156 03
(VipH = 150 mV, Ig_ = 30 mA) vVouw2 v

10VeEVegas22v - - ’ - X
10V<Vec2<28V - 0.2 04

Output Clamp Voltage Voc - - Veezt1.6 v A
(VipH = 500 mV, igc = 20mA)

Input Current — High Logic State (1T - 300 800 HA
(VEE =-5.72V, V| = -5.72 V,

ViH =-0.7 V)

Input Current — Low Logic State . ! R L HA
(Vi =-0.7V, V| =-2.0V) i - - -10 .
(VEE =-5.72V, V4 =-0.7 V, : L2 - - -100

ViL =-6.72 V) )

Power Supply Current — Both Outputs
High Logic State

(Ve =56.25V, Voo = 22V, ICC1H) - 21 38 mA
vVee3 =26V
Veg=-5.712V, 1CC2(H) - -1.1 +0.25 mA
ViL (A)end B) = ~20V, R b T A, -
" Vin(c) *=0.7 V, Ion = 0} IcCalH) - © 06 10 mA
- - EE(H) - -21 -38 “mA

Power Supply Current — Both Outputs
Low Logic State

(Vce1 =525V, Vecz =22V, Clccw - 13 24 mA

Vee3z =28V, VEg =-5.72V, .
ViH(A) 8nd () =-0.7 V, ice2iu) - 05 10 mA
ViLic) =~2.0V, Ig =0) -
: lcecaiu) - 4.0 © 2.0 mA
JEE(L) R A -38 mA
Power Supply Current — Both Outputs N C . :

High Logic State 7 X ) ) »

{Veer =525 V, Veez = 22.V, 1cC2(H) - - 0.25 mA
Veez =22V, Vgg =-5.72 V, : R ‘ )
V|L(A) 80d (g) =~20 V, ICC3(H) - - 0.25 - mA
ViH(C) ==0.7V,IoL = O} ‘ :

Power Supply Current — Stand By

Condition \

(Vee1=0V.Veez =22V, 1ec2ls) - - 0.25 mA
Veea =22V, VEg=0V,

ViH(a) 8nd (B) ==0.7 V, Iccats) - - 0.25 mA

VL) *-20V, gL = 0)
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SWITCHING CHARACTERISTICS {Unless otherwise noted, Vot * 5.0 V, VEg = -5.2 V, T4 = 26°Cand Vg = 20 V)

Charzscteristic Symbol Min Typ Max Unit

Detay Time — Low to High Output Logic Level DLH ns
{(Vcez=24V) - 12 24
{(Veez=20V) - 13 25

Detay Time — High to Low Output Logic Level tDHL ns
{(Vecz=24 V) - 13 24
(Veez=20V) - 15 26

Transition Time, Low-to-High Output Logic Leve! tTTLH ns
(Veez=24V) - 19 30
{(Vegz=20V) - 20 30

Transition Time, High-to-Low Output Logic Level tTHL ns
(Vcc3= 24 V) - 20 33
(Veca =20V - 18 30

Propagation Delay Time, Low-to-High Logic Level PLH ns
(Veea=24V) - 3 54
{(Vcez=20V) - 33 S5

Propagation Detay Time, High-to-Low Logic Level tPHL ns
{Vega=24 V) - 33 §7
{Vveez=20V) - 33 56

FIGURE 2 — SWITCHING TIMES TEST CIRCUIT FIGURE 3 —SWITCHING TIMES WAVEFORM
ITLH TTHL
-0.90 vV
To Scope

Uaput) -13V 59y To Scope {Output)

M
c
? 10
8
3
(3
8
Putso 330 pF
Gonorator
{Inciudes Probe
andJdig L Veez 20 VY
= Capacitance) = ce2
Cutput
The pulse generator hes the {(Veeaz = Vegz +4.0V)

following characteristics:
PRA = 1 MHz. 2, =~ 80 0.
Duty Cycle = 50%
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APPLICATIONS INFORMATION .
MODES OF OPERATION

FIGURE 4 — POSITIVE-NOR GATE

A
8 Y
v =48
FUNCTION TABLE
INPUTS OUTPUT

CONFIGURATION [A B C Y
L L Vgg H
Cot Vgp H X vgg L
X H Vagg L

H — High Lovel, L ~ Low Lovol, X — Irrolovant
Vpg — Ratfarence Supply voltage for MECL 10,0C0.

FIGURE 6 — NON-INVERTING GATE

c Y
Y=C
FUNCTION TABLE -
INPUTS OUTPUT

CONFIGURATION A 8 C Y
A ond B at Vgg Vas Ves L [N
Vegg Veg H H

A at Vgg. Vgg L L L
8 connocted low Vgg L H H
B at Vag, L VgptL L
A connocted low L VggH H

The need for four separate power supplies VCC1. Vec2
Vcca and VEE can be avoided in many cases by tying
Vcc2 to Veca. However, performance advantages can be
obtained by connecting either one or both Vcc3 pins to an
additional power supply of higher voltage than Vcc2. Both
V3 pins do not have to be held at the same voltage. For
MECL-to-TTL leve! converter applications both Vcc2 and
Vg3 are generally connected to a +5.0 V power source.

By providing two out-of-phase (A and B) inputs and
one in-phase (C) input, each gate can be used as positive
NOR, or as a inverting or non-inverting gate. This
flexibility is achieved by connecting an externally supplied
MECL 10,000 Series reference supply voltage (Vgg) to
the appropriate input as shown in Figures 4 thru 6. An
unused out-of-phase input should be tied low or connected
to the other out-of-phase input of the same gate. The
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FIGURE S ~ DIFFERENTIAL MECL LINE RECEIVER

C=Aand/or8
[+

>
Y=C

FUNCTION TABLE

INPUTS OUTPUT

CONFIGURATION | A B C Y
A and B connocted H H L L
togsther L LK H
A not used but LUH L L
connoctod low L LH H
B not used but HLL L
connoctod low L L H H

FIGURE 7 ~ USE OF DAMPING RESISTOR TO REDUCE
OR ELIMINATE CUTPUT TRANSIENT OVERSHOOT IN
CERTAIN MC75368 APPLICATIONS

____________ -
MC75368
MOS
—_—t System
—Cl M _L
I "
1 =
| 1
| S —— J—

Note: Rp = 1041 to 3082 (optional)

required Vgg voltage source may be obtained from
MECL 10,000 Series devicas such as the MC10115 line
receiver, or by connecting the output of a MECL 10,000
gate, like the MC10102, to the respective out-of-phase
inputs {as an example- connect pins 4 and 5 to 2 of the
MC10102 to obtain a Vg reference voltage).

When driven differentially, the MC75368 may be used
as a differential MECL line receiver, without the need for
the Vg reference voltage.

Undesirable output transient overshoot due to load or
wiring inductance and the fast switching speeds of the
MC75368 can be eliminated or reduced by adding a.small
amount of series resistance. The value of this damping
resistance is dependent on specific load characteristics
and switching speed but typical values lie in the range of
10 to 30 ohms. This is illustrated in Figure 7.



<8> MOTOROLA

Specifications and Applications

... designed for high-speed driving of highly capacitive loads in a

MOS system.

Information

DUAL MOS CLOCK DRIVER

* Fast Transition Times —20 nswith 1000 pF Load

¢ High Output Swing —20 Volts
« High Output Current Drive —* 1.5 Amperes
* High Repetition Rate —5.0 to 10 MHz Depending on Load

¢« MTTL and MDTL Compatible Inputs
*« Low Power Consumption when in MOS " 0" State —2.0 mW

¢« +5.0-Volt Operation for N-Channel MOS Compatibility

TYPICAL OPERATION
(Rs=10n. CL =Cin - 1000 pF, f *>1.0 MHz,
PW =500 ns, VCC =0V, VEE =-20 V)

CT T L LT LT | [y
KM MM ov

OOO0OO0
OOodno

fe  amem

NnNuUuU

100 ns/DIV.
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MVHIOS
MMHIOBC

DUAL MOS
CLOCK DRIVER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

G SUFFIX
METAL PACKAGE
CASE 601
TO-99
(Top View)
L SUFFIX
CERAMIC PACKAGE
CASE 632
TO-116
NC C Dvcc
NCC 1 NC
OUTPUT AC ] OUTPUT B
NC C D NC
INPUT AC D INPUT B
NC[ ] NC
Veell 3 NC
P1 SUFFIX U SUFFIX
PLASTIC PACKAGE CERAMIC PACKAGE
CASE 626 CASE 693

IMMHO0026C Only)

(Top Viow)



MMHO0026, MMH0026C

MAXIMUM RATINGS (T = +26°C untass otherwiso noted.)

Rating Symbol Value Unit

Differential Supply Voltage Vee-Vee +22 vde
Input Current I +100 mA
Input Voltage \ VEg +55 Vde
Pesk Output Current. 'O_Lk +1.5 A
Junction Temperature Ty +175 +176 +150 o¢
Operating Ambient Temperature Range TA G | uL P1 °c

MMH0026 -565t0 +125{-5510 +126 -

MMH0026C 010 +70 Qto +70 0to +70
Storage Temperature Range Tag -85 to +150|-66 to +150]-85 to +150 oc

ELECTRICAL CHARACTERISTICS (vce-VEg = 10 V10 20 V, C_ = 1000 pF, Ta = -55 10 +125°C for MMH0028 and 0 to +70°C
for MMH0026C for min and max values; Ta, = +26°C for all typical values unless otherwita noted.)

Charactoristic Symbol Min Typ Max Unit
Logic 1" Level Input Voltage VIH Veg+20 | VEg +1.5 - Vde
Vo = VEg + 1.0 Vde
Logic 1" Level Input Current hH - 10 15 mA
Vi =Vgg = 2.4 Vdc, Vo = Vgg + 1.0 Vde
Logic “°0" Level Input Voltage ViL - VEg +06 | Veg +0.4 Vdc
Vo=V¢e -1.0 Vde
Logic ‘0" Level Input Current - e - -0.005 -10 uA
V| =VEgg = 0 Vde, Vo = Ve -1.0 Vde
Logic 0" Level Output Voltage Vox Vde
Voo » +5.0 Vde, VEg = ~12 Vde, V| =-11.6 Vde 4.0 4.3 -
Vi =Vgg = 0.4 Vde Vee =10 | Vee -0.7 -
Logic *“1°* Level Output Voltage VoL Vde
Ve = +6.0 Vde, Vgg = -12 Vde, V| = -9.6 Vdc - =115 -1
V| =VEg = 2.4 Vde - Vee +0.5 | VEg +1.0
“On’* Supply Current (Note 1) IccL - 30 40 mA
Vee—-VEeE * 20 Vde, V| —Vgg = 2.4 Vde
“0ft"” Supply Current MMH0026C IccH - 10 100 uA
Vee—-Veg*® 20 Vde, Vy ~VEg=0V MMH0026 - - 500
SWITCHING CHARACTERISTICS (Voc-VEE = 10 V10 20V, € = 1000 pF, T4 = 269C)
Propagation Time
High to Low {Figure 2) tPHL 6.0 7.5 12 ns
(Figure 3) - 1" -
Low to High {Figure 2) tPLH 5.0 12 15
(Figure 3) - 13 -
Transition Time (High to Low) tTTHL ns
Vee-VEE = 20 Vde, €|, = 250 pF {Figure 2) - 12 -
Vce-VEE = 20 Vde, C. = 500 pF {Figure 2) - 15 18
(Figure 3) - 30 40
"Vee-VEE = 20 Vde, C = 1000 pF (Figure 2) - 20 35
(Figure 3) - 36 50
Transition Time (Low to High) LM ns
Vee-VEE = 20 Ve, C = 250 pF (Figure 2) - 10 -
Vee-VEE ® 20 Vdc, C = 500 pF (Figure 2) - 12 16
. (Figure 3) - 28 ] 36
Ve -VEE ® 20 Vde, C = 1000 pF (Figure 2) - 17 26
(Figure 3) - 31 40

Note 1: Tested with one output on at 3 time.
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MMHO0026, MMH0026C

TEST CIRCUIT

FIGURE 2 — AC TEST CIRCUIT AND WAVEFORMS

+20V
)
o o.1uF| s.ouFI '
+B,
T T '80% sov

Y

Vi@

A
MMH0026,C -OLT
B ¢ I

V) = 6.0 Vde
PRF = 1.0 MHz
PW=0.5 us

TTLH ® TTHL <100

—y

FIGURE 3 — AC TEST CIRCUIT AND WAVEFQRUS

20V -

vy BOMFZR TROAMF |

vy 1.5V 1.8V -

Pulse i
Gengrator .

& DD s At
= Ut © /
;
=

I .

H

10%  10%

14 G "=l b—tyuL = b—trin
7T~ 1000 pF

PW= 0.5 us
TTLH = tTHL < 100
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MMH0026, MMH0026C

AY, OUTPUT PULSE WIDTH {a3) t, INPUT CURRENT [mA)}

tp, PROPAOATION DELAY TIME (n3)

FIGURE 4 — INPUT CURRENT vorsus INPUT VOLTAGE

TYPICAL CHARACTERISTICS
{(Veg = +20V, VEE =8 V, Ta = #25°C unless otherwise noted.)

FIGURE 5 —~ SUPPLY CURRENT versus TEMPERATURE

T, YEMPERATURE (°C)
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T, TEMPERATURE (°C)

16 9.0 T T
) DUTY CYCLE = 20%
1% = f=1MH:
CLe=0pF
12 <80
g VCC-VEE = 420V
0 % . Vee-Vee |
b &
80 20
// 5
6o 7 & Vec-Vee = +11V
/| @
40 / v 860
20
0 = e / 50
0 a5 L 15 20 25 -1 -50 -25 0 +25 +50 475 4100 125
Vin, INPUT VOLTAGE (V) T, TEMPERATURE {°C}
FIGURE 6 — OPTIMUM INPUT CAPACITANCE
versus OUTPUT PULSE WIDTH FIGURE 7 — TRANSITION TIMES versus LOAD CAPACITANCE
700 20 I T
Vec-Vee =20V
600 Rg =500
500 E 5
A g THL /"
. =
" 5 il "] il
E L—T mu
300 3 | e
2 Pt
200 [ Vo I el
B £ A
100
0 0
[} 200 400 600 800 1000 1200 1400 0 00 . 400 800 1600
Cin. OPTIMUM INPUT CAPACITANCE (gF) C(, LOAD CAPACITANCE (pf}
,
FIGURE 8 — PROPAGATION DELAY TIMES
versus TEMPERATURE FIGURE 8- TRANSITION TIMES vorsus TEMPERATURE
14 T T 26 l I
Vec-Veg=20V
13 €in® €\ * 10005F SRR A
Rp =500 1 Ci=1000p
12 /’ 7z 2 — A
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n > § [ THL — — //
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MMH0026, MMH0026C

TYPICAL CHARACTISTICS (continued)
(Vee = +20V, Vgg = 0V, Ta = +259C unless otherwisa noted.)

FIGURE 11 — PROPAGATION DELAY TIME versus

FIGURE 10 — TRANSITION TIME versus TEMPERATURE TEMPERATURE FOR +6 VOLT DC-COUPLED
FOR +5 VOLT DC-COUPLED OPERATION (Ses Figure 4.) ) OPERATION (Ses Figure 4.}
® Vee =45V, = 1 Rz, P = 200 B ety veesov
cc* i= z, W = 200 0t =445V, VEE"
[ =510pF, Ciq = 510 F, Rin = 1kR 7 s 1 MHz, AW = 200 s, |
n VEE=0V - E 0[ cL=510pF Cin e S109F. Rin=1kn
2 : z o w»
g 2 T > 18> : e W
= 3 -
= = .
= \ =4
E 19 R
2 g
2 \ g
eV AN g'
E g L L
" tTHL P 12 ; 7/ B
13 10
-55 -25 0 $25 450 45 H00 N5 -55 -26 [} 125 B0 415 +00 0 M5
. T, TEMPERATURE (9C) 7, TEMPERATURE (°C)
FIGURE 12 — DC-COUPLED SWITCHING RESPONSE FIGURE 13 - DC-COUPLED SWITCHING versus Ciq
versus R, (See Figure 4.) (Soe Figure 4.}
3 e 50
€y = 1000 pF . ]
it
- P—— 40 CL=25pF
THL | Veg= 7V Veo=H7V
L ‘ VEE=0V
z g0
s E ‘., TLH
2 =
1 |
< 20 TLH - tPLH TPHL THL
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OPERATION OF THE MMH0026

The simplified schematic diagram of MMH0026 shown
in Figure 16, is useful in explaining the operation of the
device. Figure 16 illustrates that as the input voltage level
goes high, diode D1 provides an 0.7-volt “dead zone’
thus ensuring that’ Q2 is turned “"on*’ and Q4 is turned
“off" before.Q7 is turned “‘on". This prevents undesirable
“current spiking” from the power supply, which would
occur if Q7 and Q4 were allowed to be “on’ simul-
taneously for an instant of time. Diode D2 prevents
“zenering’’ of Q4 and provides an initial discharge path
for the output capacitive load by way of Q2.

As the input voltage level goes low, the stored charge in
Q2 is used advantageously to keep Q2 “on’’ and Q4 “off”
until Q7 is “off". Again undesirable “current spiking” is
prevented. Due to the external capacitor, the input side
of Cin goes negative with respect to VEE causing Q9 to
conduct momentarily thus assuring rapid turn “off”
of Q7.

FIGURE 16 — SIMPLIFIED SCHEMATIC DIAGRAM
{Ref.: Figure 1)

Vee

f

s
3re

VEE
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The complete circuit, Figure 1, basically creates Dar-
lington devices of transistors Q7, Q4 and Q2 in the
simplified circuit of Figure 18. Note in Figure 1 that
when the input goes negative with respect to VEE, diodes
D7 through D10 turn “on" assuring faster turn “off”’ of
transistors Q1, Q2, Q6 and Q7. Resistor R6 insures that
the output will charge to within one VBg voltage drop
of the V¢ supply.

SYSTEM CONSIDERATIONS

Overshoot:

In most system applications the output waveform of the
MMHO0026 will *‘overshoot’” to some degree. However,
“overshoot” can be eliminated or reduced by placing a
damping resistor in series with the output. The amount
of resistance required is given by: Rg = 2.,[ L/C where
L is the inductance of the ling and C|_ is the load capac-
itance. In most cases a series of damping resistor in the
range of 10-to-50 ohms will be sufficient. The damping
resistor also affects the transition times of the outputs.
The speed reduction is given by the formula:

tTHL = tTLH = 2.2 Rg Ci_ (Rg is the damping resistor).
Crosstalk:

The MMHO0O026 is sensitive to crosstalk when the output
voltage level is high (VQ = V). With the outpyt in-the
high voltage level state, Q3 and Q4 are essentially turned
*off*. Therefore, negative-going crosstalk will pull the
output down until Q4 turns “on” sufficiently to pull the
output back towards Vcg. This problem can be min-
imized by placing a “bleeding’ resistor from the output
to ground. The "bleeding’ resistor should beof suf-
ficient size so that Q4 conducts only a few milliamperes.
Thus, when noise is coupled, Q4 is already “on’’ and the
line is quickly clamped by Q4. Also note that in Figure 1
D6 clamps the output one diode-volwge drop above Vog
for positive-going crosstalk. .

Power Supply Decoupling:

The decoupling of Voc and VEE is essential in most
systems. Sufficient capacitive decoupling is required to
supply the peak surge currents during switching. At least
a 0.1-uF to 1.0-uF low inductive capacitor should be
placed as close to each driver package as the layout will
permit.

input Driving:

For those applications requiring split power supplies
(VEE < GND), ac coupling, as illustrated in Figure23,
should be employed. Selection of the input capacitor
size is determined by the desired output pulss width.
Maximum performance is attained when the voltage at
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the input of the MMHOQ026 discharges to just above the
device's threshold voltage {about 1.5 V). Figure 6 shows
optimum values for Cjn versus the desired output pulse
width, The value for Cjp may be roughly predicted by:
Cin = (2 x 10°3) (PWQ). ()
For an output pulse width of 500 ns, the optimum value
for Cjp, is:
Cin = (2 x 103) {500 x 10~9} = 1000 pF.
If single supply operation is required (VEE = GND), then
dc coupling as illustrated in Figure24can be employed.
For maximum switching performance, a speed-up capac-
itor should be employed with dc coupling. Figures 12
and 13 show typical switching characteristics for various
values of input resistance and capacitance,

POWER CONSIDERATIONS
Circuit performance and long-term circuit reliability are
affected by die temperature. Normally, both are improved
by keeping the integrated circuit junction temperatures
low. Electrical power dissipated in the integrated circuit
is the source of heat. This heat source increases the
temperature of the die relative to some reference point,
normally the ambient temperature. The temperature in-
crease depends on the amount of power dissipated in the
circuit and on the net thermal resistance between the
heat source and the reference point. The basic formula
" for converting power dissipation into junction temper-
ature is:
Ty=Ta +Pp{Rgyc+RcA) (2
or o
Ty=Ta+Pp(Rgya)’ (3
- where .
T4 = junction temperature
Ta = ambient temperature
Pp = power dissipation
RgJC = thermal resistance, junction to case
RgcA= thermal resistance, case to ambient
RgJA = thermal resistance, junction to ambient.

Power Dissipation for the MMH0026 'MOS Clock Driver:

The power dissipation of the device (Pp) is dependent
on the following system requirements: frequency of op-
eration, capacitive loading, output voltage swing, and
duty cycle, This power dissipation, when substituted into
equation (3), should not yield a junction temperature,
TJ. greater than T j(max) at the maximum encountered
ambient temperature. Tj{max) is specified for three
integrated circuit packages in the maximum ratings
section of this data sheet.
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TABLE 1 — THERMAL CHARACTERISTICS
OF "G”, "L, “P1*, AND “U” PACKAGES

Rgya (FCW) Rgsc (°CM)
PACKAGE TYPE Still Air Still Air
(Mounted in Socket)

MAX TYP MAX TYP
“G" (Metal Psckege) | 220 175 70 40
“L* [Ceramic Package)| 150 100- 50 1]
“P1" (Ptastic Packoge) |  150. 100 70 40
U’ {Ceramic Package)] 150 100 50 27

FIGURE 17 — MAXIMUM POWER DISSIPATION versus
AMBIENT TEMPERATURE (As related to package}
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TA, AMBIENT TEMPERATURE (9C)

With these maximum junction temperature values, the
maximum permissible power dissipation at a given
ambient temperature may be determined. This can be
done with equations {2) or {3) and the maximum thermal
resistance values given in Table 1 or alternately, by using
the curves plotted in Figure 17. If, however, the power
dissipation determined by a given system produces a
calculated junction temperature in excess of the recom-
mended maximum rating for a given package type, some-
thing must be done to reduce the junction temperature.

, There are two methods of lowering the junction tem-

perature without changing the system requirements,
First, the ambient temperature may be reduced suf-
ficiently to bring Tj to an acceptable value. Secondly,
the'RgCA termcan be reduced. Lowering the RgCA term
can be accomplished by increasing the surface area of the
package with the addition of a heat sink or by blowing
air across the package to promote improved heat
dissipation.
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The following examples illustrate the thermal consider-
ations necessary to increase the power capability of the
MMHO0026. .

Assume that the ceramic package is to be used at a
maximum ambient temperature (Ta) of +70°C. From
Table 1:RgJA(max)= 150°C/watt, and from the max-
imum rating section of the data sheet: T j{max) = +176°C,
Substituting the above values into equation (3) yields a
maximum allowable power dissipation of 0.7 watts. Note
that this same value may be read-from Figure 17. ‘Also
note that this power dlsslpatlon value is for the device
mounted in a socket.”

Next, the maximum powsr consumed for a given system
application must be determined. The power dissipation
of the MOS clock driver- is conveniently divided into
dc and ac components. The dc power dissipation is
given by:

Pdc = (Vcc — VEE) x (IccL) x (Duty Cycle)  (4)
vee - VEE
where | =40 mA (——————).
CCL 20V

Note that Figure 14 is a plot of equation (4) for three
values of (VcCc—VEE). For this example, suppose that
the MOS clock driver is to be operatéd with Vgc=+16 V
and VEE = GND and with a 50% duty cycle. From
equation (4) or Figure 14, the dc power dissipation (per
driver) may be found to be 256 mW. If both drivers
within the package are used in.an identical way, the total
dc power is 512 mW., Since the maximum total allowable
power dissipation is 700 mW, the maximum ac power
that can be dissipated for this example becomes:

Pge=0.7 - 0.512= 188 mW
The ac power for each driver is given by:
Pac={Vec — VEEZ x fx O
where f = frequency of operation
CL = load capacitance ( mcludmg all strays and
wiring).

(5)

Figure 16 gives the maximum ac power dissipation versus
switching frequency for various capacitive loads with
Vee = 16 V and Vgg = GND. Under the above con-
ditions, and with the aid of Figure 15, the safe operating
area beneath Curve A of Figure 18 can be generated.

Since both drivers have a maximum ac power dissi-
pation of 188 mW, the maximum ac power per driver
becomes 94 mW. A horizontal line intersecting all the
capacitance load lines at the 894 mW level of Figure 15
will yield the maximum frequency of operation for each
of the capacitive loads at the specified power level. By
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CL. LOAD CAPACITANCE PER DRIVER (pF)

using the previous formulas and constants, a new safe
operating area can be generated for any output voltage
swing and duty cycle desired.

Note from Figure 18, that with highly capacitive loads,
the maximum switching frequency is very low. The
switching frequency can be increased by varying the
following factors:

(3) decrease Tp -

{b} . decrease the duty cycle

{c) lower package thermal resistance (Rgja)

In most cases conditions {a} and {b) are fixed due to
system requirements. This leaves only the thermal re-
sistance Rg JA that can be varied,

Note from equation (2) that the thermal resistance is
comprised of two parts. One is the junction-to-case
thermal resistance (RgjC) and the other is the case-to-
ambient thermal resistance {RgCA). Since the factor Rgyc
isa function of the die size and type of bonding employed,
it cannot be varied. However, the RgcA term can be
changed as previously discussed, see Page 7.

FIGURE 18 — LOAD CAPACITANCE versus FREQUENCY
-.FOR “L"” PACKAGE ONLY
(Both drivers used in identical way)
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Heat Sink_ Cons-deranons .

Heat sinks come in a wide variety of sizes and shapes that
will accomodate almost any IC package made. Some of
these heat sinks are illustrated in Figure 18. In the
previous example, with the ceramic package, no heat sink
and in a still air environment, RgJA(max)was 150°C/W.

For the following example the Thermalloy 60128 type
heat sink, or equivalent, ischosen. With this heat sink, the
RgCA for natural convection from Figure 20 is 44°C/W.
From Table 1 Rgjcimax) = 50°C/W for the ceramic
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FIGURE 19 ~ THERMALLOY® HEAT SINKS -~ ~ -~

*Manufactured by Thermalloy Co. of Toxas.

22306

package. Therefore the new RGJA(max) with the 60128
heat sink added becomes:
RoJA(max) = 509C/W + 449C/W = 94°C/W.

Thus the addition of the heat sink has reduced Rg A (max)
from 150°C/W down to 940C/W. With the heat sink, the
maximum power dissipation by equation (3) at T =
+70°C is: ‘

0c — 700

Pp= M = 1.11 watts,
. oMW

This gives approximately a 68% increase in maximum
power dissipation. The safe operating area under Curve C
of Figure 18 can now be generated as before with the ald
of Figure 15 and equation (6).

FIGURE 20 ~ CASE TEMPERATURE RISE ABOVE
AMBIENT versus POWER DISSIPATED USING

NATURAL CONVECTION
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Pp, POWER DISSIPATED (WATTS)

Forcad Air Considerations: ‘
As illustrated in Figure 21, forced air can be employed to
reduce the Rgja term. Note, however, that this curve is
expressed in terms of typical Rgja rather than maximum
RpJA. Maximum Rga can be determined in the follow-
ing manner:
From Table 1 the follownng lnformatlon is known:
(a) Rgya(typ) = 100° C/W
(b) Rgicieyp) = 27° CW
Since:
RgJa = Rgyc + Roca © 6
Then: o
Rgca = RgJa - Raic (7)

Therefore, in still air
RQCA(gyp) = 100°C/W — 279C/W = 73°C/W

From Curve 1 of Figure 21 at 600 LFPM and eq-
uation (7),

ROCA(typ) = 53°C/W — 270C/W = 26°C/W.
Thus Rgcaltyp) has changed from 73°C/W (still air) to
269C/W (500 LFPM), which is a decrease in typical RgcA
by a ratio of 1:2.8. Since the typical value of Rgca was
reduced by a ratio of 1:2.8, Rgca(max) of 1009C/W
should also decrease by a ratio of 1:2.8.
This yields an RgCA({max) 8t 500 LFPM of 36°C/W.
Therefore, from equation (6):-

R@JA (max) = S0°C/W + 36°C/W = 869C/W.
Therefore the maximum allowable power dissipation at
500 LFPM and Tpa = +70°C is from equation (3):

p 175°C — 70°C 1.2 watt
= 3 | 2 wWatls.
D +86°C/W *
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FIGURE 21 — TYPICAL THERMAL RESISTANCE (Rgjp) OF
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As with the previous examples, the dc power at 50% duty
cycle is subtracted from the maximum allowable device
dissipation (Pp) to obtain a maximum Pac. The safe
operating area under Curve D of Figure 18 can now be
generated from Figure 158 and equation (5).

Heat Sink and Forced Air Combined:
Some heat sink manufacturers provide data and curves of
RgCA for still air and forced air such as illustrated in
Figure 22. For example the 6012B heat sink has an
Rgca = 17°C/W at 500 LFPM as noted in Figure 22.
From equation {6):
Max RgJa = 50°C/W + 179C/W = 67°C/W

From equation (3) at Tp = +70°C

175°C — 70°C

1.57 watts.
67°C/W

Pp

FIGURE 22 - THERMAL RESISTANCE Roca

versus AIR VELOCITY
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As before this yields a safe operating area under Curve €
in Figure 18.

Note from Table 1 and Figure 21 that if the 14-pin
ceramic package is mounted directly to the PC board
{2 oz. cu. underneath), that typica! Rgja is considerably
less than for socket mount with still air and no heat sink.
The following procedure can be employed to determine a
safe operating area for this condition.
Given data from Table 1:

typical RgJa = 1009C/W

typical:Rg ¢ = 279C/W
From Curve 2 of Figure 21, Rgjaltyp) is 759°C/W for a
PC mount and no air flow. Then the typical Rgca is
759C/W — 279C/W = 48°C/W. From Table 1 the typical
value of RgcA for socket mount is 100°C/W — 27°C/W =
73°C/W. This shows that the PC board mount results in
a decrease in typical Rgca by a ratio of 1:1.5 below the
typical value of RgCa in a socket mount. Therefore, the
maximum value of socket mount Rgca of 100°C/W
should also decrease by a ratio of 1:1.5 when the device
is mounted in a PC board. The maximum RgCA becomes:

100°C/W
Rgca = T = 66°C/W for PC board mount

Therefore the maximum Rgja for a PC mount is from
equation (6).

RgJA = 50°C/W + 66°C/W = 116°C/W.
With maximum Rgjya known, the maximum power dis-
sipation can be found and the safe operating area de-
termined as before. See Curve B in Figure 18.

CONCLUSION

In most cases, heat sink manufacturer’s publish only
RgCA socket mount data. Although RgcA data for PC
mounting is generally not available, this should present
no problem. Note in Figure 21 that an air flow greater
than 250 LFPM yields a socket mount Rg A approxi-
mately 6% greater than for a PC mount. Therefore, the
socket mount data can be used for a PC mount with a
slightly greater safety factor. Also it should be noted that
thermal resistance measurements can vary widely. These
measurement variations are due to the dependency of
RgcA on the type envirc and ement tech-

" niques employed. For example, Rgca would be greater

for an integrated circuit mounted on a PC board with little
or no ground plane versus one with:a substantial ground
plane. Therefore, if the maximum calculated junction
temperature is on the border line of being too high for a
given system application, then thermal resistance measure-
ments should be done on the system to be absolutely
certain that the maximum junction temperature is not
exceeded.
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FIGURE 23 — AC-COUPLED MOS CLOCK DRIVER
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FIGURE 24 — DC-COUPLED RAM MEMORY ADDRESS
OR PRECHARGE DRIVER (POSITIVE.-SUPPLY ONLY)
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Temperature Range

Commercial ~'
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MC8T13/
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8724
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MC755110
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MC75125/127
MC76128/129
MC75140P1
MC75325
MC75460
MC75451-464
MC75461-464
MC75491/92
SN75431/432

SN764518BP-
4548BP

*Industrial

“Military
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MOTOROLA
<8>

QUAD LINE DRIVER WITH NAND ENABLED

THREE-STATE OUTPUTS

The Motorola AM26LS31

QUAD RS-422 LINE DRIVER
WITH THREE-STATE OUTPUTS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

is a quad differential line driver

intended for digital data transmission over balanced lines. It meets
all the requirements of EIA Standard RS-422 and Federal Standard

1020.
The AM26LS31 provides an enable/disable function

common to

all four drivers as opposed to the split enables on the MC3487

RS-422 driver.

The high impedance output state is assured during power down.

Full RS-422 Standard Compliance
Single+5 V Supply

Output Short Circuit Protection

Complementary Outputs for Balanced Line Operation
High Output Drive Capability

Advanced LS Processing

PNP Inputs for MOS Compatibility

DRIVER BLOCK DIAGRAM

Input

Output
Controls

Meets Full Vg =6.0 V,Vcc =0V, lo < 100 nA Requirement

D SUFFIX
CERAMIC PACKAGE
CASE 620

Till it
P SUFFIX
PLASTIC PACKAGE
CASE 648
TRUTH TABLE
Control Non-Inverting Inverting
Input Inputs Output Output
(E/E)
H H/L H L
L H/L L H
X L/H z z

= Low Logic State
= High Logic State
= Irrelevant

L
H
X
Z =Third-State (High Impedance)
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AM26LS31

*ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Vce 8.0 Vde
Input Voltage Vi 5.5 Vdc
O 9 A T Range TA 0o +70 °oc
[ ing Junction T Range Ty oc
Ceramic Package 175
Plastic Pockage . 150
Storage Temporature Renge Tat -85 to +150 °c

*"Absolute Maximum Ratings' are those values beyond which the u!aiv of the device cannot
be guaranteed. Thay are not meznt toimply that the devices should be operated at these limits.
The “Table of Electrical Characteristics” provides condiuom for actual device upsranun

ELECTRICAL CHARACTERISTICS (unless omsrwhe noted specifications anply 4.76V < Ve € 6.25 V and 0°C < TA < 70°C.
: Typical values measured 8t Vo = 5.0 V, and T, = 25°C.) -

Characteristic Symbol ; Min Typ Msx - Unit
Input Voltage — Low Logic State ViL — - 08 Vde
Input Voltage — High Logic State ViH 20 - - Vde
Input Current — Low Logic State R - - -360 BA
(Vi =04 V)
Input Current - High Logic State hH HA
Vip=27V) - - +20
(ViR =70V) : - _ +100
Input Clamp Voltage ViK - - -15 v
iy = -18 mA) )
Output Voltegs — Low Logic State VoL - - 0.5 \"
{loL = 20 mA)
Output Voltage — High Logic State VOH 25 . - v
{loH = =20 mA) -
Qutput Shm-chcuh Current’ os -30 - -150 mA
(Vin=20v)2
OutputLeakage Current — Hi-Z State © o lotz) . mA
VoL =05V, V| (g) =08V, VIH{E} =20 V) : - ’ - -20
(VoH =25V, Vi_(g) =08 V. VIH[E) = 2.0V} - - +20
Output Leakege Current — Power OFF 100t} sA
{(Vou=60V,vec=0vV) - - +100
(VoL =-0.25V, Vo =0 V) - - -100
Output Offset Voltage Diffarence! Vos-Vos - - :0.4 v
Qutput Differential Voltage 1 VY 2.0 - - v
Output Differentisl Voltsge Ditference 1 vt - Vy - - £0.4 v
Power Supply Current 4 : mA
{Output Dissbled)3 lcex - 60 80

1. Soce EIA Specification RS-422 for exact test conditions.
2. Only one output may be shorted at a time.
3. Circuit in three-state condition.

SWITCHING CHARACTERISTICS (Ve = 5.0 V, Ta = 259C unless otherwise noted.)

Charscteristic Symbol Min Typ Max Unit

- Propagation Delay Times . ) ns

High to Low Output o tPHL - - 20

Low to High Olitpiit tPLH - - 20
Output Skew - - 5.0 ns
Propagation Delay — Control to Output . ns

{CL = 10pF, R = 75 02 to Gnd) 1PHZ(E) - - 30

(CL =10 pF, R = 180 £t to V) tPLZ(E) - - 35

(CL =30 pF, R = 75 £ to Gnd} APZH(E) - - 40

(Cy, = 30 pF, R~ 180 02 to V) tPZL(E) - - 45
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AM26LS31

FIGURE 1 —~ THREE-STATE ENABLE TEST CIRCUIT
AND WAVEFORMS
3.0 V or Gnd To Scope .
To Scope ((nput} Input Output
Pulse generator characteristics OPI""or'ipz"(a Tl‘ll Only
25=50402
PRR < 1.0 MHz —VW—0 5V
Enoblo Non-inv 180
50% Duty Cycto . Cutput
TTLH tTHL S 6 ns .——AN\«—.]-
Pulse b: B =
Generator
) Ry — Sea Test Table
-.f: C includes Probs and Jig Capacitance. See Test Table
L
. Coe 30v ‘ aov
g 12 vsk Contot T Maav
(Enable) [} (I:put } / o
t
tPH2(EI ] "‘ —PauE
5‘ Vo Qutput - 13V
Output Vou
L ov
~16V tPZHIE) —=1
=15V - Von
tPLZ(E)— Output 1.3v
Qutput 0S5 v .
- vou ov
. ov
FIGURE 2 — PROPAGATION DELAY TIMES INPUT TO Seopo
CUTPUT WAVEFORMS AND TEST CIRCUIT (Output) sov
Scope Inv
[}
(Input) Output 200
Pulse 80
" Generator T Non-lnv = 76
| ) Qutput CL = 30 pF -
Pulse gengratar characteristics 3 3.0V
Zo <8002 Enable
PRR < 1,0 MHz i = -
50% Duty Cycic C Includes Probe and Jig Capacitance
tTLH, tTTHL S 6 ns ov
Input 74:1 1.3v
ov
TPHL —o — f—1p 4
—_— [—voﬂ
Output 1.3V / 13v
Vou
ov
tPLH — PHL
VoH
Qutput
VoL
oV
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MOTOROLA

QUAD UNIFIED TRANSCEIVER
QUAD UNIFIED BUS

COHS}S[S of four pair of drlve-rs and re(‘:elvers Yvnh the. output of TRANSCEIVER
each driver connected to the input of its mating receiver. These
devices are intended for use in bus organized data transmission SILICON MONOLITHIC
system employing terminated 120 f2 lines. A disable function con- INTEGRATED CIRCUIT

sisting of a two-input NOR gate is provided to control all four
drivers. Up to 27 driver/receiver pairs can share acommon line.

« Receiver Input Threshold Is Not Affected by Temperature

« Open Collector Driver Outputs Allow Wire-OR

« TTL Compatible Receiver Outputs and Disable and Driver Inputs
« Driver Propagation Delay = 15 ns

* Receiver Propagation Delay = 20 ns

¢ Guaranteed Minimum Bus Noise Immunity = 0.6 V

J SUFFIX

*« Low Bus Terminal Current (Supply On or Off) = 30 fiA typ CERAMIC PACKAGE
CASE 620

FIGURE 1- TYPICAL APPLICATION

N SUFFIX
PLASTIC PACKAGE
CASE 648

To Computer or Peripherals

TRUTH TABLES
DRIVER SECTION
Disable 1 Disable 2 Input Bus

RECEIVER SECTION
Bus Output

L L L H
VIH(R) > 17 V L L L H L
VIL(R) < 1-3v H L H L H
L H H H
H L L H
Where: L - Low Logic State H L H H
H = High Logic State H H L H
H H H H
MAXIMUM RATINGS (T” = 25°C unless otherwise noted.)
Rating Symbol Value Unit
Supply Voltage Vece 7.0 Vdc
Input and Output Voltage VO-V| 55 Vvdc
Junction Temperature Plastic Ti 150 °C
Ceramic 175
Operating Ambient Temperature Range ta 0 to +70 °C
Storage Temperature Range Tstg -65 to +150 °C
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DS8641

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications epply for 0K Ta < 70°C and 4.75 < Ve £ 5.25 V.)

Characteristic Symbol Min Typ Max Unit
Disable Input Voltage — High Logic State VIH(DA) 2.0 - - \
Dissble Input Voltage — Low Logic State VILIDA) - - 08 v
Driver input Voltage — High Logic State VIH(D) 20 - - \
Driver Input Voltage — Low Logic State ViLip) - - 0.8 \
Receiver Input Threshold Voltage — High Logic State VILH(R) 1.70 1.50 - \"
(ViL(D) = 0.8 V, IQL(R) = 16 mA, VoL (R) < 0.4 V)
Receiver Input Threshold Voltage — Low Logic State VIHL(R) - 1.50 1.30 \4
(ViL(D) = 0.8 V, IoH(R) = -400 4A, VOH(R) # 2.4 Vi
Disable Input Current — High Loglc State liH(DA)
(VIH(D) = 24 V, ViH(DA) = 24 V) - - 40 HA
ViH(D) = 6.5 V. ViH(DA) = 5.6 V) ] - - 10 mA
Driver 1nput Current — High Logic State hH(D) .
(VIH(DA) = 24 V. VIH(D) = 24 V) . - - 40 uA
(ViH(DA) = 55 V, ViH(D) = 6.5 V) - - 1.0 mA
Disable Input Current — Low Logic State liL{DA) - - -16 mA
ViLiDA) = 0.4 V, VL (D) = 0.4 V)
Driver Input Current — Low Logic State liLip) - - -1.6 mA
(ViL{p) = 0.4V, ViL{DA) = 0.4 V)
Bus Current Igus BA
(VIL{DA) = 0.8V, Vq (D) = 0.8, VIH(BUS) = 40 V)
{(Vec =6.25 V) - 30 100
(Vec=0V) - 20 100
Bus Voltogo — Low Logic State VL{BuS}) - : 0.4 0.7 v
{(VILIDA) = 0BV, V|H(D) = 2.0V, Iaus = 50 mA)
Receiver Output Voltage — High Logic State VOH(R) 2.4 - - v
ViL(DA) = 0BV, Vi (D) = 0.8V, Vi_(BUS) = 05 V. :
loH(R) = -400 A}
Receiver Output Voltage — Low Logic State VOL(R) - 0.26 04 v
ViL(DA) = 08 V. Vi (D) = 08V, V|H|BU5)'4°V '
1OL(R) = 18 mA)
Receiver Qutput Short Circuit Current (Now 1) ~ 1os(R) -18 - -66 mA
ViL(DA) = 08 V. Vi (D) = 08V, Vi (BUS) =05V,
Voo =56.25 V)
Power Supply Current iec - 50 70 mA
ViLipA) = O V. Vig(p) = 2.0V}
Input Clamp Diode Voltage — (T = 26°C) Vi — -1.0 -1.6 v
h1{DA) = (D} = BUS = -12 MA)

NOTE 1: Only one output at a time.

SWITCHING CHARACTERISTICS (Tp = 25°C Ve @ 6.0 V unless otherwise noted.

Characteristic " Symbol Min Typ Max Unit

Propagation Delay Time from Disable input to ' PLH(DA) - 19 30 ns
High Logic Level Output

Propagation Delay Time from Disable input to PHL{DA) - 15 23 ns
Low Logic Level Output ’

Propagation Delay Time from Driver Input to B B PLH(D) - 17 25 ns
High Logic Level Output . |

Progpgation Delay Time from Drive Input to PHL(D) - 9.0 15 ns
Low Logic Level Output

Propagation Delay Time from Bus Input to PLH(R) - 20 30 ns
High Logic Level Output

Propagation Delay Time from Bus Input to tPHL{R) - 18 30 ns

Low Logic Level Qutput




DS8641

FIGURE 2 — DRIVER AND DISABLE TEST CIRCUIT AND WAVEFORMS .

To Scope To Scope 3V
(Input) {Output) Disable 16V z
+5.0V +5.0Ve Input . 7
r (oA} OV
Dlsabte Vou
L o Driver 0rd Outputv 16V
_'/l‘_ b3 oL
! PLH{DA) PHL(DA)
: -] o—-—-'<}_l
Pulse 1 ™\ Bus
Genagrator ‘251
) av
Driver
Dlsablo Input 1.5v
1/4 DS8641 Py
= Inputs S (o) ov /
) 15pF R 4200
Vo
Output i
VouL
= 'PHL(D)-A l’— —a‘i tPLH(D)
FIGURE 3 — RECEIVER TEST CIRCUIT AND WAVEFORM
To Scope To Scope
{Input) {Output) 5.0V
3v
Driver Receiver tnput [1_5 v 15V
Output (R ;
input 330 ov .
Bus \ K
No. i VOH
Pulse < A v 1N918
Y > ©- or o t
Generator 515 ) Equiv utpy 1.6 V 15V
A T5pF Vo
\ 1/4 DSB8841
L J_ PHLIR) — PLH(R)
- Disable L 4
= Inputs - hd
REPRESENTATIVE CIRCUIT SCHEMATIC
(1/4 Shown)
O Bus
Vee o—
02
4 > < > >
',’,"p‘:"-" i« Zre 2ms| 3A103RN| Zmi1aZA1s
4 D4
R13 3SR2 2R3 o os
1 1 T
Qs Q14 Q15
D1 RS
| e
e
a7 R16
o}__ﬁa:: ad o2 as | a2 b3
Disable - $
Inputs 7-‘ R7
az Qe Qao Q16
2R Asg 2R12
Gnd O—




(M) MOTOROLA

DUAL LINE DRIVERS

The MC8T13 and MC8T23 are designed to drive transmission
lines with impedances of 50 £2 to 500 12. The MC8T23 specifically
meets all of the input/output requirements of the IBM System
360/System 370 specifications (IBM Specification GA 22-6974-0).

« High Output Drive Capability —
10 =-75 mA (Min) @Vo =24V - MC8T13
10 =-59.3 mA (Min) @Vo =3.11 V - MC8T23
* High Speed Operation —
tPLH =1PHL=20ns (Max) with 50 £2 Load
¢« MTTL and MDTL Compatible Inputs

« Uncommitted Emitter Output Structures Permit Party-Line
Operation

« Designed to Operate with MC8T14 or MC8T24 Line Receivers
* Outputs are Short-Circuit Protected
« Equivalent to SN75121 and SN75123 Respectively.

5-9

MCST13
MISTZ3

DUAL LINE DRIVERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

CZz)

L SUFFIX
CERAMIC PACKAGE
CASE 620

P SUFFIX
PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS
AJ~

TRUTH TABLE

Inputs
12 3 4 5 6 Output
H HHHX X H
X X X X H H H
All Other
Combinations L

H = High Logic State
L “ Low Logic State
X = Irrelevant



MC8T13, MC8T23

MAXIMUM RATINGS (T4 = +26°C unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage Vee 7.0 Vdc
Input Voltaga Vi 55 Vde
Output Voltage Vo 7.0 Vdc
Powar Dissipation @ T = +25°C Pp 1000 mw
Derate above 25°C 6.7 mw/°C
Operating Ambient Temperature Range TA 010 +75 °c
Storage Temperature Renge Tstg -65 to +150 °c
ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75 V K Voc &5.25 V and 0°C £ T < 75°C)
MC8T13 MC8T23
Charactoristics Symbol | Min | Typ | Max | Min | Typ | Max f§ Unit
input Voltage — Low Logic State ViL - -] 08f -~ -1 08 v
Input Voltege — High Logic State ViIH 20 - - 2.0 - - v
1nput Current — Low Logic Stats m 01| - | 16f-01] -] -16f ma
(ViL=04V)
Input Current — High Logic State
(ViH=45V) WH1 - - 40 § - - 40 HA
(VIH=565V,Vgce=5.0V) WH2 - - 0] - - 10 mA
Input Clamp Voltage Vi(clamp} - -] -18] - -1 -15 \
) =-12mA,Vgc = 5.0 V)
Outpult Voltage — High Logic State
{ViH= 20V, IgH = -75mA) VoH1 24| - - - - -
{(Vec=5.0V,ViH= 20V, IgH = -59.3 mA} VoH2 - - - f29]| ~ -
{Ta = 25°C) -]l -1 -fqan}] -| -
Output Current — High Logic State IoH -100| -~ |-250Q-100] — | -250 § mA
{(V)H= 45V, Veg=5.0V,Vg =20V, Ta = 25°C)
.| Output Current — Low Logic State
(ViL=08V,Vg=04V) loL1 - | - |80} - | -} - BA
(VjL=08V,VQp=0.15V) loL2 - - - - — | -240 § pA .
Output Reverso Leskage Current — Low Logic State - :
ViL=0V,Vp=3.0V) 10R1 = - 80 | - = - uA
AVL=0V,VQ=30V,Vcc=0V) loR2 - - | s00 - - 40 HA
Output Short-Circuit Current los - - |-30p§ - - 1 -30 mA
{(Vig=458V,Vcc=50V,Vg=0V, T4 = 25°C)
Power Supply Currents
{ig = O mA)
Outputs — Low Logic State, Vy = 0.8 V lceL - - 60 - - 60 mA
Outputs — High Logic State, V)4 = 2.0V IccH - - 2y - - 28 mA
SWITCHING CHARACTERISTICS (Ve = 5.0 V, T4 = 25°C unless otherwisa noted.) Figure 1
MC8T13 MCc8T23
Charscteristic Symbol Min | Typ | Max] Min | Typ | Max § Unit
Propagaetion Delay Time — Low to High Leve! Output tPLH ns
(R =372,C_=,15pF) - njlawy - - -
(R = 37 @, C_= 1000 pF) -1 265§ - - -
(R = 50%,C=15pF} N - - - - 1221 20
(R =508, C|_= 100pF) - - - - 20 | 35
Propagation Delay Time = High to Low Level Output tPHL ns
(RL=37R,C_=16pF) - - |80 20 - - -
(R =37 K2, C_= 1000 pF) - 20 | 80 - - -
(R = 5082, C_= 16 pF) -l -1-4§-112]2
(Ry, = 50 £2, C_ = 100pF) -]l -1-1-11]|2
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MC8T 13, MC8T23

FIGURE 1 — SWITCHING TEST CIRCUIT AND WAVEFORMS

To Scope To Scope trLH 5.0 ns tTHL $5.0ns
(input) +3.0V {Output) 3v
tnput
oV
V,
Pulse OH
Generator Output
< e
RLS P ‘Cl'_ Vor
*C_ Includes Jig tPHL
Copacitanco '—.L
Input Pulse Width
200 ns, S0% Duty Cycle
FIGURE 2 — REPRESENTATIVE SCHEMATIC DIAGRAM
. {1/2 Shown)
Vec © L 4
< >
R12 R23 A33 RES REZ RS
Q10 - » Q9
L\ R11
Q1
. AN
[, o7 b
o D13
° - o8 D12 < Q1o
, [ X
nputs D22D32-D4
o1 ¥ x Q2 a8
L 4 @ Output
o )? 7oy
o= Re1d
o6 oy ':;'Ra $R10
os T ony y
Gnd O - *—o

FIGURE 3 - TYPICAL OUTPUT CURRENT

versus OUTPUT VOLTAGE
250 1
vee=5S0vV__ |
. | Ta = 269C
= 20
2 N\
pu
=
2 150 \\
s N
s
£ 100
2
e \
50
P— ] \
0 \
0 19 20 30 0 50

Vo, BUTPUT VOLTAGE (VOLTS}
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MOTOROLA M8T14
MIBT4

TRIPLE LINE RECEIVERS
WITH HYSTERESIS

SILICON MONOLITHIC

INTEGRATED CIRCUIT
TRIPLE LINE RECEIVERS WITH HYSTERESIS

. specifically designed to meet the input/output specifications for 16

IBM 360/370 Systems (IBM specification GA 22-6974-0). Each (top view)

receiver incorporates hysteresis to provide high noise immunity and

also high input impedance to minimize loading on the related driver.

« Each Channel Can Be Independently Strobed

« High Speed - tp|_H = tpHL =20 ns

« Input Gating Provided on Each Line

« Operates on a Single +5.0 V Power Supply

* Fully Compatible with MTTL or MDTL Logic Systems CASE 620 P SUEFIX

« Input Hysteresis Results in High Noise Immunity PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

Goto ke
Input 1A 1~
Input 2A

Receiver |-
Input B 13

Strobe F—
Input B Li.

Input 1B I 5
Goto L—
Input 2B L
Output I~
LL

b

Gnd HE

TRUTH TABLE
Inputs Output

Receiver Strobe Gate 1 Gate 2
X X H

XIXIr
X XTI
X X=X
X X X I
ITTIIr -

Whero:
L m Low Logic State
H - Hiflh Logic State
X * Don't Care
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'MC8T14,MC8T24

MAXIMUM RATINGS (T4 = 26%C uness otherwiso noted.)

. Rating Symbol Value Unit

Power Supply Voltage ' Voo 7.0 " Vde '

Receiver Input Voltage ) My 7.0 Vde

(vpc =0 L 6.0 .

Strobes or Gate Input Voltage . Vitslor (G} 6.6 Vdc'

Qutput Voltage : : Vo 7.0 : Vdc

Qutput Current ) lo . 2100 mA

Power Dissipation (Package Limitation) i - i Pp ;

Ceramic Package . . 1000 mw
Derato above 259 6.7 mw/Oc

Plastic Package 830 mwW
Derate above 25°C 6.7 mw/oC

Junction Temperature ) T %
Ceramic Package 175
Plastic Package 150

Operating Ambient Temperature Range Ta 0to +75 oc

Storage Temperature Range R T".l -65 to +150 ¢

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75 < Ve < 5,26 V and 0°C < T4 < 75°C)

- : MCBT 14 MCBT24 1
Characteristic : Symbol Min | Typ | Max jMin |} Typ | Max jUnit

Gate or Strobe Input Voltags — High Logic State VIHIG)or S) 1 20 | - - j20j| - - v

Gate or Strobe Input Voltage — Low Logic State VILIG) or (E) - - lo8] - - o8}V

Receiver Input-Voltage — High Logic State VIH(R) 20 - - 1.7 | - — {§Vdc

Receiver Input Voltage — Low Logic State VIL(R) - - 08 - - 0.7 jVdc

Receiver Input Hysteresis (1) VHI(R) 03]05| — o204} - v
(Ve = 5.0V, Ta = 26°C, ViL(G) = 0. ViH(s) = 4.5 V)

Input Clamp Voltage VIC(G) or (S) - - 16 | - - 15 § Vv
(Vee = 5.0V, T4 = 25°C, |j = -12mA) (Strobe or Gate Inputs)

Input Breakdown Voltage ) Viglors) 165 - | - k88| - |- [V
{(Vee = 5.0V, 1} = 10 mA) (Strobe or Gate Inputs)

Receiver Input Current — High Logic State lIH{R) : mA
(ViH(R) = 3.8V) - — 1017} — - -
(ViH(R) = 3.11 V) - - - - - loaz
(VIH(R) = 7.0V) - _ -1- _ 5.0
(VIK(R) = 6.0V. V¢c = ov) - - - - ¥- - 6.0

Gate or Strobe Input Current — High Logic State hWH(G) or (S) uA
(ViH(§) = 45 V. VIH(R) = 3.11 V) - - |14 j - - | 40
(Vi(G) = 4.5 V) - | -14¢g-|-1]a40

Gate or Strobe Input Current — Low Logic State ) he(Gioris) |01 | - {-16 J-01 [ —]-1.6 JmA
ViLG or (5) = 0.4 V. ViL(R) = O V)

Output Voltage — High Logic State VOH . v
{(VIH(R) = 20 V, VIH(s) = 20 V, V| (G) ® 0.8 V, g = -800 uA) 28 135 - - - -
(VIH(R) = 0.B V.,V (5) = 0.8 V, V|(G) = 0.8 V, Igy = ~B0O A} 26 (35| - - - -
(VIH(R) = 1.7 V. VIH(S) = 20 V, V| (G) = 0.8 V, IgH = -BOO kA) - - - 26 (34| -
VIHIR) = 0.7V, Vi(s) = 0.8 V, V) (G) = 0.8 V, Igy = -BOO sA) - - - 26 |34 ] -

Output Voltage — Low Lugic State . VoL v
(VIL(R} = 0.8V, V() = 20V, Vi (G) = 0.8 V, IgL = 16 mA) - - 104] - - -
(VIL(R) = 0.8V, V| (5) = 0.8V, VIH(G) = 20 V. Ig| = 16 mA) - - |oa] - - -
ViL(R} = 0.7 V.' VIH(S) = 20V, ViL(G) = 0.8V, Ig| = 16 mA} - - - - - 104
VILIR) 2 0.7V, VL(s) = 0.B V, VIH(G) = 2.0V, gL = 16 mA) - - - - - 104

Output Short-Circuit Current {2) los mA
(VIHR) = 3BV, V| (G) =0V, ViLis) = 0. Vcc = 5.0V, Ta = 25°C) 50| - |-100] - - -
(VIH{R) = 311 V, V((G) = O V. V| (s) = OV, Vcc = 5.0V, Tx = 25°C) -} -1~ 50| - {-100

Power Supply Current ice - 160 )| 72 ] - 80 | 72 ImA
(Vee = 6.25 V, Ta = 25°C)

(1) The Input Hysteresis is defined as the difference the input voltage at which the output begins to go from the high logic state to the low logic
state and the input voltage which causas the output to begin 1o go from the low logic stete to the high logic state.

{2) Only one output may be shorted at a time.
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MC8T14,MC8T24

SWITCHING CHARACTERISTICS (Vo = 5.0 V, T4 = 25°C unless otherwite notad.)

MCBT14,MC3T24 .
Psramoter Symbol Min Typ Max Unit
Propagation Delay Timo — Recsiver (nput to High Logic State Qutput PLHIR) - 20 30 ns
Propagation Delay Time Receiver Input to Low Logic State Output tPHL(R) - 20 30 ns
Propagation Delay Time Strobe Input to High Logic State Qutput PLHIS) - - - ns
Propagation Delay Time Strobe Input to Low Logic State Output tPHLIS) - - - ns
Propagation Delay Time Gate Input to High Logic State Qutput tpL:(; - - - ns
Propagation Delay Time Gate Input to Low Logic State Output PHLIG) - - - ns

FIGURE 1 — RECEIVER PROPAGATION DELAY TIMES tp|_4(R) #™d tpHL {R) TEST CIRCUIT AND WAVEFORMS

To Scope Yo Scope
" (tnput) 6o Output) 56y e < 5Ons trL <5.0ns

Input
1Ng16 9845 0 o
5"' or aqulv

s Vou
Paulse w Output 1.8V
Generator Vou
PHL(R)—= PLH(A)

Input Pulse Width = 200 ns
Duty Cycte = 50%

FIGURE 2 — GATE AND STROBE PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS

ToS To Scope
Q SCopa 4g . (Output}
To Scope | (Gate) 45:V {outm 28V
{Strobe}
=T INS16 2848
10— or equiv
L —0—d
Pulse , 0—]
Generator 515 | -O0—1 !
CJ'P 381 s.ou;:jusnF
Pulse =
Generator
s ov
trabe
Input 18v 15V
oV
30V
IE::; 1.5V 1.8V
oV
‘PHL(S)—-r —OI tpLH(G)
VoH tPHL(IS)

PHLIG)
Output 15V 16V 15V ;Fm v
Vou
Input Pulse Width = 200 ns
Duty Cycls = 50 ns
tYLM = tTHL € 5.0ns
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MC8T14,MC8T24

FIGURE 3 — TYPICAL RECEIVEﬁ,HYSTERESIS

CHARACTERISTIC FIGURE 4 — HYSTERESIS TEST CIRCUIT
5.0 — T Vee= 8.0V
‘ - l Ta»250C . . .
WORST-CASE™ vee=50V

Bag | SPECIFIED " ——p~a}| HYSTERESIS~__| Curve Tracer
2 THRESHOLOD vi-v2 . 16 Recoiver Tektronix 678 or equiv
e L LIMITS V2 vi 4 3 Inputs
= [Tmcstu - — .
@ n 14
g 30 15 10 c
-
g . ‘

i 6 .
E- 20 [ 12 7 B8
S 10 2 8 13 8033 1.0

- l uF uF .

- | E

0 -l— ¢ Os1

'] .5 67 10 - 15 17 20 25 = °
Vi, INPUT VOLTAGE (VOLTS) -
]
REPRESENTATIVE CIRCUIT SCHEMATIC
o - YVCC © Stroboe (nput
1/3 Shown ! A
4 L4
S b3
Rocoiver lnpui o0—
| l AAA,
[ P} W .
E: . A Output
. J [
: ™
: s 5: 5» $ r Y Y 3 3
<
o Gate & =
Inputs
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MOTOROLA

QUAD OPEN-COLLECTOR BUS TRANSCEIVERS

These quad transceivers are designed to mate Schottky TTL or
NMOS logic to a low impedance bus. The Enable and Driver inputs
are PIMP buffered to ensure low input loading. The Driver (Bus) out-
put is open-collector and can sink up to 100 mA at 0.8 V, thus the
bus can drive impedances as low as 100 £2. The receiver output is
active pull-up and can drive ten Schottky TTL loads.

An active-low Enable controls all four drivers allowing the outputs
of different device drivers to be connected together for party-line
operation. The line can be terminated at both ends and still give
considerable noise margin at the receiver. Typical receiver threshold
is 2.0 V.

Advanced Schottky processing is utilized to assure fast propaga-
tion delay times. Two ground pins are provided to improve ground
current handling and allow close decoupling between Vcc arld
ground at the package. Both ground pins should be tied to the
ground bus external to the package.

« Driver Can Sink 100 mA at 0.8 V (Max)
« PNP Inputs for Low-Logic Loading

« Typical Driver Delay = 10 ns

« Typical Receiver Delay = 10 ns

« Schottky Processing for High Speed

* Inverting Driver —MC26S10
Non-Inverting —MC26S11

TYPICAL APPLICATION
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MC26S10
MC26S11

QUAD OPEN-COLLECTOR
BUS TRANSCEIVERS

SCHOTTKY
SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 620

P SUFFIX
PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

Receiver r— -T“r| Receiver
Output a k- ——--'Output.C
Drivor  i—
Input a k----
Driver
Input B
Receiver r~n Driver
—"'Input D
myjji Receiver
----- 10utput D
sInverter on MC26S11 only.
TRUTH TABLE
Driver Bus Receiver
Enable Input 26S10 26S11 Output
L L H L L
L H L H H
H X Y Y Y

« Low Logic State

m  High Logic State

« lrrelevant

m  Assumes condition controlled
by other elements on the bus

< XITITr



MC26S10, MC26S11 '

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

Rating Symbol Value Unit
Power Supply Voltage Vee -051t0+7.0 vde
input Voltage \7] -0.5t0+5.5 Vdc
Input Current I -3.0 to +5.0 mA
Output Voltage — High Impedance State Vo (Hi2) -0.5toVge v
Output Current—Bus lo(B} 200 mA
Qutput Current—Receiver 16(R) 30 mA
Operating Ambient Temperature Ta 0to+70 SC |
Storage Temperature Tstg -65 to +150 oc
Junction Temperature T, oC |
Ceramic Package 178
Plastic Package 150
ELECTRICAL CHARACTERISTICS (Unless otherwise noted Vo = 4.75 10 5.25 V and Ta = 0 to +70°C.
Typical values measured at Voc = 5.0 V and Ty = 256°C.)
Characteristic Symbol Min Tye Max Unit
tnput Voltage — Low Logic State Vi - - 08 v
(Driver and Enable Inputs)
Input Voltage — High Logic State Vin 20 - - v
{Oriver and Enable tnputs)
Input Ctamp Voltage Vik - - -1.2 \'
(Driver and Enable Inputs)
(i = ~18 mA)
Input Current — Low Logic State b mA
(Vi =04 V)
{Enable Input) - - -0.36
{Driver Inputs) - - -0.54
Tnput Cutrent — High Logic State (Vg = 2.7 V) hH A
{Enable Input) - - 20
{Oriver Inputs) - - 30
Input Current — Maximum Valtage A1 - - 100 HA
{VIHy =5.5V)
(Enable or Driver Inputs)
Oriver Output Voitage — Low Logic State VoL{D) v
{igL = 40 mA) - 0.33 05
{igL = 70 mA} - 0.42 0.7
ligL = 100 mA) - 0.51 0.8
Driver (Bus) Leakage Current 10(D) pA
(VoH =45V} - - 100
(VgL =0.8V) - - -50
Oriver {Bus) Leakage Current 101{D} - - 100 uA
(Ve =0V, VoH=45V)
Receiver Input High Threshold VTH(R) 225 20 - v
(ViH{E) =2.4V)
Receiver input Low Threshotd VTL(R) - 20 1.78 v
(VIH(E) =24 V)
Receiver Output Voltage — Low Logic State VOL(R) - - 05 v
(gL = 20 mA)
Receiver Output Voltage — High Logic State VOHIR) 27 34 - v
(IgH = -1.0 mA)
Receiver Qutput Short-Circuit Current {Note 1} 10S(R) -18 - -60 mA
Power Supply Current — Output Low State Icc mA
ViLE =0 V) MC26S10 - 45 70
. MC26S11 - - 80

NOTE 1: One output shortad st 8 timo. Durstion not to excood 1.0 socond.
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MC26S510, MC26S11

SWITCHING CHARACTERISTICS (veoe = 5.0 V, T = 26°C unless otherwise noted.)

capacitance)

MC26810 MC26511
Characteristic Symbol Min Typ Max Min Typ Max Unit
rl;ropsgation Delay Time
Driver Input to Output PLH(D) - 10 15 - 12 19 ns
PHL(D) - 10 15 - 12 19
Fropugation Delay Time
Enable laput to Qutput tPLH(E) - 14 18 - 15 20 ns
PHLIE) - 13 18 - 14 20
Propagation Delay Time
Bus to Receiver Output PLH(R) - 10 15 - 10 15 ns
PHLIR) - 10 15 - 10 15
Rise and Fall Time of Driver Qutput tTLH(D) 4.0 10 - 4.0 10 - ns
TTHL(D) 20 4.0 - 20 40 -
SWITCHING WAVEFORMS AND CIRCUITS
FIGURE 1 — DATA INPUT TO BUS OUTPUT (DRIVER}
Vee
3.0 V—\ Yo Scope T
Driver (Input}
1.5V 1.5V
input \ Orivor 502 1o scope
ov {Output)
o
PLH(D)—= I_-
Von =
Driver Zul:u b ?l?!:ltdos
Outnu( enerator < probe
and jig
VoL capacitanco}
FIGURE 2 — ENABLE INPUT TO BUS OUTPUT (DRIVER)
vee
To Scope @ +3.0V t
3.ov (Inpur) Oriver 502
Ensble 16V 1
Input ' o
ov To Scope
{Output)
tp !
Vom LH(E I‘"— PHL(E)] 3
Driver $00F
§ 1.5v Pulse {includes
Outeut G:v:uruor b probe
VoL and jig

vee

Vo
Oriver
Qutput
{thput) v
PHLIR),
VoH
Recgiver
Output
Vi

!

To
Scopo
(Input)

AYl

oL

5-18

60 pF

FIGURE 3 — BUS INPUT TO RECEIVER CUTPUT

1.5V
WPLH(R)
15V

Vi
To ‘Scope cc

{Output)
IND16
or 280

Equivalont

I 16 pF (Total)

Pulse

(Total) ‘: 50 Gonarator




MOTOROLA

MONOLITHIC DUAL LINE DRIVERS

The MC75S110 dual line driver features independent
channels with common voltage supply and ground termi-
nals. Each driver circuit provides a constant output current
that switches to either of two output terminals subject to
the appropriate logic levels at the input terminals. Output
current can be switched "off” (inhibited) by appropriate logic
levels at the inhibit inputs. Output current is nominally
twelve milliamperes for the MC75S110.

The inhibit feature permits use in party-line or data-bus
applications. A strobe or inhibitor, common to both drivers,
is included to increase driver-logic versatility. With output
current in the inhibited mode, I0(off) is specified so that
minimum line loading occurs when the driver is used in a
party-line system with other drivers. Output impedance of
the driver in inhibited mode is very high (the output
impedance of a transistor biased to cutoff).

All driver outputs have a common-mode voltage range
of -3.0 volts to +10 volts, allowing common-mode voltage
on the line without affecting driver performance.

< Insensitive to Supply Variations Over the Entire
Operating Range

MC75S110

DUAL LINE DRIVERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

ANmm

L SUFFIX
CERAMIC PACKAGE
CASE 632

« MTTL Input Compatibility "pT fT T in
= Current-Mode Output (12 mA Typical) b SUFFIX
« High Output Impedance PLASTIC PACKAGE
« High Common-Mode Output Voltage Range Cnglslge
(-3.0Vto+10 V) (T0-119)
= Inhibitor Available for Driver Selection
INHIBIT
INPUT
OUTPUTS OUTPUTS
vcC IV 12 VEE D 2Z 2Y
TRUTH TABLE
INHIBITOR
LOGIC INPUTS INPUTS OUTPUTS
A C D \Y% 2
LorH LorH L Lor H H H
LorH LOrH LorH L H H
L LorH H H L H
LorH H H L H
H H H H L

Low output represents the "on" state
High output represents tho "o ff" state.

LOGIC INHIBIT LOGIC
INPUTS INPUTS INPUTS
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MC755110

MAXIMUM RATINGS (T =0 to +70°C unless otherwise noted.)

-Ratings Symbol Value Unit
Power Supply Voltages Vce +7.0 Volts
{See Note 1) VEE -7.0
Logic and Inhibitor input Voltages Vin 55 Volts
{See Note 1)
Common-Mode Output Voltage Range Vocr -5.0to +12 Volts
(See Note 1)
Power Dissipation {Package Limitation) Pp
Plastic and Ceramic Dua! In-Line Packages 1000 mw
Derate above Tp = +25°C 385 mw/oc
Operating Temperature Range TA 0to +70 oc
Storage Temperature Range Tstg °c
Ceramic Duat In-Line Package . -65 to +150
Plastic Dual In-Line Package -35 to +150
RECOMMENDED OPERATING CONDITIONS iSee Notes 1 and 2.)
Characteristic Symbol Min Nom Max Unit
Power Supply Voitages Vee +4.75 +5.0 +5.25 Volts
Vee ~4.75 -5.0 -5.25
Common-Mods OQutput Voltage Range VOCR Voits
Positive 0 - +10
Negative 0 - -3.0

Note 1. These voitage values are in respect to the ground terminal.
Note 2. When using only one channe! of the line drivers, the other channel should be
inhibited and/or its outputs grounded.

DEFINITIONS OF INPUT LOGIC LEVELS*

Characteristic Symbol Test Fig. Min Max Unit
High-Level Input Voltage (at any input) ViH 1.2 20 55 Voits
Low-Levet Input Volitage (a1 any input} ViL 1.2 1] 08 - Volts

* The algebraic conventian, where the most positive limit is designated maximum, is used with
Logic Level Input Voitage Levels only,
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MC75S110

ELECTRICAL CHARACTERISTICS (T, = 0to +70°C unless otherwise noted.}

MC755110
Characteristic =z » Symbol [Test Fig. | Min Typ = Max Unit
High-Level Input Cusrent to 1A, 1B, 2A or 2B liH 1
(Ve = Max, VEg = Max, ViH, = 24 V¥ - - 40 uA
(Ve = Max, Veg = Max, Vi, = Vee Max) - - 1.0 mA
Low-Level Input Current to 1A, 1B, 2A or 2B ‘"—L 1 mA
(Vee = Max, VEg = Max, Vi, =204 V) - - -30
High-Level Input Current into 1C or 2C IiH, 2
(Vce = Max, VEg = Max, Vi, =24 V) - - 40 WA
(Ve = Max, VEg = Max, Vi, = V¢e Max) - - 1.0 mA
Low.Level Input Current into 1C or 2C hiyy 2 mA
{Vee = Max, VEg = Max, Vi = 0.4 V) - - -30
High-Level Input Current into D HH, 2
(Ve = Max, VEE = Max, Viy, =24 V) - - 80 BA
(Ve = Max, Vgg = Max, Vi, = Vo Maxl - - 20 mA
Low-Level Input Current into O hy 2 mA
(Vce = Max, VEg = Max, V)i, =04 V} - - -6.0
Output Current (“‘on"’ state) 10(on) 3 mA
{Vge = Max, Vgg = Max) - 12 15
(Ve = Min, VEg = Min) 6.5 - -
Output Current {"off" state) 10(01f) 3 uA
{Vee = Min, Veg = Min) - 100
Supply Current from V¢ (with driver enabled) Icclon) 4 mA
(V"_L =04V, V|H| =20Vl - 28 35
Supply Current from Vgg (with driver enabled) lEE{on) 4 mA
(V||_L =04V, V“.qI =220V) - -41 -50
Supply Current from Ve (with driver inhibited) | Iccloffl) 4 mA
(V||_L =04V, Vy M 0.4 V) - Fa) -
Supply Current from Vg (with driver inhibited) | lgg(off)| 4 mA
(Vi =04V, Vi, =04 V) - -41 -50
#All typical values are at Ve = +5.0 V, VEg = -5.0 V.
zzFor conditions shown as Min or Max, use the appropriate value specified under r ded
operating conditions,
SWITCHING CHARACTERISTICS (Ve = 50 V, Vgg = -6.0 V, Ta = +26°C.)
Characteristic Symbal Test Fig. Min Typ Max Unit
Propagation Detay Time from Logic Input A or B to 5 ns
Output Y or Z (R_ = 50 ohms, C_ = 40 pF)
PLH - 90 15
CWPHLY - 9.0 15
Propagation Delay Time from Inhibitor Input Cor O 5 ns
to Qutput Y or Z (R = 50 ohms, C_ = 40 pF}
PLH, - 16 25
PHL, - 13 25
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MC75S8110

TEST CIRCUITS
FIGURE 1 ~ Viy, VL. i, 8nd Ij

Vee VEE
ha W 1A I' j 1Y T
— \
ViHe—] —e
-
0(on)
See Seo
Tasle Teble »OUTPUTS
he
-—
Vi — —e
-—
L L Jlowtn
/
TEST TABLE
TEST AT ANY LOGICINPUTS ALL INHIBITOR ouTPUT OouUTPUT
LOGIC INPUT | NOT UNDER TEST INPUTS 1Y or 2y 1Zor 22
V'HL Open VIH, H L
(Soe Note 1) iSee Note 1}
Ve, Vee Vil L H
(Sae Note 1) (Soo Noto 1)
NH, 4.5V ViH, Gnd Gond
Ly Gnd Vil Gnd Gnd

NOTES: 1. Low output represants tho “‘on’’ state, high output reprotents tho “'off’ stato.
2. Each input is testod separatoly.
3. Arrows indicate ectusl direction of current flow.

FIGURE 2 — ViK. ViL. 11

Vee . . VEE

—eo
_—
'oton)
TS;::o OUTPUTS
'ototf)
| —
=
e -
TEST TABLE
TEST AT ANY ALL LOGIC INKIBITOR INPUTS OUTPUT OouUTPUT
INHIBITOR INPUT INPUTS NOT UNDER TEST 1Y or 2V 12or 22
Vin VIHL Open H(Seo Note 1) L(Seo Note 1)
" Vi Opan L(See Note 1) H(Seo Note 1)
v VK, Vee H(Soo Noto 1) H(Seo Note 1)
' Vi, Vee H{Soo Note 1) H(Soo Noto 1)
I||-|l Gnd a5V Gnd Gnd
Yy Gnd Gnd Gnd Gnd
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MC75S110

TEST CIRCUITS (continued)
FIGURE 3~ Ig(op) and 10 (off)

Vee VEE
v il Ty
IH W
viL (—o
Vin 10(on)
a0
fs.b,. OUTPUTS

Vi

'otott)
ViH oy
viL L

GNe Arrows indicate actua! direction
- of currant flow.
TJEST TABLE
TEST
Groundall output pins LOGIC INPUTS INHIBITOR INPUTS
not under tast. 1A or 2A 18 or 28 1Cor2C D
ot output e i
19(0n) 1Y or 2 Vi Vi ViH Vin
ViH Vi
at output
'o(on) 1Zor 22 ViH ViH Vin ViH
at output
'04011) 1Y or 2v ViH Vin Vin ViH
at output ViL Vig,
'ototh) 12 0r 22 Vip Viu Vin Vi
Vin Vie
I at output Either - Either :'L z“‘
Olot) |4y 2v,12,0r22 state state 3 IH
ViH Vi
FIGURE 4 ~ Igc and IEE
Vin
viL TEST TABLE
v ALL LOGIC | ALL INHIBITOR
H TEST INPUTS INPUTS
Icclon) Drivor enablod Vi Vin
IeE{on) Driver enabled Vi ViH
v Icc(off) Driver inhibited Vig ViL
" Iggloff) Driver inhibited ViL Vi

ViH
ViL
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MC755110

TEST CIRCUITS (continued)

FIGURE 5 — PROPAGATION DELAY TIMES TEST CIRCUIT AND WAVEFORMS

v v
Loaic . cc EE
INPUT T T
50 L)
8902 2890
= = — _—— —_ ¢ <
. 4 B 3 o_a OUTPUT
Pulse het v
Gonerator 4 Ry l cL
# 1 | 50 T <0 ¢
Pulse i - -
Generstor 4 | (o] UTZP uT
#2
) © | 110 oTHER I AL cL
INHIBITOR 50 -
INPUT 4 L¥channeL | s
:: S0 GND = =
i

11—

§

INHIBNT
INPUT $0% ]
CorD

LoGIc av
INPUT / \
Aors 7 kso%
ov
tp2 ———— av

0

!

PLH (L) =

v
PLH{IN) -— — tPHL(IN)
— PHLIL) r
OuTPUT [_ sox oft
v ﬁk
——— on
— f otf
ouTPuUT )(,-,:
z \ on
PHLWL) —
~] — |—— tPLHIL)

N

S

NOTES: 1. Tho pulso gonorators have the following characteristics: 2o = 50 £2, t, = tg = 10 £5 ns, tpq = 500 ns, PRRA = 1 MHz,
tp2 = 1 ms, PRR = 500 kHz.
2. gL includos probe and jig capscitance.

3, For . onty one ch: and the inhibi lons sre shown.
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MOTOROLA

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON TRANSISTOR ARRAYS

The seven NPN Darlington-connected transistors in these arrays
are well suited for driving lamps, relays, or printer hammers in
a variety of industrial and consumer applications. Their high break-
down voltage and internal suppression diodes insure freedom from
problems associated with inductive loads. Peak inrush currents
to 600 mA permit them to drive incandescent lamps.

The MC1411 device is a general-purpose array for use with
DTL, TTL, PMOS, or CMOS Logic. The MC1412 contains a zener
diode and resistor in series with the input to limit input current
for use with 14 to 25 Volt PMOS Logic. The MC1413 with a 2.7 kf2
series input resistor is well suited for systems utilizing 5 Volt TTL
or CMOS Logic. The MC1416 uses a series 10.5 kJ2 resistor and

is useful in 8-18 Volt MOS systems.

MAXIMUM RATINGS (Ta = 25°C and rating apply to any one device in the

package unless otherwise noted.)

Rating Symbol Value
Output Voltage vO 50*
Input Voltage (Except MC1411) \ 30
Collector Current — Continuous - 500
Base Current —Continuous » 25
Operating Ambient Temperature Range ta 0 to +85
Storage Temperature Range Tstg -55 to +150
Junction Temperature Tj 150

Maximum Package Power Dissipation (See Thermal Information Section)
*Higher voltage selection available. See your local representative.

DEVICE CROSS-REFERENCE LISTING

9665 - SN75476 - ULN2001A - order MC141 IP
9666 - SN75477 - ULN2002A - order MC1412P
9667 - SN75478 - ULN2003A - order MC1413P
9668 - —ULN2004A —order MC1416P
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Unit

MC1411 (ULN2001A)
MC1412 (ULN2002A)
MC1413 (ULN2003A)
MCI416  winzo04a)

PERIPHERAL
DRIVER ARRAYS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

P SUFFIX
PLASTIC PACKAGE
CASE 648

L SUFFIX
CERAMIC PACKAGE
CASE 620

PIN CONNECTIONS

-0 ~tr
m 3
- > n -E
1> n -
mE
lOtt;-'3
-3



MC1411, MC1412, MC1413, MC1416

ELECTRICAL CHARACTERISTICS (T, = 26°C unless otherwiss noted)

Charactsristic Symbol Min Typ Max Unit
Output Leakage Current Icex uh
*{Vg =80V, Ta = +70°C) All Typss - - 100
*(Vo =50V, T = +25°C) . All Types - - 50
*(Vo=50V,Ta =+70°C, v, =60 V) MC1412 - - 500
*(Vo =50V, TA =+70°C, V) =10 V) MC1418 . - - 500
Collector-Emitter Saturation Voltage VCE(sat) v
(ic = 350 mA, Ig = 500 pA) - 14 16
{Ic = 200 mA, Ig = 350 uA) - 095 13
{Ic = 100 mA, Ig = 250 pA) - 085 1.1
Input Current ~ On Condition lifon) mA
vy=172v) MC1412 - 088 13
{(Vj=385V) MC1413 - 083 136
Vi=50V) MC1418 - 035 . 08
Vi=12V) MC1416 - 10 1A5
Input Voltaga — On Condition Vi{on) v
(VCg =2.0 V, Ig = 300 mA) MC1412 - - 13
{(VCE =20V, Ic =200 mA) Mr1413 - - 24
{(VCE =20V, Ig = 250 mA) MC1413 - - 27
(VCg =20V, Ic = 300 mA) MC1413 - - 30
(VCE=2.0V, Ig = 126 mA) MC1416 - - 5.0
{(VCE =20V, Ic = 200 mA) Mc1418 - - 6.0
(VEE =20V, Ig =275 mA) MC1418 - - 70
(VCE » 2.0V, Ig =350 mA) MC1416 - - 8.0
Input Current — Off Condition h{off) 50 100 - BA
{Ig = 600 A, Tp = +70°C)
DC Currant Gain hee 1000 - - -
(Veg =20V, i¢ = 350 mA) MC1411
Input Capacitance Cy — 15 30 pF
Turn-On Detey Time ton - 0.25 10 "]
{50% E) to 50% Eg)
Turn-Otf Delay Tima toff - 026 10 us
(50% E) to 60% Eg)
Clamp Dtode Leskage Currant TA = +25°C R - - 50 BA
(VR=60V) Ta = +70°C 100
Clsmp Diode Forward Voltzge Vg - 15 20 v
{Ig = 350 mA)
“Highar voltoge salectt: 1 your locsl '
TYPICAL PERFORMANCE CURVES — Tp = 269C
FIGURE 1 — OUTPUT CURRENT vsrsus INPUT VOLTAGE FIGURE 2 — OUTPUT CURRENT versus INPUT CURRENT
“ / /
L AT MCI416 l -
- K o [ o
2 uC1413 L/ 142 l s I
- v "\\ z
3 -~ Y g
g 200 2 20—
5 g
£ 3 /
© 159 & 100}
" ‘ /
01 mJ 20 30 40 50° 30 89 10 W 12 9 W W00 W00 250 T )
V), INPUT VGLTAGE {VOLTS) Iy, INPUT CURRENT {xA)
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MC1411, MC1412, MC1413, MC1416

TYPICAL CHARACTERISTIC CURVES — TA = 25°C (continued)

FIGURE 3 — TYPICAL OUTPUT CHARACTERISTICS

100 PINI3 ]
'_é, 1 Output Conducting st a Time PINTO \-/ j
£ 500
wl
& / PIN 16
= 400
o
S w0
5
w
ER
= i All Four Types
2100 i i
0
0 02 04 06 08 10 12 14 18
VGE(sat), SATURATION VOLTAGE (VOLTS)
FIGURE B ~ INPUT CHARACTERISTICS — MC1413
25 T
TYPICAL 4
| 8 SERIES McM0S == Ay // yd
@50V
20[7, = 259 \ 7 //
g V.
= \/|/~
w MAXIMUM /\rvmc AL
= |0 SERIES McHOS —
3 " “_ovs‘ MC1413
T4 = 259C
g )4\
77T\
V4
0
Q 1.0 20 30 40 S50 60 10 8¢

V. INPUT VOLTAGE (VOLTS)

FIGURE 4 — INPUT CHARACTERISTICS — MC1412

25
20 L
i g
Eis ,/
i MAXIMUM /}
2
a2
510 )’ |
2 = J
o i/ NTYRICAL
0
0 12 [ 18 0. 2 L]
vy, INPUT VDLTAGE (VOLTS)
FIGURE 6 — INPUT CHARACTERISTICS — MC1416
25
20
2
£
R H
H e
= MAXIMUM
S N ]
- —— pam—
Zos ol
— \'I’YPII:AL
0 it ]
(] 50 60 0 80 %0 10 1" 12

V|. INPUT VOLTAGE {VOLTS}

FIGURE 7 ~ MAXIMUM COLLECTOR CURRENT
varsus DUTY CYCLE
(AND NUMBER OF DRIVERS IN USE) — CERAMIC or PLASTIC

1000 [ D ~— — i,
—— L ~ g
—<E~ N \‘\\ N 2 o
£ s NSNS g
Z \ 3 3
& B 2
] T~ ‘g
o ~ 3.0 Amps ™~~~ N5 &
g 30— H_ g o
s ~S. =
o ~  20Amps T
a 20 - E
Q P 3
2 ~ 2
S | _wmezty > =
1] ~
— = Ig Scale X 10 o
160 L A L !
10 20 30 50 0 80100
% BUTY CYCLE
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MC1411, MC1412, MC1413, MC1416

REPRESENTATIVE CIRCUIT SCHEMATICS

1/7 MC1411 177 ME1412
10.8k Ping
' H' I
€
! 5.0k3 x=
! 3k 1
! A -
1
| S _“- _____ -4
/7 Mc1413 1/7MC1416
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MOTOROLA

DUAL PERIPHERAL-HIGH-VOLTAGE
POSITIVE "NAND" DRIVER

The dual driver consists of a pair of PNP-buffered AND gates
connected to the bases of a pair of high-voltage NPN transistors.
They are similar to the MC75452 drivers but with the added advan-
tages of: 1) 70 Volt capability 2) output suppression diodes and
3) PNP buffered inputs for MOS compatibility. These features make
the MC1472 ideal for mating MOS logic or microprocessors to
lamps, relays, printer hammers and incandescent displays.

« 300 mA Output Capability (each transistor)

¢« 70 Vdc Breakdown Voltage

« Internal Output Clamp Diodes

¢ Low Input Loading for MOS Compatibility (PNP buffered)

CROSS REFERENCE
UDN-5712 - SN75475 - MC1472

MAXIMUM RATINGS (TA » 25°C, Note 1).

Rating Value Unit
Supply Voltage 7.0 Volts
Input Voltage 5.5 Volts
Output Voltage 80 Volts
Clamp Voltage 80 Volts
Output Current (Continuous) 300 mA
Operating Junction Temperature °C
Ceramic Package +175
Plastic Package +150
Storage Temperature Range -65 to +150 °C

Note 1: "Maximum Ratings" are those values beyond which the safety of the device
cannot be guaranteed. They are not meant to imply that the device should
be operated at these limits. The "Table of Electrical Characteristics" pro-
vides conditions for actual device operation.

RECOMMENDED OPERATING CONDITIONS

Rating Symbol Min Max Unit
Supply Voltage Vce 45 55 Volts
Operating Ambient Temperature ta 0 70 °C
Output Voltage vO0 vee 70 Volts
Clamp Voltage Ve vO 70 Volts
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MC1472

DUAL PERIPHERAL
POSITIVE "NAND" DRIVER

SILICON MONOLITHIC
INTEGRATED CIRCUITS

U SUFFIX P1 SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 693 CASE 626

TRUTH TABLE

A B Y

L L H ("OFF" STATE)
L H H ("OFF" STATE)
H L H ("OFF" STATE)
H H L ("ON" STATE)

H “ Logic Ono
L “ Logic Zoro



MC1472

ELECTRICAL CHARACTERISTICS Untess otherwise noted min/max limits apply sccross the 0°C to 70°C temperature range with
45V ¢ Ve t 55 V. All typicsl values are for T4 = 26°C, Vpg = 6 Volts,

Characteristic Symbol Min Typ Max Unit
{nput Voltage — High Logic State VIH 20 - 55 Vdc
tnput Voitage —~ Low Logic State ViL 0 - 08 Vde
tnput Current — Low Logic State
(V)L =04V)
A Input TS - - 0.3 mA
8 tnput -0.16 .
Input Current — High Logic State
{Vi4 =24V)
A input M - - 40
B tnput - - 20
(Vi =5.5V) BA
A Input - - 200
B Input - - 100
Input Clamp Voltage
{lic = -12mA) Vie - - -15 v
Output Leakage Current — High Logic State
(Vo = 70V, See test Figure) loH - - 100 RA
Output Voltage — Low Logic State .
{igL = 100 mA) VoL - - 04 \'
(loL = 300 mA) - - 0.7
Output Clamp Diode Leaksgs Current
(Vg = 70V, See test Figure) loc - - 100 A
Output Clamp Forward Voltage
(tpc = 300 mA See test Figure) VEC - - 1.7 v
Power Supply Current
(Al Inputs 8t V) Ice - - 16 mA
(All Inputs at V) - - 70
NOTE: Al currents into device pins are shown as positive, out of device pins a3 negative, All voltages refi d to ground unless otherwise
noted.

SWITCHING CHARACTERISTICS Vg = 5.0V, Ta = 25°C

Characteristic Symbol Min Typ Max Unit
Propagation Delay Time
Qutput High to Low tPHL - - 1.0 us
Output Low to High tPLH - - 0.76
Output Transition Time
Qutput High to Low tTHL - - 0.1 K3
Output Low to High tTLH - - 0.1
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TEST CIRCUITS
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<g> MOTOROLA

QUAD LINE DRIVER

The MC1488 is a monolithic quad line driver designed to inter-
face data terminal equipment with data communications equipment
in conformance with the specifications of EIA Standard No. RS-232C.

Features:

« Current Limited Output
+£10 mA typ

* Power-Off Source Impedance
300 Ohms min

« Simple Slew Rate Control with External Capacitor
* Flexible Operating Supply Range

« Compatible with All Motorola MDTL and MTTL Logic Families

CIRCUIT SCHEMATIC
(1/4 OF CIRCUIT SHOWN)
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QUAD MDTL LINE DRIVER
RS-232C
SILICON MONOLITHIC
INTEGRATED CIRCUIT

LSUFFIX PSUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

TO-116

PIN CONNECTIONS
W -




MC1488

MAXIMUM RATINGS (Tp = +25°C unfess otherwise noted.)

Rsting Symboal Valus Unit

Power Supply Voltage Vee +15 Vdc
Vee -15
Input Voltage Range VIR -15<VIg <70 Vde
Output Signal Voltage Vo +15 Vdc
Power Derating {Package Limitation,Ceramicand Plastic Dual-In-Line Package) Po 1000 mw
Derate above Tp = +25°C YRgiA 6.7 mw/°c

Opx ing Ambi Temp ure Range TAa Oto +75 o¢
Storage Temperature Range Tseg -6510 +175 oc

ELECTRICAL CHARACTERISTICS (Ve = 49.0 1% Vdc, VEE = -9.0 + 1% Vdc, T = 0 to +75°C unless otherwise noted.)

Characteristic Figure Symbol Min Typ Max Unit
Input Current — Low Logic State (V= 0} 1 hit - 1.0 16 mA
input Current — High Logic State (V34 = 5.0 V) 1 Iy - - 10 A
Output Voltage — High Logic State 2 VoH vdc
(V| = 0.8 Vdc, R|_=3.0kR, Vg = +9.0 Vde, Vgg = ~9.0 Vdc) +6.0 +7.0 -
(V)L =08 Vde, R_= 3.0 k2, Ve = +13.2 Vdc, VEE = -13.2 Vde) +9.0 | +105 -
utput Voltage — Low Logic State 2 Voo Vdc
{(Vi4 = 1.8 Vdc, R = 3.0 k2, Vg = +9.0 Vdc, VEE = -9.0 Vdc) -6.0 -7.0 -
{VIH = 1.9 Vde, R|_= 3.0 k2, V¢e = +13.2 Vde, VEE = ~13.2 Vde) -9.0 -108 -
Positive Output Short-Circuit Current (1) 3 los+ +6.0 +10 +12 mA
Negative Output Short-Circuit Current (1) 3 10s- -6.0 -10 -12 mA
Output Resistance (Voo = VEE= 0, | Vo | = 22.0 V) 4 o 300 - - Obhms
Positive Supply Current (R = oo} 5 Icc mA
AVIH = 1.9 Vdc, Ve = +9.0 Vde) - +15 +20
(V). = 0.8 Vdc, Vg = +9.0 Vde) — +4.5 +6.0
(Vi = 1.8 Vdc, Vg = +12 Vde) - +19 +25
(Vi = 0.8 Vdc, Vo = +12 Vdc) - +5.5 +7.0
(V) = 1.9 Vdc, Vg = +16 Vde) - - +34
(V)L = 0.8 Vdc, Vgg = +15 Vdc) - _ +12
Negative Supply Current (R = od 5 Iee
(Vi = 1.9 Vde, VEE = -9.0 Vdc) - -13 -17 mA
V)L = 0.8 Vdc, Vgg = -9.0 Vdc) - - -15 uA
(V|4 = 1.9 Vdc, Vgg = -12 Vdc) - -18 -23 mA
(V)L = 0.8 Vdc, Vgg = -12 Vdc} - - -18§ A
{Vyy = 1.9 Vdc, Vg = -16 Vdc) - - -34 mA
{Vy = 0.8 Vdc, VEg = -15 Vdc) - - -2.5 mA
Power Consumption Pc mw
(Ve = 9.0 Vde, Vgg = -9.0 Vde) - B 333
{Vce = 12 Vdc, Vgg = -12 Vdce) — — 576
SWITCHING CHARACTERISTICS (Vg = +9.0 £ 1% Vdc, Veg = -9.0 £ 1% Vdc, Ta = +259C.)
Propagation Oelay Time (2;= 3.0k and 15 pF) 6 PLH - 275 350 ns
Fall Time {z) = 3.0 k and 15 pF) 6 TTHL - 45 75 ns
Propagation Delay Time (z) = 3.0 k and 15 pF) 6 tPHL - 110 175 ns
Rise Time (2= 3.0 k and 15 pF) 6 ITLH = 55 100 ns
(1) Maxi Package Power Dissipation may be ded if all outputs are shorted simultaneously.
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MC1488

CHARACTERISTIC DEFINITIONS

FIGURE 1 — INPUT CURRENT FIGURE 2 — OUTPUT VOLTAGE
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SLEW RATE (VOLTS/i)
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MC1488

TYPICAL CHARACTERISTICS
(TA = +25°C unless otherwise noted.)

FIGURE 7 — TRANSFER CHARACTERISTICS
versus POWER-SUPPLY VOLTAGE
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MC1488

APPLICATIONS INFORMATION

The Electronic Industries Association (EIA) has reteased the
RS232C specification demllmg the requirements for the interface
b 1 date pr g P and data communications

This dard specmes not only the number and type
of interface leads, but also the voltage levels to be used. The
MC1488 qued driver and its companion circuit, the MC1489
quad iver, provide a p interface system between DTL
or TTL logic levels and,the RS232C defined levels. The RS232C
requirements as applied 'to drivers are discussed herein.

The required driver ges are as 1 5 and 15-
volts in magnitude and are positive for a logic “0"* and negative for
a logic “1. These voltages are so defined when the drivers are
terminated with a 3000 to 7000-chm resistor. The MC1488 meets
this voltage requirement by converting a8 DTL/TTL logic levet into
RS232C levels with one stage of inversion.

The RS232C specification further requires that during transi-
tions, the driver output slew rate must not exceed 30 volts per
mic d. The inherent slew rate of the MC1488 is much too

FIGURE 12 — SLEW RATE versus CAPACITANCE
FOR Igc = 10 mA

FIGURE 13 — POWER-SUPPLY PROTECTION
TO MEET POWER-OFF FAULT CONDITIONS

7999 ¢P¢ ¢

. Therefore, if the sy isd d to permit
low impedances to ground at the power-supplies of the drivers, a
diode should be placed in each power-supply lead to prevent over-
heating in this fault condition. These two diodes, as shown in
Figure 13, could be used 1o decouple all the driver packages in a
system, (These same diodes will allow the MC1488 to withstand

y shorts to the +25-volt limits specified in the earlier

Standard RS2328.) The addition of the diodes also permits the

MC1488 to withstand faults with power-supplies of less than the
9.0 volts stated above.
The maximum short-circuit current allowable under fault con-

is more than guaranteed by the previously mentioned
10 mA output current limiting.

1000 = would be
3 h
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1.0 14 N Other Applications
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C. CAPACITANCE (sF)

fast for this requirement. The current limited output of the device
can be used to control this slew rate by connecting a capacitor to

The MC1488 is an extremsly versatile line driver with 8 myriad
of possible applications. Several features of the drivers enhance
this versatility:

1. Output Current Limiting ~ this enables the circuit designer
to define the output voltage levels independent of power-supplies
and can be plished by diode clamping of the put pins.
Figure 14 shows the MC1488 used as 8 DTL to MOS transiator
where the high-level voltage output is clamped one diode above
ground. The resistor divider shown is used to reduce the output

| below the 300 mV above graund MOS input level limit.

each driver output. The required capacitor can be easily d ined
by using the retationship C = Igg x AT/AV from which Figure 12is
derived. Accordingly, a 330-pF capacitor on each output will
guarantee a8 worst case slew rate of 30 volts per microsecond.

The interface driver is also required to withstand an accidental
short to any other di inani gcable. The worst
possible signal on any conductor would be another driver using a
plus or minus 15-volt, 500-mA source. The MC 1488 is designed to
indefinitely withstand such a short to all four outputs in a package
as long as the power-supply voltages are greater than 9.0 volts (i.e.,
Vee229.0 V; VEg~9.0 V). In some power-supply designs, 8 loss
of system power causes 8 low impedance on the power-supply out-
puts. When this occurs, a low impedance to ground would exist at
the power inputs to the MC 1488 effectively shorting the 300-ohm
output resistors to ground. |f all four outputs were then shorted
to ptus or minus 15 volts, the power dissipation in these resistors

2. Power-Supply Ranga — 8s can be seen from the schematic
drawing of the drivers, the positive and negative driving elements
of the device are essentially independent and do not require match-
ing power-supplies. In fact, the positive supply can vary from a
minimum seven volts (required for driving the negative pulldown
section) to the maximum specified 15 volts. The negative supply
can vary from approximately 2.5 volts to the minimum specified
=15 volts. The MC1488 will drive the output to within 2 volts of
the positive or negatuve supplles as tong as the current output limits
are not The ion of the current-limiting and
supply-voltage features sllow a wide combination of possible out-
puts within the same quad packege. Thus if only a portion of the
four drivers are used for driving RS232C lines, the remainder could
be used for DTL to MOS or even DTL to OTL transiation. Figure 15
shows one such combination.
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FIGURE 14 — MDTL/MTTL-TO-MOS TRANSLATOR
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FIGURE 15 — LOGIC TRANSLATOR APPLICATIONS
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MOTOROLA MC1489.

<8>
MC1430AL

QUAD MDTL
LINE RECEIVERS

QUAD LINE RECEIVERS RS-232C

SILICON MONOLITHIC
INTEGRATED CIRCUIT

The MC1489 monolithic quad line receivers are designed to inter-
face data terminal equipment with data communications equipment
in conformance with the specifications of EIA Standard No. RS-232C.

Input Resistance —3.0 k to 7.0 kilohms
Input Signal Range - + 30 Volts
Input Threshold Hysteresis Built In

Response Control

a) Logic Threshold Shifting L SUFFIX PSUFFIX
In Noise Filterin
b) Input Noise Filtering CERAMIC PACKAGE  PLASTIC PACKAGE
CASE 632 CASE 646
TO-116
Input A [T
Rojponse r—
Control A —
A
Output Control D
TTIOutput D
Td nput ¢
Responso
Control C
~8{Output C
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MC1489L, MC1489AL

MAXIMUM RATINGS (T4, = +25°C untess otherwise noted)

Rating Symbol Value Unit

Power Supply Voltage vee 10 Vde

Input Voltage Range VIR +30 vde
Gutput Load Current ] 'R 20 mA

{ Power Dhssipation (Package Limi . Ceramic and Plastic Dual In-Line

Pockage) o 1000 mw
Derate above T = +26°C 18 50 6.7 mW/°c

Operating Amblent Temperature Range Ta Oto +75 ¢

Storage Temperature Range Teg €510 +175 oc

ELECTRICAL CHARACTERISTICS (Response control pin is open.) (Ve = +5.0 Vde £1%, Ta = 0 to #76°C unless otherwise noted)

Characteristics Figure Symbol Min Typ Max Unit
Positive Input Current (V) = +26 Vdc) 1 hH 36 - 8.3 mA
(Vi = +3.0 Vdc) 043 - -
Negative {nput Current (ViL = =25 Vde) 1 he -36 - -83 mA
V)L = -3.0 Vdc) -0.43 - -
Input Tura-On Threshold Voltage 2 VIHL Vdc
(Ta = +26°C, Vo €0.45 V) MC1489 1.0 - 15
MC1489A 1.7 1.95 2.25
Input Turn-Off Thresho!d Volitage 2 ViLH Vdc
(Ta = +259C, Vo 22.5 V, I = -0.5 mA) MC1489 0.75 - 1.25
MC1489A 0.75 0.8 1.5
Output Voltage High (VIH= 0.75V, I = <0.5 mA) 2 VOH 26 4.0 5.0 Vvde
{Input Open Circuit, I = <0.6 mA) ' 26 4.0 5.0
Output Voltage Low v VIL=3.0V, I = 10mA} 2 VoL - 0.2 0.45 Vdc
Qutput Short-Circuit Current 3 los - 3.0 - mA
Power Supply Current (V)= 45.0 Vdc) q Icc - 20 26 mA
Power Consumption (VyH= +5.0 Vde) 4 Pc - 100 130 mw
SWITCHING CHARACTERISTICS (Ve = 5.0 Vde + 1%, Ta = +25°C)
Propagation Dalgy Time (R =3.9kQ) 5 PPLH - 25 85 ns
Rise Time (R =39k} 5 tTLH = 120 175 ns
Propagation Delay T ime (R =390 ) 5 tPHL - 25 50 ns
Fall Time (R =390 ) [ TTHL - 10 20 ns
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MC1489L, MC1489AL

TEST CIRCUITS
v
FIGURE 1 — INPUT CURRENT ML v FIGURE 2 — OUTPUT VOLTAGE
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MC1489L, MC1489AL

TYPICAL CHARACTERISTICS
(Vee = 5.0 Vdc, Ta = +26°C uniess otherwise noted)

FIGURE 7 ~ INPUT CURRENT FIGURE 8 — MC1489 INPUT THRESHOLD
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MC1489L, MC1489AL.

APPLICATIONS INFORMATION

General Information

TheEtectronicIndustries {E1A) h 1 dtheRS-232C
specification detailing the requirements for the interface between
data p! ing eq and data icati quip

This standard specifies not only the number and type of interface
leads, but alsd the voltage levels to be used. The MC1488 quad
driver and its companion circuit, the MC1489 quad receiver,
provide @ complete interface system between DTL or TTL logic
levels and the RS-232C defined levels. The RS-232C requir

A

rejection. The MC1489 input has typical turn-on voltage of 1.25
volts and turn-off of 1.0 volt for a typical hysteresis of 250 mV.
The MC1489A has typical turn-on of 1.95 volts and turn-off of
0.8 volt for typically 1.15 volts of hysteresis.

Each receiver section has an external response control node in
addition to the input and output pins, thereby allowing the design-
erto vary the input threshold voitage levels, A resistor can be

as applied to 71 s are di d herein.
The required input imp: is defined as b 3000 ohms
and 7000 ohms for input voitages between 3.0 and 25 volts in
magnitude; and any voltage on the receiver input in an open circuit
condition must be less than 2.0 voits in magnitude. The MC1489
circuits meet these requirements with a maximum open circuit volt.
age of one Vgg (Ref. Sect. 2.4).

The receiver shall detect a voltage between -3.0 and -25 volts
as alogic "'1"" and inputs between +3.0 and +25 volts as a logic 0"
{Ref. Sect. 2.3). On some interchange leads, an open circuit or
power “OFF‘ condition {300 ohms or more to ground) shafl be
decoded as an “OFF "’ condition or logic "1’ {Ref. Sect. 2.5). For
this reason, the input hysteresis thresholds of the MC 1489 circuits
are afl above ground. Thus an apen or grounded input will cause
the same output as a negative or logic 1 input.

Davice Characteristics

The MC1489 interface receivers have internal feedback from the
sacond stage to the input stage providing input hysteresis for noise

FIGURE 12 — TURN-ON THRESHOLD versus CAPACITANCE
FROM RESPONSE CONTROL PIN TO GND

: \ Mc14ssL
g . i \
XY
I ERANIAN\VE

. ~

10,000
PW, INPUT PULSE WIDTH {ns)
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Ein, AMPLITUDE (VOLTS)

d b this node and an external power-supply. Fig-
ures 6, 8 and 9 ilk the input threshold voltage shift possible
through this technique.

This response node can also be used for the filtering of high-
frequency, high-energy noise pulses. Figures 12 and 13 show
typical noise-pulse rejection for external capacitors of various sizes.

These two operations on the response node can be combined
or used individuaily for many combinations of interfacing appli-
cations. The MC1489 circuits are particularly useful for interfacing
between MOS circuits and MDTL/MTTL logic systems. In this
application, the input threshold voltages are adjusted {with the
appropriate supply and resistor values) to fall in the center of the
MOS voltage logic levels. {See Figure 14)

The response node may also be used as the receiver input as
long as the designer realizes that he may not drive this node with
a tow impedance source to a voltage greater than one diode above
ground or less than one diode below ground. This feature is
demonstrated tn Figure 15 where two receivers are slaved to the
same line that must stil! meet the RS-232C impedance requirement.

FIGURE 13 — TURN-ON THRESHOLD versus CAPACITANCE
FROM RESPONSE CONTROL PIN TOGND -
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MC1489L, MC1489AL

APPLICATIONS INFORMATION (continued)

FIGURE 14 - TYPICAL TRANSLATOR APPLICATION -
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FIGURE 15 — TYPICAL PARALLELING OF TWO MC1489,A RECEIVERS TO MEET RS-232C
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MOTOROLA

HEX BUS RECEIVER WITH INPUT HYSTERESIS

These high-speed bus receivers are useful in bus organized data
transmission systems employing terminated 120 £2lines. The receivers
feature input hysteresis to obtain improved noise immunity. The
receivers low input current requirement allows up to 27 driver/
receiver pairs to share a common bus. A pair of Disable Inputs are
provided. These Disable Inputs along with the receiver outputs are
MTTL compatible.

« Built in receiver hysteresis

« Receiver input threshold is not affected by temperature
« Propagation delay time —20 ns (Typ)

* Direct Replacement for DS8837

FIGURE 1- TYPICAL APPLICATION

120 ft Data Bus
X

1/6 1/4 1/4
mc: 437 MC3438 MC3438

r |

To Computer or Peripherals

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

Rating Symbol Value Unit
Supply Voltage Vee 7.0 Vde
Input Voltage V| 5.5 Vdc
Power Dissipation PD 625 mw
Derate above 25°C 3.85 mw/°C
Operating Ambient Temperature Range ta Oto 70 °C
Storage Temperature Range Tstg -65 to +150 °C
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HEX BUS
RECEIVER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

(top viaw)
L SUFFIX
CERAMIC PACKAGE
CASE 620
P SUFFIX
PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

Input 4 [jT

TRUTH TABLE

Input Disable  Output

[¢]

[e]
1
1

L H OI - < 21.505VV
- >2.
H . .
L H = High Logic Stato
L L L* Low Logic Stata
H L



MC3437

ELECTRICAL CHARACTERISTICS {Unless otherwise noted, specifications apply for 0 TA & 70°C and 4.75 V K Vg €6.26 V.)

Characteristic Symbol Min Typ Max Unit

Recsiver Input Threshold Voltage — High Logic State VILH(R} 1.80 226 2.50 v
(ViL{DA) = 0.8 V. Ig = 16 mA, Vo 0.4 V)

Receiver input Threshold Voltage — Low Logic State VIHL(R) 1.05 1.30 1.56 v
(ViL(DA) = 0.8 V. lop = ~400 4A, Voy 32.4 V)

Receiver Input Current Ry BA
{Vi(R) = 4.0V, V¢ = 6.25 V) - 15 50
V|(R)=4.0V,Vce=0V) - 10 50

Disable Input Voltage — High Logic State VIH({DA} 20 - - \'
(VI(R) =05V, VoL K04 V, IgL = 16 MA)

Dissble Input Voltage — Low Logic State ViLDa) - - 08 v
Vi(R) = 0.5V, VOH 5224 V, IQH = ~400 A}

Output Volitage — High Logic State VoH 24 - - v
{(VI(R) = 0.5V, V|L(DA) = 0.8 V, IQH = -400 zA)

Output Voltage ~ Low Logic State voL - 0.25 0.4 v
(VI{R) = 4.0V, V|L(DA)= 0.8 V. o= 1B mA)}

Disable input Current — High Logic State LIH(DA)

ViH(DA) = 24 V} - - 80 BA
(ViH({DA) = 55 V) - - 20 mA

Disable Iaput Current — Low Logic State hL(pA) - - -3.2 mA
(Vi(R) = 4.0V, V) (DA) = 0.4 V) -

Qutput Short Circuit Current los -18 - -55 mA
(VItR) = 0.5V, V|L(DA) = OV, Vcc * 5.25 V)

Powar Supply Current lee - 45 70 mA
{Vi(R) = 05 V. ViLipa) = O V)

Input Clamp Diode Voitage Vi - -1.0 -1.5 v
(R} = ~12mMA, lj{pa) = =12 mA,

SWITCHING CHARACTERISTICS (Tp = 25°C, Vo = 5.0 V untess otherwise noted.)

Cheracteristic Symbol Min Typ Max Unit

Propagation Delay Time from Receiver Input to PLH(R) - 20 30 ns
High Logic State Qutput

Propagation Delay Time from Receiver Input to tPHLIR) - 18 30 ns
Low Logic State Output

Propagation Detay Time from Disable Input to tPLH({DA) - 9.0 15 ns
High Logic State Qutput -

Propagation Delay Time from Disable Input to tPHLIDA) - 4.0 16 ns
Low Logic State Output
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MC3437

FIGURE 2 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

+60V
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(Input) 23v
Input
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Equiv 30V
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Generator Disablo 18V 16V
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QUAD BUS TRANSCEIVER

MOTOROLA

Consists of four pair of drivers and receivers with the output of
each driver connected to the input of its mating receiver. These
devices are intended for use in bus organized data transmission

system employing terminated 120 fi

lines. The receivers feature

hysteresis to improve noise immunity. A disable function consisting
of a two-input NOR gate is provided to control all four drivers.

* Receiver input threshold is not affected by temperature

* Receiver input hysteresis - 1.0 V (Typ)

« Open collector driver outputs allow wire-OR

« MTTL compatible receiver outputs and disable and driver inputs

« Driver propagation delay —20 ns
* Receiver propagation delay - 20 ns

« Direct replacement for DS8838

FIGURE 1- TYPICAL APPLICATION

120 n Data Bus

u

1/6 1/4
MC3438

MC3437

o1

MC3438

To Computer or Peripherals

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

Rating
Supply Voltage
Input and Output Voltage

Power Dissipation
Derate above 25°C

Operating Ambient Temperature Range

Storage Temperature Range

Symbol
vCc
vO.v.

Pd

ta

Tstg

Value
7.0
5.5

625
3.85

0 to +70
-65 to +150

5-47

Unit

QUAD BUS
TRANSCEIVER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

C (top view)
L SUFFIX
CERAMIC PACKAGE
CASE 620 P SUFFIX
PLASTIC PACKAGE
CASE 648

TRUTH TABLES

DRIVER SECTION
Disable 1 Disable 2 Input Bus

L L L H
L L H L
L H L H
L H H H
H L L H
H L H H
H H L H
H H H H

RECEIVER SECTION
Bus Output

VIH(R) > 25 v L

V,1(R)<1.05 V H

Where:
L m Low Logic State
H " High Logic State



MC3438

ELECTRICAL CHARACTERISTICS (Untess otherwise noted, specifications epply for 0 T < 70°C and 4.75 Ve <5.25 V.)

Charsacteristic Symbol Min Typ Max Unit

Disable Input Voltage — High Logic State VIH(DA) 2.0 - - v
{(ViH(D) = 20 V. ViH(BuUS) = 4.0 V, Igys < 100 2A)

Disable Input Voltags — Low Logic State ViLiDA) - - 08 v
(VIH(D) = 20 V, V| {BUsS) R 0.7 V, Igys = 50 mA)

Driver Input Voltage — High Logic State VIH(D) 20 - - \
ViL(pa) = 08 V, Igys = SO mA, VL (gus) 0.7 V)

Driver Input Voltage — Low Logic State ViLiD) - - 0.8 \Z
{ViL(pa) = 08 V. Vin(gus) = 4.0V, Igyg <100 kA)

Receiver Input Threshold Voitage — High Logic State VILHIR} 1.80 2.25 2.50 v
ViL(D) = 08 V. loL(R) = 16 MA, VoL (R) 0.4 V]

Recoiver Input Threshold Voltage — Low Logic State VIHLIR) 1.05 1.30 1.5 \Z
{Vig(p} = 0.8 V. IoH(R) = ~400 4A, VOH(R) >2.4 V)

Disable Input Current — High Logic State 1IH(DA)
(VIH(D) = 24 V. VIH(DA) = 24 V) - - 40 A
(VIH{D} = 55V, VIH(DA}) = 55V) - - 1.0 mA

Driver Input Current — High Logic State lIH{D)
ViH(DA) = 24 V. VIH(D) ~ 24 V) - - 40 uA
(VIH{DA) = 5.6 V. V|H(D) = 5.5 V) - - 1.0 mA

Diszble Input Current — Low Logic State hiLiDA) - - -1.6 mA
ViL(pa) = 0.4 V. Vi (D) = 04 V)

Driver Input Current — Low Logic Stats HLio) - - -1.6 mA
(ViLi0) =04 V. ViLiDA) = 0.4 V)~

Bus Current Isus wA
(ViL(DA} = 0.8V, V(D) = 0.8, ViH(gUS) = 4.0 V)
{Vee =5.25V) - 20 100
(Vee=0V) - 20 100

Bus Voltage — Low Logic State ViLisus) - 04 0.7 v
(ViLiDA) = 0.8V, ViH(D) = 20 V, Igys = S0 mA)}

Recaiver Output Voltege — High Logic State VOHI(R) 24 - - v
(ViLiDA) =08 V., Vi (D) = 0.8V, V L(gus) = 05V,

I0H({R) = -400 uA)

Receiver Cutput Voltage — Low Logic State 7 VOL(R) - 0.25 04 v

ViLDA) = 0.8V, Vi (D) = 08 V. ViH(BUS) = 4.0 V.
10L(R) = 16 mA}

Receiver Qutput Short Circuit Current losiR) -18 - -58 mA
VILIDA) =08 V, V| (D) = 0.8V, V) _(BUS) = 0.5V,
Vee = 5.25 V)

Power Supply Current Ice - 50 70 mA
ViL(pA) = O V. ViH(D) = 2.0 V)

Input Clamp Diode Voltage Vi - -1.0 -15 v
hipa) = h(p) = lsus = ~12 mA)

SWITCHING CHARACTERISTICS (T = 25°C, V¢ = 5.0 V unless otherwise noted.

Characteristic Symbo! Min Typ Max Unit

Propagation Delay Time from Disabls Input to PLHIDA) | - 19 27 ns
High Lagic Level Output

Propagation Delay Time from Disable Input to " tPHL(DA) - 15 27 ns
Low Logic Lavel Output

Propogation Delay .Time from Driver Input to tPLH(D) - 17 25 ns
High Logic Levél Output

Propagation Delay Time from Driver Input to tPHL(D) - 9.0 20 ns
Low Logic Lavel Output

Propagation Delay Time from Bus Input to tPLHIR) - 20 30 ns
High Logic Level Output

Propagation Delay Time from Bus Input 10 1PHL(R) - 18 30 ns
Low Logic Level Output
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MC3438

FIGURE 2 — DRIVER AND DISABLE TEST CIRCUIT AND WAVEFORMS

To Scope To Scope 3v
(input) {Output) Dissble {

+6.0 wr Input ::'_V7

(DA) OV

VoH
. Output 18V
: alg Vor
-—((‘— 'PLH(DA)j PHLIDA)

: ——s o——a<]-——l
Pulse e —\ Bus
=iy

Generator <
1 av
Dlzabh Driver 1
sable Input LAY

1 inpus 1/4 MC3438 L > ov /\

) 18pF7R  g200
VoH

Output BV 1.6V
VoL
= PHLID)—* I-— —-I tPLH(D)

FIGURE 3 -~ RECEIVER TEST CIRCUIT AND WAVEFDRM

To Scopo Yo Scope
(input) (Output)  +6.0V
1 Driver Recsiver
Input Oumut 390 FIGURE 4 -~ TYPICAL RECEIVER HYSTERESIS
Bus
\ —oNe \ - = 50 T
X 17 g 2 | Taeas°c
Putse 613 1ND16 or H veee 50V
Generstor b ) B Equiv E 40
A T8 pF 2
1/4 MC3438 = v
2 p7A Vou
=L Dissble = L > 30 ) 7
Inputs h - é // 4// 7
7/BR7
3 20 /1 /i % // A
e A %Y,
av / ¢ 971.7%4
input faav av & % 9%
(R) [ 10 z 4727
ov z 9 v
T 77, oL
Vo ‘>: Q
10 20 10 X}
Output 1.8V 1.8V Vi(g). RECEIVER INPUT VOLTAGE (VOLTS)
Vot
PPHL(R) — I-— ‘PLH(R)—’I

REPRESENTATIVE CIRCUIT SCHEMATIC

(1/4 Shown)
—O Bus
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] > > > > ,
Topur © ¢ 3re 2rs| 3R103AM ims% SR 3R
2 < o4
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@ MOTOROLA Mcmlﬂ
. MC3443

QUAD GENERAL-PURPOSE INTERFACE B%‘;"}D 'NTE';:‘OCE
BUS (GPIB) TRANSCEIVERS RANSCEIVERS
SILICON MONOLITHIC
The MC3440A, MC3441A, MC3443 are quad bus transceivers INTEGRATED CIRCUITS
intended for usage in instruments and programmable calculators
equipped for interconnection into complete measurement systems. P SUFFIX
These transceivers allow the bidirectional flow of digital data and PLASTIC PACKAGE
commands between the various instruments. Each of the transceiver CASE 643
versions provides four open-collector drivers and four receivers ey
featuring input hysteresis. Output ang L4404
The MC3440A version consists of three drivers controlled by chmlnnt!onE 3| vee
a common Enable input and a single driver without an Enable input. Gnd
Terminations are provided in the device. eus a [+ gjBusc
The MC3441A differs in that all four drivers are controlled by Recsiver (— =1 Aoceiver
the common Enable input. Again, the terminations are provided. Output A Output C
The MC3443 is identical to the MC3441A except that the ter- Driver Driver
minations have been omitted. As such it is pin compatible, and Input A tnput &
functionally equivalent to the SN75138. It does offer the advantage ,,?;L":'a - 5] €nabie €
of receiver input hysteresis. Receiver 3 Orlver
® Receiver Input Hysteresis Provides Excellent Noise Rejection Output B ’:':::"
® Open-Collector Driver Qutputs Permit Wire-OR Connection Bus B E 3]louput D
® Tailored to Meet the Proposed Standards Set by the |IEEE Logie Gnd [<] E‘au, D
and |EC Committees on Instryment Interface (488-1978) :
® Terminations Provided {except MC3443 version) MC34g1A
R } e . Output and
® Provides Electrical Compatibility with General-Purpose Teemination [~ 3] Vee
Interface Bus Gnd
But A E-T -.-.Elau.c
MAXIMUM RATINGS (Tp, - 25°C untess otherwiso noted ) Receiver [~ 7] Recsiver
Rating Symbol | Valus Unit °“"’:" A °"‘l‘““ c
Driver - DOriver
Power Supply Voltage Vee 10 vdc Input A L= = lns:utc
tnput Voltage Vy 5.5 Vdc Driver
Driver Output Currant Io(m 150 mA Input 8 hal 5] Enable &
Power Dissipation (Package Limitation) Po 830 mwW Recsiver — = Driver
Derate sbove 25°C 6.7 MW Output B Input ©
Opearating Ambient Temperature Range Ta 010470 oc suse [~} 2| Recelver
Storoge Tempersture Renge Tstg -85 to +150 oc ' E Ouput D
Loglc Gna [«] T-B BusD
TYPICAL APPLICATION — GPIB MEASUREMENT SYSTEM MC3443
4 0 4 Output Gnd [~ z| Vi
- &|Vee
Instrument Bus A E 3 BusC
A H
{with GPIB) - Recsiver 7] Recaiver
Output A Output €
- Driver = 5| Driver
H " Calculator Input A tnput C
{with GPIB) "?;:r:'a - 5] enatie €
Instrument Recsiver — Oriver
8 4 Output 8 L= =l trputD
{with GPIB) -
Recslver
——— =T =~ Bus BmBE 3 Output O
Yy vy Termination 1 ogie ana [2] Sewo
16 Lines Totad ) i
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MC3440A, MC3441A, MC3443

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.5 V € Vg < 6.6 V end 0 € T4, € 70°C, typleal values ere at
Ta=26°C,Vec =6.0V)

1 Characteristic ! Symbot | Min | Typ | Mex | unit |
DRIVER PORTION :
Input Volizge — High Logic State VINID) 20 - - v
[Trput Voliage — Low Logic State ViLiD) = - 08 v
[Thput Current — Figh Logic State TIH(D) - - 20 BA
(Vig = 24V)

Input Current — Low Logic State MC3443| oy - - -16 mA
(ViL= 04V, Vec =60V, Ta = 26°C) MC3440A, 3441A -0.26

Input Clamp Voltage VikiD) - - -1.5 v
(K =-12mA) -

Cutput Voltage ~ High Logic State {1) {MC3440A, 3441A only){ VopH(D} 25 - - v
{Vinig) = 24 Vor Vi (p) = 0.8 V)

Output Voltage ~ Low Logic State VoL(D) v
(ViH(s) = 2.0 V, VL (E) = 0.8V, Ig (D) = 48 mA) MC3443 - - 04

MC3440A, 3441A - - 08

VIH{O) = 20 V. ViL(E) = 0.8 V. Ig (D) = 100 mA) - - 0380

Output Leakage Current — MC3443 Only I0H{D) - - 250 HA

(VIH(E) = 20V or Vi (p) = 0.8 V)
RECEIVER PORTION

input Hysteresis - 400 580 - mv

input Threshold Voltege — Low to High Output Logic State VILHIA) 08 0.8 - v
(Vee =60V, Ta = 26°C)

Input Threshold Voltage — High 10 Low Output Logic State VIHL(R} - 1.56 2.0 v
(Vee =50V, Ta = 26°C) :

Output Voltage — High Logic State VOH(R) 24 - - v
(VILIR) = 0.B V, IoH(R) = -400 uA)

Output Voltage — Low Logic State MC3440A, 3411A| VoL (R) - - 05 v
(ViH(R) = 20V, IoL(R) * 16 mA) MC3443 - - 04

Output Short-Circuit Current 10s(R) -20 - -55 mA

{(ViL(R) ® 0.8 V) {Only one output may be shorted at a time)
BUS TERMINATION PORTION (Does not apply to MC3443)

Bus Voltage (VL (p) = 08 V) VBuUs v
(lgys = =12 mA) - - -16 .
{No Load) 2.50 - 3.70

Bus Current tgus mA
(ViL(D) =08V, Vgys > 6.0 V) 07 - -
(ViL(D)=08 V. Vgys < 6.5 V) - - 25
ViLiID)= 0BV, Vgys=05V) -13 . -3.2
{Vee =0,0< Vgys < 2.75 V) {MC3440A, 3441A only) - - +0.04

TOTAL DEVICE POWER CONSUMPTION

Power Supply Current Iec 30 56 7% mA

(VIND) " 24 V. Vi L(E)* O V)

SWITCHING CHARACTERISTICS (Vo = 50V, T = 26°C)

MC34414,3441A | MC3443
Characteristic Symbol | Min | Typ | Mex [Min | Typ | Max | Unit

DAIVER POATION

Propagation Delay Time from Drivar Input to Low Logic State Bus Output tPHL (D) - 13 | 30 - 13 | 26 ns
Propagetion Delay Time from Driver Input to High Logic State Bus Dutput PLHID) - 17 | 30 - 17 | 26 | ns
Propegation Delay Yime from Enable Input to Low Logic State Bus Output PHL(E) ~ 26 { 40 - 26| 32 | ns
Propagation Delay Time from Enzbla |nput to High Logic State Bus Output tPLH(_gr = 26 | 40 - 26 | 32 | ns
RAECEIVER PORTION .

Propagation Delay Time from Bus Input to High Logic State Receiver Qutput PLA(R) - 15 | 30 - 6] 22 | ns
Propagation Delay Time from Bus Input to Low Logic State Receiver Output PHLIR) - 15 | 30 - 15 | 22 ns

(1) 12 k resistor from the bus terminel to Vg required on the MC3443 version.
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MC3440A, MC3441A, MC3443

GENERAL PURPOSE INTERFACE BUS APPLICATION

INSTRUMENT A

MC3441A

MC3441A

e |

e— |

MC3440A

8 Line Data Bus: DIO1 — DI03
6 Genersl Interrupt Transter Control Bus: 3 Data Byte Transfer Control Bus
REN — Remote Enabte
SRQ - Service Request
EGI — End or Identify

ATN - Attentlon

IFC — tnterface Clear

1 A INSTRUMENT B
7 ——— T -
| ot DI01 ! |
| ' |
D102 D102 | i
,r Di03 proa | | |mc3ss0a : I:g::?;m;:;
™ |
| DI04 REN 2 |
' (Always
I Enablisd) I |
| | :
I olosl DI04 !
1
l mos? ows | |
0107 0106 | |mc3as0a
SRQ
| ois ,
I {Always 8-:_
| | E
|
REN DIO? 2
I X
EOI Dics
MC3441A ! ATNj) DAV | |Mc3ad0a
[
IFC EOI
l (Always I
Enabted) I |
[
: ‘AI::.V;“, (Always X I
I an? ATN I
DAV 1FC I
H_
| NAFD NAFD l MC3440A
| woac NDAC I
|
A I I I
| T ) S——

GPIB SIGNALS:

DAV — Dats Valid

NRFD — Not Rsady for Dats

NDAC -~ Not Dats Accepted
18 Totsl Signal Linss
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MC3440A, MC3441A, MC3443

FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
RECEIVER INPUT (BUS) TO OUTPUT

To Scope
aov (Output) +BOV
input - 80%, . BO%
ov :
tPLH(R) TPHL(R)
VoM
Output 15v 15V <16 pF
VoL
>
380 Enable or equiv
Pulse Input

Generator

FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS)

30V
Driver Input BO% 80%
ov
tPHL(D) PLHID)
1'(7"5:&1;' :l.g \Y 450V To Scopo VoH
(Output) Output 16V 15v

VoL

P 3ov
Pulse 3 nput Eneable Input 80% 50%
Genoretor | 503 ov
i AR50 pF
. e ]: tPLHIE) '-— PHLIE)
A, VoH
= Output ¥1.8 \ 16V

VoL

*MC3443 only.
MC3440A/3441A uses 100 .

FIGURE 3 — TYPICAL RECEIVER HYSTERESIS

CHARACTERISTICS
§0 i
veee 50V
. Ta* 25°C
2o —
3
z
8
R
=
Q
>
5 20
&
=2
e
S0
-
[}
0 05 1.0 15 20

Vi, INPUT VOLTAGE (VOLTS)
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MOTOROLA

QUAD GENERAL-PURPOSE INTERFACE
BUS (GPIB) TRANSCEIVER

The MC3446A is a quad bus transceiver intended for usage in
instruments and programmable calculators equipped for interconnec-
tion into complete measurement systems. This transceiver allows the
bidirectional flow of digital data and commands between the various
instruments. The transceiver provides four open-collector drivers and
four receivers featuring hysteresis.

* Tailored to Meet the IEEE Standard 488-1978 (Digital Interface
for Programmable Instrumentation) and the Proposed IEC
Standard on Instrument Interface

« Provides Electrical Compatibility with General-Purpose Interface
Bus (GPIB)

« MOS Compatible with High Impedance Inputs
« Driver Output Guaranteed Off During Power Up/Power Down
« Low Power - Average Power Supply Current = 12 mA

« Terminations Provided

TYPICAL MEASUREMENT SYSTEM APPLICATION

16 Llno« Total
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QUAD INTERFACE
BUS TRANSCEIVER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SUFFIX
PLASTIC PACKAGE
CASE 648



C3446A

MAXIMUM RATINGS (T4 = 25°C unless otherwim noted.)

Rating Symbeol Value Unit
Power Suppty Voltage Vee 70 Vde
Input Voltage V) 6.8 Vde
Driver Qutput Current 10{D) 150 mA
Junction Temperature T 150 °c
Operating Ambient Temperature Range TA 0to +70 °¢c
Storege Tempersture Range Tatg -66 to +150 oc

ELECTRICAL CHARACTERISTICS

{Untess otherwise noted, 4.6 V < Vo < 6.6 V and 0 < Tp < 70°C, typical values are at T, = 26°C, Vo = 6.0 V)

( Charscteelstic | Symbat | win | vyp | Wax | um |
DRIVER PORTION
Input Voltage — High Logic State VIH(D) 20 - - v
Input Voltags — Low Logic Stats ViLip) - = 08 v
Input Current — High Logic State 1IHID) - 5.0 40 sA
(Vig=24V)
Input Current — Low Logic State hLio) - -0.2 -0.26 mA
(V)L =04V, Vee = 5.0V, Ty = 25°C)
tnput Clamp Voltage ViK(D) - - -1.6 \4
(i = -12mA)
Output Voltage — High Logic State (1) VOH(D) 25 3.3 3.7 v
(ViH{s) = 24 V or Viy(p) = 2.0 V)
Output Voltage — Low Logic State VoL) - - 05
(VIL(s) = 0.8 V, Vi (D} = 0.8 V, Ig| (D) = 4B mA)
Input Broskdown Current 118(D) - - 1.0 mA
{(Vi(iD)=6.6 V)
RECEIVER PORTION
Input Hysteresis - 400 626 — mV
input Threshold Voltage — Low to High Output Logie State ViLH(R} - 1.66 20 v
Input Threshold Voltage — High to Low Output Logic State VIHL{R} 0.8 1.03 - Vv
Output Voltage — High Logic State VOH(R) 24 - - v
(ViH(R) = 20 V. IgH(R) ® -4004A)
Output Voltage — Low Logic State VOL(R) ~ . 08 v
(ViL(R) = 0.8 V. IoL(R) = 8.0 mA)
Output Short-Circuit Current 108(R) 40 - 14 mA
(Vii4{R) = 2.0 V) (Only one output may be shorted at a time)
BUS LOAD CHARACTERISTICS
Bus Voltage (ViH(E) = 24 V) V(gus) 25 33 3.7 \'
(lgus = -12mA) — - -1.5
Bus Current (VIH(D)= 24 V,VBys> 5.0 V) Haus) 0.7 - - mA
(VIH(D) ® 24 V, VBys = 0.6 V) -13 - 3.2
(Vgus <5.6 V) . - - 25
(Ve =0.0V<Vgys <2.76 V - - 0.04
TOTAL DEVICE POWER CONSUMPTION
Power Supply Current Ice mA
(All Drivers OFF) - 12 19
(Al Drivers ON) - 32 40
SWITCHING CHARACTERISTICS (vce =6.0V, Ta = 26°C)
| Ch fsth | Symbol | Min [ Tyo | Max | unit |
DRIVER PORTION
Propagation Delay Time from Driver Input to Low Logic State Bus Output| tpHL (D) - - 50 ns
Propoagation Delay Tima from Driver Input to High Logic State Bus Output] tp H(D) - - 40 ns
Propagation Dslay Time from Enable Input to Low Logic State Bus Output IPHL(E) = - 80 ns
Propogation Delsy Tima from Enable Input to High Logic State Bus Output | tp LH(E) - - 60 ns
RECEIVER PORTION
Propagation Delay Time from Bus Input to High Logic State Receiver Output| tpLH(R) - - 50 ns
Propagation Delay Time from Bus Input to Low Logic State Receivar Output| tpHL (R) - - 40 ns
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MC3446A

FIGURE 1- TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
RECEIVER INPUT (BUS) TO OUTPUT

To Scope

Input 50% Z \
[(JVZ—

«<PLH(R) -«PHL(R)
v OH
Output 15
VO Lo
FIGURE 2 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUSI
jou v e -——
Driver Input crl(w /
or Enable 50%-|
[0 JAV/ S— '
'"PLH(D)- -'PHL(D)
VoH -
Output J P 7 7
Vg -
* Includes Probe and Jig Capacitance
FIGURE 3 - TYPICAL RECEIVER HYSTERESIS FIGURE 4 - TYPICAL BUS LOAD LINE
CHARACTERISTICS
1
ta- 5°C
Non-Shaded Area
Conform! to Paragraph
3530l IEEE
Standard 488-1978
0 05 10 15 20
V|. INPUT VOLTAGE (VOLTS) VAUS-BUS VOLTAGE (VOLTS)
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MC3447

L

Advance Information

BIDIRECTIONAL INSTRUMENTATION
BUS (GPIB) TRANSCEIVER

This bidirectional bus transceiver is intended as the interface
between TTL or MOS logic and the IEEE Standard Instrumentation
Bus (488-1975, often referred to as GPIB). The required bus termi-
nation is internally provided. :

Low power consumption has been achieved by trading a minimum
of speed for low current drain on non-critical channels. A fast
channel is provided for critical ATN and EOI paths.

Each driver/receiver pair forms the complete interface hetween
the bus and an instrument. Either the driver or the recsiver of each
channel is enabled by a Send/Receive input with the disabled output
of the pair forced to a high impedance state, The receivers have
input hysteresis to improve noise margin, and their input loading
follows the bus standard specifications.

® Low Power — Average Power Supply Current = 30 mA Listening
75 mA Talking
Eight Driver/Receiver Pairs
Three-State Qutputs
High Impedance Inputs
Receiver Hysteresis — 600 mV (Typ)
Fast Propagation Times — 15~20 ns (Typ)
TTL Compatible Receiver Qutputs
Single +6 Volt Supply
Open Collector Driver Output with Terminations
Power Up/Power Down Protection {(No Invalid
Information Transmitted to Bus)
No Bus Loading When Power is Removed From Device
® Required Termination Characteristics Provided

OCTAL BIDIRECTIONAL
BUS TRANSCEIVER
WITH
TERMINATION NETWORKS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P 3 SUFFIX

PLASTIC PACKAGE
CASE 724

L SUFFIX
CERAMIC PACKAGE
CASE 623

MAXIMUM RATINGS (T4 = 26°C unless otherwise noted)

PIN ASSIGNMENTS

s/R o ——>——

Dats oE——EQ ¥
Oata |E—[E:———T— 22]Bus 1
Oata :E——[E: ¥ Lz_T| Bus 2

baw:

Data 3(5 | [ ¥

28Vee

23]Bus 0

—
Rating Symbol Value Unit Dats ‘ F—15)eus e
Power Supply Voltage Vee 7.0 Vde
Data 8| 7 18 |Bus 8
Input Voltage Vi 55 Vdc ota o7 8] 8us
Driver Qutput Current 10(D) 150 mA _ _
3 17]S/R (1-4)
Junction Tempersture Ty 150 o°c & e8] 7]
2] g Ambiant T » Rongo TA 0to+70 °c b
Dot 6 i6]8us 6
Storage Temperature Range Tstg -65to +150 °c ata us
ad Data 7E—EE —F—{15]Bus 7
---- TYPICAL MEASUREMENT s/ ()T j———>—— LQ_E,s,a )
A T . SYSTEM APPLICATION
P - = Logic 8us
(With GPIB) — ovlefiz] 73] Bus
Pt : ca vee
(With GPIB)
A s .
(With GPIB) —¥F—OBus — Indicates Bus | tiom
16 Lines Tota) Gnd
Thisls and spacif are subject to chang notico.
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Vq, QUTPUT VOLTAGE (VOLTS)

FIGURE 4 - SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER)

Pulso C1 “ 15 pF (Includes Jig
Generator and Probe Capacitance)

FIGURE 5 - TYPICAL RECEIVER HYSTERESIS
CHARACTERISTICS

vee §Hv

05 10 15
V|. INPUT VOLTAGE (VOLTS)

tfLH “ 'THL =" 5.0 ns (10-90)
Duty Cycle = 50%

FIGURE 6 - TYPICAL BUS LOAD LINE

VBUS. BUS VOLTAGE (VOLTS)

FIGURE 7 - SUGGESTED PRINTED CIRCUIT BOARD LAYOUT USING MC3447s AND MC68488

10 MC68488 o
o o
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MOTOROLA MC344SA

BIDIRECTIONAL INSTRUMENTATION
BUS (GPIB) TRANSCEIVER

This bidirectional bus transceiver is intended as the interface QUAD THREE-STATE
between TTL or MOS logic and the IEEE Standard Instrumentation BUS TRANSCEIVER WITH
Bus (488-1978, often referred to as GPIB). The required bus TERMINATION NETWORKS
termination is internally provided.

Each driver/receiver pair forms the complete interface between
the bus and an instrument. Either the driver or the receiver of each
channel is enabled by its corresponding Send/Receive input with
the disabled output of the pair forced to a high impedance state. An
additional option allows the driver outputs to be operated in an

SILICON MONOLITHIC
INTEGRATED CIRCUIT

open collector!!) or active pull-up configuration. The receivers have
input hysteresis to improve noise margin, and their input loading

follows the bus standard specifications.

* Four Independent Driver/Receiver Pairs

* Three-State Outputs

« High Impedance Inputs L SUFFIX
CERAMIC PACKAGE

* Receiver Hysteresis —600 mV (Typ) CASE 620

« Fast Propagation Times —15-20 ns (Typ) .. ffl i I I

* TTL Compatible Receiver Outputs iy

« Single +5 Volt Supply P SUFFIX

+ Open Collector Driver Output O ption”") PLASTIC PACKAGE

« Power Up/Power Down Protection CASE 648

(No Invalid Information Transmitted to Bus)
« No Bus Loading When Power Is Removed From Device
* Required Termination Characteristics Provided
(1) Selection of the "Open Collector" configuration, in fact, selects an open collector device —Ww
with a passive pull-up load/termination which conforms to Figure 7. IEEE 488-1978  Send/Rec. E T] vee
Bus Standard. Input A
MAXIMUM RATINGS (Ta =25°C unless otherwise noted) paaA E_;_, f:;:I’RDe“
Rating Symbol Value Unit

Power Supply Voltage VCC 7.0 vde Buta E A -i-| Data D
Input Voltage Y 5.5 vde PEur:Ie;t)JIZ L J 1 1ButD
Driver Output Current '0(D) 150 mA Input A-B ' Pull-Up
Junction Temperature Tj 150 °C But B E 1Enable
Operating Ambient Temperature Range ta 0to +70 °C A % - Input ¢-D
Storage Temperature Range Tstg -65 to +150 °c Data B E

iu

Send/Rec. E t £ T] Dgt'k C

Input B
— I Send/Rec.
TYPICAL MEASUREMENT Gnd E _AJ Input C
SYSTEM APPLICATION
Instrument
(With GPIB)
TRUTH TABLE
Programmable Scnd/Rec Enable Info. Flow Comment*
Calculator 0 X But Data -
(With GPIB) 1 1 Data  Bu« Active Pull-Up
1 0 Data  8u* Opan Col.

16 Lino* Total
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MC3448A

ELECTRICAL CHARACTERISTICS
(Unless otherwise noted 4.76 V < Ve < 5.26 V and 0 € Tp < 70°C; typlca! valuesereat Ta = 28°C, Vpg =8O V)
Characteristic Symbo} Min Typ Max Unit
Bus Voltego v
(Bus Pin Open}{V|(s/R) = 08 V) Vius) 27 - - 3.7
{gus) = -12mA} ViciBus) - - -16
Bus Current 1(us) mA
(60 V < V(gys) €6.5 V) 0.7 - 25
(V(gus) =08 V) -1.3 - -3.2
(Veg =0 V,0V < V(gus) < 2.76 V) - - +0.04
Receiver Input Hysterasis - 400 €00 - mV
Vis/r) =08 V)
Recelver Input Threshold v
(Vi(s/r) =08 V, Low to High) VILH(R) - 18 18
(Vi{s/R) = 08 V, High to Low) VIHL(R) 08 10 -
Receiver Output Voltege — High Logle State VOHI(R) 27 - - v
(Vits/R) = 0.8 V. lon(R) = -B00 #A, V(gys) = 20 V)
Receiver Output Voltage — Low Loglc State VOL(R) - - 06 v
{Vits/R) = 0.8 V, 1oL(R) = 186 mA, V(gus) = 08 V)
Recelver Gutput Short Circuit Current 108{R) -16 - -75 mA
(Vi(s/R) =08 V. V(gus) = 20 V)
Driver Input Voltage — High Logic State VIH(D} 20 - - v
{(Vi{s/r) =20 V)
Driver Input Voltage — Low Logic State ViLiD) - - 08 v
Vi(s/r) =20 V)
Oriver Input Current — Data Pins KA
Vigs/m) = Vitgy = 20 V)
05 < V)p) <27V} o) -200 - 40
Vip) =56 V) liB(D) - - 200
Input Current — Send/Receive BA
085 < Viis/R) < 2.7 V) li(s/R) -100 - 20
Viis/r) = 65 V) liBIS/R) - - 100
Input Current — Engble uA
05 < Vi) <27 V) Ii(E) -200 . 20
(V){g) » 6.5 v} IB(E) - - 100
Driver Input Clamp Voltage Vicio) - - -158 v
Viis/R) = 20V, §ig(p) = -18 mA}
Driver OQutput Voltage — High Logic State VOHI(D) 25 - - v
(Vi(s/R) =20 V, VjH(D) = 2.0 V, VIH(E) = 20 V, IgH = -5.2 mA)
Driver Qutput Voltage — Low Logic State (Note 1) Vou(p) - - 05 v
{Vitsir) = 20 V, IgL(D) = 48 mA)
Output Short Clreuit Current los(o) -30 - -120 mA
Vi(s/R) =20 V, VIH(D) = 20 V, VIH(E) = 20 V)
- Power Supply Current mA
(Listenlng Mode — All Receivers On) ‘ccL - 63 85
(Talking Mode — All Drivers On) IccH - 108 126
SWITCHING CHARACTERISTICS (Vg = 5.0 V, Ta = 26°C unfess otherwise noted) '
Propagation Delay of Driver ns
{Output Low to High) tPLH(D) - - 16
{Output High to Low) tPHLID) - - 17
P ion Delay of R ns
{Output Low to High) PLH(R) - - 25
{Output High to Low) tPHL(R) - - 23

NOTE 1. A modificetion of the IEEE 488- 1978 Bus Standard chenges Vg (p) from 0.4 to 0.6 V maximum to permit the use of

Schottky technology.
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MC3448A

SWITCHING CHARACTERISTICS (continued) (Voo = 5.0 V, Ta = 259C unless otharwise noted)

Characteristic Symbo! Min Typ Max Unit
Propagation Delsy Time — Send/Receive to Data ns
Logic High to Third State tPHZ(R) - - 30
Third State to Loglc High PZH(R) - - 30
Logic Low to Third State tPLZ(R) - - 30
Third State to Logic Low tP2L(R) - - 30
Propagaticn Deloy Time -~ Send/Receive to Bus ns
Logic High to Third State tPHZ(D} - - 30
Third Stste to Logic High PZH(D) - - 30
Logic Low to Third State PLZ(D) - - 30
Third State 10 Loglc Low tpZ1 (D) - - 30
Turn-On Time — Engble to Bus ns
Pull-Up Ensbis to Open Collector tPOFF(E) - - 30
Open Collector to Pull-Up Encble tPON(E) - - 20
PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS
FIGURE 1 — BUS INPUT TO DATA OUTPUT (RECEIVER) To Scope
(Output) +50V
aov
nput 95V 1.8V To Scope
oV (Input)
tPLH(R) tPHLIA)
'._ VoH
Output 1.8V *1.8 v Bus
1= 1.0 MHz VoL
TTLM = trHL < 5.0 ns (10-90) $s
- <
Duty Cyele = 50% Pulse *includes Jig and Send/
Generator L Probe Capacitance Rec
FIGURE 2 — DATA INPUT TO BUS DUTPUT (DRIVER)
To Scopeo agv To Scopa
(hnput) I (Output) 23V sov
Send/ Driver Input .
Dsta b N Rec or Enablo 1.8V 1.6V
383 ov
Pulse b Bus PLH(D) PHL(D)
Gonerator] 51 i: 2 l._ Vou
20V
| CL* A< 30 pF Sutput o.;\kv
= 1= 1.0 MHz oL

*includes Jig
and Probo Capacitanco

Pull-Up Enable

tTLH ™ tTHL < 6.0 ns (10-80)
Duty Cyclo = 50%

FIGURE 3 — SEND/RECEIVE INPUT TO BUS QUTPUT (DRIVER)

oV
To Scope z 3
®2ZL (Output) Input 1\1.5 v 1.8V ov
:ull;l.'lp . 2L PZH(D) ™ v
nable Bus OH
Output K 80% 20v
_L_. Sond/Rec ZH 12.5 High to Open oV
= ZL —= " |*—tprz(0) v
To Scope Output ) Vzw~iaV
(Input) LRRY Low to Open /‘“ ‘0-3V VoL
Puise < = = - 0
Gonerator 361 = = =] = tpLz(D) 1 [*tzL(D)
€ = 15 pF (includas Jig and e 1.0 MHz
P its
_-L robe Capacitance TTLH = tTHL = < 5.0 ns (10-90)

Duty Cycle = S0%
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FIGURE 4 - SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER)

Output
High to Open

*tPLZ(R) iPZLtR)

C1 * 15 pF (Includes Jig f- 1.0 MHz

and Probe Capacitance) {TLH “ *THL * * 50 ns (10-90)

Outy Cycle » 50%

FIGURE 5 - ENABLE INPUT TO BUS OUTPUT (DRIVER)

To Scope

tiLH “ ITHL* 50 ns (10-90)
Duty Cycle - 50%

FIGURE 6 - TYPICAL RECEIVER HYSTERESIS

CHARACTERISTICS FIGURE 7 - TYPICAL BUS LOAD LINE

50

\_VDD

£ 40 o e
a 30
° 10

0

0 05 10 15 2.0
V], INPUT VOLTAGE (VOLTS) VBUS.BUS VOLTAGE (VOLTS)
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1EEE 488-1970 BUS

Manogement

i

Hand-shoke

o

1
1
I
1
1
|
1

4

Oate

< REN

—— o 0 g

4-MC3448A

(" EOI+

FIGURE 8 — SIMPLE SYSTEM CONFIGURATION

>0

SRQ 4

Fed

b e e e =

ATN

NDACH

NRFD

DAV

ﬁ@m

r D101

Dl1024

DI04

D104

i

|
|
|
1
1
|
I
-

DIOS+

DiIOs~

0to74

. 0108 4

o

| O

Telg -

-~
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8V
[
TR DBg og
. .
4 -
- H Deta b4
T/R2 . .
oB7? D?
o RN AW
MC8802
a— RSg AP OR
SRa s : MCE800
As2 Addross H MPU
.
AEN :
.
.
p— A8
tFC
iRa # iRG
ATN
pac \/
ARFD
DAV
MC68488
GPIA
g
IT1
182
B3
B4
3 NOTE 1: Although the MC3448A transceivers
ars non-inverting, the 488-1978 bus callouts
eppaar Inverted with respoct to the MCEB4E8
—_— pin J This is b the 488-1978
188 Standerd Is defined for noegstive logic, while
al MPU mako use of

poslitive logic formst.

NOTE 2: Unless proper considerations earo

[ , it is dod thet the pullup
ansble pins on the MC3448As be groundod,
the op mode.




<8> MOTOROLA
MC3450

MC3452

QUAD LINE RECEIVERS
WITH COMMON THREE-STATE
STROBE INPUT

SILICON MONOLITHIC
QUAD MTTL COMPATIBLE INTEGRATED CIRCUITS

LINE RECEIVERS

The MC3450 features four MC75107 type active pullup line
receivers with the addition of a common three-state strobe input.
When the strobe input is at a logic zero, each receiver output state is
determined by the differential voltage across its respective inputs.
With the strobe high, the receiver outputs are in the high impedance
state.

The MC3452 is the same as the MC3450 except that the outputs
are open collector which permits the implied "AND" function.

The strobe input on both devices is buffered to present a strobe
loading factor of only one for all four receivers and inverted to

provide best compatability with standard decoder devices. L SUFFIX PSUEFIX
R . Perf d ical he P | CERAMIC PACKAGE PLASTIC PACKAGE
. eceiver Performance Identical to the Popular CASE 620 CASE 648

MC75107/MC75108 Series
« Four Independent Receivers with Common Strobe Input
+ Implied "AND" Capability with Open Collector Outputs
¢ Useful asa Quad 1103 type Memory Sense Amplifier

TRUTH TABLE

OUTPUT

INPUT STROBE MC3450 MC3452
VD > L H off
+25 mV H z off
-25 mV < L 1 1
V|D <+25 mV H z Off
VID < L L L
-25 mv H z off

Low Logic State
High Logic Stato
Third (High Impedance) State

L
H
z
| = Indeterminate State
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1EEE 488-1978 BUS

)

FIGURE 8 —~ SIMPLE SYSTEM CONFIGURATION

o= —=—="

2 MC3447s

DAV 4

D101 4

i

D103 4

pios 4

D107 4

NOAC 4

1

EO)

IFC 4

D0

SRQ 1

Dl1O2 4

0104 4

0106+

0108 4

i

NAFDJ

|

ATN 4

i

REN

-
1
|
{
)
|
(
L

Trig -

+BV
TR oBo [=T"]
: H
_ H Data M
T/R2 . .
oB7 D7
Bav R/W AW
MC5802
_ RSQ AD or
] : . MCE800
RS2 Address H MPY
— .
182 .
H
.
.
. A1B
84
IRQ —gnd IRQ
i8g
oac \/
EOt
IF
MCe8483
GPIA
SRa
[3)
63
i85
87
RFD NOTE 1: Although the MC3447 transceivers
are non-inverting, the 488-1978 bus csllouts
sppear Invarted with retpect to the MCE88488
ATN pin This ls the 488-1978
Standsrd is defined for negative logic, while ell
M6800 MPU componsnts mske use of positive
AER logic tormat.
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FIGURE 9 — SUGGESTED PIN DESIGNATIONS FOR USE WITH MC68483

MCE88488 MCe8488

Connsctions. MC3447 Pin Degl i Connections

A B A B
TR 2| vee | s/R @ 1 ~" 2a | vee vee | vee
DAV | SRA | Dawe 0O O 2 23 1 BusO DAV SRQ
iB6 | IB1 | Datat 3 22 | Bus1 pio1 | oo 2
82 63 | Data2 a4 21 | Bus2 0103 | b0 4
TBa | i85 | Daw3 5 20 | Bus3 olos | oioe
TB6 87 Data 4 6 g::; 19 | Bus4 DI07 | olos
DAC | RFO | Datab 7 Trensceiver 18 | BusB NDAC | NRFD
T/A 2| T/R2| §/R (5) 8 17 | s/R1-a) | 7/@2 | T/R2
ED1 | ATN | Daw 6 9 18 | Bus@ EO! ATN
iFC | REN | pata ? 10 18 | Bus? IFC REN
T/A1]| Gnd | s/A(8) 1 14 | s/A(7) Gnd Gnd
Gnd Gnd Logic Gnd | 12 13 | BusGnd Gnd Gnd
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MC3450, MC3452

MAXIMUM RATINGS (T4 = 0to +70°C unless otherwise noted.)

Rating Symbo! Value Unit
Power Supply Voltages Vee. VEE 17.0 Vde
[ Differential.Mode Input Signal Voltage Range Vipa 16.0 Vde
Common-Mode Input Voltage Range VicR 5.0 Vde
Strobe Input Voltage Vi(s) 5.5 Vdc
Power Dissipation {Package Limitation) Pp
Ceramic Ouat In-Line Package 1000 mw
Derate above T 5 = +25°C 66 mn/oC
Plastic Dua! | n-Line Package 1000 mw
Derate above T, = +25°C 66 mW/oC
Operating Tomperature Range Ta Oto +70 oc
Storage Temperature Range Tsag 665 to +150 oc
RECOMMENDED OPERATING CONDITIONS (T = 0to +70°C unless otherwise noted.)
Characteristic Symbo! Min Typ Max Unit
Power Supply Voltages Vee +4.75 +5.0 45,25 Vde
VEE -4.76 -5.0 -5.25
Output Load Current oL - — 16 mA
Ditferential-Mode Input Voltage Renge VIDR -6.0 — +5.0 Vde
Common-Mode Input Voltage Range Vicr -3.0 - +3.0 Vdc
Input Voltage Range (any input to Ground) VIR -5.0 - +3.0 vdc
ELECTRICAL CHARACTERISTICS (Vg = +5.0 Vdc, Vgg = -5.0 Vdc, Ta = 0 to +70°C unless otherwise noted.)
MC3450 MC3452
Characteristic Symbo) Fig. Min Typ Max Min Typ Max Unit
High Level Input Current to Recsiver Input HH() 7 - - 75 - - 75 BA
Low Leve! Input Current to Receiver Input e 8 - . -10 - - -10 A
High Level 1nput Current to Strobe Input HH(S) 5
VIH(S) = +24 V - - 40 - - 40 uA
VIH(S) = 5.8 V - - 1.0 - - 10 mA
Low Leve! Input Current to Strobe lnput hiLis) 5 - - -16 - - -1.6 mA
ViH(S) = 404 V
High Level Output Voltage VoH 3 2.4 - - - - - Vde
High Level Output Leakape Current ICEX 3 - - - - - 260 pBA
Low Lavel Output Voltage VoL 3 = = 04 - - 0.4 Vdc
Short-Circuit Output Curront los 6 -18 - -70 - - - mA
Output Disable Leakage Current E{ 9 - - 40 - — — pA
High Logic Leve! Supply Cursent from Vcc ‘ccH 4 - 45 60 - 45 60 mA
High Logic Level Supply Current from Vg |€EH 4 - -17 -30 - -17 -30 mA
SWITCHING CHARACTERISTICS (Ve = +5.0 Vdc, VEg = -6.0 Vdc, Ta = +25°C unless otherwise noted.)
MC3450 MC3452
Charactoristic Symbol Fig. Min Typ Max Min Typ Max Unit
High to Low Logic Level Propagation Delay tPHL(D) 10 - - - - - % ns
Time (Ditferential Inputs)
Low to High Logic Level Propagation Delay tPLH(D) 10 - - 25 - - F.] ns
Time (Differential Inputs)
Open State to High Logic Level Propagation tPZHIS) 1 - - 21 - - - ns
Detlay Time (Strobe)
High Logic Levet to Open State Propagation tPHZ(S) 1" - - 18 - - - ns
Delay Time (Strobe)
Open State to Low Logic Level Propsgation tPZL{S) 1" - - 27 - - - ns
Delay Time (Strobe)
Low Logic Level to Open State Propsgation | tpy 2(s} 1 - - 29 - - - ns
Delay Time (Strobe) )
High Logic to Law Logic Level Propagation tPHL(S) 12 - - - - - 25 ns
Delay Time (Strobe)
Low Logic to High Logic Level Propagation tPLH(S) 12 - - - - - 25 ns
Delay Time {Strobe)
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MC3450, MC3452

FIGURE 2 - CIRCUIT SCHEMATIC

(1/4 Circuit Shown)
Vec o ¢
>
830 2880 2190 34k 18k 1202
< 3
p | ——————t
- i
4 ke [
B LN N
‘ r
-1
14
+ —I} 4Kz ™ OUTPUT
g ——— 0
' ——a
440
INPUT
OGND
P J —
- 38y Sak
0 STROBE
,
4k 4k I)
N ) 3
f‘ "j H TO OTHER 1«
VEE O— RECEIVERS
Deshed apply to the clrcuit only.
TEST CIRCUITS
FIGURE 3 — Icex. VoW, AND Vo
vie—— 1, | | o8 __erarsv
va 2 15
D ———
3 14 TEST TABLE
4 13
+08 Ve 0—
) 12 . vt v2 3 4
g M2z -om 4V M350 [MCIA52 | MCIS0 [MC k52 | MCE0 [MCI4G2 "
v3 ’0—' %0 o Jeasev] - |wav ]| - |sov ]| - GNO = Teoamn
va BO— S Ol aov - [-as78v] - GND - 30V -
|—0—4 R - 92.978 V| - +0V - +30V - OND -
= CEXP 3.0V ~  [-2918V| - GND - A0V -
+J.0V | +3.0V |+2.978vj+2.078v] GNO OND +3.0V-{ s30V
Vo[ oiv]-aer8v] s0v | -0V | 90v [9ov | awo | ono | 0™
(MC3452) ¢ - - - - -
825V @ Cheans| A shown under test. Other channats sre tested ¥milerly.
lcex
h VoH o7 Voo
(MC3450)
FIGURE 4 — lccH AND gen FIGURE 6 — lyig) AND Ij (§)
+0Ve 1 18
IccH 2 ey
L °
“; ‘: @-o +5.26 V —:j e «Qov
O
oy e o4 (E
l—o
ol 3 ' s 12 o
13 EEH o M348z b -6.28 v
o8| mcas2 [12 a)-e-528 v hnortiL( A o o
8 ) b
L 2 '1_00 Ving) or = b o8 LFS
8 9 Vi) l
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FIGURE 6 - lgg

TEST CIRCUITS (continued)

~o-] 0525V
2B mve ~: 16,

—O-‘- -:—;l‘ 30V

+08V - |—o
o8| Measo ha 528 v

los o8 11,

* | e Deg
}-0— o
=

Channel A shown under test, other channels sre tosted similarly.
Only one output shortsd et e tima.

V1 -2.0Veo—y
vie

FIGURE 8 — Iy,

+30Ve

MC3452

8

)& +‘.’

=
N
]

—0—————® +5 28 V

@ -6.26 V

==
ol

3.

i :.rar.jﬁg

Channe! A(-) shown under test, other chennels sro tested
similsrly. Devices are tested with V1 from +3.0 V to -3.0 V.

vVie—¢
vVi-20Ve

+30Ve

FIGURE 7 — Iy
hw
1 18
A 1_50_—. +5286 V
2
o=
o2 e
2 mcuso Po
o8] wmec3ss2 |12, o525V
o8 ALY
ol 10
RE 10_}‘

Channel A(-) shown undor tast, athar channals are tested
timilarly. Devices sra tested with V1 from +3.0 V to -3.0V.

FIGURE 9 — Igg
1 16
+3.0 vo—— o8V
2 15
R i
r2ov o] wmcasso [P
Ot b @ -5.25 V
8 Yy
>3 o
>——o§ —0—4
vi o= 2

|

Output of Channe! A shown under test, other outputs are
tested similarly for V1 = 0.4 V and +2.4 V.

FIGURE 10 — RECEIVER PROPAGATION DELAY tp| (D) AND tpHL(D)

+8.0V

+100 mV —

__
a2

(-}

>
3903 2903 .

A

JERISiNTSS

MC3452

=
N

%o {3&:

S0V

CL:__I_:

€o

313—11—4-

1N918
or equlv

id
T e

j

Output of Channe! B shown under test, other chennats sro tested simlilsrly.

" for MC3482

$1 0t "B for MC3480

Cp. = 15 pF totsl for MCI452
Cp. = 80 pF total for MCI460
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MC3450, MC3452

TEST CIRCUITS (continued)

FIGURE 11 — STROBE PROPAGATION DELAY TIMES tpL2(5) PZL(S) PHZ(S) and PZH(S)

+30V

1 16 390
vie- > m W—2o 7] v2 S ) o
268 s m i ,/ tpLZ(S) | 100 mV | GND | Closed | Closed | 15 pF
°-" 13 o1 tpzL(s) |100mV | GND | Closed | Open | SOGF
5| mcasso [v2 - 1 € tHZ(S) | GND [100mV | Closed | Closed | 15 pF
%0 ] 4 oV 1k ¥ inote tpzH(s) | GNO [100mV | Open | Closed | 50 pF
—o— l~0 c b3 Y or equiv
7 N)a (N I ¥ CL jig and probe
= = 2 -!o——i = Ejn waveform characteristics:
I _E trLH 80d tyy & 10 a5 massured 10% to 90%.
d s2 \ PRR « 1.0 MHz
Duty Cycle = 50%
5 Eo =
Output of Channel B shown under test,
other chennels are tested similarly.,
30V-——- 30 V-—--—
Ein Ein
ov ov
PLZ(S) tpL2(S) PHZ(S) PH2(s)
168V VoH
Eo VoL+0.8 V €o VoW-05 V
VoL 18V
3.0v.
Ein 50%
ov P —
!
wPzLiS) tPZH(S) Vou |~ "PZH(S)
Eo ;; 185v
=0V
FIGURE 12 — STROBE PROPAGATION DELAY tpK{s} AND tpHL(S)
8oV
1 1)
+100 mve———4 2 o
3 14 3904
b O
_ A 13 ¢
s] Mcas2 [i2  e.50V o
E 6| 11
tn so 3 e dsor
[—0— T 1ot
= - 8 9, 4 =
= € wavelorm characteristics:
tTLH #nd 1)) K 10 ns mesturad 10% to 90%
L PRA = 1.0 MHz
Duty Cycle » 500 ns

Output of Channel B shown uncer test, other channels are tested simitsrly.
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MC3450, MC3452

APPLICATIONS INFORMATION

FIGURE 13 -~ IMPLIED “AND* GATING
Veet

FIGURE 14 — BIDIRECTIONAL DATA TRANSMISSION

¢ _———
T 7
[ | 500 +8.0 v Vraf
ADDRESS #1 0— WN—0+5.0 v 174 (MC4042}
1 | 180 CIRCUIT
I | T T A
| COMPUTER . 1 1 MEMORY
[ -0~ BUS —- T BUS
ADORESS #2 —] | 380 ' Lo sTROBE
| | = AT
| ] STROBE 174 (MC3450)
H | CIRCUIT
ADORESS #3 6— Il
] The threo-stato capability of the MC3480 pérmits
1 : bidl date tr as tilustrated.
e OUTPUT
ADDRESS %4 1 I
L __ _Mcads2 |

The MC3452 can be usod for |¢duu decading as illustretad
above. All of the ed through a
common resistor 10 +5.0 volts. In thls eonfiguration the MC3452
provides the “AND® function. All oddresses have to be true
before the output will go high. This schemo sliminates tho need
for an “"AND" gate and enhances speod throughput for sddress
decoding.

FIGURE 15 — SINGLE-ENDED UNI-BUS* LINE RECEIVER
APPLICATION FOR MINICOMPUTERS

INDI4 CoC
or equiv 1Y
27k -
Ia oV
4 27« X
Vest =20 V| 2N2222 or equiv
wov r——————-—
! i
180 } |
I DATA
DATA BUS & + |
8oV & o0 lI 1
'w% = : —'—o—oll OATA
DATA BUS +—o 1
3903 S0V l' ]
! l !
180 +— -
sus M . —:—o—‘ ADDRESS
]
+8.0v $ 390 ) 1
XL t !
180 ] i ll
CONTROL BUS i 1 conTRoL
00 ] |
| MC3450 |
= H MC3452 I
STROBE o——o—I—Do_ : *Trademack of Digits!
R | Equipment Corp.
TO ADDITIONAL
AECEtVERS

The MC3450/3452 can bo usad for single-sndod o3 well as
difforentist line receiving. For single-onded Iino roceiver appli-
cations, such as are od in s, the con-
figuration shown In Figure 15 can be used. The voltage source,
which gensretes V.4, should be detigned so that the Vet
voltage s halfway botwean Ve(min} and Vg (mex). The
maximum input overdrive reguired to guarantes a given logic
stote is ax(vtmnly smatl, 25 mV mulmum This low-input over-
drive dif nolswe i v. Also tho high-Input
Impedance of the ilne recsiver pormits mony receivers 10 be
placed on a dngle line with minimum load effects.

FIGURE 16 - WIRED “OR" DATA SELECTION USING

THREE-STATE LOGIC
STROBE
o |
> — e O O
z MC3450
STROBE ¢
— —o— °
.- 0— ® DATA
MC3450 ouUTPUT
DATA
LINES $
~— —o0—
M o| mcasso | T/
STROBE é
*— |—o-
° =1 mcasso
0~
Ot
\
STROBE
a1|az|o03|as
]
Ate—o
1/2 MC4007
A20—$—' CIRCUIT

Eoo——
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MC3450, MC3452

APPLICATIONS INFORMATION (continued)

FIGURE 17 — PARTY-LINE DATA TRANSMISSION SYSTEM
WITH MULTIPLEX DECODING

| % STROBE STROBE §
—1—-0 O — £ -o———o
DATA o 3 g MC3450 o o DATA
INPUTS MC3453 O Mcaas2 ouTPuTS
—| —o S e L o——1{—e
STROBE i
STROBE
- ot+e S0 % e
¢ b 04 . ¢-0- °
O { § B'a —e
oata & -0 meaasa [0 § f 0 mcaaso[ @ DATA
INPUTS o o Lo . OUTPUTS
¢ O
® O =01 Y
— -0 S e °
P &4 . 10+ a
] ﬁi -0 o
-0
— —0- -0 I
DAT c DATA
mru:s - o MC3453 -4 £ O~{ MC3452 L o— _e OVTPUTS
e -O- -5 5~ O~
. -0~ O >'a -0 —e
STROBE § STROBE
- — °
. 0 e 4 -o— .
s o » e Lo —o
oata ¥ ~ -O— ———0O—{ MC3450 DATA
INPUTS o CI433| o o Lo a OUTPUTS
O’ 0
° O~ 4§ F -
— [o— 1 § © —
STROBE STROBE ¢
a1 ai
2| 2m w2 | x x| 12 (a3
L—o-{mc7408 L] mcaoor MC 4007 }-O—d
a3circurT| CIRcuI?] circuit| &3
Qa 04 v aa
o o -o——
[ AY A2 Al A2 -4
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MOTOROLA

MTTL COMPATIBLE QUAD LINE DRIVER

The MC3453 features four MC75110 type line drivers with a
common inhibit input. When the inhibit input is high, a constant
output current is switched between each pair of output terminals in
response to the logic level at that channel's input. When the inhibit
is low, all channel outputs are nonconductive (transistors biased to
cut-off). This minimizes loading in party-line systems where a large
number of drivers share the same line.

* Four Independent Drivers with Common Inhibit Input

* -3.0 Volts Output Common-Mode Voltage Over Entire Operating
Range

« Improved Driver Design Exceeds Performance of Popular MC75110

FIGURE 1- PARTY-LINE DATA TRANSMISSION SYSTEM WITH
MULTIPLEX DECODING

5-75

QUAD LINE DRIVER WITH
COMMON INHIBIT INPUT

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 620

P SUFFIX
PLASTIC PACKAGE
CASE 648

TRUTH TABLE
(positive logic)

OUTPUT
LOGIC INHIBIT CURRENT
INPUT  INPUT 2 Y
H H On off
L H off on
H L off off
L L off off

L m Low Logic Laval
H - High Logic Laval



MC3453

MAXIMUM RATINGS (T = 0 to +70°C unless otherwisa noted.)

Ratings Symbol Value Unit
Power Suppiy Voltege Vee +1.0 Voits
VEE -70

Logic and Inhibitor Input Voltages Vin 55 Volts
Common-Mode Output Voltage Range VocR -5.0 to +12 Volts
Power Dissipation (Package Limitation) Po

Plastic and Ceramic Dual tn-Line Packages 1000 mwW

Derate above Tp = +26°C 8.6 mW/°C
[>) Amblent T Range TA 0to +70 oc
Storage Temperature Rango Tstg -65 to +150 oc

Plastic and Ceramic Dual In-Line Packages

RECOMMENDED OPERATING CONDITIONS (See Notss 1 and 2.)

Cheracteristic Symbo! Min Nom Max Unit
Power Supply Voltages Vee 4.7 +6.0 +5.25 Volts
VEE -4.76 -5.0 -5.26
Common-Mode Output Voitags Renge Vocr Volts
Positive . 0 - +10
Negative ] - «3.0
Note 1. These voltage values are in respsct to the ground inal
Note 2. When not using all four ch 1 d outputs must be grounded

DEFINITIONS OF INPUT LOGIC LEVELS*

Characteristic Symbol Min Max Unit
High-Leve! Input Voltage (at any input) ViH 20 55 Volts
Low-Level Input Voltage (st any input) viL 0 08 Voits
*The slgebraic convention, where the most positive timit is desig d { is used with Logic Leve! Input Voltage Lavals only.
ELECTRICAL CHARACTERISTICS {T 5 = 0 to +70°C unless otherwise notad.}
Charscteristic## Symbol Min Typ# Max Unit
High-Leve! Input Current (Logic Inputs) '""L
Ve = Max, VEE = Max, Vi = 24 V) - - 40 HA
{Vge = Max, VEE = Max, Vi, = Ve Max) - - 1.0 mA
Low-Leve! Input Current (Logic Inputs) ey - - -1.8 mA
(Vce = Max, VEE = Max, V)i =04 V)
High-Leve! Input Current (Inhibit Input) '""l
{Vge = Mox, VEE = Max, Vi, = 24 V) - - 40 HA
(Vee = Max, VEE = Max, Vi, = Vo Max) - - 1.0 mA
Low-Level Input Current {Inhibit Input} iy - - -1.6 mA
(Vg @ Max, VEE » Mox, V|, = 0.4 V)
Output Current (*on” state) 10(on) mA
(Ve = Max, VEE @ Max) . - " 15
(Vee = Min, VEE = Min) 8.5 " -
Output Current (“off" stato) 10{off} - 6.0 100 HA
{Vee @ Min, VEg = Min)
Supply Current from Vo (with driver enabled) IcClon) - 3 50 mA
(Vi =04V, Viy, =20V)
Supply Current from Vgg (with driver enabled) |EE(on) - 65 90 mA
(Vi =04V, Vi, = 20V)
* Supply Curvent from Vg (with driver inhibited) IcClotf) - 35 50 mA
(V.LL =04V, Vi =04V)
Supply Current from VEg {with drives inhibited) IEE{0#) - 25 40 mA
Vi =04V, V), =04V)

#All typics! values are at Vo = +6.0 V, VEg = -5.0 V, Ta, = +26°C.
##¥or conditions shown as Minor Max, use the appropriste value specified under recommendod operating
conditions for the spplicable device type.
Ground unused inputs gnd outputs.
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MC3453

SWITCHING CHARACTERISTICS (Vgg = 5.0 V, Vgg = -5.0 V, Ta = +26°C.)

Characteristic Symbol Min Typ Max Unit
Propagation Detay Time from Logic Input to tPLHL - 9.0 16 ns
Output Y or Z (Ry_= 50 ohms, C_ = 40 pF) tPHL - 9.0 16
Propegation Delay Time from Inhibit Input tPLH, - 16 E:3 ns
to Output ¥ or Z (R = 60 ohms, C_ = 40 pF) tPHL, - 20 25
FIGURE 2 - LOGIC INPUT TO OUTPUTS PROPAGATION FIGURE 3 — INHIBIT INPUT TO GUTPUTS PROPAGATION
DELAY TIME WAVEFORMS DELAY TIME WAVEFORMS
jut— 200 n3 -
aov r 101 3ov
4 80% B50% 50% INHIBIT
LOGIC INPUT
ov / \_ INPUT
o B it 1TE ov
— PLHL N
ov PHL,
'\ ov
ouTPUT B0% 50% ) OuUTPUT
Y Y
ov OUTPUT 2
OuUTPUT BO% 80% ov
2
— PHL,
tPLH
TEST CIRCUITS
FIGURE 4 — LOGIC INPUT TO OUTPUT PROPAGATION FIGURE § — INHIBIT INPUT TO OUTPUT PROPAGATION
DELAY TIME TEST CIRCUIT DELAY TIME TEST CIRCUIT
€|, 10 Scope Vec = 60V Veg=+50V
9
1 16 Output 1 16
b0 to v ;—
2 Scopo =2 16
T3] T
. 3 > 3 14
€ o 40 pF z «m—o-
'T":_H t s0 4 {rotan) L L 80 4 13
J Ejpto S
tTHL [ g| Mewss EnPSUR | wmesss [
<10ns r v L —o- Lo <
Output -—1 [} 6 11
t0 z
Scope Fl,- 7 10|
50. . 3 60
8 8 o
Ein 0~ ¢
o tTLH ™ tTHL = Veg ™
N < 10ns -80V
1k
Channel A shown under test, the other Channel A shown under test, the other
channols are testsd similarly. channeals ere tested simllarly.
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FIGURE 8 ~ CIRCUIT SCHEMATIC
(1/4 Circult Shown)
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SINGLE DRIVER
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Input :
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Vee o of Quad
____________________ e m e m e, e ——————
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MOTOROLA MC3481
MC3485

Product Preview

IBM 360/370
QUAD
LINE DRIVER
QUAD SINGLE-ENDED LINE DRIVER
SILICON MONOLITHIC

The MC3481 and MC3485 are quad single-ended line drivers INTEGRATED CIRCUIT
specifically designed to meet the IBM 360/370 1/O specification.
The two options of enable, fault flag and output configuration
provide the designer flexibility in system configuration and simplifies
fault flagging.

Output levels are guaranteed over the full range of output load L SUFFIX
and fault conditions. Compliance with the IBM requirements for CERAMIC PACKAGE
fault protection, flagging, and power up/powerdown protection for CASE 620
the bus make this an ideal line driver for party line operation.

+ Separate Enable and Fault Flags —MC3481
« Common Enable and Fault Flag —MC3485
+ Power Up/Down Does Not Disturb Bus

« Schottky Circuitry for High-Speed

« Internal Bootstraps for Faster Rise Times

* 10% Supply Tolerance

¢ MC3485 has LS Totem Pole Driver Output P SUFFIX
PLASTIC PACKAGE
CASE 648

SPECIFICATION GUARANTEE COMPLIANCE WITH
IBM 360/370 INPUT/OUTPUT PERIPHERAL SPECIFICATION GA22-6974-3

MC3481 MC3485
DUAL ENABLE COMMON ENABLE
INDIVIDUAL FAULT FLAG COMMON FAULT FLAG
Driver Output A E T]vce Drivor Output A
Fault Flag A E T"| Drivor Output D Driver Output A
Input A E T] Fault Flag D Input A
Enable AB £ 7] Input D Enable ABCD
B | B lin -31 Fault Flag
Input B E 'g~| Enable CD nput B |j (Open Collector)
Fault Flag B £ ~| Input C Drivor Output B T] InputcC
Driver Output B E ~j~| Fault Flag C Driver Output B ~j~] Driver Output C
Gnd E Drivor Output C Gnd E_ JDriver Output C

See MC75125/7 and MC75128/9 Line Receivers.

This is advance information and specifications are subject to change without notice.
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MOTOROLA

QUAD RS-422/423 LINE RECEIVER

Motorola's Quad RS-422/3 Receiver features four independent
receiver chains which comply with EIA Standards for the Electrical
Characteristics of Balanced/Unbalanced Voltage Digital Interface
Circuits. Receiver outputs are 74LS compatible, three-state struc-
tures which are forced to a high impedance state when the appropri-
ate output control pin reaches a logic zero condition. A PNP device
buffers each output control pin to assure minimum loading for either
logic one or logic zero inputs. In addition, each receiver chain has
internal hysteresis circuitry to improve noise margin and discourage
output instability for slowly changing input waveforms. A summary
of MC3486 features include:

* Four Independent Receiver Chains
¢ Three-State Outputs

« High Impedance Output Control Inputs
(PIA Compatible)

* Internal Hysteresis —30 mV (Typ) @ Zero Volts Common Mode
¢ TTL Compatible
* Single 5 V Supply Voltage

« DS 3486 Second Source

RECEIVER CHAIN BLOCK DIAGRAM

Threo-Stete
Differential Control
Inputs Input

MC3486

QUAD RS-422/3 LINE RECEIVER
WITH THREE-STATE
OUTPUTS

m
L SUFFIX

CERAMIC PACKAGE
CASE 620

J

" p p
P SUFFIX
PLASTIC PACKAGE
CASE 648



MC3486

ABSOLUTE MAXIMUM RATINGS (Note 1)

Rating Symbol Value Unit
Power Supply Voltage - Vee 8.0 Vvde
Input Common Mode Voltage Viem £18 Vde
Input Differential Voltege . Vip +26 Vde
Three-Stata Control input Voltage Vi 8.0 Vde
Output Sink Current 1o 50 mA
Storege Tempersture Tug  |-65 to +180 °c
[¢] ing Junction T ° Ty °c
Cerzmic Package +175
Plastic Packego +150

Note 1: "Absolute Maximum Retings" are those values bayond which the safety of the device
cannot be guaranteed. They are not meant to imply that the devicss should be oper-
ated at thess limits. The "Tebie of Electrical Characteristics’ provides conditions for
actual device operation.

RECOMMENDED QOPERATING CONDITIONS

Rating Symbol Value Unit
Power Supply Voltage Vee (476105626 Vde
Operating Ambient Tomp TA 0to +70 ac
Input Common Mode Voltage Range ViCcR -7.0t0+7.0 Vde
Input Differential Voitage Range ViDR 8.0 vde

ELECTRICAL CHARACTERISTICS (Un!ess otherwise noted minimum and maximum limits apply over recommended temperature and
power supply voltage renges. Typical values ere for T4 = 25°C, Vec=5.0VandVik=0V. Ses

Note 1.)
Charactsristic Symbol Min Typ Max Unit
Input Voltege — High Logic State VIH 2.0 - - v
(Three-Stste Control)
Input Voltege — Low Logic State viL - - 08 v
(Three-State Control)
Differential Input Throshold Voltage (Note 4) VTH(D) v
(-71.0V&V|Ic<T70V, Vi =20V)
{Ig = 0.4 mA, Voy » 2.7 V) - - 0.2
ig =8.0mA, VgL > 05 V) - - -02
Input Bias Current 118(D) mA
(Voo = 0V or 6.25) (Other Inputs at O V)
(Vy=~10V) - - -3.25
Vy==30V) - - -1.50
(Vy=+30V) - - +1.50
V)=+10V) - - +3.25
Input Balance and Cutput Level v
(-70VSV|c<70V, Vig=20V,
Soe Note 3)
{lg=04mA,V|p=04V) VoH 2.7 - -
{ig=8.0mA, Vip=04V) VoL = - 0.5
Output Third State Leakage Current loz nA
(ViiD) =+30V, V)L =08V, VoL =06V} - - ~40
(Vi(p) =~3.0V, V| =08V, Vo =2.7V) - - 40
Gutput Short-Circuit Curront los -16 - -100 mA
Vi) =30V, Vi =20V, Vg =0V)
Sea Note 2)
Input Current — Low Logic State [ITH - - -100 HA
{Three-Stats Control)
(Vig =05V}
Input Current — High Logic State M HA
(Thrae-State Control)
(Vig=27V) - - 20
(Vi » 626 V) - - 100
input Clamp Dlode Voltage vik - - -15 v
(Three-State Control)
{1 = -10 mA)
Power Supply Current ice - - 85 mA
(ViL=0Vv)
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MC3486

ELECTRICAL CHARACTERISTICS ({continued)

SWITCHING CHARACTERISTICS {Unless otherwise noted, Vo = 5.0 V and Tp, = 26°C.)

Cherocteristic Symbo} Min Typ Msx Unit
Propagation Detay Time —~ Differentiat ns
Inputs to Output
(Output High to Low) PHLID) - - fod
{Output Low to High) teLH(D} - - 30
Propogation Delay timo — Three-State ns
Control to Output
(Output Low to Third State) PLZ - - 35
{Output High to Third State) tPHZ - - 35
{Output Third State to High) tpZH - - 30
(Cutput Third State to Low) tpzL - - 30
NOTES:

1. All curronts into device pins ara shown as positive, out of device

pins are G Al 9 1 to ground unicss
othorwise noted.

. Only one output at a time should ba shorted.

3. Rofer to EIA RS422/3 for exact conditions, Input balance and
guarantood output lavels are dona simultancously for worstcase.

4, Dif input voitage and gusranteed output
1avels oro done simultanecusly for worst case,

FIGURE 1 — SWITCHING TEST CIRCUIT AND WAVEFORMS

P Detay (

To Scopo
(input)

To Scope
{Output)

Dtfferential

inputs '
CL=16pF

Pulse L (Includes Probe
Gensrator ~ end Stray
Cepacitance)

3-State Controt

+15V 420V

Input to Qutput

tTLM ® tTH = 6.0 as (10% to 30%)
PRR = 1,0 MHz, 50% Duty Cycle

FIGURE 2 — PROPAGATION DELAY THREE-STATE CONTROL INPUT TO CUTPUT

tnput Pulse Characteristics To Scopa
trLH = tTHL " 6.0 ns (10% 0 80%)  {InPU) 34,
PRR = 1.0 MHz, 50% Duty Cyclo Control
To Scope
(Output)
Pulse -3
Generotor
+ > 20k W' 50y
+1.5 V for tpyyz and tpzy ;ﬂ' > ¢
~1.5Vfort end t
PLZ ond tpZL Ditforomlel : 4 All Dlodes IN916 or
tnputs Equivalent
CL*18pF == 8.0k 4
{Inctudes v
Probe and Stray L
Capacitsnce) -{ swz
tpLZ tPHZ
aov 30V
Input v Etn 1.6 v£1.8.V SW1 Closed
oV —--— SW1 Closed ov-- SW2 Closed
tpLZ  SW2 Closed : tPHZ
~13V _L Vou
Output —}I—L Eout osv
Vo (X:3V] ~13V
- = ev.  m——— === ov
—* tp2H tpZe
3o0v ~ aov
input 1.8V gwi Opsn Input ZW‘I Closea
ov--—- SW2 Closed ov--~ W2 Opon
tPZL
VoM ~60V -Vge
_ Output 16V
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MOTOROLA

QUAD RS-422 LINE DRIVER
WITH THREE-STATE

QUAD LINE DRIVER WITH OUTPUTS

THREE-STATE OUTPUTS

SILICON MONOLITHIC

Motorola's Quad RS-422 Driver features four independent driver INTEGRATED CIRCUIT
chains which comply with EIA Standards for the Electrical Char-
acteristics of Balanced Voltage Digital Interface Circuits. The outputs
are three-state structures which are forced to a high impedance state
when the appropriate output control pin reaches a logic zero condi-
tion. All input pins are PNP buffered to minimize input loading for
either logic one or logic zero inputs. In addition, internal circuitry
assures a high impedance output state during the transition between

' - n
power up and power down. A summary of MC3487 features include: ‘J h MWY If i
iU
L SUFFIX
* Four Independent Driver Chains CERAMIC PACKAGE
* Three-State Outputs CASE 620
+« PNP High Impedance Inputs (PIA Compatible)
- Jw pon
* Fast Propagation Times (Typ 15 ns)
¢ TTL Compatible
P SUFFIX
* Single 5 V Supply Voltage PLASTIC PACKAGE
CASE 648

« Output Rise and Fall Times Less Than 20 ns
« DS 3487 Second Source

PIN CONNECTIONS

DRIVER BLOCK DIAGRAM } Outputs D
312 c/D control
>111

J10>>C‘ulputs C

39 InputC

TRUTH TABLE

Control Non-Inverting Inverting

Input Input Output Output
H H H L
L H L H
X L z 2

L » Low Logic State
H = High Logic State
X = Irrelevant

Z = Third-State (High Impedance)
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MC3487

*ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Vee 8.0 Vdc
Input Voltage : . \d) 8.5 Vde
O ing Ambient T Range Ta 0to +70 o¢c
Cpersting Junction Temperature Range Ty °c
Cersmic Package 175
Plastic Package 150
Storsge Temperature Range Ty -65 to +150 oc

*“Absolute Maximum Ratings" are those values bayond which the safety of the device cannot

be guaranteed. They are not meant toimply that the devices should be op
The "Table of Electrical Ch istics” provid:

at these limits.
diti for actual device operation.

ELECTRICAL CHARACTERISTICS ({Unless otherwise rioted spocifications apply 4.76 V < Vee < 5.25 V end 0°C < T < 70°C,

Typical values measured at Vo = 5.0 V, and Ty, = 26°C.)

Cheracteristic Symbol

Typ

Max

Unit

Input Voitage — Low Logic State ViL

08

Vdc

Input Voltage — High Logic State Viy

2.0

Vde

Input Current — Low Logic State TR
(ViL=05V)

-400

uA

Input Current — High Logic State hH
(Vig=22V)
(Vig=56V)

+60
+100

A

Input Clemp Voltage Vik
=18 mA)

-15

Output Voltage — Low Logic State VoL
{loL =48 mA)

08

Output Voltage — High Logic State Vou
{igx = =20 mA)

Qutput Short-Circuit Current los
(Vj=20Vv)2 -

-140

mA

Output Leakage Current ~ Hi-Z Stats loLi2)
(Vi=05V,V|L(2)=08V)
(ViH=2.2V, Vi () =08 V)

+100
+100

Output Leskoge Current — Power OFF oL (off)
{(Von=6.0V,Vec=0V)
(VoL=-0.26V,Vec =0 V)

+100
-100

OQutput Offset Voltage Ditferancel Vos-Vos

0.4

QOutput Differential Voltage 1 vy

<

COutput Differential Voltage Difference 1 v - Vy

0.4

Power Supply Current
{Contro! Pins = Gnd)3 Icex
{Contro! Pins = 2.0 V) Icc

108
85

mA

1. Seo EIA Specification RS-422 for exact test conditions.
2. Only one output may ba shoarted at 8 time.
3. Circuit in three-state condition.

SWITCHING CHARACTERISTICS (Ve = 5.0 V, Ta = 25°C unless otherwise noted.)

Charscteristic

Symbol

Typ

Unit

Propagation Detay Times
High to Low Output
Law to High Output

tPHL
tPLH

Output Transition Times — Differential
High to Low Output
Low to High OQutput

tTHL
TLH

20
20

Propagation Delay — Control to Output
{R = 200 2, Cy = 60 pF)
(R =200 02, C_ = 50 pF)
(R =290, C_ =50 pF)
(R =200 0, C_ = 60 pF)

tPHZ(E)
tPLZ(E}
tPZH(E)
tPZL{E)

25
25
30
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FIGURE 1 — THREE-STATE ENABLE TEST CIRCUIT

AND WAVEFORMS
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MC3487

FIGURE 3 - OUTPUT TRANSITION TIMES TEST CIRCUIT AND WAVEFORMS
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FIGURE 4 — OUTPUT CURRENT versus OUTPUT VOLTAGE
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MOTOROLA

Product Preview

DUAL RS423/RS-232C LINE DRIVERS

The MC3488A and MC3488B dual single ended line drivers have
been designed to satisfy the requirements of EIA standards RS-423
and RS-232C, as well as CCITT X.26, X.28 and Federal Standard
FIDS1030. They are suitable for use where signal wave shaping is
desired and the output load resistance is greater than 450 ohms.
Output slew rates are adjustable from 1.0 to 100 /is by a single
external resistor. Output level and slew rate are independent of
power supply variations or matching. Input undershoot diodes limit
transients below ground; output current limiting is provided in both
output states. They can be operated with supply voltages from +9.0
to +15 V.

The MC3488A has a standard 1.5 V input logic threshold for TTL
or NMOS compatibility. The MC3488B input logic threshold is set
at Vcc/2 for use with CMOS logic systems.

* PNP Buffered Inputs to Minimize Input Loading
* Wide Power Supply Operating Range

* Adjustable Slew Rate Limiting

« Option of Either 1.5 V or Vqc/2 Input Threshold
*+ MC3488A Equivalent to 9636A

« Logic Levels and Slew Rate Independent of Power Supply
Voltages or Matching

TYPICAL APPLICATION

Wave Shape

This is advance information and specifications are subject to chanoe without notico.
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MC3488A
MC3488B

DUAL
RS-423/RS-232C
DRIVERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P1 SUFFIX
PLASTIC PACKAGE
CASEG626

U SUFFIX
CERAMIC PACKAGE
CASE 693

PIN CONNECTIONS

Wuve |

Shape | 1 “s'lvece

Input A |2 J > - 7 |Output A

Input B | 3 ' > 6 |Output B
Gnd T |vee
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MC3488A, MC3488B

ABSOLUTE MAXIMUM RATINGS (Note 1)

Rating Symbol Velue Unit
Power Supply Voltages Vee +15 v

VEE -15

Output Currant mA
Source to+ +150
Sink 1p- -150

O ing Ambient T TA 0to +70 °c

Junction Temperature Rangs Ty oc
Ceramic Package 175
Plastic Package 150

Storage Temperature Range Tsgt | -65t0 +160 oc

Note 1:

“Absolute Maximum Ratings” are those values beyond which the safety of the

device cannot be guzrantsed. They are not meant to imply that the devices should
be opsrated at these limits. The “Table of Electrica!l Charocteristics’ provides
conditions for actual device aperation.

RECOMMENDED OPERATING CONDITION

Chsracteristic Symbol Min Typ Max Unit|
Power Supply Voltages Vee . 10.8 12 132 v
. VEE 10.8 12| -132
Operating Tempersture Range Ta 0 25 70 oc
Wave Shaping Resistor Ry 10 - 500 ka
TARGET ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply over
0°C < T < 70°C,9.0 v < IVee, VEEIS 16 V and 20 k < Ry, < 400 k)
Characteristic Symbol Min Typ Max Unit
Input Voltage — Low Logic State ViL v
MC3488A - - 08
MC34888 - - Vegl2 2.0
Input Voltsge — High Logic State ViH v
MC3488A 20 - -
MC3488B Vee/2+20 - -
Input Current — Low Logic State IR HA
Vi =0,4V) - - -80
Input Current — High Logic State [ITY] nA
(ViH=24V) MC3488A - - 10
(ViH=55V}) MC3488A - - 100
(ViH=Vcg) Mmc34888 - - 100
tnput Clamp Diode Voltage Vik v
ik = -15mA) - - -15
Output Voltage — Low Logic State VoL \
(R = =) RS423 5.0 - -£.0
(R = 3.0 k) RS-232C 50 - .0
{R) =450 1) RS423 ~4.0 - 6.0
Output Voitage — High Logic State VOoH v
(R = =) RS423 5.0 - 6.0
(R = 3.0 k2} RS-232C 5.0 - 6.0
(R =450 ) RS-423 4.0 - 6.0
Output Short-Circuit Current Isc+ +15 - 150 mA
Isc- -15 - -150
Output Leakage Current lox -100 - 100 HA
(Vec=VEE*OV,-60V <V, <60 V)
Power Supply Currant mA
(R = 20 kR2) icc - - +18
(Ry = 2.0 k) (T - - -18
Output Resistance Ro Q
(R > 450 1) - 25 50

Note: A diode is connected in series with Vg for all test conditions.
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MC3488A, MC3488B

TRANSITION TIMES (Un!ess otherwise noted, CL=30pF,f=10kHz, Vo =12V, Vgg = ~12V,Ta ~ 28°C,
Ry = 450 8. Transition times measure 10% to 90% and 80% to 10%)

Characteristic Symbol Min Typ Max Unit

Transition Time, Low to High State Qutput TLH us

Ry = 10 k2) 0.8 - 14

{Ryy =100 kR2) 8.0 - 14

{Ry, = 500°k82) : 40 - 70

{Ry = 1000 kR2) 80 - 140
Transition Time, High to Low State Qutput tTHL us

{Rw = 10k02} 08 - 14

(R = 100 kQ2) 8.0 - 14

{Ry = 500 k1) 40 - 70

{Ry = 1000 k2) 80 - 140

FIGURE 1 — YEST CIRCUIT & WAVEFORMS
FOR TRANSITION TIMES

To Vee To
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(Input} {Output)
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Gonerator cL
(Inctudos
t=1.0kHz Proba end Jig
. Py = BOD us Capach )
= 5
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3.0V _ {MC3488A)

or Vee (MC34888B)
Input
ov

Vou 90% 3\ /r_s_ox

ov
Output J/
*10% 10%

Vou
THL —* I-—— —~, TLH

FIGURE 2 — QUTPUT TRANSISTION TIMES
versus WAVE SHAPE RESISTOR VALUE
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ANODE (DIGIT) DRIVERS FOR
GAS-DISCHARGE DISPLAYS
SILICON MONOLITHIC
INTEGRATED CIRCUIT
SEVEN-DIGIT GAS-DISCHARGE DISPLAY DRIVERS
Seven channel digit (anode) drivers, the MC3490 and MC3494
are specifically conceived to be used with high-voltage, gas-discharge PIN CONNECTIONS
numeric displays such as the Burroughs’ Panaplex®, Beckman (Sperry) MC3480
Cherry, or Diacon displays . Output d ) Vee
The MC3480 version is configured such that a high logic level P SUFFIX oudut J | \
input causes the driver to turn on while the MC3494 requires a low PLASTIC  OuBY E—\—Q—La reut
logic fevel to turn the drivers on. Both devices are designed to mate 2:;:‘;2: °"‘g‘" o ol Yeput
with the MC3491 cathode (segment)} driver. * Output 3] ] L—El Input
With a low input current requirement of only 300 uA typically, oﬂgm Ewﬂ mgm
these devices are compatible with popular MOS chips. E 1 < )
Minimum breakdown voltage is specified at 48 V and output o‘",?"‘ a -] Irput
drive current capability is typically 30 mA per channel. 002’“' [j 0] '";ﬂt
® High Breakdown Voitage — 55 V Typical Vee E-\-—q._ 0 Inz\n
® Low Input Current for MOS Compatibility
® Available with Either Active High or Active Low Inputs S
R . . Output E El Vee
® Operable from Either Positive or Negative Supply Voltages A
® Input Clamp Diodes on MC3494 Version for DC Restoration °“‘;"“ E_‘—"Q‘]_B '"’:'
® Internal Pull-down Resistors MC3484 0":?'" {3 Q) '"pau'
Output E El Mp(:_"
o e
o 5 o Input
oug)ut E 3 ' o )
m npu
u::put a :] z
Output E °q L—E ln:ut
. l——o< '—— 3] Input
TYPICAL APPLICATION vVee [ 1178
WITH CAPACITIVE LEVEL SHIFT TO CATHODE DRIVER
Vop Vss AAA
T T Anode F R O.1uF 260 k l
Qutputs 8
MOS :8j_o_ MC3490 -G -180 V
Caiculator —C or
or Clock Circuit _—O‘: mcsans |3 vee
—O— H-O— q
T F
Gos-Discharge
Visus) Display (L
Vee Oigits 3 86k
Segment (Anodes)
Guur T aTu T2
| IEEIEIEEE
01 uF o R SRR RIR A=
= TTTTTTTT ® segments
Typ 2.2 & <& 4 <
-180 Vv kS :: 5: 5: i: S: 5: i: ({Cathodes)
10 (8)390 k
mm— IAAAS
__.o_o MC3491 AAA—
% or A sov
‘ MC3492 - N
1 .
*V, Is tied to the most pasitive
vocltcaoe of the MOS circult 'orog Jv‘?‘v— -180 Vv

®Rngllurod Trademaerk of Burraughs Corparation
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MC3490, MC3494

MAXIMUM RATINGS (T =28°C unless otherwise noted}

Rating Symbol Value Unit
Negative Supply Voltage Vee -60 Vde
{Current Limited to -5 mA)
Negative Supply Currant . {gg -6.0 mAde
Input Voltage A7 Vee-20.Vee Vdc
Output Current lo -50 mAdc
B (Vo =-5V)
Package Power Dissipation ) Po 830 mW
Derate above 25°C 6.7 mW/°C
Junction Tempersture Ty 150 o¢
Operating Ambiont Temperature Range Ta O010+70 o¢c
Storage Temperature Range T“l -85 10 +150 ec

ELECTRICAL CHARACTERISTICS (T4 = 26°C, Ve = Gnd VEE = -60 V thru 5.0 k2, unless otherwise noted.)

MC3490 MC3484
Ch istic Symbol | Min Typ Max Min Typ Max Unit
|Substrate Broakdown Voltege ) Vs(BRr)| —48 -66 - -48 -66 - Vde

Input Current — On State li{on) HA
Vy=0.0V {See Figure4) - 250 700 - - -

Vy ==2.0V [See Figure 3) - - - - -200 -350

Input Current — Off State Vi{off) uA
Vi=-18V - |<-10]| 45 - - -
V=00V R - - - - <1.0 60

Input Voltage — Off State Vi{off) - - -5.0 -2.0 - - Vde
VomsVgg (See Figures 3 and 4)

Input Volitage — On State Vi(on) -20 - - - - ~5.0 Vde
Vo = Vee-5.0 V (See Figures 3 ond 4)

Output Voltage — Off State Voloff) Vde
vi=o00V - - - -48 - -
Vi=-2.0V ~48 - - - - -

Gutput Volitage — On State Votoni Vde
I0=-20mA, V=00V - - ~3.5 - - -
10=-20mA, V= -7.0V - - - - - 50

NOTE: Minimums and maximums are relstive to absolute values.

SYSTEM DISCUSSION

The MC3490/MC3494 provides its own internal voltage
reference when a current (-100 pA to -5 mA) is drawn

The MC3491 and MC3490/MC3484 high voltage driver
system is designed such that it can be floated and any

point in the system may be tied to circuit ground. In a
MOS system, normally either the ground pin on the
MC3491 is tied to the most negative MOS voltage; or
the Vg pin on the MC3480/MC3494 is connected to
the most positive MOS voltage. In the electrical character-
istics table, this Vc voltage is assumed to be 0.0 volts.

at the VEE pin (Pin B). This can be provided by connecting
a resistor from Pin 8 to the high voltage reference on the
cathode driver or any other voltage more negative than
Ve -60 V. This voitage (Pin 8) is approximately -65 V
and provides a reference for the pull-down function for
each channel.
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MC3490, MC3494
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MC3490, MC3494

12-DIGIT CMOS GAS DISCHARGE DISPLAY

When the number of digits for a gas discharge display
system Is greater than the number of segment drivers, it is

9 lly more 1.to level translate down to the
hod: than to transiate up to the digit anodes.
An of this technique is shown in the 12 digit

display system where the display anodes and cathodes are
referenced 1o ground and -180 V respectively.

The positive logic CMOS address circuits are powered

by -10 V{Vpp = 0 Vss = =10 V) with the MC14558

led to the MC3491 Segment

Drivers and the scan cnro\m directly-coupled to the

drivers (and display anodes) to -50 V without the need of
pull-down resistors.
Digit ing for this is derived from two
cascaded MC14022 Octal Counter/Drivers. The 12 se-
quenced output pulses are achieved by resetting the
s with the d Q7 output. In addition
to driving the two MC34980s, the counter output should
glso control the system multiplexer {not shown} to
properly synchronize the entire (ﬁsplay system
The MC14558 BCD-to-S der has an
Enable input which readily pro\udes for d«splny cathode
king. For the ill 1 display, the cathode drivers

MC3490 Anode Drivers. Thus, only eight ¥
{seven ssgments, ohe decima! point) are required as com-
pared to 12 capacitors, if the strobed digit drivers were
ac coupled.

The MC3491 has input clamp diodes allowing for dc

ion of the dd: pulse This high voltage
driver {80 V) also features progr
by the sslection of a single external resmor.

The MC3490 Anode Drivers are selected by the positive
going output of the digit scan circuit. (If the scan circuit
outputs were negative going, the low logic level input
MC3494 Anode Driver should be used.) The internal
zener diode string of the MC3480 references the off

should be turned off prior to anode switching and main-
tained off for some period after the next anode is strobed.

This cathode blanking overlap is derived by tmlmg
edge time detaying the Gate 1 of the non-sy ic
4 kHz scan oscillator with the integrated network and
inverter Gate 3.

The high voltage power supply rise and fall times should
be greater than the charge time of the couplmg capacitors
to p t large transi from degrading the
interface electromcs

For this example, power supply rise and fall time of
60 ms minimum will suffice.

FIGURE 5 ~ 12-DIGIT CMOS GAS DISCHARGE DISPLAY SYSTEM
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MC3490, MC3494

3-1/2 DIGIT VOLTMETER

This specific application provides a 3-1/2 digit DVM
utilizing the MC1505 dua! ramp subsystem and CMOS
MC14435 digital subsystem. Interfacing’ between low
voltage logic ICs and the higher voltsge gas discharge
displays requires level translation or shifting. The method
described for the 3-1/2 Dlgit OVM uses directly coupled
high ge (200 V) s 10 tr upwa:d to the
MC3494 | Anode Drivers. Three of the transistors com-
prising the MPQ7042 high voltage quad transmor are used
for this f; ion. These transistors, d in a com-

b. configuration, are turned on
by the negatwe going digit select output pulses of the
MC14435. The current of approximately 330 uA is com-
patible with 200 pA typical input current of the MC3494
and the sink current capability of the MC14435.

The CMOS MC14558 BCD-to-Seven Segment Decoder
has the capshility of duectly driving the MC3481 Segment
Driver. Cathode blank lished by taking the
clock signal from Pin 4 ol the MC14435 (approximately
60% duty cycle) and tying it to the Enable input of the
MC14458. The display segment current is increased accord-
ingly to 1.1 mA (manufacturers maximum specified current

equals 1.25 mA) for this reldtively large cathode blanking
period,

The positive and negative polarity signs are direct
driven by the fourth transistor of the MPQ7043 and
MPS-A42 transistor, Q2, respectively. Their dc segment
currents are scaled to produce the seme brightness as the
multiplexed digits.

The 1/2 digit segments are driven by transistor QY.
Its emitter is normally referenced to ground through
MC145672 Inverter G2, the output inverter of the Over-
range Oscillator.

When an overrange situation occurs, the oscillator is
enabled, thus causing the display to flash at the oscillator
rate (approximately 8 Hz). This is accomptished by blank.
ing the 1/2 digit through Q1 and the multiplexed digits
through diode D1 to the decoder enable input.

See the MC1405 ‘and MC14435 data sheets for more
details of DVM system.

FIGURE 6 — 3% DIGIT DIGITAL VOLTMETER
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MC3490, MC3494

12-HOUR CLOCK WITH GAS DISCHARGE DISPLAYS

The MC3491 cathode driver and MC3494 znode

driver, greatly simplify the interfacing of a clock chip
(MOSTEK MKS50250) to a gas discharge clock display
{Burroughs CD60733-CM).

TheMKS50260has a 6 digit clock display with multiplex-

ed 7 segment outputs. The MC3491 cathode drivers switch
each display cathode between ground (on condition) and
+75 Volts {off condition) with current limiting for the
display provided via the current programming pin on the
MC3491. The +75 Volt reference is obtained from a
75-Volt zener diode, Z1. R1. and a 50-Voit zener diode
interna) to the MC3494 enode driver.

The prog

ing current is d during the time

when the “two seconds’ indicator digits are ON, to reduce
the current through these smaller digits of the display.
Four diodes attached to each of the “hours™ and “min-
utes” digits, provide a voltage of +180 Voits across the
680 k{2 resistor. During the “seconds” digits display time,
the voltage is reduced to +130 Volts, thus reducing the
programming current.

The anodes for each of the six digits are switched

between the +180 Volt positive suppty and +130 Volts
via the MC3494 anode drivers. Inter.digit blanking is

provided in the anode circuits. Level translation from
the clock chip output to the input to the MC3494 uses
two MPQ7042 quad high vo!tage transistor packages oper-
ating in an emitter follower current source mode. Each
current source turns on one of the MC3494 drivers by
sinking 300 A to ground for the proper “on" digit.

The AM/PM clock output is in the high state when
PM is indicated and has a 85% duty cycle corresponding
to each anode on time. A MC14001 Quad NOR Gate
decodes this output to turn on the appropriate AM or PM
indicator during the D6 digit. These Gates contro! the
AM/PM display indi s with the r ining MPQ7042
high voltage transistors which were not used in anode
selection.

The colon separating hours and minutes is switched on
during the units of hours digit on time. The colon cathodes
are switched from +75 Volts to ground via T1 during the
D5 digit time while the des are switched b
+180 and +130 Volts.

Further information concerning operation or technical
specifications on the MOSTEK clock chip, MK50250, and
the Burroughs clock display, CD60733-CM is obtainable
from the manufacturers.

FIGURE 7 — 12 HOUR CLOCK WITH GAS DISCHARGE DISPLAY SYSTEM
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EIGHT-SEGMENT VISUAL DISPLAY DRIVERS SEGMENT DRIVERS FOR
The MC3491 and MC3492 igh thode d o GAS-DISCHARGE DISPLAYS
] al are eight-segment ca! e drivers for
use with gas-discharge displays, such as the Burroughs’ Panaplex®, SILICON MONOLITHIC
Beckman, Cherry or Diacon types. Both devices are directly compat- INTEGRATED CIRCUIT
ible with MOS logic outputs due to their low 300 pA input current
requirement.
All eight driver output currents are simultaneously programmable P SUFFIX
by selection of a single external resistor. As programmed, all eight PLASTIC PACKAGE
currents match to within typically 1% of each other. ) CASE 701

Both devices provide dc restoration. The units are specified for a

minimum breakdown voltage of 80 V.

The MC3492 device is made for larger and higher intensity dis-

plays requiring higher segment current. PIN CONNECTIONS
& High Breakdown Voltage — 80 V Min’
® Drives Seven Cathode Segments plus Decimal Point Programming o
® Al Currents Simultaneously Programmable with One Resistor f:,::,n: 7
® MC3491 is Pin-for-Pin and Functionally Equivalent to DM8889 Input 2 3]
® Output Current/Programming Current Ratio — Input 3 [4]
Typically 4.5:1 for MC3491 Input 4 %
9:1 for MC3492 Input 6 |*
® Companion with MC3490 and MC3484 Anade Drivers tnput 6 7]
® MC3492 Provides Increased Qutput Current for High tnput 7 3]

Intensity Displays Input 8 [5]
*Higher Voltage Selection Available

FIGURE 1 ~ TYPICAL CALCULATOR APPLICATION
WITH CAPACITIVE LEVEL SHIFT AND ANODE DRIVER

. 260 k
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or Calculator —~O—{ or
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8} $$384sg é < ¢ Ssgments —
; Tw22 5553 ;» 3 S S (Cethodes)
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O e
O~ O AN
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®chlmud Tredemark of Burroughs Corporation
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MC3491, MC3492

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

Rating Symbol Value Unit
Output OFF Voltage Voloff) 95 v
(Current Limited to 0.5 mA)
Output ON Voltage Voicn) S0 v
{Current Limtied to 2.0 mA)
\nput Valtage V) 20 v
Programming Current |pvog uA
MC3491 400
MC3492 2500
Junchion Temperature T 150 oc
Operating Ambient Temperature Range Ta 0to 70 °c
Storage Temperature Range Tsig -65 to +150 °c

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Vo < 80 V, Ta = 25°C, Pin 10 = Gnd. Al voltages with respect to Gnd.}

MC3491 MC3492
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Current [T} 200 300 400 200 300 400 A
(ViH=70V)
Input Clamp Voltage Vik . - -1.0 - . -1.0 v
ih =~1.0 mA)
Input OFF Voltags ViL 10 1.5 - 1.0 15 - \
input ON Voltage ViH - 24 3.5 - 24 35 v
Output OFF Current 10(otf) - - 5.0 - - 5.0 HA
(ViL=0V,Vg=Vcel
Output ON Current {at Vi = 7.0 V)* 10(on) ) A
{lprog = 100 sA} 400 450 500 - - -
(lprog = 350 LA 1450 | 1650 | 1850 - - -
{Iprog = 200 #A) - - - 13 1.6 19 mA
liprog ™ 500 uA) : - - - 3.75 45 5.26
Output Current Matching Al - <1 <10 - <1 <10 %
{All eight outputs)
Output OFF Voltage Voloftt) \
(lprog = 100 HA, R = 1.0 M2, V=0 V) Vees0{ Vee - - - -
(1prog = 200 pA, R = 1.0 MR, Vi =0 V) - - - |vees0| vee -
Gutput Saturation Voltage VOlisat) v
{lprog 100 A, R = 1LOMSE, V iy = 7.0 V) - 30 6.0 - - -
{torog = 200 WA, R = 1.0 MS2, Viy = 7.0 V) - - - - 30 5.0
Output Voltage Complisnce Range VOR(on} v
(lprog = 100 KA, 10(on) = 450 BA, V|4 = 7.0 v) 5.0 - 50 - - -
{See Figure 3)
{1prog = 200 A, I0(on) = 1.6 MA. Vil = 7.0 vy - - - - 50 - 50
(See Figure 3)

*Measured one channel at a time.
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MC3491, MC3492

19, GUTPUT CURRENT (mA}

TYPICAL PERFORMANCE CHARACTERISTICS
FIGURE 2 — OUTPUT CURRENT vorsus PROGRAMMING CURRENT (T = 25°C)
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FIGURE 3 — OUTPUT CURRENT versus OUTPUT VOLTAGE

MC3491 (Vi = 7.0 V. T4 = 25°C)

MC3492




MC3491, MC3492

TYPICAL PERFORMANCE CHARACTERISTICS

FIGURE § — TYPICAL PROGRAMMING CURRENT versus VOLTAGE ON PROGRAMMING PIN-
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MC3491, MC3492

3-1/2-DIGIT VOLTMETER

This specific application provides a 3-1/2-digit DVM current is increased accordingly to 1.1 mA (manufacturers
utilizing the-MC1505 dual ramp subsystem and CMOS maximum specified current equals 1.25 mA) for this
MC14435 digital subsystem. Interfacing between low relatively large cathode blanking period.
voltage logic ICs and the higher voltage gas discharge The positive and negative polarity signs are direct
displays requires level translation or shifting. The method driven by the fourth transistor of the MPQ7043 and
described for the 3-1/2-digit DVM uses directly coupled MPS-A42 transistor, Q2, respectively. Their dc segment
high voltage (200 V) transistors to translate upward to currents are scaled to produce the same brightness as the
the MC3484 Anode Drivers. Three of the transistors Itiplexed digits.
comprising the MPQ7042 high voltage guad transistor are The 1/2-digit segments are driven by transistor Q1.
used for this f i These transistors dina Its emitter is normally referenced to ground through

base, current figuration are turned MC14572 Inverter G2, the output inverter of the Over-
on by the negative-going digit select output pulses of the range Oscillator.
MC14435. The current of approximately 330 pA is When an overrange situation occurs, the oscillator is
compatible with 200 uA typica! input current of the enabled, thus causing the display to flash at the oscillator
MC3484 and the sink current capability of the MC14435. rate (approximately 8 Hz). This is accomplished by blank-

The CMOS MC14558 BCD-to-Seven Segment Decoder ing the 1/2 digit through Q1 and the multiplexed digits
has the capability of directly. driving the MC3491 or through diode D1 to the decoder enable input.

MC34982 Segment Drivers. Cathode blanking is accom- See the MC1405 and MC14435 data sheets for more
plished by taking the clock signal from Pin 4 of the details of DVM system.

MC14435 (approximately 50% duty cycle} and tying it to
the Enable input of the MC14458. The display segment

FIGURE 6 -~ 3-% DIGIT DIGITAL VOLTMETER
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MC3491, MC3492

12.DIGIT CMOS GAS DISCHARGE DISPLAY

When the number of digits for a gas discharge display
system is greater than the number of segment drivers, it is
generally more | to level late down to the
cathode segments than to translate up to the digit anodes.
An ple of this ique is shown in the 12 digit
display system where the display anodes and cathodes are
referenced to ground and -180 V respectively

The positive logic CMOS addi ircui
bv -10 Vivpp = 0. . Vs§ = -10 V) with lhe MCI4558
led to the MC3491 Segment
Drivers and the scan circuit directly-coupled to the
MC3490 Anode Drivers. Thus, only eight cap s

a4

zener diode string of the MC3490 references the off
drivers (and display anodes) to -80 V without the need of
pull-down resistors.

Digit scanning for this example is derived from two
cascaded MC14022 Octal Counter/Drivers. The 12 se-
quenced output pulses are achieved by resetting the
counters with the second counter Q7 output. In addition
to driving the two MC3490's, the counter output should
also control the system muitiplexer (not shown) to
properly synchronize the entire display system.

The MC14558 BCD-to-Seven Segment Decoder has an
Enabte input which readily provides for display cathode

{seven segments, ohe decimal point) are required as com:
pared to 12 capacitors, if the strobed digit drivers were
ac coupled.
The MC3491 and MC3492 have input clamp diodes
ing for d¢ ion of the address pulse.
These high voltage drivers (80 V) also feature programma-
ble segment current by the selection of a single external
resistor.

The MC3490 Anode Drivers are selected by the positive
going output of the digit scan circuit. (If the scan circuit
outputs were negative going, the low logic level input
MC3484 Anode Driver should be used.) The internal

blanking. For the illustrated display, the cathode drivers
should be turned off prior to anode switching and main-
tained off for some period after the next anode is strobed.

This cathode blanking overlap is derived by trailing
edge time delaying the Gate 1 output of the non-symmetric
4 kHz scan oscillator with the integrated network and
inverter Gate 3.

The high voltage power supply rise and fall times should
be greater than the charge time of the coupling capacitors
to prevent large transients from possible degrading the
interface electronics.

For this example, power supply rise and fall time of
50 ms minimum will suffice.

FIGURE 7 - 12-DIGIT CMOS GAS DISCHARGE DISPLAY SYSTEM
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MC3491, MC3492

12HOUR CLOCK WITH GAS DISCHARGE DISPLAYS

The MC3491 or MC3492 cathode drivers and MC3494
anode driver, greatly simplify the interfacing of a clock
chip (MOSTEK MK50260) to a gas discharge clock dis-
play {Burroughs CD60733-CM).

The MK50250 has a 6-digit clock display with multi-
plexed 7-segment outputs. The MC3491 cathode drivers
switch each display cathode between ground {on condi-
tion) and +75 Volts {off ) with limiti
for the display provided via the current programming pin
on the MC3491 or MC3492. The +75 Volt reference is
obtained from a 76-Volt zener diode, 21, R1, and a
60-Volt zener diode internal to the MC3494 anode driver.

The progr ing current is reduced during the time
when the “two seconds” indicator digits are ON, to
reduce the current through these smaller digits of the dis.
play.. Four diodes attached to each of the “hours” and
“‘minutes” digits, provide a voltage of +180 Volits across
the 680 k{2 resistor. During the “’seconds” digits display
time, the voltage is reduced to +130 Volts, thus reducing
the programming current. .

The anodes for each of the six digits are switched
between the +180 Volt pesitive supply and +130 Volts
via the MC3494 anode drivers. Inter-digit blanking is

P

provided in the anode circuits, Level translation from
the clock chip output to the input to the MC3494 uses
two MPQ7042 gquad high voltage transistor packages oper-
ating in an emitter-follower current source mode. Each
current source turns on one of the MC3494 drivers by
sinking 300 #A to ground for the proper “on’ digit.

The AM/PM clock output is in the high state when
PM is indicated and has an 85% duty cycle corresponding
to each anode on time. A MC14001 Quad NOR Gate
decodes this output to turn on the appropriate AM or PM
indicator during the D6 digit. These Gates contro! the
AM/PM display indicators with the remaining MPQ7042
high voltage transistors which were not used in anode
selection.

The colon separating hours and minutes is switched
on during the units of hours digit on time. The colon
cathodes are switched from +75 Volts to ground via T1
during the DS digit time while the anodes are switched
between +180 and +130 Volts.

Further inf concerning ‘or technical
specifications on the MOSTEK clock chip, MK50250, and
the Burroughs clock display, C060733-CM is abtainzble
from the manufacturers.

FIGURE 8 — 12-HOUR CLOCK WITH GAS DISCHARGE DISPLAY SYSTEM
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MOTOROLA

DUAL LINE RECEIVERS

The MC75107 and MC75108 are MTTL compatible dual line
receivers featuring independent channels with common voltage supply
and ground terminals. The MC75107 circuit features an active pull-up
(totem-pole) output. The MC75108 circuit features an open-collector
output configuration that permits the Wired-OR logic connection with
similar outputs (such asthe MC5401/MC7401 MTTL gate or additional
MC75108 receivers). Thus a level of logic is implemented without
extra delay.

The MC75107 and MC75108 circuits are designed to detect input
signals of greater than 25 millivolts amplitude and convert the polarity
of the signal into appropriate MTTL compatible output logic levels.
+« High Common-Mode Rejection Ratio
* High Input Impedance
« High Input Sensitivity
« Differential Input Common-Mode Voltage Range of +3.0 V
« Differential Input Common-Mode Voltage of More Than 15 V

Using External Attenuator
« Strobe Inputs for Receiver Selection
« Gate Inputs for Logic Versatility
« MTTL or MDTL Drive Capability
+ High DC Noise Margins
*« MC55107 Available as JM38510/10401
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MC75107
MC75108

DUAL LINE RECEIVERS

SILICON MONOLITHIC
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MC75107, MC75108

MAXIMUM RATINGS (T4 = 0°C to +70°C unless otherwise noted}

Rating Symbo! Value Unit
Power Supply Voltages Vee +7.0 Vde
VEEg -7.0
Differential-Mode Input Signa! Voltage Range Vio +6.0 Vdc
Common-Mode Input Voltage Range VICR +5.0 Vde
Strobe Input Voltage | Vish 5.5 Vde
Power Dissi {Package Limi ) [
Ptastic and Ceramic Dusl-In-Line Packages 625 mw
Derate sbove T » +26°C 3.85 mW/oC
Operating Ambient T Range Ta 0to +70 oc
Storage Temperature Range Tseg -65 to +150 o¢c
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Min Typ Max Unit
Power Supply Voltages Vee +4.7% +5.0 45,25 Vvde
VEE -4.78 -5.0 -5.25
Output Sink Current Ips - - -16 mA
Differential-Mode input Voltage Ronge ViDR -5.0 - +5.0 Vde
Common-Mode Input Voltage Range ViCR -3.0 - +3.0 Vde
Input Voltage Range, any differentis! input to ground VIR -5.0 - +3.0 Vdc
Oporating Temperature Range Ta 0 - +70 oc
DEFINITIONS OF INPUT LOGIC LEVELS
Characteristic Symbol Test Fig. Min Max Unit
High-Level Input Voltage (between differential inputs) ViOoH 1 0.025 5.0 Vde
Low-Leve! Input Voltage (between differential inputs) VioL 1 -5.0t -0.025 Vde
High-Leve! Input Voltage {(at strobs inputs) ViH(S) 3 2.0 5.5 Vdc
Low-Leve! Input Voltage {at strobe inputs) ViLes) 3 0 08 Vde
1Tho sigebraic convention, where the most positive timit is ts used with Low-Leva! Input Voitage Level (V) }
ELECTRICAL CHARACTERISTICS (Ta = 0°C 10 +70°C untess otherwise noted)
Charactaristic Symbol Test Fig. Min Typ # Max Unit
High-Level Input Current t0 1A or 2A Input WH 2 - 30 75 HA
(Vee = Mox, VEg = Max, VIp =05V, V|c=-30V
10+3.0V)
Low-Leve! Input Current to 1A or 2A Input UTH 2 - - -10 uA
{Vee = Max, VEg = Max, V)p = -2.0V, V)¢ =-30V
0 43.0V) ¢
High-Level Input Current to 1G or 2G Input LT 4
(Ve = Max, VEE = Max, V|i(s) = 2.4 VI$ ~ - 40 HA
{Vee = Max, VEE = Max, VIH(S) = Voo Mex) i - - 1.0 mA
Low-Leve! Input Current to 1G or 2G Input h 4 mA
(Vge = Max, VEg = Max, V)| (5) =04 VI{ - - -16
High-Level Input Current to S Input hH 4
(Vge = Max, VEE = Max, Vi(s) = 24 V)3 - - 80 uA
(Ve = Max, VEE = Max, ViR(s) = Voo Maxtt - - 20 mA
Low-Leve! Input Current to S Input [ITH 4 < - -3.2 mA
(Voo = Max, VEg = Max, Vi (5) = 0.4 VI3
High-Level Output Voltage Vou 3 v
(Ve = Min, VEE = Min, ljgad = =400 A, - - -
Vic=-3.0V10+3.0V)t
Low-Level Qutput Voltage VoL 3 v
(Ve = Min, VEE * Min, Igink = 16 mA - - 0.4
Vic=-3.0Vt0+3.0V)¢
High-Leve! Loskage Current 1cEX 3 BA
{Vee = Min, VEg = Min, Vol = Voo Max) ¢ - - 250
Short-Circuit Qutpuf Current 7 # 10s¢ 5 mA -
(Voo = Mex, Vg = Max)t - - -
High Logic Level Supply Current from Ve lcoH* 6 mA
(Ve = Max, VEg = Max, Vip = 26 mV, Ta = +25°C) ¢ - 18 30
High Logic Levs! Supply Current from VEg coH- 6 ] 84 -15 mA
(Ve = Max, VEE = Max, Vjp = 26 mV, TA-m%)z
$For conditions shown as Min Or Max, use the under for the device type.

#AN typical vatues sre ot Vi = +8.0 V. Vgg = -5.0 V, 'rA - +25%.
# #¥Not more than one output shoutd be shorted at a time.
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MC75107, MC75108

SWITCHING CHARACTERISTICS (vce = +5.0 V, VEg = -5.0 V, Tp = +269C)

Characteristic Symbol Test Fig. Min Typ Max Unit

Propagation Delay Time, low-ta-high level from tPLHID) 7 ns
differentiat inputs A and B to output
(R = 380 02, C_=50pF) - - -
{Ry = 390 £2, C_ = 15 pF) - 19 25

Propagation Delay Time, high-to-low level from tPHLI(D) ? ns
ditferential inputs A znd B to output
{Ry =390 2, C_ = 50 pF} - — _
(R =390 R, C) =15 pF) - 19 25
Propagation Delay Time, low-to-high level, from strobe tPLHI(S) 7 ns
input G or S to output
(R = 390 2, C|_ = 50 pF) - - -
{R_ =390 R, C_ = 15 pF) - 13 20
Propagation Delay Time, high-to-low level, from strobe PHL(S) ? ns
input G or S to output
(R = 390 2, Cy_ = 50 pF) - - -

{RL =390 R, C_ = 15 pF) - 13 20
TEST CIRCUITS
FIGURE 1 - Vipy and VipL FIGURE 2 — )y and Iy
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NOTE: When testing one channel, the inputs of separately. The inputs of the other pair
the other channael are grounded. are groundod
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MC75107, MC75108

TEST CIRCUITS (continued)

FIGURE 4 — l1H(G). IiL(G)- lIH(S). 2nd hiL(s)
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NOTES: 1. Each channol s tested separately,
2. Not more than one autput should be tested st ong time.
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MC75107,

MC75108

TEST CIRCUITS (continued)
FIGURE 7 - PROPAGATION DELAY TIME TEST CIRCUIT

AND WAVEFORMS
Vee
DIFFERENTIAL 1
INPUT - _I ——— OUTPUT
=" = MC75107
1A I
|
|
PULSE
GENERATOR
See Note 1 L
Ses Note 4
L b
39‘0 — OUTPUT
[ v C ~ MC76108
A
16 pF
STROBE 8o Ses Note 3
INPUT @ WA~
Seo Note 2 .._L =
PULSE = =
GENERATOR
See Note 1
200 mv
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A
1
| ov
|
. o1 —=d i th2 —i
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t 9 I ] 3v
STROBE i | !
INPUT | 15V . 16V
GorS | } ]
I —=f  je—tpuLio) | +——=— ov
PLH(D) o |- - | |
] | wLHsI—=] - o o= tPHLS)
\ | o
_ °U':"”T 18V 18V . ‘ 1.8V
Vou
NOTES: 1. The pulse ganerators have the following characteristics: 2o =601, ty = ty= 1048 ns, 154 = 500 ns, PAR = 1 MHz

P

tph2 = 1 ms, PAR = 500 kHz.

. Strobe input pulse is applled to Strobe 1G when Inputs 1A-18 gre being tested, to Strobe S when Inputs 1A-18 or 2A-28

ore being tested, and to Strobe 2G when Inputs 2A-28 are being tested.

. € inctudes probe and jig capacitence.
. All dlodes are INO16 or squivalent.
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<g> MOTOROLA

SEVEN CHANNEL LINE RECEIVERS

The MC75125 and MC75127 are seven-channel line receivers
designed to satisfy the requirements of the input/output interface

specification for IBM 360/370.

Special low-power design and Schottky-diode-clamped

sistors allow low supply-current requirements while maintaining fast
switching speeds and high-current TTL outputs. The MC75125 and

MC75127 are characterized for operation from 0 to 70°C.

* Meets IBM 360/370 I/O Specification
* Input Resistance —7 kH to 20 k£2

¢« Output Compatible with DTL or TTL
« Schottky-Clamped Transistors

* Operates from a Single 5 Volt Supply
+ High-Speed — Low Propagation Delay
« Ratio Specification —tpLHAPHL

« Seven Channels in One 16-Pin Package

« Standard Vcc and Ground Positioning on MC75127

TYPICAL APPLICATIONS
IBM 360/370 INTERFACE
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SEVEN CHANNEL
LINE RECEIVERS
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MC75125, MC75127

MAXIMUM RATINGS (T4 = 25°C unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage Vee +7.0 \
Input Voltage \ -20t0+70 \
Power Dissi {Package Limitation)
Ceramic Package Pp 1150 mw
Plastic Package : 960
Derate Above Tp = 26°C B 1/RgJA 7.7 mW/°C
O ing Ambient Temp Range TA 0to+70 C
Junction-Temperature T oc
Ceramic Package +176
Plastic Packege +150
Storage Temperature Range Tsrg -65 to +150 Sc
RECOMMENDED OPERATING CONDITIONS  *
Chargcteristic Symbeo) Min Typ Max Unit
Power Supply Voltage Vee 45 5.0 5.5 Vde .
High Level Qutput Current 1oH - - -0.4 mA
Low Level Output Current loL - - 16 mA
Operating Ambient Temp Range TA 0 - +70 OS¢

ELECTRICAL CHARACTERISTICS
{Unless otherwise noted, these specifications apply over recommended power supply and temparature ratings, Typical values measured at
Ta =25°Cand Vog = +5.0 V)

Characteristic Symbol Min Typ Max Unit
High-Levs Input Voltage . ViH 1.7 - - v
Low-Level Input Voltage Vip - - 0.7 A
High-Leve! Output Voltage (Vec =45V, V(L =07 V, IgH = -0.4 mA) VOoH 24 3.1 - \Z
Low-Level Gutput Voltege (Ve = 4.6 V, Vil = 1.7V, Ig) = 16 mA) VoL - 0.4 0.5 v
Migh-Levol Input Current (Vg = 65 V, Vi = 3.11 V) ™ 0.2 0.3 0.42 mA
Low-L.evel Input Current (Vco =58 V, V| =0,158 V} e - - -0.24 mA
Short Circuit Qutput Current® (Veg = 6.5V, Vg = 0) Ios -18 - -60 mA
Input Resistance (Vgc = 4.5V, 0 V, or Open, AV = 0.15V 10 4.16 V) [ 74 | - 20 k2
Power Supply Current . IccH - 15 25 mA

QOutputs High-Logic State (Vo = 6.5 V, IgH = ~0.4 mA, all inputs at 0.7 V) .

Power Supply Cirrent lccL - 28 47 mA

Outputs Low-Logic State (Vgc = 5.5 V, Igg = 16 mA, all inputs at 4.0 V)

SWITCHING CHARACTERISTICS (vog = 5.0 V, Ta = 25°C, R_ = 400 Q, C_ = 50 pF, unless otherwise noted. See Figure 1)

MC75125 MC76127
Characteristic Symbol Min Typ - Max Min Typ Max Unit

Propagation Delay Time ! ns

Low-to-High-Leval Qutput tPLH 7.0 14 .| .26 7.0 14 25

High-to-Low-Level Qutput PHL 10 18 30 10 18 30
Ratio of Propagation Delay Times tPLH/PHL 05 08 13 0.5 0.8 1.3
Transition Tima, Low-to-High-Level Output CUtTLM 1.0 70 12 1.0 7.0 12 ns
Transition Time, High-to-Low Level Qutput tTHL 1.0 3.0 12 1.0 3.0 12 ns

*No more than one output should be shorted at o time.
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MC75125, MC75127

Pulsa
Generstor
(See Notwe A)

NOTES:

A. The pulse gansrator hes the following cheracteristics:

FIGURE 1 — PARAMETER MEASUREMENT INFORMATION

AL =400 N2

{See Note C

CL=60pF

Zoye ™ 80 N2, PRR = 8 MMz,
8. € includes prabe and Jig capacitance.
C. All diodes aro MMD 7000 or equivalent.

Output

TEST CIRCUIT

100 ns
In—m ns —.' lo—io ns
av
90% 80% N
0.7V 1.7v i
; 10% oV
PHL PPLH
2V IV VoH
1.8V 1.2v
0.8 vV 08 v
—-I L_ VoL
je—triL TLH
VOLTAGE WAVEFORMS

FIGURE 2 ~ SCHEMATIC {EACH RECEIVER)
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1;. INPUT CURRENT {mA)
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Ige. SUPPLY CURRENT (mA)

1p, OUTPUT CURRENT (mA)

FIGURE 7 — SUPPLY CURRENT versus SUPPLY VOLTAGE
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MC75125, MC75127

TYPICAL CHARACTERISTICS

FIGURE 3 — VOLTAGE TRANSFER CHARACTERISTICS FIGURE 4 — VOLTAGE TRANSFER CHARACTERISTIC
versus AMBIENT TEMPERATURE versus SUPPLY VOLTAGE
5.0 - 50
L] M
s 4 s 40
g g Tp = 25°C
Veg=50V = A*
s 30 o 30 No Load
g Mo Lowd m Veg =55V —
5 T=00 5 50V
20 y £ 20 !
3 25°C 3 a5V —
S + S
> 709 —= >
10 0
(] 0
0 10 20 0 10 20
* ¥y, INPUT VOLTAGE (V) V), INPUT VOLTAGE V)

FIGURE 6 — LOW-LEVEL OUTPUT VOLTAGE
FIGURE 5§ — INPUT CURRENT versus INPUT VOLTAGE versus QUTPUT CURRENT




MOTOROLA

EIGHT-CHANNEL LINE RECEIVERS

The MC75128 and MC75129 are eight-channel line receivers
designed to satisfy the requirements of the input/output interface
specification for IBM 360/370. Both devices feature common
strobes for each group of four receivers. The MC75128 has an active-
high strobe; the MC75129 has an active-low strobe.

Special low-power design and Schottky-diode-clamped transistors
allow low supply-current requirements while maintaining fast
switching speeds and high-current TTL outputs. Both devices are
characterized for operation from 0 to 70°C.

Meets IBM 360/370 I/O Specification

Input Resistance —7 kJ2 to 20 kf2-

Output Compatible with DTL or TTL
Schottky-Clamped Transistors

Operates from a Single 5 Volt Supply

High-Speed —Low Propagation Delay

Ratio Specification - tpLHAPHL

Common Strobe for Each Group of Four Receivers

MC75128 Strobe - Active-High
MC75129 Strobe - Active-Low

TYPICAL APPLICATIONS
IBM 360/370 INTERFACE

DRIVER RECEIVER
MC8T13/23 MC75128/129
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MC75128
MC75129

EIGHT-CHANNEL
LINE RECEIVERS

L SUFFIX

CERAMIC PACKAGE

CASE 732

P SUFFIX

PLASTIC PACKAGE

CASE 738

PIN CONNECTIONS
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MC75128, MC75129

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

Rating Symbe! Value Unit
Powsr Supply Voitage vee +7.0 \
A lnput Voitaga via ~0.151t0 +7.0 v
Strobe Input Voltage Vis +70 v
Power Dissipation {Package Limitation) -
Caramic Psckago Pp 1150 mW
Plastic Package . ’ 860
Derato Above Tp, = 26°C 1/Rg a =77 mw/°C
o) ing A Temp ¢ Range Ta 0to +70 °c
Junction Temperature : Ty oc
Ceramic Package +178
Plastic Pockage i +150
Storage Temperature Range Tag -85 to +160 °c
RECOMMENDED OPERATING CONDITIONS -
Characteristic Symbol Min Typ Max Unit
Power Supply Voltage . Vece 45 5.0 65 Vde
High Level Qutput Current 10H - - -0.4 mA
Low Leval Qutput Current oL - - 16 mA
Op: 9 Ambient Temp Range Ta [ - +70 °
ELECTRICAL CHARACTERISTICS :
{Unless otherwise noted, these specifications apply over recommended power supply and tempergture ratings. Typical values measured at
Ta =26°C and Vpg = +6.0 V)
Characteristic Symbo! Min Typ Max Unit
High-Lsvel Input Voltsge VIH v
A Inputs 1.7 - -
S Inputs : . 2.0 = =
Low-Leve! Input Voltage ViL v
.A Inputs - - - 0.7
S Inputs - - 0.7
High-Lavel Output Voltage (Veg =45V, Vi = 0.7V, IgH = -04 mA) VOH 2.4 3.1 - \4
w-Level Output Voltage (Vo =45 Y, Vi = 1.7 V, loL = 16 mA) VoL - 0.4 0.5 v
Input Clamp Voltage (Vpg=4.5V, )= ~18mA, S Inputs) ; ViK - - -1.5 v
igh-Lavel Input Current (Vo =65 V, V)= 3.11V, A Inputs) : [ - 03 042 mA
(Veg =568V, V|=27V,S Inputs) - - 20 BA
Low-Leve! Input Current (Voo =55V, V| =0.158 V, A Inputs) . (TR - - -0.24 mA
- (Veg =58V, V=04V, S Inputs) - - -04
Short Circult Output Current * (Ve = 6.5V, Vg = 0) B los -18 - ~60 mA
m Vcc =45V, 0V, or Open, AV = 0,16 V t0 4.16 V) [ 7.0 — 20 k2
Powor Supply Current — Outputs High-Logic State, all inputs at 0.7 V ) leeH mA
(Voe = 5.5 V, Strobe st 2.4 V — MC76128) - 19 31
(Vec = 5.6 V, Strobe at 0.4 V — MC76129) - 19 31
Poiwver Supply Current ~ Outputs Low-Logic State, 8il inputs at 4.0 V lecw: mA
{(Vee = 6.5V, Strobe at 2.4 V — MC75128) ' - | 32 63
(Vee = 6.5 V, Strobo at 0.4 V — MC76129) - 32 53
SWITCHING CHARACTERISTICS (Vec=6.0V, Ta = 269C, Ri_ = 400 2, C = 50 pF, unless otherwise noted, Seo Figures 1 and 2)
MC76129
Characteristic Symbol [ Mczfsza T e ] Umt
Propagstion Deley Time — From A Inputs X ns
Low-to-High-Level Output . tpLHiA} 7.0 14 25 7.0 14 26
High-to-Low-Lavel Output ‘ tprLlA) 10 18 30 10 18 30
Progpagation Delgy Ttme — From S Inputs ns
Low-to-High-Levél Qutput tpLHIS) - 26 40 - 20 35
High-to-Low-Leve! Qutput . tpHLIS) - 22 36 - 16 30
Ratio of Propagation Delay Times — A Inputs [ tpLH{AMtpHyL(A} | 05 | 08 13 05 0.8 13
Trensition Time, Low-to-High-Lavel Output tTLH 1.0 7.0 12 1.0 7.0 12 ns
Trensition Tima, High-to-Low-Level Qutput tTTHL 1.0 3.0 12 1.0 3.0 12 ns

*No more than one output should Le shorted at a time.
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MC75128, MC75129

FIGURE 1 — PARAMETER MEASUREMENT INFORMATION

LOAD CIRCUIT VOLTAGE WAVEFORMS
INPUT
outPuT Vee {SeaNotes  goe ——— - = =3V
A, D, and E) %

400 2 - - - Veefe
FROM QUTPUT . :
UNDER TEST ' ov

. 1
(Ses Noto C) = oM = Oneey !

= B0pF |
= (Sea Noto B) :
OUTPUT

NOTES: A. Input pulses are supplled by a generator having the

following charactaristics: Zg = 50 2, PRR = 6 MHz,

8. Includes probe end jig capacitance.

C. All dlodas sre MMD 7000 or equivalent.

D. Tha strobe Inputs of MC75128 ara In-phease with the
output, .

€. Vyot1 = 0.7 V and Vygq2 = 1.7 V for tosting data (A)
Inputs, Vyofy = Vigf2 = 1.3 V for strobe inputs.

FIGURE 2 — SCHEMATIC (EACH RECEIVER)
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MC75128, MC75129

Vg. GUTPUT VOLTASE (V)

% INPUT CURRENT (mA)

TYPICAL CHARACTERISTICS

FIGURE 3 ~ VOLTAGE TRANSFER CHARACTERISTICS
versus AMBIENT TEMPERATURE
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FIGURE 4 - VOLTAGE TRANSFER CHARACTERISTIC
versus SUPPLY VOLTAGE
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MOTOROLA

DUAL LINE RECEIVER

The MC75140P1 is a dual line receiver with common Strobe and
Reference inputs. The Reference voltage is externally applied. This
voltage may range from 1.5 to 3.5 volts, thus allowing for adjust-
ment of maximum noise immunity in a given system design. The
MC75140P1 is intended for use as a single-ended receiver in MTTL
systems. Use in a party-line (bus-organized) system is aided by the
low input current of the receiver.

* Single +5.0-Volts Power Supply
*« +100-mV Sensitivity

*« Low Input Current

« MTTL Compatible Outputs

* Adjustable Reference Voltage

« Common Output Strobe

CIRCUIT SCHEMATIC
(1/2 Circuit Shown)

Vee

TYPICAL APPLICATION
HIGH FAN-OUT FROM A STANDARD MTTL GATE

Most MCS400/MC7400 devices are capable of maintaining
a2.4-volt level under loads up to 7.5 mA.
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MC75140P1

DUAL
LINE RECEIVER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

(top view)

PLASTIC PACKAGE
CASE 626

PIN CONNECTIONS

Vec  OUTPUT  REF. LINE
2 INPUT INPUT 2

nH=0j=TO=iZr
OUTPUT STROBE LINE GNO
1 INPUT INPUT 1

FUNCTION TABLE

LINE INPUT STROBE OUTPUT

Vref - 100 mv L H
Vro< w100 mV X L
X H L

Positive Logic
H = High Level, L m Low Level,
X * Nonsignificant



MC75140P1

MAXIMUM RATINGS (T4 = 0to +70°C unless otherwise noted.)

Rating Symbol Value Unit
Supply Voltage Vce 70 Volts
Referance Voltage Veet 6.5 Voits
Line Input Volitage (with respect to Ground} viiL -2.0t0 +6.56 Volts
Ling Input Voltage {with respect to Va¢) VL) ~Vref 5.0 Volts
Strobo Input Vohage — . Viis) 55 Vols
Power Dissipation {Package Limitation) Pp
Plastic Dual In-Line Package 830 mwW
Derate sbova T4 = +26°C 8.6 mW/°C
Operating Temp Range {Ambient) TA 010 +70 . 9
Sxomge Tomperature Range Tag -85 t0 +150 °c
REOOMMENDED OPERATING CONDITIONS
Rating Symbol Min Nom | Max Unit
Power Supply Voltage vece 4.5 50 5.5 Volts
Reference Voitsge Range Vref R 15 - 3.5 Volis
Input Voltage Range (Line or Strobe) VIR 0 - 5.5 Volts
Operating Ambient Temperature Range Ta 0 - +70 °c
ELECTRICAL CHARACTERISTICS (Ve = 5.0 V 210%, Viet = 1.510 3.5 V, Ta = 0 10 +70°C unless otherwise noted.)
Characteristic . Symbol Min Typ* Max Unit
High-Leval Line Input Voltage VIHIL) Vet + 100 = - mV
Low-Level Line Input Voltege VIL(L) - - Vet - 100 mvV
High-Lavel Strobe Input Voltage VIH(S) 20 - - Vols
Low-Lave! Strobe Input Voltage ViLts) - - 08 Volt
High-Level Qutput Voltage Vo;.- Volts
VIL(L) © Vief = 100 mV, Vi (s) » 0.8 V,Igy = -400 xA 24 - -
Low-Level Output Valtage . VoL Volt
VIH(L) = Viet + 100 mV, Vi (5) = 0.8V, gL = 16 mA - - 04
ViILIL) ™ Vref - 100 mV, Vil(s) = 20 V, IgL = 16 mA - - 04
| Strobe Input Clamp Voltoge Vits) Voits
l(s) = -12mA - . - -1.5
Strobe Input Current (st max Input VOltage) his) mA
Vigs) =S5V - - 20
High-Leve! Input Currents - BA
Strobe (V|(g) = 2.4 V) NH(S) - - 80
Line (Vi{L) = VG, Vref = 1.5 V) HH(L) - 35 100
Rofarence (Vegf = 3.5 V, Vi) = 1.5 VI HiH(ref) - 70 200
Low-Level Input Currents
Strobe (Viis) = 0.4 V) hts) - - -3.2 mA
Line (VI{L) =0 V, Vs = 1.5 V) hLw - - -10 HA
Reterence (Vrgf =0 V, Vi) = 1.6 V) : liL(ref) - - -20 HA
[ Short-Circuit Output Current® * tosg mA
Vec=65V -18 - -56
Supply Current {output high) IcCH - mA
Vigs) = 0 V, Vi(L) = Vret - 100 mV - 18 30
Supply Current {output low) fcecL ] mA
Viis) " OV, Vi(L) = Vit + 100 mV - 20 35
SWITCHING CHARACTERISTICS(Vee = 5.0 V, Vyef = 25 V, Cp = 15 pF, R = 400 £2, TA = +25°C unless otherwise noted.)
See Figure 1. .
Characteristic Symbol Min Tvp Max Usiit
Propagation Delay Time (low-to-high level output from Line input) PLH(L) = 22 35 ns
Propagation Del?y Time (high-to-low lavel output from Line input) PHL(L) - 2 30 ns
Propagation Delay Time {low-to-high level output from Stroba input) PLHIS) - 12 22 ns
Propagation Delay Time (high-to-low lavel output from Strobe input) tPHLIS) - 8.0 16 ns

*All typica! values ers 8t Vg = 6.0 V, T4 = +25°C.
**Only one output should be shorted st 8 time.
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MC75140P1

FIGURE 1 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS
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MC75140P1

f, FREQUENCY {MHz)

FIGURE 6 — GATED OSCILLATOR
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MOTOROLA

Specifications and Applications

Information

DUAL MEMORY DRIVER

The MC55325/75325 is a monolithic integrated circuit memory
driver with logic inputs, and is designed for use with magnetic
memories.

The device contains two 600-mA source-switch pairs and two
600-mA sink-switch pairs. Source selection is determined by one of
two logic inputs, and source turn-on is determined by the source
strobe. Likewise, sink selection is determined by one of two logic
inputs, and sink turn-on is determined by the sink strobe. With thit
arrangement selection of one of the four switches provides turn-on
with minimum time skew of the output current rise.

* 600-mA Output Capability

» Fast Switching Times

¢ Input Clamp Diodes

¢ Dual Sink and Dual Source Outputs
¢« MDTL and MTTL Compatibility

¢ 24-Volt Output Capability
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DUAL MEMORY DRIVER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
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MC55325, MC75325

MAXIMUM RATINGS (T4 = 259 unlass otherwise noted)

Note 1. Voltage velues ars with raspect to the network ground terminal.

Rating Symbol Value Unit TRUTH TASLE
Supply Voltage (Nota 1) vcer 7.0 Vde ADORESS INPUTS | STROBE INPUTS OQUTPUTS
e T - 50URCE | stk | source | sink | SOURCE | sINK
Vee2 26 Vde a 8lc o| 8 2 |w x{vz
{nput Voltage V)| 6.5 Vde L Wl T n | on "o om of
Ul
Power Dissipeiion (Packags Limiaton 17 A TR A
Ceramic and Plastic Packages 1.0 w L - w | on on o on
Derate above T = +25°C 86 mw/oC H MK H x x | ot on oo
Operating Ambient Temp Range T
M055n3325 . - A 56 10 +125 ¢ H = high lovel, L = low laval, X = {rrotevant
MC76325 0to+70 NOTE: Not mora thon one output is to be an
- t time.
Storage Temperature Range Tstg 65 to +150 o¢ st any ono time

ELECTRICAL CHARACTERISTICS (T4 = Tiou t0 Thigh unless otherwise notod! 1))

MCE6326 MC76326
Characteristic Symbol [ ¥in | Typt2) Max | Min | Typ'2) Max | Unit
Input Voltage — High Logic State Vih |20 - - 120 - - v
Input Voltage — Low Logic Stets viL - -lo8 | - - o8 v
input Clamp Voltage Vi -]-13[-17] -] 13]-17 v
{(Vecs =45V, Vo= 24 V, | =-10 mA, Ta = 259C)
Gutput Current — Of State Toff 2A
Vg1 =48V, Veea= 24 V) TA = Tiow t© Thigh - -] s00 | - — | 200
Ta = 25°C = 1301150 -] 30 ] 200
Output Voltage — High Logic State Vou 9| 3 - 9] 23 - v
(Vecy1 =45V, Vee=24 V, 19 =0}
Ssturation Voltagel) Viat v
Source Outputs
(Vec1=4.6 V., Vee2 = 18V, Iggyrce @ -600 mA, R = 24 ohms,
Note 4) . TA * Tiow 10 Thigh - - 1098 - — | o8
Ta = 26°C - | 043] 0.2 | - | 043} 0.76
Sink Outpurs
(Vee1 24.8 V, Vee2= 15 V, lgink ™ 600 mA, R = 24 ohms,
Note 4) TA * Tiow 10 Thigh - - ]09 - - | o8
Ta=26°C - ]043]107 | - | 043|075
Input Current at Maximum Input Voltege : [ mA
(Veer =55V, Vega=24 V. Vi =BB V) '
Address Inputs -1 -1]10 - - 110
Strobe Inputs - -1 20 - - 120
Input Current — High Logic State WH HA
(Vce1 =66V, Vecz=24V, Vi =24V) )
. Address Inputs - ]30]| 4 -1301] 40
Strobe Inputs ~ | 60} 80 -] 60| 80
Ipput Current — Low Logic State he mA
(Vec1=656V,Voc2=24V, V=04 V)
’ ' Address Inputs -|-10]-186 -1-10]|-18
Strobe Inputs - 1-20{3.2 -1]1-20|3.2
Supply Current — Output Condition Off Iccloff) mA
(Vee1 =66V, Vog2 = 24 V, Ty = 25°C)
From Vcey - 14 22 - 14 22
From Vee2 . - 17612 -1726}|2
Supply Current from Ve, Either Sink “On* Icet - |56 {7 ~ {65 |70 [mA
(Veey =56.6V, Voe2 =24 V, Igink = 50 mA, Ta = 26°C)
Supply Current from Vg2, Either Source “On" ] fcc2 - 13260 - 132 ]88 |mA
(Vcer =55 V,'Veg2 = 24 V, lgires = -60 mA, Ta = 269C)

(1) Tiow = -66°C for MCE5326, 0°C for MC75326
Thigh = +126°C for MCE6326, +70°C for MC75326
(2) Al typica! valuos are ot Ta = 26°C
(3) Not more than one output is to be “on*’ at any ono time.

{4) Saturation voltage must be maasured using pulse techniques: Pulse Width = 200 us, Duty Cycle < 2%
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MC55325, MC75325

SWITCHING CHARACTERISTICS (Vccy =50V, CL = 25pF, T4 = 26°C)

. MCE6326/MC76325
Charactsristics Symbol Min Typ Msx ' Unit
Propagation Delay Time to Source Collactors o i
(Vee2=15V. R = 24 ohms)  Low-to-High Leve! PLH - 28 50 ns
’ High-to-Low Love! tPHL - 25 50 n
Transition Time
(Voe2° 20 V. R = 1 kohims)  Low-to-High Leval tYLH - 55 - ns
High-to-Low Level” - - tTTHL - 7.0 - ns
Propagation Delay Time to Sink Outputs .
{(Vee2= 15V, R =24 0hms)  Low-to-High Leve! tPLH - - 20 . 45 ns
High-to-Low Leve! ~ - tPHL - 20 a5 ns
Transition Time -
(Vec2 =16V, R =24 ohms)  Low-to-High Level Output TLH - 7.0 16 as
High-to-Low Level Output tTHL - 2.0 20 ns
Storage Time to Sink Outputs ty - -16 30 ns
(Vce2» 15V, R = 24 ohmas) ’

FIGURE 1 — SWITCHING TIMES TO SOURCE COLLECTORS AND SINK OUTPUTS

BPLH
1o F1
tg—>
10%
l
FIGURE 2 - PROPAGATIdN TIME TO )
. SOURCE COLLECTORS
T
Tipen Vee2= 18V Gy
nput - 380 .
Veer = +8.0 V,

<
2 24

CoL
[N28 pF

\l

Putse . 4

Generator

Cy_ includes Probs
and Jig Capacitance
© . Source W Shown Under Test”

Rine

L Veer= +5.0V

Putse .

Generator|

= Vee1 = +50 Vv Rim

f—
v Input Puise Characteristics:
2o = 6§08, Pulse Width = 200 ns,
— tTLH = tTHL < 10 ns, Duty Cycle < 1%
9

ITLY

FIGURE 3 — PROPAGATION TIME,
TRANSITION TIME AND STORAGE TIME
TO SINK OUTPUTS

Yo Scope
. {Output}
To Scope Veca =+ 18V
(Input} " L
Veer - 243243
1 9
Y
4
C
25 pF J:,,",,:
Gnd -

€L includes Probe
end Jig Cepacitance

Sink Y Shown Undsr Test

FIGURE 4 — SWITCHING TIMES ON SOURCE OUTPUTS (See Figure 6)

—

. 3ov
1 Input C\
. ov

Input Pulss Chu-&wlslla'
tTHL " tTLH < 10 ns, Duty Cycle < 1%

Pulse Width = 200 rs
wsﬂ H 10%
TTLH tTHL -



MC55325, MC75325

FIGURE 6 — TRANSITION TIME ON SOURCE QUTPUTS

To Scope
{input) v

cc1 350

p——8 Vcea =20 V

V‘\! To Source
{Cutput)
Putse C,"-
Generator. X 28 pF{ ¢
= %’1 k
\
=21k
Aint /P2 Gy Includes
= Yec1 =450V Probe and Jig
- Copacltonce
Source W Shown Under Test
TYPICAL PERFORMANCE CURVES
FIGURE 6 — SOURCE COLLECTOR CURRENT FIGURE 7 — SINK OUTPUT VOLTAGE-HIGH STATE Voi
(Otf-Stata) varsus AMBIENT TEMPERATURE versus AMBIENT TEMPERATURE
IGOOEEE Ea
g
g ch-l.sv w
vm-ztv =
= 20 519
g ]
§ 100 = § 15
£ z g,
S &
20 7 Qo
o < 90
‘:'.: 10— g v v
— = | Veers
8 5o = = £ 8 veczeuy
o ~— -
s £ 30
- 20 a
1.0 £ 0
40 40 20 G 20 40 &0 60 (00 120 14 £ B 0 -5 % 50 % 100 . W25
TA, AMBIENT TEMPERATURE (9C) TA. AMBIENT TEMPERATURE (°C)
FIGURE 8 —~ SOURCE OR SINK SATURATION VOLTAGE FIGURE 9 — SOURCE OR SINK SATURATION VOLTAGE
versus AMBIENT TEMPERATURE versus SOURCE OR SINK CURRENT
08 T T 08 T
vec1=45V Vecr=45V
@ 07 Vepz=15V @ 071—vgea= 15V
2 Vsource 8¢ bink * IS 2
S os —+ S o0s
- 15 ™ 600 mA, Ry = 24Q @ Ta » 709C Ta = 25°%C
g gs)-susoma \ T E oer iy N
=1 Le . 5 Ta» 125°%C 1"
S 0 AN f ] 2 o Al 1\,
03 . _— S o3 s
s __.-—r-TJ - S o | TACIOC
5 02 / Ig~ 400 mA, By = 3600 { = 02 ]fTA:-sil: 1-i -
3 {5~ 300 mA, R - 480 8 |Rea]730 620 S0 610 a2z w5 30
> 01 > 0.1
| [ 1] 38 3 7] % 2
o] (] ] 1
6 50 2§ 25 50 100 125 %0 300 30 40 450 600 550 600 650
TA. AMBIENT TEMPERATURE (9C) 15, SOURCE OR SINK CURRENT (mA)
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MC55325, MC75325

APPLICATIONS INFORMATION
BASE DRIVE RESISTOR

An internal 575  resistor connected between the
V2 and the Rine terminals is provided in the MC55326/
75325 to supply sufficient base drive for source currents
to 376 mA at Vg2 of 15 Volts or 600 mA at Vg2 of
24 Volts. Connecting the R node to the Rjn: node
selects this internal resistor. [f source currents greater

than 376 mA are required, the Rjn¢ node should be left

open and an appropriate resistor connected between
Vge2 and the R node. This method allows source base
drive currents regulated to typically within £ 5%. This
has an added advantage of removing the power dissipated
in the resistor from the |C package, allowing the device to
source greater currents at a given junction temperature.

The value of the required external resistor in a parti-
cular memory application may be computed using the
following equation:

16 (VCC2 min-Vs2.2)
IL - 1.6 (VCC2 min-Vs-2.8)

Rext = 1

Where: Rgxt = k2.
Vg =the source output voltage referred to
ground.
I =mA.
During the load current pulse the power dissipated in
the resistor, Roxt is
~ 1L {VCC2 minVs2)

ext T3 @

PR
Where: PRgyt = MW.

The source collector current Ics is approximately 94%
of total load current, 1. The remaining current flows in
the base of the source transistor through the external
resistor Rex¢ or the source gate. See Figure 10 for added
details.

An internal pull-up resistor in parallel with a clamping
diode to Vg2 is provided at each sind-output collector to
protect against voltage surges generated by switching re-
duction loads.

FIGURE 10 — TYPICAL CIRCUIT USED
FOR Rgx; CALCULATION

Veez
les
Rext l
R
Ono Source
Section of )
MC78328 * Vs

Momory Eloment

|-

Ono Sink
Section of
Another MC78326

SELECTION MATRIX

The combination of current source and sink pairs
within the MC75325 is often utilized to implement a
selection matrix for core memory: systems. A typical,
simplified system is shown in Figure 11. -

The selection of any particutar Tine (line 7, for ex-
ample) is made by activating a particular, unique combin-
ation of two source/sink pairs. For an example, with
the Mode Select input high and BT low, current source X
of #1 MC75325 will be activated. This selects lines 4-7.
When input C4 goes low, on #4 MC75325, current will

flow through line 7 from source X (of device #1) to sink
Y of device #4.

Changing the logic state of device ¥1 to input DI
low, device #4 to input A4 low, and applying a low to
the Mode Select input, reverses the direction of the current
in line 7 with the #1 MC75325 sinking the current and
the #4 device sourcing it.

Drive line inductance and capacitance only limits the
number of drive lines a source/sink pair can drive and thus
the size of a matrix possible.
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FIGURE 11 —~ TYPICAL

APPLICATION - CORE MEMORY

oo — i o s i s il
ode oo [ T

A3 B3 T3 B3 AB BS B

SELECTION MATRIX
1 Drive Lines
A >—d A W Yevvo & Coros
st m rssod
B>—T"9° § .| yyy¥s
5 x
y
er>—f—qc 3 YYYYa "
s2
51 o ° | yyYey’
.y a 2 3 1 A A
..f 2 I X
R >— N EIIIT)
—t—q s1 M ' a 2t
B C
7 |_¥YyYYRY"
B - . 8
X
= ¢ ? 23340
—q s2
) de ° Ll _YYY¥T
. 12
A3 q A [ xY¥¥e
——q 51 M
c
B 1° 7 ([ _xeey®
5
X
= c :; YYY¥Y¥20 "
' —d §2
5 .,-“'z YYYY®
R PP
w Y X Z w Y X F4
MC?78325 MC78326
AS18 €s2D ASYB cs20D
Eg.
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MOTOROLA MC75450

DUAL PERIPHERAL
DUAL PERIPHERAL POSITIVE "AND" DRIVER

POSITIVE "AND" DRIVER
SILICON MONOLITHIC

INTEGRATED CIRCUITS

The MC75450 is a versatile device designed for use as a general-
purpose dual interface circuit in MDTL and MTTL type systems.
This device features two standard MTTL gates and two noncommitted,
high-current, high-voltage NPN transistors. Typical applications in-
clude relay and lamp drivers, power drivers, MOS and memory

drivers.
LSUFFIX P SUFFIX
¢« MDTL and MTTL Compatibility CERAMIC PACKAGE PLASTIC PACKAGE
. o CASE 632 CASE 646
¢ 300 mA Output Current Drive Capability (T0-116)
(each transistor)
« Separate Gate and Output Transistor for Maximum Design
Flexibility
« High Output Breakdown Voltage:
_ . SUB-
VCER = 30 Volts minimum Vee 2A 2y 2B 2C  2E STRATE
MAXIMUM RATINGS (T/\ =0to+70°C unless otherwise noted)
Reting Symbol Value Unit Positive Logic: Y * AG (gate only)
C m AG (gate and transistor)
Power Supply Voltage (See Note 1) Vee +7.0 Vdc
Input Voltage (See Note 1) Vin 5.5 Vdc
VcC',0"Substrate Voltage 35 Vdce CIRCUIT SCHEMATIC
Collector-to-Substrate Voltage 35 Vdc
-6 Vcc
Collector-Base Voltage VCB 35 Vdc
Collector-Emitter Voltage (See Note 2) VCE 30 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current (continuous) (See Note 3) 300 mA
Power Dissipation (Package Limitation) Pd
Plastic and Ceramic Du8l In-Line Packages 830 mw
Derate above =+25°C 6.6 mw/°C
Operating Temperature Range Ta 0 to +70 °C
Storage Temperature Range Tstg -65 to +150 °C

NOTES: 1. Voltage values are with respect to network ground terminal.
This value applies when the base-emltter resistance (Rqe> Is equel to or less
then 500 ohms.
3. Both halves of those dual circuits may conduct the rated current simultane-
ously.
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MC75450

RECOMMENDED OPERATING CONDITIONS {See Nots 4)
Charactesistic . ‘ Symbol Min Nem Max Unit
Supply Voltaga Vee 4,75 5.0 6.256 Vde
‘Nots 4. The substrato, pin 8, must always be at (ho most negative davice voltage for proper operation.
ELECTRICAL CHARACT ERISTICS (Tp = ot +7o°c unless otherwise noted.)

| Characteristic | Symbol | TestFig. | Min | Typ® | Max | uni |
MTTL GATES o o
High-Leve! Input Voltage Vin 1 ] 20 - - Vdc
Low:Leve! Input Voitage | ViL 2 - - 08 Vde
Righ-Level Output Voltage VoH 2 . Vdc
{Vec=4.5V,V|L =08V, Igy =-400 uA) 24 33 -
Low-Levsl Output Voltage VoL 1 . | Vvde
(VeG= 4.7V, Vi = 2.0V, IgL = 18 mA) - 022 04
High-Leval Input Current . H 3
(Vec=56.26 V, Vin=24 V) Input A - - 40 A
- lnput G - - 80
(Vec=6.26V, Vip =68 V) Input A - - 1.0 mA
Input G ' - - 20
Low:Level Input Current : e 4 : mA
(Vec=6.28V, Vin =04 V) fnput A - - -18
Input G - - -3.2
Short-Circuit Output Current** los 5 mA
Vec=56.25 V) -18 = -566
Supply Current B e [ mA
High-Level Qutput (Voo = 6.26 V, Vip = 0) ICCH - 20 4.0
Low-Level Qutput{Vepg =6.26 V, Vip = 5.0 V) IccL - 8.0 1
Input Clamp Voltags (Voo = 4.76 V, ljn = -12mA) Vin 4 - - -15 v
OQUTPUT TRANSISTORS
Characteristle’ Symbol Min Typ Max Unht
Collector-Bazs Braskdown Voltage VeBo Vde
(ig =100 A, Ig = 0) ) 35 - -
Collactor-Emltter Brezkdown Voltage VCER Vde
{lg = 100 uA, Rgg = 500 ohms) . 30 - -
Emittsr-Boso Breskdown Voltage - : VEBO . Vde
(lg = 100uA, Ic=0) 5.0 - -
Static Forward Transfer Ratio (See Note 5} hge
(Vg = 3.0V, Ic = 100 mA, Tp = +26°C) 25 - -
(VGE = 3.0V, Ic = 300 mA, T = +26°C) 30 - -
{(Veg =3.0V, Ic= 100 mA, T = 0°C) 20 - -
(VCE =3.0V, Ic = 300 mA, Ta =0°C) 25 - -
Boso-Emitter Voitage (Soe Note 65) - VBE Vde
(ig=10mA, Ic = 100 mA) - 0.85 1.0
(1g = 30 mA, Ic = 300 mA) - 1.06 1.2
Col Emittor S lon Voltage (Seo Note 6) VCE(sat) Vde
(Ig = 10 mA, Ic = 100 mA)} - 0.25 04
(g =30mA, Ic =300 mA) . - 05 0.7

Note 5. Thess parameters must be msasured using pulse techniques; t,y = 300 us, duty cyclo $2%.
*All typicsi values at Vg = 5.0 V, Ta = +26°C.
**Not mora than one output should be shorted at a time.
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MC75450

SWITCHING CHARACTERISTICS (vcg = 5.0V, T, = #25°C unless otherwite noted.)

| Characteristic | Symbol | TestFig. | Min | Typ | Mex | unit |
MTTL GATES
Propagation Delay Time (Cy_ = 15 pF, Ry = 400 ohms) ? ns
Low-to-High-Level Output PLH - 14 -
High-to-Low-Leve! Output WPHL - 6.0 -
OUTPUT TRANSISTORS #
Switching Times {ic = 200 mA, Ig(1) = 20 mA, Ig{2) = -40 mA, 8 ns
VBE(off) = 1.0 V, C_= 15 pF, R_ = 50 ohma)
Delay Time tq - 8.0 -
Rise Time t - n -
Storage Time t - 14 -
Fail Time 4 - 8.0 -
GATES AND TRANSISTORS COMBINED #
Propagation Delay Time (Ig = 200 mA, €| = 15 pF, R|_ = 50 ohms) 9 ns
Low-to-High-Level Qutput tPLH - 21 -
High-to-Low Level Output PHL - 16 -
Transition Time¥ (g = 200 mA, Cy_ = 15 pF, R(. = 60 ohms) 9 ns
Low-to-High-Level Qutput tTLH - 7.0 -
High-to-Low-Level Output . tTTHL - 8.0 -

=Voltage and current values are nominal; exact velues vary slightly with transistors parameters.

DC TEST CIRCUITS FOR MTTL GATES

FIGURE 1 - V. VoL

Vee

Both Inputs are testod simultanecously.

FIGURE 2 - Vy,Vou

Vee

Each input is tested separatsly.

(Arrows indi actual direction of flow. Cument into a terminal is a positive valua.)

FIGURE 3 - Iy

Vee

Each input is tested separately.
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MC75450

DC TEST CIRCUITS FOR MTTL GATES (continued)

FIGURES — Igg FIGURE 6 — lcen. lecL

Vee

Each gate Is tested separstely . Both gatss are tested simultaneously.

(Arrows Indicate ectusl direction of current flow. Currant Into & terminal Is 8 positive value.)

FIGURE 7 — PROPAGATION DELAY TIMES, EACH GATE

24V vee

ouTPuT 8.0V

PULSE
GENERATOR .
{See Noto A) L OR EQuIV
C =16 pF
SUBSTRATE {8ee Nots B)
NOTES: A. Thepulse g hes the f h istics: ty, = 0.8 us, PRRA = 1.0 MHz, 25 ¥ 80 0.

B. C includes probe and jig capecitence.

VOLTAGE WAVEFORMS

<6008 —ef [=S10ms
. i 3oV
1. 1.
INPUT
10% ov
] I-Wm.
Vou
18V

PLH

QUTPUT X 1.8V *
Vou
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TEST CIRCUITS (continued)

FIGURE 8 — SWITCHING TIMES, EACH TRANSISTOR
v

CUTPUT
L™ 18pF

;[ (su Nofl 8}

PULSE
GENERATOR
(See Nots A)
SUBSTRATE

NOTES: A. Thepulse hes the following ch istics: t,, = 0.3 43, duty cycle K 1%, 2,550 0.

8. C_ includes prebe and jig capacitance.

VOLTAGE WAVEFORMS
3ov
INPUT
j->—<1.0n3
ouTPUT

FIGURE 9 — SWITCHING TIMES, GA'I'é AND TRANSISTOR

1oAY

OUTPUT

INPUT Cy = 16 pF
A I (sa Note B)
PULSE I =
GENERATOR [
(Ses Nots A) |

NOTES: A. The pulse qmormr hu the. lollewlna chcucmmlu' tw = 0.8 us, PRR = 1,0 MHz, 2, < 60 1.
B. C__ includes probe and lla umlunu :

VOLTAGE WAVEFORMS

<5.0ns — <10 ns
20%- 3ov
INPUT 18V 5V

10% Z
ov

‘v

PHL

PLH

50% 10*] r80%

A\
truL—] f— o] J— "
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MOTOROLA

DUAL PERIPHERAL DRIVERS

These versatile devices are useful for interfacing digital logic to
industrial electronic systems. They are useful as lamp drivers, relay

drivers, logic buffers, line drivers, or MOS drivers.

MC75451
MC75452
MC75453
MC75454

DUAL
PERIPHERAL DRIVERS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

Each of these devices consists of a pair of MTTL gates with the
output of each gate internally connected to the base of a transistor.

MC75451 provides the AND function
MC75452 provides the NAND function
MC75453 provides the OR function
MC75454 provides the NOR function

* 300 mA Output Current Capability

+ Output Breakdown Voltage —30 V Min

¢ MTTL compatible Inputs

MC75451 - Positive AND

TRUTH TABLE

Y
L ("on” state)
L ("on" state)
L ("on" state)
H ("off" state)

I T~ >
I rIT - @

H high level. L low level
1 peer12 poee13

1A 1B iv GND
Positive Logic: Y = AB

MC75453-Positive OR

TRUTH TABLE

Y
L ("on" state)

H ("off" state)
H ("o ff state)

I T r r >

B
L
H H ("off" state)
L
H

high level. L tow level

Positive Logic: Y - A » B

U SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 693 CASE 626

MC75452 - Positive NAND

Positive Logic: Y = AB

MC75454 - Positive NOR

VCC 2B

TRUTH TABLE

Y
H ("off" state)
L ("on" state)

L ("on" state)

I T r >
-

L ("on" state)

H = high level, L = low level.

Positive Logic: Y * A ¢« B



MC75451, MC75452,, MC75453, MC75454

- MAXIMUM RATINGS {Ta = 0°C to 70°C unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage(1) - vee 7.0 - Vde
Input Valtage A 5.5 Vde
- Interemitter Voltage(2) - 55 Vdec
. Output Voitage(3) Vo 30 vde
Output Current{4} o 300 mA
" Power Dissipation ® T4 = 259C " Pp 830 _ mW
- Derate above T = +25°C 66 " mw/°c
(o] ing Ambient Temp e Range Ta " O0to+70 oc-
Storage Temperature Range Tsig | 65 t0 +150 °c
{1} Voliage values are with respect to nelwork ground mrmmal
{2) Thisis the voltage bi two emi ofs ipl
(3) This is the maximum voltage which should be applied to any output whnn it
15 in the “off" state,
(4) Both hatves of these dual circuits may conduct rated current simuitaneously;
. power dissi d over a short time interval must fall within the

continuous dissipation rating.

ELECTR'CAL anRACTERlSTlCS {Unless otherwiss noted, specifications apply for 4.75 > V,

¢ » 525V and 09C < T4 < 70°C)

Characteristic Figure | Symbol | Min Typ (1) | Max Uneit

Input Voitage — High Logic State 1,2 Vi 20 - - Vde

Input Voltage — Low Logic State 1.2 ViL - - 08 Vvde

Input Clamp Voltage 4 vy - -1.2 -15 Vde
(Ve =475V, I = -12mA)

Output Current — High Logic State. - 2 1oH - - 100 HA
(Ve =475V, Vg =30V, V| =20V} MC75461, MC75453
(Ve =475V, Vo =30V, VL = 0.8V} MC76452, MC75454

Output Voltege — Low Logic State 1 VoL Vdc
(Vec©4.75V, VL = 0.8V) MC75451, MC75453 .

(VGC=4.75V, Vi = 20 V) MC75452, MC75454
(1oL, = 100'mA) ' - 0.25 04
1oL = 300 mA) - 0.5 0.7

Input Current — High Loglc State 3 hH
(Vcc=5.25V,V|=24V) - - 40 BA
(Vec=5.25V,V = 55V) - . 10 mA

Input Current ~ Low Logic Stata 4 TR - -10 -16 mA
(Ve = 525V, V=04 V) -

Power Supply Current — Output High Logic State- 5 fcCH mA
(Ve =6.26V,Vy= 60V) MC75451 - 70 1
(Vec=6.25V, V) =0) MC75452 - 1 14
(Vec=5.26V,V|=560V) MC75463 - 8.0 1"

{(Vec= 525V, V= 0) MC75454 - 13 17

Power Supply Current — Output Low Logic State -] iccu- mA
(Vec=525V,.V =0) MC75451 - 52 65
(Vec=5625V, V|- 5.0 v} MC75452 - 56 n
(Vec=6.25V,.V|=0) MC75453 - 54 68
(Vcc=5.25V, V| 5.0V} MC75454 - 61 79

(1) Typical Values Measurad with Vog = 5.0V, Tp = 25°C.

TEST CIRCUITS

(Current into terminal is shown as a posmve value.

FIGURE 1- Vg,

V)N — MC75452 and MC75454
Vi - Mcmm and MC76453

. Vce

MC75451

ViL L
A:-)s'asa |

MC75452

MC75453

*Soa Page 1 for spacific gate type.
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MC78482

MC754561
MC78454

Vigor Vi

MC75453

™~

Arrows indicate actual direction of current flow )

FIGURE 2 ~ IgH,

V|H — MC75451 snd MC75453
V)L — MC76452 and MC76454

Vee

Eeach input is testsd separately.




MC75451, MC75452, MC75453, MC75454

SWITCHING CHARACTERISTICS (Vog = .0 V, Ta = +25%C untess otherwisa notod.)

Characteristic Symbol | Test Fig. | Min Tyo Max Unit
Propegation Delay Time
{lg 200 mA, Cy_ = 16 pF, Ry = 50 ohms)
MC78461
Low-to-High-Level Output . tPLH [ - 17 - ns
. High-to-Low-Love! Output PHL - 18 -
MC78462
Lowto-High-Lovel Output tPLH 6 - 18 - ns
High-to-Low-Level Output PHL - 16 -
MC756453
Lowsto-High-Level Output PLH 6 - 16 - . ns
High-to-Low-Laval Output . tPHL - 17 -
MC75454 ) ' :
l.ow-to-mghuvcl Oulput . o tPLH 8 - 25 - n
High-to-Low-Level Qutput PHL - 19 -

Transition Time
{10 ® 200 mA, C_= 15 pF, R = 50 ohms) -

MC76451 o Y
Low-to-High-Level Output tTTLH 6 - 6.0 - ng
High-to-Low-Level Output tTHL - 1 -
MC 76462
Low-to-High-Level Output . : TLH 6 - 80 - ns
High-to-Low-Level Output . TTHL - 20 -
MC76463 .
Low-to-High-Level Outpul tTLH [ - 6.0 - ns
High-to-Low-Level Output THL - 8.0 -
MC76454
Low-to-High-Level Output tTTLH 6 - 6.0 - ns
High-to-Low-Leval Output i . THL c - 8.0 -

TEST CIRCUITS {Continued}
-(Current Into terminal is shown a3 a positive value.

FIGURE3 -1y  Arrowsindicato sctual dirsction of flow)  FQURE 4 - 1yL.V,
(ALL DEVICE TYPES) {ALL DEVICE TYPES)
Vec Open :g;g::; asvVcc  Open
MC784B63 —
MC78454

V|.___

..lf_T

Each Input is tested separately. :_=E

Each input Is tested separately.

FIGURE § - IccH. IccL
{ALL DEVICE TYPES)

Vee Open

MC76453
MC78484

*See pepe 1 for specific gote type. Both gates are tastad simultansousty.



MC75451, MC75452, MC75453, MC75454

FIGURE 6 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

2.4 <5.0ns '——0 S10ns
MC76452 90% 90%
MC78483 and v
MC75451 Mc75454 MC76484 1.5 1.8v
MC768462 Input 10% . 10% P OV
W
WPHL WPLH
To Scope . .
; {Input) S0
To Scope €5.0 ns | <10 ns
{Output} input
! Pulse 90% 80%
Generator gL =16 pF 16V 1 15V
(See Note A} o8 Note B) MC76481 ; 10% 10% i ov
and tw
MC76453 teHL LR
Vou
NOTES:" A. Pulso gencretor characteristics: t,, = 0.5 ps, 90% 50% ‘50% 20%
PRR = 1,0 MHz, 25 =50 2 Output S 10% 10%
B. Cy Includes probe and, test ﬂxtuu,upncllmc.. All - VoL
Types l" ITTHL TTLH _..l fo—
REPRESENTATIVE SCHEMATIC DIAGRAMS
(1/2 Circuits Shown)
MC75451 MC75452
. . Vee
0 Vee —o
340k 216k 130
v Y
Ao _J ; AC—d
8 o- BO—
x iz $
o 1.0k 500 GND
+4—o D +—o
MC75453 MC78454
Vee
1 oVee —0
40k 16k 40k JiSo 1.6k2130
Y
Aoy '] v
8o
»
1.0k 800 1.0k 5060 |gnD
-0 GND 1 Q
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DUAL HIGH-VOLTAGE PERIPHERAL DRIVERS

MOTOROLA

The MC75461 thru MC75464 series is similar to the MC75451

thru MC75454 series peripheral

drivers; however, the MC75461

series features greater voltage capability allowing operation with

higher output voltages or with

inductive loads. These devices are

useful as lamp drivers, relay drivers, logic buffers, line drivers, or
MOS drivers.
Each of these devices consists of a pair of MTTL gates with the
output of each gate internally connected to the base of a transistor.

1A

MC75461 provides the AND function
MC75462 provides the NAND function
MC75463 provides the OR function
MC75464 provides the NOR function

300 mA Output Current Capability
No Output Latch-up at 30 V

MTTL compatible Inputs

iB

MC75461 - Positive AND

TRUTH TABLE

Y
("on" state)

("on” statel

T T >
-~ @

L
L
L ("on" statel
H (“off'state)

H = high level, L = low level.

3

vy GND

Positive Logic: Y *=AB

MC75463 - Positive OR

TRUTH TABLE

Y
L Con" stato)
H ("off" state)
H ("off" state)
H ("off" state)

I T - >
I - Ir-r®

high level, L =low level
|13
1y GND

Positive Logic: Y = A ¢ B

MC75461
MC75462
MC75463
MC75464

DUAL HIGH-VOLTAGE
PERIPHERAL DRIVERS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

U SUFFIX

P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 693 CASE 626

MC75462 - Positive NAND

vcc
TRUTH TABLE
A B Y
L L H("o(I" state)
L H Hro lI" state)
H L H ("off" state)
H H L (“on” state)
H " high level. L “ low level
2 3
1A iB 1y GND

Positive Logic: Y - AB

12|

MC75464 - Positive NOR

TRUTH TABLE

Y
H ("off" state)
L ("on" state)

L ("on" state)

I T rr >
I - I ®

L ("on" state)

H - high level. L “ low level.
[3
1y GND

Positive Logic: Y - A +B



MC75461, MC75462, MC75463, MC75464

e

MAXlMUM RATINGS (T4 = 0°C to 70°C untess otherwise noted.)

Rating Symbol Vatue Unit

’ Power Supply Voltage(1) . Vee 7.0 Vdc

Input Voltage ' Vi 5.5 Vde

[ itter Voltage(2) - - 55 -Vdc

Output Voitage(3) Vo 35 Vde

. Output Current{4) 10 . 300 mA

Power Dissipation @ T = 25°C G 830 ™

Derats shove Ta = +25°C : 6.6 mw/°C

i Operating Ambient Temp Range . TA 0t +70 Sc
Storage Temperature Range Tsg | 65 to +150 °c

{1) Voltage velues sre with respect to network ground temlmal

{2) Thisis'the

two emt

{3) Thisis the maximum voltage which should be zpplied to any output when it
is in the *oH" state.

(4) Both halves of thesa dual circuits may conduct ratod current nmuluneouslv.

, pawer di ged over a short time interval must fall within the
continuous dissipation rating.
ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for 4.75 3 Vo 2 5.25 V and 0°C ST <70°C)
Ch stic Figure |Symbol] Min TydV) | Max Unit
Input Voltase — High Logic State 1.2 ViH 20" | - - vde
Input Voltage — Low Logic State 1,2 VviL - - 08 vde
Input Clamp Voltoge . R 4 vi - -1.2 -1.5 Vdc
(Vec =475V, Ij = -12 mA)
Output Current — High Logic State 2 IoH - - 100 HA
(Vec =475V, Vg =36 V. Viy=2.0V) MC75461, MC75483
(Vcc =475V, Vo =35V, VL =08 V] MC76462, MC75464
Output Voltage — Low Logic Stats B 1 VoL Vde
(Vee =475V, Vi =0.8V) MC75481, MC75463
(Vee=4.75V, Vi = 2.0V) -MC75462, MC75464
toL = 100 mA ’ - 0.15 04
oL =300 mA Ca - 035 | 07
tnput Current — High Logic State - 3 [IT9)
~AVec=525V,V|=24V) - - - 40 BA
AVgc =626V, V)= 65 V) - - Ji10 mA
Input Current — Low Logic State 4 L - -1.0 -1.6 mA
(Vcc =526V, V; =0.4 V) - . :
Power Supply Current — Output High Logic State ~ ’ - 5 lccH mA
{(Vec =625V, Vi =50V} MC75461 - 8.0 1
(Ve =525V, VL= 0} MC75462 - 13 17
(Ve =525V, Vi =5.0V) MC78463 - - 80 n
(Vee =5.26 V, VjL = 0} MC75464 - 14 19
Power Supply Current —Output Low Logic State - - -] lecL mA
(Ve =826V, VL= 0} MC75461 - 61 76
(Vec=525V,V|H=50V) MC75462 - 65 76
(Vec =525V, Vi = 0} MC75463 - 63 76
(Vee =5.25V, Vi =5.0V) MC75464 - 72 85
(1) Typical Vatues Measured with Vo = 6.0 V, TA = 26°C )
TEST CIRCUITS
(Currem into terminal is shown as a positive vatue.
di sctua) directi f ﬂ
FIGURE 1 - Vg, ction o %) HGURE2 - 1oy,
Vi ~ MC76462 and MC76464 V4 — MC76481 and MC78463
Vi - MC75481 and MC76483 V)L — MC76482 snd MC76484
Vee vee N
MC76461 - MC78482
oL - ~
MC78481
ViH j MC?768484
ar
ViL v
oL
%:75«4 l = Viner Vi
MC78462 - = - = 'L MC78483
MC75463

“See Page 1 for specific gate type,
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MC75461, MC75462, MC75463, MC75464 o ae

SWITCHING CHARACTERISTICS (Vg = 8.0 V, Tp = +25°C unless otharwise noted.)

Charzcteristic Symbol [ Test Fig. | Min Typ Max Unit
Propagation Delay Time
{lg #2200 mA, Cg_ = 15 pF, A = 50 ohms)
MC75461
Low-to-High-Level Output tPLH 6 - 45 &5 ns
High-to-Low-Level Output tPHL - 30 40
MC75462
Low-to-High-Leve! Output PLH (] - 60 65 ns
High-to-Low-Level Qutput tHL | - - 40 60
MC75463
Low-to-High-Level Output ' PLH ] - 45 68 ns
High-to-Low-Level Output tPHL - 30 40
MC75464 .
Low-to-High-Level Output tPLH -3 - 50 65 ns
High-to-Low-Leve! Output PHL | - 40 S0

Transition Time
{19 =200 mA, C_ = 15 pF, A = 50 ohms)

MC?75461 i . .
Lowsto-High-Level Output ' TTLH 6 - 8.0 20 ns
High-to-Low-Level Output o TTHL - 10 20
MC75462 i
Low-to-High-Level Output - tTTLH 6 - 12 25 ns
High-to-Low-Level Output THL - 1% 20
MC76463
Low-to-High Level Output tTLH 8 - 8.0 26 as
High-to-Low-Level Qutput . TTHL - 10 2%
MC75484
Low-to-High-Level Qutput tTLH ] - 12 20 ns
High-to-Low-Level Output TTHL - 15 20
Output Voltage — High Logic Levet after Switching (Letawp Test) VOH ? Vs-10 - - mv

(Vg=30V 1o ~300mA)

TEST CIRCUITS (Continued)
{Current into terminel is shown as s positive value.
FIGURE 3 — Iy Arrows indicate actual direction of current flow.)  ceipE g - R
{ALL DEVICE TYPES) (ALL DEVICE TYPES)

MC75461 4 5 vV ‘
MC78462 CC  Open

MC76463 ——em }
MC76464° | __ rod==--
-
*

ViL e——

‘,'l ¥ ; —_'—

1
|
|
I

J

Each input is tested separately. . ' j,_.: = L= =

Each Input is testod soparately.

FIGURE 6 — IccH. fceoL
{ALL DEVICE TVPES)

Vee Open

MC75463
MC75464

*See page 1 for specific gate type. Both gotes oro toated simultansously.
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MC75461, MC75462, MC75463, MC75464

~ FIGURE 6 — SWITCHING TIMES 'I’ESTC!RCQIT AND WAVEFORMS

24V 04V
t MC78463
MC75481 MC78464 .
MG75462 Vee v
To Scope :
{tnput) L oum—— o l_ )
. — —_—— To Scope <10
. {Output) ns

i o.'-. * €= 18 pF 20%
(See Notea) —_— * (See Note 8) 1.8v
. . 10% e oV
tw
_ - I T
NOTES: A. Pulse gencrator cheracteristics: t,, = 0.5 us,
PRR = 1.0 MHz, 2, =50 <5.0 s 1 <10 ns
B. C includ be snd test fixtu e Input 3ov
L inclu um"e & xture capac me... Wk }F—
. 18V 15V
mcrsasr | [YI0% wx i1 ov
and tw
MC78463 PHL PLH
Lt v H
90% oon  ©
Output 50% 50%
utpu
P 10% 10% vou
Types l-— TTHL YLK —-I f—
FIGURE 7- OUWUT VOLTAGE AFTER SWITCHING TEST CIRCUIT AND WAVEFORMS
} = {LATCH-UP TEST)
Vg=30V
e
ToScops 0.4V . ° 6OV 2mH i
{input) 24V ‘le
MC78463 quu 100 0
MC?76481
To Scope
MC75462 {Outpur)
CL = 18pF
(See Note B) — —S<bm — —<10a
input (I [ 3v
McIsss1 so% X | ! f 90%
L L L and 1.5vY) A1sv
= = = MC75463 0% LU T4 N ov
[}
) —f | - K108 — <o
. Input \ i o0% o o —————— av
Mc7sie2 Hisv 15 v¥|
10% 10%
MC78464 ov
- .. Output . Vou
*See Page 1 for tpecific gats type. AlT f
—==. VoL
NOTES: A, The puise hss-the Istics: PRR = 12.5 kHz, 25,,~ 80 03

8. Cy_ includes probe and jig capacitance.
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MC75461, MC75462, MC75463, MC75464

) R_EPRESEN'.I'ATIVE SCHEMATIC DIAGRAMS

- (1/2 Circuits Shown)
MC76481 ' MC78462
Vee
0 Vee —0
v Y
A*—J i ‘ ! AO—1q
8o o Bo-
Yy 3
o
—0 GND —0
®
. MC75463 MC76464
Vee
- - ’ Vee ' ' ' ' —0
40k 1.6k 4.0k J 130 3.0k , . . . 130
Ao0—4 v Ao—w Y
B BO
xz r 9 £ 500 |ano
GND 1-°
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MOTOROLA

<8>

Specifications and Applications

Information

QUAD LED SEGMENT DRIVER - MC75491
HEX LED DIGIT DRIVER - MC75492

The MC75491 and MC75492 are designed to interface MOS logic

to common cathode light-emitting diode readouts in serially ad-
dressed multi-digit displays. Using a segment address and digit scan
LED drive method in a time multiplexing system results in a
minimizing of the number of required drivers.

L

Low Input Current Requirement for MOS Compatibility

Low Standby Power Drain

Source or Sink Current Capability of 50 mA for MC75491

Sink Current Capability of 250 mA for MC75492

Four High-Gain Darlington Drivers in a Single Package —MC75491
Six High-Gain Darlington Drivers in a Single Package —MC75492

MC75491 CIRCUIT SCHEMATIC
(1/4 Circuit Shown)

4k
~VW-
VsSs 0o
TO OTHER
TRUTH TABLE DRIVERS
INPUT  OUTPUT E OUTPUT C
L H
H L

H

5-140

MC75491

MC75492

MULTIPLE
LIGHT-EMITTING DIODE (LED)
DRIVERS
SILICON MONOLITHIC
INTEGRATED CIRCUITS

P SUFFIX
PLASTIC PACKAGE
CASE 646

CONNECTION DIAGRAMS

Emitter 1] 2
Collector 1|3

Output 1[1
Output 2| 2
Input 2 [T
GND [IT

Input 3|5

Output 3[6
Output 4|7

-£>3

c <}

re<Fk

14j Input 4

m  Emitter
?2| Collector 4
Hl vss

10| Collector 3
9 | Emitter 3
8 ) Input 3

14| Input 1
131 Output 6
121Input 6
111 Vss

10| Input 5
9 |Output 5
8 | Input 4



MC75491, MC75492

MAXIMUM RATINGS (T = 0 to +76°C unless otherwise noted.)

. 'Rating

Symbo!

Unit

Bias Supply Voltege (See Nots 1)

Vss

Vdec

input Voitage (See Note 2)

Vin

Vde

Collsctor Voltage (See Note 3)

Ve

Vde

Collector-to-Emitter Voltage ‘ . !

VCE

Vde

Cotlector-to-input Voltage

Vde

Emitter Voltage (Vin 5 5.0 Vdc)

Vei
VE )

Vde

Emitter-to-Input Voltage

VEI

Vdc

Continuous Collector Current {Each Collector)
(All Coltectors)

Ic

mA

Power Dissipetion (Package Limitation)
Ceramic and Plastic Dual In-Line Packages
Derate above Tp = +25%C

Pp

830
6.6

mwW
mw/°C

Ta

0 to 470

oc

Operating Temperature Range S
Storage Temperature Rangs )

Tsg

-85 to +150

°c

Note 1. Vgg terminal voltage is with respect to any other device terminal.
Note 2. With the exception of the inputs, the GND terminal must always be the most negative device voitage for proper operation.
Note 3. Voltage values are with respect to GND termina! unless otherwiss noted.

ELECTRICAL CHARACTERISTICS WSS =10 Vde, TA = 0 to +70°C unless otherwise noted.)

MC75491

MC75492

Characteristic i Symbol

Typ

Max

Typ

Max

Unit

Low-Leve! Collactar-to-Emitter Voltage VCEL
(Vin=85Vthru1.0k,1gL = S0 mA, . .
VE=50V)
Ta = +26°C
Ta =0to +70°C

09

1.2

Vde

High-Level Collector Current IcH
Ve =10V, VE =0, ljn = 40 pA
VCH=10V,VE=0, Vi =0.7 V.

100

100 -

Low-Level Qutput Voltage ’ : VoiL
Win =65 Vthru 1.0 k2, IgL = 250 mA)
Ta = +25°C
Ta =010 +70°C

Vde

High-Level Output Current 1oH
VoH = 10V, ljn = 40 pA o
Vor=10V, Via =05V

Input Current at Maximum Inpul Voltage lin
Vin= 10V, gL =20 mA

33 .

Emitter Current — Reverse Biss . . A feR
“ic=0,Vip=0,VE=50V

100 *

13

Bias Supply Current {(Vgg = 10 V) ' Igs

10

SWITCHING CHARACTERISTICS (Vsg = 7.5 V, T = +26°C unless otherwise noted.)

Propagation Detay Time, High-to-Low Leve! PHL
L=20002, Vyy=45V,C = 15pF, Vg=0
‘RL=398,ViH=75V,C_ = 15pF

20°

Propagation Delay Tims, Low-to-High Level - tpLH
CL=15pF, VE=0,R =200 2, Vil = 4.6 Vde
CL=15pF, R 2398, ViH=7.5Vdc

40°

81

*To collactor output.
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FIGURE 3 — COLLECTOR CURRENT versus INPUT CURRENT

1¢. COLLECTOR CURRENT (mA)

VcEelon), COLLECTOR-TO-EMITTER VOLTAGE (Vdd)

50

T
ve=25V

|

al—

Ve=0

]

30t

|
/
|

20

10

/

80 120
lin, INPUT CURRENT {uA)

180

FIGURE 5 — COLLECTOR-TO-EMITTER VOLTAGE (ON)

i versus COLLECTOR CURRENT
LY
Q-“ Y \
~ — /._.>-$~%m
- AT
08 /.;.%n —
g
It 25V
thro 1.0kS2
02
% 0 0 0 o %

1¢, COLLECTOR CURRENT (mA}

FIGURE 4 — CUTPUT CURRENT versus INPUT CURRENT
250

8
-

Vo= 25V

8
=~

1g, OUTPUT CURRENT (mA)
8
[

g

/
/

0 80 100 150 200 0 30 30 0
Tin, INPUT CURRENT A)

FIGURE 6 — OUTPUT VOLTAGE LOW versus QUTPUT CURRENT

19
et
3
2 e AR ——
g | e //,“»:Mam.l
- ¢
g 08 -] /4>.%n —
P~
-y
4
m 04
3
” Inpute 85V
g0 thru 1,040
uc 50 100 150 20 =0

10, GUTPUT CURRENT (mA)
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MC75491, MC75492

1g, COLLECTOR CURRENT (mA)

TYPICAL CHARACTERISTICS
{Vsg = +10 Vdc, T, = +26%C uniess otherwise noted.)
MC75491 MC76492
FIGURE 1 — COLLECTOR CURRENT vorsus INPUT VOLTAGE FIGURE 2 ~ OUTPUT GCSIM‘Z._. versus INPUT VOLTAGE
89, 2501
Vgo 28V /
Ve=0 \
48 M 0
] Vg=25V /
£ I
k] ax 150
3
5
2 g w /
2 /
o /
w0 80 \
0 0 w.
] ﬁ.m 10 15 20 25 0 05 10 15 20
Vin, INPUT VOLTAGE (Vde) Vin, INPUT VOLTAGE (VOLTS)
|




MC75491, MC75492 e

TYPICAL CHARACTERISTICS end

T SWITCHING TIME CIRCUITS T
FIGURE 7 - MC75491[MC76492 INPUT CURRENT FIGURE 8 — MC75491 SWITCHING CIRCUIT
versus INPUT VOLTAGE
BT 1 , -
L vsselov 78V
. VE o 0 (MCT5481); ® vee
.. 20— R <2200t 10V — L
g 1 . / !
£ ) ) r 3
- :
g 1s N '/ - i;n..-:oon
§ '/ P.“i" p——=® Output
/ Ganorator :

g 10 /r ({Sea Figure 9) AR CL = 16 pF
£ 8B ‘ MC75491

05 ,/

! 1 . . . = = 4

<
o _‘./ . : : GND (c._ includes probe'snd
0’ 20 407 60 80" 10 o L) eapulunu)
’ i " " Vin, INPUT VOLTAGE (Vdc) 3 : L R

FIGURE 9 — SWITCHING WAVEFORM DEFINITIONS FIGURE 10 — MC75492 SWITCHING CIRCUIT

726V
B L Vee

tTLH <10;|:-—E i—— —-l i-—trm‘.aon- {
' !

S
gRL=3a
= . - S Putse }
| o V ' Generator p——@ Output |:
t . OH {Saeo Figure 9) i
Output 1 \80’6 } BO% SRCL =16 pF
: -—=——Vor Mc75492 S
!pm.—‘-f PLH | . S R = -_J.L
The putsa genarator has the followlnﬂ chaucter nlu GND (Cy Inc!
25= 60 11, PRR = 100k Hz, PW = 1.0 s, S y '-;::::::::;‘,"" =
g )
R - TYPICAL APPLICATIONS
FIGURE 11 — QUAD-OR-HEX RELAY DRIVER FIGURE 12 — OUAD-OR-HEX LAMP DRIVER

Vec

Rslay
MC78491
or
MC75492

input
Input

(MC78491
only}
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MC75491, MC75482

TYPICAL APPLICATIONS (continued)
FIGURE 14 — QUAD HIGH-CURRENT NPN

FIGURE 13 — MOS-TO-MTTL LEVEL TRANSLATOR

TRANSISTOR DRIVER

OQutput
To MTTL

Input

Veer

Veez

FIGURE 15 — QUAD-OR-HEX HIGH-CURRENT

= Voo

be displayod using only two MC765491 and two MC78492 drivers.

NP TRANSISTOR DRIVER FIGURE 16 — BASE-EMITTER SELECT TRANSISTOR DRIVER
v,
cc Veeci g Veez
I
MC75491 Vss SR2 AL
c
MC78491 al Input
or o [=1]
MC78492 mc78a91 E
or
. Ry MC78492
Input
{MC75491 Ieput
oniy) €
v {MC76491
EE = only)
(Suitsble for use with common-snode VLED displays)
FIGURE 17 — MOS CALCULATOR CHIP-TYO-LED INTERFACE CIRCUIT
T
"""""""" o—1 - -
: R 8 (1/4 MC75491 Circult) =
1 Vs L 2 Packages AL
| c
_l Ot o B
] 8§ 'L ! 2
Oy
: —o-29y
._1 sbP |
S '
‘Mos :ABC EQ FQ GQ DI AQ BQ CO DO EOQ FOQ GO OP
Csiculator '} !
Chip 1 -
. l : Mult-Digit LED
' —'l [=)] Display
l—0 (N Digits)
B ® o e
= N(1/6 MC76492 Clircult) =
J:S—— 2 Packeges if N = 12
ON
— —o—| Vss
| > ®
= = =y = ==  This sxsmple uses time of the digits in & visible o dt
circuitry. Up to tweive digits, sech of which um s w isplay with point, may
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MC75491, MC75492

TYPICAL APPLICATIONS (continued)

FIGURE 18 — STROBED “NOR” DRIVER

Vee

2-MC75491
Circuits

Ry = Lamp or Relay

Input 1 Input 2

MC75491
or
MC75492

Strobe

Input
{MC 75491

= only)

FIGURE 19 — DC MOTOR SPEED/DIRECTION CONTROL CIRCUIT

. Spnd/blrcc(ion
+10 V Control
3 e e 1N4C01 1N4001
3560 1kS ::1 k or Equiv or Equiv
a8 S g S
VWV
E
1N9t4 |
or Equiv 7~ 390 pfF
SR160181]¢C
= 390 pFAR
3.9k C 1N4001 1N4001
AAA
I vy 10 or Equlv or Equiv
1N914 E
or Equiv Each amplifier symbol represents 1/4 MC76491 circuit (two packages total),
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SN75431

<g> MOTOROLA SN75432

Product Preview
DUAL
PERIPHERAL
DRIVERS

DUAL POSITIVE AND/NAND

PERIPHERAL DRIVERS SILICON MONOLITHIC
INTEGRATED CIRCUIT

The SN75431 and SN75432 are dual peripheral drivers designed
for systems employing either TTL or DTL logic. The SN75431
provides a positive AND function and the SN75432 provides the
positive NAND.

These devices provide a high-speed interface to medium-voltage JG SUFFIX
peripherals requiring drive currents up to 300 mA. Applications CERAMIC PACKAGE
include high-speed buffers, line drivers, MOS drivers, memory CASE 693
drivers, and power drivers.

Both parts are mechanically and functionally the same as the
75450B, 460 and 470 equivilents.

» Characterized for Currents Up to 300 mA
* Very Fast Switching Speed

e TTL or DTL Compatible

« Standard 5.0 V Supply

« Available in Both Plastic and Ceramic Package P SUFFIX
PLASTIC PACKAGE
CASE 626
SN75431 SN75432
Positive AND Positive NAND
8 VCC
Positive Logic Y « AB Positivo Logic Y = AB
Function Table (Each Orivor) Function Table (Each Orivor)
A B Y A B Y
L L L(on) L L H(off)
L H L L H H
H L L H L H
H H H H H L
H m High Level L* Low Level

This is advance information and specifications are subject to change without notice.
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DUAL PERIPHERAL DRIVERS

SN75451BP
SN75452BP
SN75453BP
SN75454BP

DUAL
PERIPHERAL DRIVERS

These versatile devices are useful for interfacing digital logic to

industrial electronic systems. They are useful as lamp drivers, relay

drivers, logic buffers, line drivers, or MOS drivers.

SILICON MONOLITHIC
INTEGRATED CIRCUITS

Each of these devices consists of a pair of MTTL gates with the
output of each gate internally connected to the base of a transistor.

SN75451BP provides the AND function
SN75452BP provides the NAND function
SN75453BP provides the OR function
SN75454BP provides the NOR function

* 300 mA Output Current Capability

+ Output Breakdown Voltage —30 V Min
« MTTL compatible Inputs

« Guaranteed AC Limits

SN75451BP - Positive AND

TRUTH TABLE
A B Y
L L L ("on" state)
L H L ("on” state)
H L L ("on" state)
H H H ("off” state)
H - high level. L low level

1B 1y GND

Positive Logic: Y = AB

SN754538P - Positive OR

TRUTH TABLE
A B Y
L L L (“on" state)
L H H ("off state)
H L H ("off state)
H H H ("off- state)

H high level. L low level
1B 1y GND

Positive Logic: Y - A ¢ B
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U SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 693 CASE 626

SN75452BP - Positive NAND

vcec

TRUTH TABLE

B Y
L H("off" state)
H  H ("off* state)
L H("off" state)
H

T T~ - >

L ("on" state)

H high level. L =low level

Positive Logic: Y = AB

SN75454BP - Positive NOR

Positive Logic: Y * A ¢ B



SN75451BP, SN75452BP, SN75453BP, SN75454BP

MAXIMUM RATINGS (T4 = G°C to 70°C untess otherwise noted.)

Rating Symbol Value Unit

" Power Supply Voltagel1) vee 70 Vdc
Input Voltage A7) 5.5 Vde
Interemitter Voltage(2) - 5.5 Vdc
Output Voltage{3) Vo 30 Vde
Output Current(4) lo 300 mA
Power Dissipation @ T, = 26°C fp 830 mW

Derate sbove Tp = +25°C 66 mw/°C

Operating Ambient Tomp e Range Ta 0to +70 oc
Storage Temperature Range Tgg | -6510 +150 oc

(1) Voltage values are with respect to network ground terminal.

{2) This is the voltage between two emitters of a multiple-amitter transistor.

(3} This is the maximum voltage which should be apptied to any output when it
is in the “off" state. '

(4} Both halves of these dual circuits may conduct rated current simultanecusly;
however, power dissipation gveraged over a short time interval must fall within the
continuous dissipation rating.

ELECTRICAL CHARACTERISTICS (Uniess otherwise noted, specifications apply for 4.76 > Ve > 5.25 V and 0°C < T < 70°C)

Charasteristic Figure | Symbol | Min Typ (1) | Max Unit
Input Voitage — High Logic State 1.2 VIiH 20 - - Vde
Input Voltage — Low Logic State 1,2 ViL - - 08 Vdc
fnput Clamp Voltage 4 vy - -1.2 -15 Vdc
{(Veg = 4.75V, 1) = -12mA)
QOutput Current — High Logic State 2 [+1"] - - 100 HA
(Vec =475V, Vo= 30V, Vi =20V) SN75451BP, SN76453BP
(Vec=4.75V, Vo =30V, V| =0.8V) SN754528P, SN754548P
Output Voltage — Low Logic State . 1 Vou Vde
(Vee=4.75V,V) =0.8V) SN75451BP, SN754538P ’
. Vee =475V, V= 20V) SN75452BP, SN75454BP
(gL = 100 mA) - 0.25 0.4
{lgL = 300 mA) - 05 0.7
Input Current — High Logic State 3 [T
(Vee=5625V,V;=24V) - - 40 BA
(Vgc =525V, V) =565V} - - 1.0 mA
Input Current — Low Logic State 4 [T - . =10 -1.6 mA
(Vee = 5.25 V.V =04 V) -
Power Supply Current — Output High Logic State 5 IccH mA
{Vee = 5.25V, V=50 V) SN754518P - 70 1
(Vec =525V, V; = 0) SN75452BP - 1 13
(Vec=5.25V,V =50V| SN754538P - 80 n
{(Vee = 5.25V, Vy = 0} SN754548P - 13 17
Power Supply Current — Output Low Logic State 5 1 mA
(Vec =525V, Vi =0 -- SN754518P : cee o 82 | 65
(VeG = 525V, V| = 6.0 V) SN754528P - 56 7
(Vec=6.25V,V| =0} SN754538P - 54 68
{Vcc = 5.25V, V| = 50 Vi SN75454BP - 61 79

(1) Typical Vatues Measured with Vo = 5.0 V, T = 25°C.

TEST CIRCUITS
* {Current into terminal is shown as a positive value.

- Arrows indicate actus! directi f t flow.|
FIGURE 1 - VoL, ws indi direction of current flow.} FIGURE 2 - Igp,
VH — SN754528P and SN75454BP ViH — SN75451BP and SN754538P
VL — SN76451BP and SN754538P ViL — SN754528P and SN75454BP
Vee Vece
SN75451BP SN754528,
ot -
SN754518BP
Vin SN75454BP “~a,,
or
ViL
= Vinor Vi

SN754548P l l
SN76452BP = T = T T SN754538P
SN754538P

*See Page 1 fOr specific gats type. Each input Is testad soparately.
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SWITCHING CHARACTERISTICS (Vg = 5.0 V, Ta = +259C unless otherwise noted.)

Charzctovistic Symbo! | Test Fig. | Min Typ Max Unit
Propagation Delay Time
(10 =200 mA, C_ = 15 pF, R = 50 ohms)
SN764518P
Low-to-High-Level Output PLH 6 - 17 25 ns
High-to-Low-Level Output tPHL - 18 25
SN754528P
Low-to-High-Leve! Qutput PLH 6 - 18 35 ns
High-to-Low-Leve! Output tPHL - 16 35
SN754538P
Low-to-High-Level Output PLH 6 - 15 25 ns
High-to-Low-Level Output tPHL - 1? 25
SN75454BP
Low-to-High-Level Output PLH 6 - 25 as ns
High-to-Low-Level Output - PHL - 19 35

Transition Time
{lo =200 mA, C_ = 15 pF, R = 50 ohms}

SN754518P
Low-to-High-Level Output TTLH 6 - 6.0 8.0 ns
High-to-Low-Level Qutput ’ ' THL - 8.0 12
SN75452BP
Low-to-High-Level Ou tput tTTLH 6 - 60 80 ns
High-to-Low-Level Output tTHL - 9.0 12
SN754538P
Low-to-HighLeve! Output tTLH 6 - 5.0 80 ns
High-to-Low-Leve! Output TTHL - 8.0 12
SN75454BP '
Low-to-High-Level Output 7L | 6 - 6.0 8.0 ns
High-to-Low-Level Output TTHL - 8.0 12

TEST CIRCUITS (Continued)
(Current into terminal is shown as a positive value.
FIGURE 3 - Ii4 Arrows indicate actual direction of current flow.)  cieinE g - vy

(ALL DEVICE TYPES) {ALL DEVICE TYPES)
Vee Open SN754518P 45VvVCC  Open

SN764628P \I

SN754538P wmmem
SN75454BP 'L_E‘ ‘t“ —————

Vi o——— *
O—L'

2
fi

Ul

Each input is tested soparately.

Each input Is tasted separataly.

FIGURE 6 - lccH. lccL
(ALL DEVICE TYPES}

Vee Open

SN7646518P

SN764828P N

SN765453BP /
SN75454BP

*Sos page 1 for specitic gate type. Both gates are testod simultansously.
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SN75451BP, SN75452BP, SN75453BP, SN75454BP

FIGURE 6 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

24V 04v <5.0ns

r————Gmns

SN754628P
SN754538P and 90% 80%
SN754518P o SN75454BP SN754648P 1.5v 1.5V
SN754528P vee v Input 10% . 10%>%___ ov
PHL WLH
To Scope
{Input) 50 )
——— To Scope 5.0 ns { €10 ns
- {Output) Input 3av
Pulse \ * 90% 90%
Genaerator il (gl. =15 pF 1.5Vv / 1.5v
(See NotoA) — = - o2 Note B) SN754518P ! 10% 10% | ov
and tw
. A L SN?754538P oL PPLH
= - c —— Vou
NOTES: A. Putse gencrator charocteristics: t,, = 0.5 us, 90% 50% 50% 20%
PRR = 1.0 MHz, 2, 60 §1 Output N\ 10% 10%
B. C includes probe and test fixture capacitance. Al Vou
Types l-._ TTHL tTLH .., b
REPRESENTATIVE SCHEMATIC DIAGRAMS
{1/2 Circuits Shown}
SN754518P SN754528P
Vee
0 Vee ' o
> >
340k 216k ;1.63/% 130
< <
. . Y
Y
A o—v-/ ;
8o
o
4 ] b $
>1.0 k ;» 500 GND
0 GND 1 0
SN764538P SN7564548P
! oVee
4.0k 1.8k 4.0k jtso 4.0k
.
] :)—f\ A e
B8 8
X3 1.0k 500 L 3
GND
T <
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m MOTOROLA

Specifications and Applications

Information

4x4x2 CROSSPOINT SWITCH

The MC3416 consists of a pair of 4 x 4 matrices of dielectrically
isolated SCR's, triggered by acommon selection matrix. The device is
intended for switching analog signals in communication systems. The
use of dielectric isolation processing provides excellent crosstalk
isolation while maintaining minimal insertion loss.

The selection array consists of PNP transistors with the input

thresholds compatible with either CMOS or TTL logic families.
The MC3416 is a monolithic pin-for-pin replacement for the
discontinued MCBH7601 hybrid device.

* Low Series Resistance —ron = 6.0 Ohms (Typ) @ la K = 20 mA
* High Series Resistance —r0ff = 100 MJ2 (Min)

* Pin Compatible with MCBH7601 or RC4444

* High Breakdown Voltage —30 V (Typ)

* Selection Matrix Compatible with TTL or CMOS Logic Levels

» Dielectric Isolation Insures Low Crosstalk and Low Insertion Loss

FIGURE 1- REPRESENTATIVE CELL SCHEMATIC
(Repeated 16 Times)

Anodo Al Anode A2
(B1.C1.D1 (B2.C2.D2
Row Select are Equivalent) era Equivalent)

w
(X.Y.Z are Equivalent) o

Cathode croi SCR2
w1 SCR1
(X1,Y1,Z1 are Equivalent) Cathode W2
D1 6 D2 (X2.Y2.Z2 are Equivalent)

Column Select A
(B.C.D are Equivalent)

FIGURE 2 - MATRIX CONFIGURATION AND NOMENCLATURE
(X Indicates a Possible Connection)

A B'Column. ¢ D
12 12 12 12
i Associotod Pairs
/ Triggered
A A Simultaneouily
- \
/ /
o / / B >
/ /

6-3

MC3416

4x4x2 CROSSPOINT

SWITCH

DIELECTRICALLY ISOLATED

MONOLITHIC

INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 623

Column r
Scl#ct A |
Column |
ScicctO |
Column j
s#lrct C |
Column |
sil*ctD |
Cathodo | Z
z1 |

Row S«l*ct| ~

CAthodo | 1
(Y t—
Anode |
02 1

P SUFFIX
PLASTIC PACKAGE
CASE 649

PIN CONNECTIONS

| Cathod*
1 x2

__ | How Select

il X

22 1 Cathod*
1ow2

1calhodo
151 WL
| Row Salact

“I Cathoda
131 X1

[



MC3416

MAXIMUM RATINGS (Unless otherwise noted, T = 26°C)

- Reting Symbo! Velue Unit
Anodg-Cathode Current — Continuous “lak T 180 " mA.
{only one SCR at a tims) -
Enable Current 1 10 .mA
Oparating Ambient Temp: Range TA 0o +70 °c
) . |:Storage Temperature Range Tug -85 to +150 ocC
Junction Temperature Range T) 160°C °c
. .- ) o
ELECTRICAL CHARACTERISTICS (Unless otherwisa noted, T = 0 to 70°C)
- . Charscteristic Symbol Min Max Unit
Anode Cathodae Breaskdown Voltage BVaK 25 - Vde
{1ax = 254A) ;
Cathode-Anode Braakdown Voltage - -+ - . Bvga 26 .. - Vde
{IkA = 254A) :
Basa-Cathode Breakdown Voltage- 8Vgyk .26 - Vde
(IgK = 25pA) .
Cathode-Base Breakdown Voltoge Bvgg 25 - vdc
{Ikg = 26uA) -
Base-Emitter Braakdown Voltege BVge 25 - Vdc
(IgE = 25uA) .
Emitter:Cathode Breakdown Voltage BVEK 26 - Vde
gk = 254A)
OFF State Resistance Toff 100 - M
(Vak-=10V)
Dynamic ON Rosistance fon a2
(Center Current = 10 mA) (See Figure 8) 4.0 12
{Center Current = 20 mA) 20 10
Holding Current "] 07 3.0 mA
{Sea Figure 10)
Enable Current IEn 4.0 - mA
(Vg = 15 V) {See Figue 7)
Anode-Cathode ON Voltage VAaK v
{lak = 10 mA) - 1.0
{laK = 20 mA) - 1.1
Gate Sharing Current Ratio @ Cathodes Ggh 08 126 mA/mA
(Under Select Conditions with Anodes Open) {See Figure 3)
Inkibit Voltage Vinh - 0.3 v
(Vg = 3.0 V) (Seo Figure 8) ,
Inhibit Current linh - 0.1 mA
(Vg = 3.0 V) (See Figure 8)
OFF State Capacitance " “Coff - 20 pF
{VAK = 0 V) ( Seo Figure 6)
Turn-ON Time ton - 1.0 Hs
{See Figure 4)
Minimum Voltage Ramp (Which Could Fire the SCR Under dv/dt 800 - Vius
Transient Conditions)
FIGURE 3 — TEST CIRCUIT
4.5 mA




MC3416

FIGURE 4 — TEST CIRCUIT FOR dv/dt AND tgq

Clock O—¢- -
A
3 Q . - ]
. : [ 32 IOA
g € e "
. p—1K2 =
K @ |~ K & k1 @
. c
% MC7473 g - 8 Vo l
Scope 3l 7 18 $———0VE Scopo
- { 17 O V¢ Scope
T =D T =31 Twowire -
1k ! j—l Crasgpoint
Ly = = 2 — ol —— In Etement
v 100k ["1 uonk 1 Under Test
%}—K +——1— 045V
’ ¢ ~—0 V; Scopo
D l BV
% MC74 . 4 V O +10V
Each % MC7400 1k ) pn
D—D: . © VK Scops

FIGURE 6 — TEST WAVEFORMS FOR dv/dt AND 1

Inputs ﬁ

ViandVy +10V
+BV

8.26 u-—-|_-1~ I-—e. e

+0.8 V — e

<+88V

Vgand Vg
Output

<425v—>

ton < 1us
{at BO% Amplitude Polats)

—s

[~ Timo < 26 us

dv/dt Tast SCR Must

Remain OFF

for dv/dt < 800 V/us

FIGURE 8 — TEST CIRCUIT FOR OFF-STATE CAPACITANCE

Blas High
L/c Davice
Moter * Under
Low Test

All Device Pins Other Than Pins
Under Test Are Connocted to Test
Eguipment Ground Terminal

*Three-Termingl, Guarded, Differontlal Capacitance Meter

1

FIGURE 7 — ENABLE CURRENT
{Both SCR’s Must Turn On}

10V le

v

FIGURE 8 — THE CROSSPOINT SCR
1V CHARACTERISTIC (ig = 0}

v Broskdown
X Voltage
e—— fon =
X ¥ s
4
——

FIGURE 9 — INHIBIT VOLTAGE AND INHIBIT

CURRENT (Both SCR’s Must Remain CFF)

Vinh

10V 3av v
o—0

finh
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TYPICAL CHARACTERISTICS

FIGURE 10 — HOLDING CURRENT versus
AMBIENT TEMPERATURE

20
3!.:
-
&z [e——
€12 =
o I
“
=
& agf
(=3
=
=

04

]

0 0 10 2 30 40 S0 6 .70 8 80

TA, AMBIENT TEMPERATURE (°C)

FIGURE 12 — DIFFERENCE IN ANODE-CATHODE ON
VOLTAGE (Betwoen Associate Psirs of SCR's)
versus ANODE-CATHODE CURRENT

£100

8

VOLTAGE (mV}
w
8

[
~
=]

ol b1
0 20 40 60 80 10 12 4
JAK, ANDOE-CATHOOE CURAENT (mA)

1 18 20

FIGURE 14 — DYNAMIC ON RESISTANCE versus ANODE-

CATHODE CURRENT

"
- 12 AN
g .
S i
] I N
= T~y
239 ——
7]
@8 —
E 5o
o
=
F¥T]
E
-]
S0

0

0 20 40 60 80 10 12 W 15 18 20

JAK, ANODE CATHODE CURRENT (mA)

6-6

ron, DYNAMIC RESISTANCE (OHMS)

VAK. ANODE-CATHODE(VOLTS)

Cot1, OFF STATE CAPACITANCE (pf)

FIGURE 11 — ANODE-CATHODE ON VOLTAGE versus

CURRENT AND TEMPERATURE
11
T
1.0 T L
TA=0%C ol L et
09 /‘/ - | et
A "]
/' 80— ==
08
76°C
07
04
0 20 40 60 80 10 12 u % "8 20

1AK, ANODE CATHODE CURRENT {mA}

FIGURE 13 — OFF-STATE CAPACITANCE versus ANODE-

CATHODE VOLTAGE
10
03
08
5..._‘..‘.
07 g
8 -
.5 =
M
05 \\
04
03
02
[ K]
0
01 02 05 18 20 s0 10 20 50 100
VAK. ANOBE-CATHODE VOLTAGE (VOLTS)
FIGURE 15 — DYNAMIC ON RESISTANCE versus
AMBIENT TEMPERATURE
10
-
et 1AK » 10 mA
80 -
60
1AK = 20mA
40
20
0
o o 10 20 30 40 S 6 0 8 S0

TA.AMBIENT TEMPERATURE (°C)
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FIGURE 16 — FEEDTHROUGH versus SIGNAL FREQUENCY FIGURE 17 — CROSSTALK vorsus SIGNAL FREQUENCY
-50 50
10 0
’
1" %
= _ %
z zall s /
g -0 x .90 /l
E J 2 %
Z-100 < 2 100
2 // X | x ' 1
L AL | St ° L] t5ee Figuta 19)
o =110
i 7 = [ >
120 o 120 P et
A 1
130 a3
(Y] 25 10 50 10 50 100 o1 05 10 010 50 100
SIGNAL FREQUENCY (kHz) SIGNAL FREQUENCY (kHz}

FIGURE 18 — TEST CIRCUIT FOR FEEDTHRGUGH versus FREQUENCY

rarTiul.
PN
[ Sty |
600
1k . ‘
M ) < Wave
1 uF . 6005 Vo Analizer
1k - -20v . l
. .
i)
. 1 NTA
) | ]
‘ B AT U2
‘Ta= 28%¢, v| = 12dBm, Crosspoints Off
Fesdthrough = 20 Logyg (vg/v;)

FIGURE 19 — TEST CIRCUIT FOR CROSSTALK versus FREQUENCY

Hr LAl
1 1
LY :
600 . )
1k . t
'vA - <
>
1 uf Vo1 ;»Gon
1k L -20v |
==
1 u\ L
' Yu2
o-la
ree10a
1 i
-
1k I
! —A\A S Wave
600 3: o= 1KF 600¢ Vo2 Anatizer
1k L -20v l
r-==
H
' T UB  T4=25%, v = 12dBm, Cresspoint On

Crosstalk = 20 Logqg (vg2/vel)
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MC3416

.. TELEPHONE APPLICATION OF THE CROSSPOINT SWITCH

The MC3418 crosspoint switch is designed to provide
8 low-loss analog switching elemient for telephony signals.
It can be addressed and controfled from standard binary
decoders and is CMOS compatible. With proper system
organization the MC3418 can significantly reduce the size
and'eqst of existing erosspotqt matrices.

SIGNAL PATH CONSIDERATIONS o

The MC3416 is abalanced 4 x'4 2-wire crosspoint array,
It is ideal for balanced transmission systems, but may be
applied effectivély in a number of single ended applications.
Multiple chips may be interconnected to form larger cross-
point errays. The major desigh constralnt in using SCR
crosspoints is that a forward dc current must bé main-

T

Emittor Salocts

*8 CMOS Outputs

teined through the SCR to retain an ac signal path. This
requires that each subscriber-input to the array be capable
of sourcing dc current as well as its ac signal. With each
subscriber acting as a dc source, each trunk output then
acts as a current sink, The instrument-to-trunk connection
in Figure 21 shows this configuration, However, with each
subscriber acting ‘as a'dc source, some method of inter-
_connecting them without a trunk must be provided. Such
“a"local ‘or infercom termination is shown In Figure 22.
-Here both subscribers source dc current and exchange ac
signals. The central current sink accepts current from both
‘subscriberswhile the high output Impedance of the current
sink does not disturb the system.
“These configurations are system compatible. The d¢

FIGURE 21 - INS‘IRUMENT-TO-‘I’RUNK CONNECTION

Disconnect

‘Enable

CMOS Buffor

L[N
kit = ko
—_— 1 ':
' <l
: ] 1| 2N
30 {8 1 3fe
4
3ited 1 i3l
instrument 2 \ l_: :TNnk
3 H [N 1 19
b, ] I <>
b ) ) <>
b [] ] <>
All CMOS B ettt
Opaerated From 3 R1 3R
+18 V Power .
Supply -

-CMOS Outputs Base Selocts

FIGURE 22 — TYPICAL INSTRUMENT TO INSTRUMENT CONNECTION

Emittar Solocts are Active High CMOS Outputs

15V

Instrument

USA .
itk ¢ ] ettt i rl===r
H T
: { [N} ] |
$ [ I i |
A N 2 1A
Instrumaent - ! ] |
E I I :
9
> ! 1] ] 1
{ |
| ! | 1
H > \ A
Mgl JURUILY SN § Ny JUDUGIIS Spo | | M.
. T~
0 .i ‘P P4
Nk 31k :
[: . E 418V
Disconnect
Ensble

Local or Intercom
Terminator

ém Selocts Are Active
. Low CMQS Outputs

All CMOS Loglc
Opereted From +16 V
Power Supply




MC3416

current restriction is not a restriction in the design of
an efficient crosspoint array. Because of the current sink
terminations, a signal path may use differing numbers of
crosspoints in any connection or in two sides of the same
connection further relaxing restrictions in array design.
Figure 23 demonstrates circuit operation. S1, §2, and
S3 are open. The Crosspoint SCR's are off as they have no
gatedrive or dc current path through S1. By closing $2 and
S3, gate drive is provided, but the SCR’s still remain off as
there is no dc current path to hold them on. Close S1 ard
the circuit is enabled, but with S2 and S3 off there Is still
no signal path, Closing $2 and $3 with S1 closed — current
is injected into both gates and they switch on. DC current
through Ry splits around the center-tapped winding and
flows through each SCR, back through the lower winding
and through S1 to ground. If $2 and S3 are opened, that
current path still remains and the SCRs remain on. If an ac
signal is injected at aither G1 or G2, it will be transmitted
to the other signal port with negligible loss in the SCR’s. To
disconnect the ac signal path the SCR’s must be com-
mutated off. By opening S1 the dc current path is inter-

rupted and the SCR’s switch off, The ac signal path is dis-
connected. With S1 closed the circuit is enabled and may

be

addressed again from S2 and S3. This circuit demon-

strates a balanced transmission configuration. The trans-
mission characteristics of the SCR's simulate a relay con-
tact in that the ac signal does not incur a contact voltage
drop across the crosspoint. The memory characteristics of
the crosspoint are demanstrated by the selective application
of S1, §2, and S3.

The selection of Ry is governed by the power supply

voltage and the desired dc current. If 10 mA is to flow
through each SCR then R must pass 20 mA. Thus,
{Vce - VAKY/RL = 20 mA. The selection of Rp is governed
by the characteristics for crosspoint turn on, Adequate
enable current must be injected into the column select
and Rp should drop at least 1.5 Volts, The PNP transistor
has a typical gain of one. Thus, Rp should pass at least
2 mA to provide 4 mA column select current.

FIGURE 23— CROSSPOINT OPERATION
DEMONSTRATION CIRCUIT

G2

I

Catumn
Seloct A

Al

w1

ADDRESSING CONSIDERATIONS

The MC3416 crosspoint switch is addressed by selecting
and turning on the PNP transistor that controls the SCR
pair desired. The drive requirements of the MC3416 can be
met with standard CMOS outputs. A particular crosspoint
is addressed by putting a logical “1°" on the emitter and a
logical “0” on the base of the appropriate transistor. A
resistor in the base circuit of the transistor is required to
limit the current and must also drop 1.6 Volts to assure
forward bias of the two diodes in the collector circuits.

S1 [S2 |S3 LINE CONDITION
ON | X OFF Enabled, Not C
ON | OFF|] X Enabled, Not C: d
ON | ON J ON Addrassed and Connacted
ON I X |[X G1 Col d to G2
OFF] X X " Discorinected.

X = irrelevant
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The gate current required for SCR turn on is 1 mA typically.
The CMOS one-of-n decoders listed in Table { provide
both active high and active low outputs and are well suited
for standard addressing organizations. The major design
constraint in organizing the addressing structure is that
any signal path which is to be addressed must create a dc
path from a source to a sink. If that path requires two
crosspoints they must be addressed simultaneously. Of
course, once the path is selected, the addressing hardware
is free to initiate other signal paths. To meet the dc path



MC3416

APPLICATIONS INFORMATION {continued)

requirement, crosspoint arrays should be designed in blocks
such that any given dc path requires only one crosspoint
per block. A signa! path, however, may still use two cross-
points in the same block by sequentially addressing two
dc paths to the same terminator. For example, the left or
right pairs of crosspoints in Figure 22 must be addressed
simultaneously but the left pair may be addressed in
sequence after addressing the right pair. This is not a
difficult constraint to meet and it does not.require unneces-
sary addressing hardware.

TABLE |
Active High Outputs | Active Low Outputs
Dua! Binary to 10f 4 - MC14655 MC14556
4-bitlarch/4t0 18 | MC14514 MC14515
BCD to Decima! Decods MC14028

See Application Notg AN-780 for additi

DISCONNECT TECHNIQUES
Since the crosspoint switch maintains signa! paths by -

keeping dc currents through active SCR's, disconnects are
easily accomplished by interrupting the dc current path.
This can be done anywhere in the circuit, but if the dis-
connect is done at the terminator then all signal paths
established to that terminator are broken simultaneously.
In both Figures 21 and 22 this is done by turning off the
current sink circuit with a CMOS buffer gate. MC14049
or MC14050 buffers will drive the transistor switch. Once
adisconnect is completed, the terminator may be re-enabled
and used for another call. Usage of the terminators may be
easily monitored with optoelectronic couplers in the
collectors of the current sinks without disturbing trans-
mission characteristics.

SUGH
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MC3417, MC3517
MC3418, MC3518

Specifications and Applications
Information

CONTINUOUSLY VARIABLE SLOPE
DELTA MODULATOR/DEMODULATOR

Providing a .simplified approach to digital speech encoding/

decoding, the MC3517/18 series of CVSDs is desmned for military

..secure commumcatlon and commarcial telephone applications.
A single IC provides both enéoding and decoding functions.

" e Encode and Decode Functions on the Seme Chip with

a Digital Input for Selection
Utilization of Compatible 12L — Linear Blpolar TFechnology
CMOS Compatible Digital Output

Digital Input Threshold Selectable {VC /2 reference

_ provided onchip)

MC3417/MC3517 has a 3-Bit Algorithm {General
Communications)

MC3418/MC3518 has a 4-Bit Algorithm {Commercial Telephone)

CONTINUOUSLY VARIABLE
SLOPE DELTA
MODULATOR/DEMODULATOR

LASER-TRIMMED
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 620

CVSD BLOCK DIAGRAM

Encode/
Decodo Clock
{18 14
- Anglog Input 1 Duo! input
Analog Feedback o2 Omperatdr ceny
Digital. 3- or 4-Bit
Data Input 13 slhm Rlegul i )
Digita! §7) Q ajaalod
Threshold] VTH l -
Logic 11 C
Digital 9| Output
Output v/1
integrator Convertel] Sylabic
ope .
Amplifier P Filtor
° olarity 142 Gain Control
Veer2 o Switch g
oupur TT R"' iac
!Rot [P
11 sl le

Analog Rof Filtar
Output Input Input
(+) =)

PIN CONNECTIONS

Anatog

tnput ) 16 |vece
Anaslog Encode/
Foodback 2 | E Bacode

Syllabic
Filtar l:3 14_ctock

Gain Digital Data
Control E 3 Input (-}
Ret Digital
input (+) |_S 12 Jthreshotd
Fitter E Colncldence
Input (-) 1| Buteut
Anglog 70 |vee2
Qutput Qutput
v, Digitat
EEl 8 8 Output
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MC3417, MC3418, MC3517, MC3518

MAXIMUM RATINGS
(Al) voltages referenced to VEE, Ta = 25°C unless otherwisa noted.)
Rating Symbol Value . Unit
Power Supply Voitage vVee =04 to +18 Vdc
Differential Anslog Input Voltage Vip 5.0 vde
Digital Threshold Voltage VTH =04 to Voo vde
Logic Input Voltage Viogic -041t0+18 Vde
{Clock, Digita! Data, Encode/Becods)
Coincidence Output Voltage VQ‘ggmf -0.4to +18 Vde
Syllabic Filter Input Voltage Vi{Syl) ~0410Veoe Vde
. Gain Control Input Voltage VitGe) =04t Vee Vdc
Refarence Input Voltage ViiRef) | Vce/2-1.0to Ve | Vde
Vee/2 Output Current IRet -25 mA
ELECTRICAL CHARACTERISTICS
(Vee = 12V, Vg = Gnd, T4 =0°C to +70°C for MC3417/18, T = -565°C to +125°C for MC3517/18 uniess otherwiss noted.)
MC3417/MC3617 MC3418/MC3518
Characterlstic Symbol Min Typ Max Min Typ Max Unit
Power Supply Voltege Range {Figure 1) Veer 4.76 12 165 4.76 12 16.5 Vde
Power Supply Current (Figure 1) Icc mA
(idle Channel)
(Vec=50V) - 37 50 - 3.7 5.0
(Veg =15 V) - 6.0 10 - 6.0 10
Clock Rate SR - 18 k - - 32 k - Samples/s
Gain Control Current Range (Figure 2) IGCR 0.001 - 3.0 0.001 - 3.0 mA
Anstog Comparator Input Range \4] 1.3 - Vee - 13 1.3 - vee-13 Vdc
{Pins 1 and 2)
475V & Vee <165 V)
Anglog Output Rangs (Pin 7) Vo 13 - Vee-13 13 - vee=-13] vee
(476 V< Voc < 188V, 10 = ¢ 60 mA)
input Biss Currents (Figure 3) Iig A
{Comparator in Active Region)
Analog Input {11) - 05 18 - 025 10
Anglog Feedback (12) - 05 15 - 028 10
Sylisbic Fitter Input (13) - 0.08 05 - 0.06 03
Reterence Input {I5) - - -0.08 -05 - -0.08 -0.3
Input Offsat Current ho HA
{Comparator in Active Region)
Anglog Input/Analog Feedback - 0.15 0.6 - 0.05 04
N1-12) - Figure 3
Integrator Amplifier - 0.02 02 - 0.01 01
{15-161 = Figure 4
Input Offset Voltage - vio - 20 60 - 2.0 6.0 mv
V/I Converter (Pins 3 and 4) — Figure §
Transconductance gm - mA/mV
v/ Converter, 0 t0 3.0 mA 0.1 03 - 0.1 03 -
Integrator Amplifier, 0 to £ 50 mA Load 10 10 - 10 10 -
Propagation Delay Times (Note 1} ' us
Clock Trigger to Digital Output tPLH - 10 25 - 10 26
{C_ = 25 pF to Gnd) tPHL - 08 25 - 08 26
Ctock Trigger to Coincidence Output tPLH - 1.0 30 - 10 30
(C =25 pF to Gnd) PHL - 08 20 - 08 20
(R =4 k0 to Vo)
Coincidence Qutput Voltage — VoL(Con} - 0.12 0.25 - 0.12 0.26 Vde
Low Logic State
{loLiCon) = 3.0 mA}
Colncidence Output Leskage Current — I0H(Con) - 0.01 05 - 0.01 05 HA
High Logic State
(Vou =150 V,0°C < T < 70°C)

NOTE 1. All propagation dolay times measured 50% to 50% from the negative going {from Vg to +0.4 V) edge of the clock,
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ELECTRICAL CHARACTERISTICS {continued)

MC3417/MC3517 MC3418/MC3518
Characterlistic Symbol Min Typ Max Min Typ Max Unit
Applied Digital Threshold Voltage Range VTH +1.2 - Vec-20| +12 - Vec-20) Vao
(Pin 12)
Digital Threshold Input Current Ii(th) . HA
12V Vi <Vee-20V)
(VL applied to Pins 13, 14 and 15) - - 50 - - 50
{VH applied to Pins 13, 14 and 15) - -10 -50 - -10 -50
Maximum Integrator Amplifier OutputCurrent 1o 5.0 - - 6.0 - - mA
Vee/2 Generator Maximum Qutput Current laef +10 - c - +10 - - mA
{Source only)
Veel/2 G Qutput Imp ZRef - 30 60 - 3.0 6.0 aQ
(0 to +10 mA)
Vcc/2 Generator Tolerance er - - 3.5 - - :3.5 %
475V < Veg < 165 V) ' )
Logic Input Voltage (Pins 13, 14 and 15) . Vde
Low Logic State ViL Gnd - Vih ~0.4 Gnd - Vih - 0.4
High Logic State ViH Vih + 0.4 - | 1890 |vy+04 - 180
Dynamic Total Loop Offset Voltage EVottset mV
{Note 2} ~ Figures 3,4 and 5 -
Ige=120pA, Voo =12V
Ta=25°C - - - - + 05 t15
0°C< TA<+70°C  MC3417/18 ) - - - - :0.75 +23
-66°C < Tp < +125°C mc3s17/18 - - - - £ 15 4.0
igc =330 uA, Voo =12V
.. Ta=25% . - 125 +60 - - -
0°C< TAo<+70°C  MC3417/18 - +30 78 - - -
=65°C < Tp < +125°C MC3s512/18 Co- 245 +10 - - -
IGC=1204A,Voc =50V’ . .
Ta =25°C - - - - 210 +20
0°C < TA <+70°C  MC3417/18 - - - - +1.3 128
-559C < Tp < +125°C Mc3517/18 - - - - 25 + 50
IGc=33.0uA, Voo =60V .
Ta =25°C - £+ 40 + 60 - - -
0°C< TA<+70°C  ™mcasrs - 45 +80 - - -
-55°C € Tp < +1259C MC3517/18 - 55 £ 10 - - -
Digital Output Voltage . Vde
{loL = 3.6 mA) VoL - 0.1 04 - 0.1 04
{lgH = -0.35 mA) Von |Vec=-10|Vee-0.2 - Vee ~10|Vee -0.2 -
Sylisbic Filter Applied Voltage (Pin 3) Vitsyl +3.2 - Vee © 432 - Vce Vde
(Figure 2)
Integrating Current (Figure 2) L]
{ige = 12.0 uA) 8.0 10 - 12 8.0 10 12 - HA
{igc = 1.5 mA) 145 1.50 156 145 150 155 mA
{lge = 3.0 mA) 2.75 3.0 3.256 2.75 3.0 326 mA
Dynamic Integrating Current Match Vo(Ave) - ¢ 100 + 250 - t 100 + 250 mv
{Igc = 1.5 mA) Figure 6 )
Input Current — High Logic State iH : HA
(Vi =18 V)
Digital Data Input - - +5.0 - - +50
Clock Input . - - +5.0 - - +50
Encode/Decode Input - - +5.0 - - +5.0
Input Current — Low Logic State TR BA
(ViL=0V)
Digital Data Input - ' - - - =10 - - -10
Clock Input - - - -360 - - -360
Encode/Decode Input - - -36 - - -36
Clock Input, V=04 V - - =72 T~ - -72
NOTE 2. Dynamic total loop offset (EVgfsser) equals Vig (comparator) (Figure 3) minus V)gx {Figure 5). The input offset voltages of the
. analog compamtor and of the integrator amplifier include the effects of input offset current through the input resi The slope.
polarity switch current mi h 8s an ge voltage across the 10 k integrator resistor. For the MC3417/MC3517, the

clock frequency is 16.0 kHz. For the MC3418/MC3518, the clock frequency is 32.0 kHz. Idle channel performance is guaranteed if
this dynamic total loop offsat is less than one-half of the change in integrator output voltage during one clock cycle (ramp step size).
Laser trimming is used to insure good idle channel performance.
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DEFINITIONS AND FUNCTION OF PINS

Pin 1 — Analog Input

This Is the analog comparator inverting input where
the voice signal is applied. It may be ac. or dc coupled
depending on the application. If the voice signal is to be
level shifted to the internal reference voltage, then a bias
resistor between pins 1 and 10 is used. The resistor
is used to establish the reference as the new dc average of
the ac coupled signal. The analog comparator was designed
for low hysteresis (typically less than 0.1 mV) and high
gain (typically 70 dB).

Pin 2 = Analog Feedhack

This is the non-inverting input to the analog signal
comparator within the IC. In an encoder application it
should be connected to the analog output of.the encoder
circuit. This ‘may be pin 7 or a low pass filter output
connacted to pin 7. In a decode circuit pin 2 is not used
and may be tied to VC(/2 on pin 10, ground or left open.

The analog input comparator has bias currents of
1.6 uA max, thus the driving impedances of pins 1.and 2
should be equal to avoid disturbing the idle channel
characteristics of the encoder,

Pin 3 — Syllabic Filter

This is the point at which the syllabic filter voltage is
returned to the IC in order to control the integrator step
size, It is an NPN input to an op amp. The syllabic filter
consists of an RC network between pins 11 and 3. Typical
time constant values of 6 ms to 50 ms are used in voice
codecs,

Pin 4 = Gain Contro! Input

The syllabic filter voltage appears across Cg of the
syllabic filter and is the voltage between VCC and pin 3.
The active voltage to current (V-1) converter drives
pin 4 to the same voltage at a slew rate of typically
0.5 V/us. Thus the current injected into pin 4 (IgC)
is the syllabic filter voltage divided by the Ry resistance.
Figure 6 shows the relationship between IGC (x-axis) and
the integrating current, ljny {y-axis). The discrepancy,
which is most significant at very low currents, is due to
circuitry within the slope polarity switch which enables
trimming to a low total loop offset. The Ry resistor is
then varied to adjust the loop gain of the codec, but
should be no larger than 5.0 k2 to maintain stability.

Pin 6 — Reference Input

This pin is the non-inverting input of the integrator
amplifier. It is used to reference the dc leve! of the output
signal. In an encoder circuit it must reference the same
voltage as pin 1 and is tied to pin 10.

Pin 6 — Filter Input
This inverting op amp input is used to connect the
integrator external components. The integrating current
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(lint} flows into pin 6 when the analog input (pin 1) is
high with respect to the analog feedback (pin 2) in the
encode mode or when the digital data input (pin 13) is
high in the decode mode. For the opposite states, ljnt
flows out of Pin 6. Single integration systems require a
capacitor and resistor between pins 6 and 7. Multipole
configurations will have different circuitry. The resistance
between pins 6 and 7 should always be between 8 k2 and
13 k2 to maintain good idle channel characteristics.

Pin 7 — Analog Qutput

This is the integrator op amp output. It is capable of
driving a 660-ohm load referenced to V¢(/2 to +6 dBm
and can otherwise be treated as an op amp output, Pins 5,
6, and 7 provide full access to the integrator op amp
for designing integration filter networks. The slew rate
of the internally compensated integrator, op amp is
typically 0.5 V/us. Pin 7 output is current limited for
both polarities of current flow at typically 30 mA.

Pin8 — Vgg

The circuit is designed to work in either single or dual
power supply applications. Pin 8 is always connected to
the most negative supply. .

Pin 9 — Digital Output

The digital output provides the results of the delta
modulator’s conversion. It swings between Vgc and
VEE and is CMOS or TTL compatible. Pin 9 is inverting
with respect to pin 1 and non-inverting with respect
to pin 2. It is clocked on the falling edge of pin 14.
The typical 10% to 90% rise and fall times are 260 ns and
50 ns respectively for Vog = 12 V and C_ = 26 pF
to ground.

Pin 10 — V¢ ¢/2 Output

An internal low impedance mid-supply reference is
provided for use of the MC3417/18 in single supply
applications. The internal regulator is a current source
and must be loaded with a resistor to insure its sinking
capability. If a +6 dBmo signal is expectqd across a
600 ohm input bias resistor, then pin 10 must sink
2.2 V/600 2 = 3.66 mA. This is only possible if pin 10
sources 3.66 mA into a resistor normally and will source
only the difference under peak load. The reference load
resistor is chosen accordingly. A 0.1 uF bypass capacitor
from pin 10 to VEE is also recommended. The Vce/2
reference is capable of sourcing 10 mA and can be used
as a reference elsewhere in the system circuitry.

Pin 11 — Coincidence Qutput

The duty cycle of this pin is proportional to the
voltage across Cg. The coincidence output will be low
whenever the content of the internal shift register is all
1s or all Os. In the MC3417 the register is 3 bits long
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DEFINITIONS AND FUNCTIONS OF PINS (continued)

while the MC3418 contains a 4 bit register. Pin 11 is an
open collector of an NPN device and requires a pull-up
resistor. If the syllabic filter is to have equa! charge and
discharge time constants, the value of Rp should be
much. less than Rg. In systems requiring different charge
and discharge constants, the charging constant is RgCs
while the decaying constant is (Rg + Rp)}Cs. Thus longer
decays are easily achievable. The NPN device should not
be required to sink more than 3 mA in any configuration.
The typical 10% to 90% rise and fall times are 200 ns and
100 ns respectively for R|_ = 4 k2 to +12 V and C_ =
25 pF to ground.

Pin 12 - Digital Threshold

This input sets the switching threshold for pins 13, 14,
and 16, It is intended to aid in interfacing different logic
families without external parts. Often it is connected to
the Ve(/2 reference for CMOS interface or can be biased
two diode drops above VEE for TTL interface.

Pin 13 — Digital Data Input

In a decode application, the digital data stream is
applied to pin 13. In an encoder it may be unused or may
be used to transmit signaling message under the con-
trol of pin 16, It is an inverting input with respect to
pin 9. When pins 9 and 13 are connected, a toggle
flip-flop is fqrmed and a forced idle channel pattern

FIGURE 1 — POWER SUPPLY CURRENT

can be transmitted. The digital data input level should be
maintained for 0.5 us before and after the clock trigger

for proper clocking.

Pin 14 — Clock Input

The clock input determines the data rate ¢} the codec
circuit. A 32K bit rate requires a3 32 kHz clock. The
switching threshold of the clock input is set by pin 12,
The shift register circuit toggles on the falling edge of the
clock input. The minimum width for a positive-going
pulse on the clock input is 300 ns, whereas for a negative-

going pulse, it is 900 ns.

Pin 15 — Encode/Decode

This pin controls the connection of the analog input
comparator and the digital input comparator to the
internal shift register. If high, the result of the analog
comparison will be clocked into the register on the
falling edge at pin 14. If low, the digital input state will be
entered. This allows use of the IC as an encoder/decoder
ermore, it
allows non-voice patterns to be forced onto the trans-

or simplex codec without external parts. Fui

mission line through pin 13 in an encoder,

Pin 186 — V¢

The power supply range is from 4.75 to 16.5 voits

between pin Vgc and VEE.

FIGURE 2 - IgcR. GAIN CONTROL RANGE and
lint — INTEGRATING CURRENT
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*For static tosting, tho clock is only necassary for
preconditioning to obtain proper state for a given input.
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FIGURE 3 — INPUT BIAS CURRENTS, ANALOG : FIGURE 4 — INTEGRATOR AMPLIFIER OFFSET
COMPARATOR OFFSET VOLTAGE AND CURRENT VOLTAGE AND CURRENT
V?c Vee
Viotcomparator) | 11 1% oI I - oI I prd
- — -z T - - TOo
+.0 1 16 1 18
i 2 1k
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0.08 uF L °
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Note: The snalog comparator offset voltage Is testod
under. dynamic conditions and thorofore must
be messured with npproprlato tiftering.
FIGURE 5 — V/{ CONVERTER OFFSET VOLTAGE,
Vo and Viox FIGURE 6 — DYNAMIC INTEGRATING CURRENT MATCH
Vcc
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i ol I
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page 3.
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TYPICAL PERFORMANCE CURVES
FIGURE 8 — NORMALIZED DYNAMIC

FIGURE 7 — TYPICAL Iy versus e (Mean ¢ 20) N INTEGRATING CURRENT MATCH versus Vee
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FIGURE 12 - CVSD WAVEFORMS
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FIGURE 14 — 16 kHz SIMPLEX VOICE CODEC
(Using MC3417, Single Pole Companding and Single Integration)
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CIRCUIT DESCRIPTION

The continuously variable slope delta modulator
(CVSD) is a simple alternative to more complex conven-
tional conversion techniques in systems requiring digital
communication of analog signals. The human voice is
analog, but digital transmission of any signal over great
distance is attractive.. Signal/noisa ratios do not vary with
distance in digital transmission and multiplexing,
switching and repeating hardware is more economical and
easier to design. However, instrumentation A to D con-
verters do not meet the communications requirements.
The CVSD A to D is well suited to the requirements of
digital communications and is an economically efficient
means of digitizing analog inputs for transmission.

The Deita Modulator

The innermost control loop of a CVSD converter is
a simple delta modulator. A block diagram CVSD Encoder
is' shown in Figure 11. A delta modulator consists of a
comparator in the forward path and an integrator in
the feedback path of a simple control loop. The inputs
to the comparator are the input analog signal and the
integrator output. The comparator output reflects the

sign of the difference between the input voltage and
the integrator output. That sign bit is the digital output
and also controls the direction of ramp in the integrator.
The comparator is normally clocked so as to produce
a synchronous and band limited digital bit stream.

If the clocked serial bit stream is transmitted,
received, and delivered to a similar integrator at a remote
point, the remote integrator output is a copy of the
transmitting control loop integrator output. To the
‘extent that the integrator at the transmitting locations
tracks the input signal, the remote receiver reproduces
the input signal. Low pass filtering at the receiver cutput
will eliminate most of the quantizing noise, if the clock
rate of the bit stream is an octave or more above the
bandwidth of the input signal. Voice bandwidth is 4 kHz
and clock rates from 8 k and up are possible. Thus the
delta modulator digitizes and transmits the analog input
to a remote receiver. The serial, unframed nature of the
data is ideal for communications networks. With no
input at the transmitter, a continuous one zero alternation
is transmitted. If the two integrators are made leaky, then
during any loss of contact the receiver output decays to
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CIRCUIT DESCRIPTION (continued)

zero and receive restart begins without framing when the
receiver reacquires, Similarly a delta modulator is toferant
of sporadic bit errors. Figure 12 shows the delta modu-
lator waveforms while Figure 13 shows the corresponding

CVSD decoder block diagram.

The Companding Algorithm

The fundamental advantages of the delta modulator
are its simplicity and the serial format of its output.
Its limitations are its ability’ to accurately convert the
input within a limited digital bit rate. The analog input
must be band limited and amplitude limited. The fre-
quency limitations are governed by the nyquist rate while
the amplitude capabilities are set by the gain of the

integrator,

if it contains all 1s or Os. This condition is called coinci-
dence. When it occurs, it indicates that the gain of the
integrator is too small. The coincidence output charges
a single pole low pass filter. The voltage output of this
syllabic filter controls the integrator gain through a pulse
amplitude modulator whose other input is the sign bit
or up/down control.

The simplicity of the all ones, all zeros algorithm
should not be taken lightly. Many other control algo-
rithms using the shift register have been tried. The key to
the accepted algorithm is that it provides a measure of
the average power or level of the input signal. Other
techniques provide more instantaneous information
about’ the shape of the input curve. The purpose of
the algorithm is to control the gain of the integrator

The frequency limits are bounded on the upper end;
that is, for any input bandwidth there exists a clock
frequency larger than that bandwidth which will trans-
mit the signal with a specific noise level. However, the

and to increase the dynamic range. Thus a measure of
the average input level is what is needed.

The algorithm is repeated in the receiver and thus
the level data is recovered in the receiver. Because the
amplitude limits are bounded on both upper and lower algorithm only operates on the past serial data, it changes
ends. For a signal fevel, one specific gain will achieve an the nature of the bit stream without changing the channel
optimum noise level. Unfortunately, the basic deita bit rate.
modulator has a small dynamic range over which the The effect of the algorithm is to compand the input
noise level is constant. signal. If a CVSD encoder is played into a basic delta

The continuously variable slope circuitry provides modulator, the output of the delta modulator will reflect
increased dynamic range by adjusting the gain of the the shape of the input signal but all of the output will
integrator. For a given clock frequency and input be at an equal level. Thus the algorithm at the output is
bandwidth the additional circuitry increases the delta needed to restore the level variations. The bit stream
modulator’s dynamic range. External to the basic in the channel is as if it were from a standard delta modu-
delta modulator is an algorithm which monitors the - lator with a constant level input.
past few outputs of the delta modulator in a simple The delta modulator encoder with the CVSD algonthm
shift register. The register is 3 or 4 bits long depending on provides an efficient method for digitizing a voice input
the application. The accepted CVSD algorithm simply in a manner which is especially convenient for digital
monitors the contents of the shift register and indicates communciations requirements.

APPLICATIONS INFORMATION
CVSD DESIGN CONSIDERATIONS

o

A simple CVSD encoder using the MC3417 or MC3418
is shown in Figure 14, These ICs are general purpose
CVSD building blocks which allow the system designer
to tailor the encoder’s transmission characteristics to the
application. Thus, the achievable transmission capabilities
are constrained by the fundamental limitations of delta
modulation and the design of encoder parameters. The
performance is not dictated by the internal configuration
of the MC3417 and MC3418. There are seven design
considerations involved in designing these basic CVSD
building blocks into a specific codec application.

. Required number of shift register bits

. Selection of loop gain

. Selection of minimum step size

. Design of integration filter transfer function
. Design of syllabic filter transfer function

. Design of low:-pass filter at the receiver

NOoOEeEWN

The circuit in Figure 14 is the most basic CVSD circuit
possible. For many applications in secure radio or other
intelligible voice channel. requirements, it is entirely
sufficient. In this circuit, items & and 6 are reduced to
their simplest form. The syllabic and integration filters

These are listed below:
1. Selection of clock rate

are both single pole networks. The selection of items
1 through 4 govern the codec performance.

6-21



229

CVSD CIRCUIT SCHEMATIC
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CVSD DESIGN CONSIDERATIONS (continued)

Layout Considerations

Care should be exercised to isolate all digital signal
paths (pins 9, 11, 13, and 14) from analog signal paths
{pins 1-7 and 10} in order to achieve proper idle channel
performance.

Clock Rate

With minor modifications the circuit in Figure 14
may be operated anywhere from 9.6 kHz to 64 kHz
clock rates. Obviously the higher the clock rate the higher
the S/N performance. The circuit in Figure 14 typically
produces the S/N performance shown -in Figure 15,
The selection of clock rate is usually dictated by the
bandwidth of the transmission medium. Voice band-
width systems " will require no higher than 8600 Ha.
Some radio systems will allow 12 kHz. Private 4-wire
telephone systems are often operated at 16'kHz and
commercial telephone performance can be achieved
at 32K bits and above. Other codecs may use bit rates
up to 200K bits/sec.

FIGURE 15 — SIGNAL-TO-NOISE PERFORMANCE
OF MC3417 WITH SINGLE INTEGRATION, SINGLE-POLE
AND COMPANDING AT 16K BITS — TYPICAL

15 L
AN
g N
z / Clock Rate 16 kHz AN
g y Test Tone = 1 kHy Sing Wave
Noise Weighting C Message
10 -
/
I .
/
50 - -
-40 -30 -20 -10 10

INPUT LEVEL (dB) RELATIVE TO SLOPE OVEALOAD

Shift Register Length (Algarithm)

The MC3417 has a three-bit algorithm and the MC3418
has a four-bit algorithm. For clock rates of 16 kHz and
below, the 3-bit algorithm is well suited. For 32 kHz
and higher clock rates, the 4-bit system is preferred.
Since the algorithm records a fixed past history of the
input signal,. a‘longer shift register is required to obtain
the same internal hsitory. At 16 bits and below, the
4-bit algorithm -will produce a slightly wider dynamic
range at the expense of level change response. Basically
the MC3417 is designed for low bit rate systems and the
MC3418 is intended for high performance, high bit rate
system. At bit rates above 64K bits either part will
work well,
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Selection of Loop Gain

The gain of the circuit in Figure 14 is set by resistor
Rx. Rx must be selected to provide the proper integrator
step size for high level signals such that the companding
ratio does not exceed about 25%. The companding ratio
is' the active low duty cycle of the coincidence output on
pin 11 of the codec circuit. Thus the system gain is
dependent on:

1. The maximum level and frequency of the input

signal.
2. The transfer function of the integration filter.

For voice codecs the typical input signal is taken to be
a sine wave at 1 kHz of 0 dBmo level. In practice, the
useful dynamic range extends about 6 dB above the design
fevel. In any system the companding ratio should not
exceed 30%.

To calculate the required step size current, we must
describe the transfer characteristics of the integration
filter. In the basic circuit of Figure 14, a single pole of
160 Hz is used.

R=10kQ,C=0.1uF

X _
S+wo

li CiS+1/RC)

wp =27t

103 = wq = 2nf
f=169.2 Hz

Note that the integration filter produces a single-pole
response from 300 to 3 kHz. The current required to
move the integrator output a specific voltage from zero
is simply:

Vo . CdVo
j=———
R dt

Now a 0 dBmo sine wave has a peak value of 1.0954
volts. In 1/8 of a cycle of a sine wave centered around
the zero crossing, the sine wave changes by approximately
its peak value. The CVSD step should trace that change.-
The required current for a 0 dBm 1 kHz sine wave is:

e 11V 0.1puF(LY)
17 *2(10xQ2)  0.126ms

*The maximum voltage across Rl when maximum
slew is required is:

=0.935 mA

1.1V
2

Now the voltage range of the syllabic filter is the
power supply voltage, thus:

- 1
Ry =0.25(Vce) 093E A

A similar procedure can be followed to establish the
proper gain for any input level and integration filter type.
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CVSD DESIGN CONSIDERATIONS (continued)

Minimum Step Size

The final parameter to be selected for the simple codec
in Figure 14 is idle channel step size. With no input signal,
the digital output becomes a one-zero glternating pattern
and the analog output becomes a small triangle wave.
Mismatches of internal currents and offsets limit the
minimum step size which will produce a perfect idle
channe! pattern. The MC3417 is tested to ensure that
g8 20 mVp-p minimum step size at 16 kHz will attain a
proper idle channel, The idle channel step size must be
twice the specified total loop offset if a one-zero idle
pattern is desired. In some applications a much smaller
minimum step size {e.g., 0.1 mV) can produce quiet
performance without providing a 1-0 pattern,

To set the idle channe! step size, the value of Rmin
must be selected. With no input signal, the slope control
algorithm is inactive. A long series of ones or zeros never
occurs. Thus, the voltage across the syllabic filter capaci-
tor {Cg) would decay to zero. However, the voltage
divider of Rg and Rppjn (see Figure 14) sets the minimum
allowed voltage across the syllabic filter capacitor. That
voitage must produce the desired ramps at the analog
output. Again we write the filter input current equation:

Vo . .dVg

iR *C &

For values of Vg near Voo/2 the Vo/R term is negli-

gible; thus

. _~ 8V

i=Cs 3T
where AT is the clock period and AV is the desired
peak-to-peak value of the idle output. For a 16K-bit
system using the circuit in Figure 14

.o 0 VuF 20mV _

= 2k SoHA
The voltage on Cg which produces a8 33 uA current is
determined by the value of Ry.

iRy = Vgmin; for 33 A, Vgmin = 41.6 mV
In Figure 14 Rg is 18 k. That selection is discussad
with the syllabic filter considerations. The voltage divider
of Rg and Rmin must produce an output of 41.6 mV.

Rs
Voe ———>— = Vemi
CCRS+Rmin Smin

Rmin ~24 MQ

Having established these four pearameters — clock rate,
number of shift register bits, loop gain and minimum
step size — the encoder circuit in Figure 14 will function
at near optimum performance for input levels around
0dBm.

INCREASING CVSD PERFORMANCE

Integration Filter Design

The circuit in Figure 14 uses a single-pole integration
network formed with a 0.1 uF capacitor and a 10 k2
resistor. It is possible to improve the performance of the
circuit in Figure 14 by 1 or 2 dB by using a two-pole
integration network. The improved circuit is shown.

The first pole is still placed below 300 Hz to provide
the 1/S voice content curve and a second pole is placed
somewhere gshove the 1 kHz frequency. For telephony
circuits, the second pole can be placed above 1.8 kHz
to exceed the 1633 touchtone frequency. In other com-
munication systems, values as low as 1 kHz may be
selected. In general, the Jower in frequency the second
pole is placed, the greater the noise improvement. Then,
to ensure the encoder loop stability, a zero is added to
keep the phase shift less than 180°. This zero should
be placed slightly above the low-pass output filter break
frequency so as not to reduce the effectiveness of the

d pole. A k of 235 Hz, 2 kHz and 5.2 kHz
is typical for telephone applications while 160 Hz,
1.2 kHz and 2.8 kHz might be used in voice only channels.
{Voice only channels can use an output low-pass filter
which breaks at' about 2.5 kHz.} The two-pole network
in Figure 16 has a transfer function of:

1
RoR1(S+
Vo _ 0 ‘( R1C1)

I T =

FIGURE 16 — IMPROVED FILTER CONFIGURATION

.Anslog O —ANAs

MC341
018 53 T J—ana
= A1 600 G
1 Ry 0.1 uF
-~

These component values are for the telephone channel clrculit

' poles described in the taxt.The A2, C2 product can be provided
with different velues of R end C. R2 should be chosen to be egual
t0 the termination resistor on pin 1.
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INCREASING CVSD PERFORMANCE (continued) .

Thus the two poles and the zero can be selected arbitrarily
as long as the zero is at a higher frequency than the first
pole. The values in Figure 16 represent one implementa-
tion of the telephony filter requirement. .

The. selection of the two-pole filter network effects
the selection of the loop gain value and the minimum step
size resistor. The required integrator current for a given
change in voltage now becomes:

= Yo +(—R202 LR, c1) Vo,

Ro \ Ro Ro AT
n1c1nzcz)Av52

R9CaCq + ——1—22) "7 0"

(2 G Ro AT2

The calculation of desired gain resistor Ry then proceeds
exactly as previously described.
Syllabic Filter Design

The syllabic filter in Figure 14 is a simple single-pole
network of 18 k2 and 0.33 uF. This produces a 6.0 ms
time constant for the averaging of the coincidence output
signal, The voltage across the capacitor determines the
integrator current which in turn establishes the step size.
The integrator current and- the.resulting ‘step size deter-
mine the companding ratio and the S/N performance.
The companding ratio is defined as the voltage across

Cs/Vee.

The S/N performance may be .improved by modifying -

the voltage to current transformation produced by Ry.
If different portions of the total Ry are shunted by diodes,
the integrator current can be other than (Vgg - Vs)/Ry.
These breakpoint curves must be designed experimentally
for the particular system application. In general, one
would wish that, the current would double with input
level. To design the desired curve, supply current to pin 4
of the codec from an external source. Input a signal

level and adjust the current until the S/N performance

t

is optimum. Then record the syllabic filter voltage and
the current. Repeat this for all desired signal levels.
Then derive the resistor diode network which produces
that curve on a curve tracer,

Once the network is designed with the curve tracer,
it is then inserted in place of Ry in the circuit and the
forced optimum noise performance will be achieved
from the ective syllabic algorithm.

Diode breakpoint networks may be very simple or
moderately complex and can improve the usable dynamic
range of any codec. In the past they have been used in
high performance telephone codecs.

Typical resistor-diode networks are shown in Figure 17.

FIGURE 1.7_ — RESISTOR-DIODE NETWORKS

R1 A2 A3
D1 02 O3

A1 R2

o1

If the perfbrmanée of more complex diode networks

. is desired, the circuit in Figure 18 should be used. it

simulates the companding characteristics of nonlinear
Ry elements in a different manner.

Output Low Pass Filter
A low pass filter is required at the receiving circuit
output, to eliminate quantizing noise. In general, the lower

the bit rate, the better the filter must be. The filter in

Figure 20 provides gxcellent -performance for 12 kHz
to 40 kHz systems.

TELEPHONE CARRIER QUALITY CODEC USING MC3418

Two specifications of the integrated circuit are speci-
fically intended to meet the performance requirements
of commercial telephone systems. First, slope polarity
switch current matching is laser trimmed to guarantee
proper idle channel performance with 5 mV minimum
step size and a typical 1% current -match from 15 pA
to 3 mA. Thus a 300 to 1 range of step size variation is
possible. Second, the MC3418 provides the four-bit
algorithm currently used in subscriber loop telephone
systems. With these specifications and the circuit of Fig-
ure 18, a telephone quality codec can be mass produced.

The circuit in Figure 18 provides a 30 dB S/Nc ratio
over 50 dB of dynamic range for a 1 kHz test tone at
a 37.7K: bit rate. At 37.7K bits, 40 voice channels may
be multiplexed on a standard 1.544 megabit T1 facility.
This codec has also been tested for 10-7 error rates with
asynchronous and synchronous data up to 2400 baud
and for reliable performance with DTMF signaling. Thus,
the design is applicable in telephone quality subscriber
loop carrier systems, subscriber loop concentrators and
small PABX installations.
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued)

The Active Companding Network

The unique feature of the codec in Figure 18 is the
step size control circuit which uses a companding ratio
reference, the present step size, and the present syllabic
fifter output to establish the optimum companding
ratios and step sizes for any given input level. The com-
panding ratio of a CVSD codec is defined as the duty
cycle of the coincidence output. It is the parameter
measured by the syllabic filter and is the voltage across
Cg divided by the voltage swing of the coincidence output.
In Figure 18, the voltage swing of pin 11 is 6 volts. The
operating companding ratio is analoged by the voltage
between pins 10 and 4 by means of the virtual short
across pins 3 and 4 of the V to | op amp within the inte-

grated circuit, Thus, the

instantanecus companding

ratio of the codec is always available at the negative

input of A1l.

The diode D1 and the gain of A1 and A2 provide
a companding ratio reference for any input level. If
the output of A2 is more than 0.7 volts below Vcc/2,
then the positive input of Al is (Vcc/2 - 0.7). The on
diode drop at the input of A1 represents a 12% com-

panding ratio (12% = 0.7 V/6 V).

The present step size of the operating codec is directly

related to the voltage across Ry, which established the
integrator current. In Figure 18, the voltage across Ry is
amplified by the differential amplifier A2 whose output
is single ended with respect to pin 10 of the IC.

For large signal inputs, the step size is large and the
output of A2 is lower than 0.7 voits. Thus D1 is fully on.
The present step size is not a factor in the step size
control. However, the difference between 12% comp-
panding ratio and the instantaneous companding ratio at
pin 4 is amplified by A1. The output of A1 changes the
voltage across Ry in a direction which reduces the dif-
ference between the companding reference and the
operating ratio by changing the step size. The ratio of
R4 and R3 determines how closely the voltage at pin 4
will be forced to 12%. The selection of R3 and R4 is
initially experimental. However, the resulting companding
control is dependent on Ry, R3, R4, and the full diode
drop D1. These values are easy to reproduce from codec
to codec. .

For small input levels, the companding ratio reference
becomes the output of A2 rather than the diode drop.
The operating companding ratio on pin 4 is then compared
to a companding ratio smaller than 12% which is deter-
mined by the voltage drop across Rx and the gain of A2

FIGURE 18 — TELEPHONE QUALITY DELTAMOD CODER

{Both double i and octive are used to obtain imp CVSD perf
Laser tri of the g f clrcuit'pi idle ch | and step size range characteristics.)
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TELEPHONE CARRIER.QUALITY CODEC USING MC3418 {continued)

FIGURE 1:;05;‘:‘:::-;;0'40135 P::FgRMANCE and A1. The gain of A2 is also experimentally determined,
NCY RESPONS! s F R 5
(Showing the improvement realized with bu;:.t::e det?rrnmec!, the cnl:cunry is eas.lly rep?ated. .
the circult in Figure 18.) ith no mp:t I:lq;ruall, the companding ratio at pin 4
. SIGNAL.TO-NOISE PERFORMANCE OF TELEPHONY 9°:s to ze":‘a" the vo ft a:; across Ry goes t.° zero. Th.e
QUALITY OELTAMODULATOR voftage at the output o becomes zero since there is
no drop across Ry. With no signal input, the actively

3 - controlled step size vanished.
“ N The minimum step size is established by the 500 k
z 1 resistor between Vo and Voe/2 and is therefore inde-
P b ' pendently selectable.
% 30 ] — 50 4B The signal to noise results of the active companding
o 4 BIT ALGORITHM network are shown in Figure 19. A smooth 2 dB drop is
g 4 37.7K BITS _ realized from +12 dBm to -24 under the controf of A1.
F < ) knz TEST TONE At -24 dBm, A2 begins to degenerate the companding
g C MESSAGE WEIGHT
§ 26 reference and the resulting step size is reduced so as to
[ b ) extend the dynamic range of the codec by 20 dBm.
@ . The slope overload characteristic is also shown. The
active companding network produces improved perfor-
20 mance with frequency. The 0 dBm slope overloged point is
48 38 -2 12 0 12 raised to 4.8 kHz because of the gain available in control-
INPUT LEVEL IN dBmO . ling the voltage across Rx. The curves demonstrate that
b. FREQUENCY RESPONSE versus INPUT LEVEL : the level linearity has been maintained or improved.*
(SLOPE OVERLOAD CHARACTERISTIC) The codec in Figure 18 is designed specifically for
37.7K bit systems. However, the benefits of the active
0 dBm INPUT companding netw?rk are not limited to ‘high bit r.ate
04 systems. By modifying the crossover region (changing

= 10 dBm INPUT

the gain of A2), the active technique may be used to

improve the performance of lower bit rate systems.

The performance and repeatability of the codec in
Figure 18 represents a significant step forward in the art
and cost of CVSD codec designs.

-40+ 4 BIT ALGORITHM

37.7 K BITS

OUTPUT LEVEL IN dBm
&
o
S

*A larger value for C2 is required in the decoder circuit
-6o than in the encoder to adjust the level linearity with
frequency. In Figure 18, 0.050 uF would work well.

T
/] 2 kHz
INPUT FREQUENCY IN Hz
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T T
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FIGURE 20 — HIGH PERFORMANCE ELLIPTIC FILTER FOR CVSD DUTPUT
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FIGURE 21 — FULL DUPLEX/32K BIT CVSD VOICE CODEC USINGMC3517/18 AND MC3503/6 OP AMP
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COMPARATIVE CODEC PERFORMANCE

The salient feature of CVSD codecs using the MC3517
and MC3518 family is versatility. The range of codec
complexity tradeoffs and bit rate is so wide that one
cannot grasp the interdependency of parameters for
voice applications in a few pages.

Design of a specific codec must be tailored to the
digital channel bendwidth, the analog bandwidth, the
quality of signal transmission required and the cost
objectives. To fllustrate the cholces available, the data in
Figure 22 compares the signal-to-noise ratios and dynamic
range of various codec design options at 32K bits.
Generally, the relative merits of each design feature will
remain intact in any application. Lowering the bit rate
will reduce the dynamic range and noise performance
of all techniques. As the bit rate is increased, the overall
performance of each technique will improve and the need
for more complex designs diminishes.

Non-voice applications of the MC3517 and MC3518
are also possible. In those cases, the signal bandwidth
and amplitude characteristics must be defined before
the specification of codec parameters can begin. How-
ever, in general, the design can proceed along the lines of
the voice applications shown here, taking into account the
different signal bandwidth requirements.

FIGURE 22 — COMPARATIVE CODEC PERFORMANCE —
SIGNAL-TO-NOISE RATIO FOR 1kHz TEST TONE

35
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“ // >/
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These curves d the imp performance obtainsd

with severg! codac designs of varying complexity.

Curve 3 — Complex companding and double integration
(Figure 18 — MC3418)

Curve b ~ Double integration (Figure 21 using Figure 6 —
MC3418)

Curvec — Single integration (Figure 21 — MC3418) with
6 mV step size

Curvad — Single integration {Figure 21 — MC3417) with
25 mV step size
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Advance Information

TELEPHONE LINE FEED AND 2- TO 4-WIRE
CONVERSION CIRCUIT

. . designed to replace the hybrid transformer circuit in Class 5,
PABX and Subscriber carrier equipment, providing signal separation
for two-wire differential to four-wire single-ended conversions and
suppression of longitudinal signals at the two-wire input. It provides
dc line current for powering the telset, operating from up to a 60 V
supply.

« Transmit and Receive Gain is Externally Selected
*« On-Hook Power Below 5.0 mwW

* Current Sensing Outputs Provided for Off-Hook Status from Both
Tip and Ring Leads

« Size and Weight Reduction Over Present Approaches
« Compatible with IEEE and REA Specifications

* The sale of this product is licensed under patent No. 4,004,109.
All royalties related to this patent are included in the unit price.

This is advance information and specifications are subject to change without notice.
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MAXIMUM RATINGS
Rating Symbol Value Unit
Maximum Rated Voltage Vee1. Veg2 60 Vde
Maximum Power Dissipation Ta = 259C
Derate above +25°C D 15 Watts
O g Ambient Temp @ Range MC3419 Ta 0to+70 °c
MC3519 -40 to +85
Storage Temperature Range Tag ~65 to +150 °c
Operating Junction Temp T 150 °c
ELECTRICAL CHARACTERISTICS (VEg1 = VEg2=-48V, Ve = 0,VaG = -6.0V, T4 = 25°C)
Charactaristic Symbol Min Typ Max Unit
Loop Current Renge
- ' 20 - 120 mA
mLoop 0 - 1800 1) Lp
Transhybrid Reception Ratio — Figure 2

(R, =800 @ .Vpy.~ 0.775 Vaus, Vg = 0) VRLVRX | -01 0 01 o8
Transhybrid Transmission Ratio — Figure 2

{Ry = 900 0, VRx = 0, Vg = 0.775 VRms) VTxVaL | -0 -0 *0.1 8
Transhybrid Rejection Ratio — Figure 2

{R, =800 2, Vgy = 0.776 Vs, Vg = O} VTX/VRX - i - 98
Input Resistanca (@R and T)—Figure 2 Rin 800 Q
In-Band Lonrgitudinal Suppression Ratio ~ Figure 3

{eLon = 0.775 VRMs, f = 1 kHz, R_ = 800 2} Vrx/oLon - -68 - J8
680 Cycle Longitudinal Suppression Ratio — Figure 3 _ _

feLon = 30 VRMS, f = 60 Hz, Ry = 1900 Q) VTx/eLon 66 a8
Longltudinal Capacity —~ Figure 3 i _ - mA

(60 Hz) Lon 35 RMS
Level Linearity

(f = 300 Hz to 3400 Hz,

Reception VRx = 0.775 VRMS. Vax/VRL -0.1 - +0.1 dB

Transmission VR = 0.775 VRms) VRL/VTX -0.1 - +0.1 dB
Idie Noiss - 0 - dBrnCqo
Off-Hook Power Dissipation (IC)

(L oop = 120 mA) Pp(Off} - 0.6 - Watts
On-Hook Power Dissipation PD{ON} - 5.0 - mw
Tip Status Current

{ILoop © 0 to 120 mA) Irs/iT - 0.0104 - mA/mA
Ring Status Current

(ILoop = 0 to 120 mA) IRS/IR - 0.0104 - mA/mA
Voitage Range of Analog Ground VR 0 - -12 Volts
Anglog Ground |nput Curront IGnd - 1.0 = BA
Fault Currents

({Tip to Ve — Figure 2) IT - o - mA

{Ring to V¢ — Figure 2) R - 5.0 - mA

(Ring and Tip to V¢c — Figure 2) Iirl+hgl - 5.0 - mA

{Tip to Ring Short ~ Figure 2) IT+iR - 120 - mA

ower Down Input Levels Vdc

Logic High ViH Vee-1.0 - -

Logic Low viL - - Vee-2.0
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FIGURE 2 — AC TRANSMISSION TESTS OF MC3419 AT BALANCE
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FIGURE 3 — LONGITUDINAL TEST
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FIGURE 4 — DESIGN EQUATIONS
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Internal to the MC3419 gre three precise gain constants 1. The dc feed resistance is R¢
R1+R2
Ki =4 K2=2375 KS = 04 .K§' = 06 . Rt = KKz ¥ R3+ R4
K6 and KB' are selected by connecting TX1 ar TX2 to RX respectively. 2. The termination resistance is Ro
The remaining TX pin is connected to R6 and R7. , ) - _R1+R2
. Ro = TerikzKs * A3+ R4

FIGURE S — HYBRID LOOP CURRENT versus LOOP RESISTANCE

(FOR 24 AND 48 V SUPPLY)
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FIGURE 7 — MOTOROLA 3-CHIP SUBSCRIBER CHANNEL UNIT
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FIGURE 8 — SUBSCRIBER LOOP INTERFACE CIRCUIT, MC3419
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DESCRIPTION OF MC3419 SUBSCRIBER LOOP INTERFACE CIRCUIT

Figure 8 depicts a complete subscriber loop interface
circuit for standard end-office telephone loop
connections. The circuit consists of an 18 pin dual in-line
MC3419, MJE271 PNP and MJE270 NPN power
darlington transistors, an MDA220 bridge rectifier and six
resistors. This composite circuit provided the following
line interface functions:

1. 2-wire balanced to 4-wire single-ended signal
conversion,
2. Independent Receive Gain selection {R6).
3. Independent Transmit Gain selection (R8).
4. Independent Transhybrid null selection (R6 + R7)*
5. 600 to 900 2 resistance ac loop termination (R1, R2,
R3, R4)*.
6. Resistivea dc power-feed from 400 to 800 Q (R1,
R2, R3, R4).
7. Ring to ground, Tip to ground, Ring and Tip to
ground fault current limiting (10 mA).
8. Rejection of longitudinal or common mode inter-
ference from 50 to 3400 Hz {30 mA RMS).
9. 1500 volt secondary lightning protection.
10. Temporary power line fault protection.
11. Proportional ring current sense indication in RS.
12. Proportional tip current sense indication in TS.
13. Suppression of longitudinal component in RS and
TS normal connections.
14. Independent 4-wire common input for noise iso-
lation.
15. Independent quiet battery supply input for battery
noise rejection,
16. Near zero power dissipation in normal on-hook
condition.
17. Level linearity of batter than 0.1 dB over the entire
level and frequency range.

'Reflgcted complex impedances may also be provided
with an additional capacitor.

DC CHARACTERISTICS

The first function the SLIC must perform is to enable
and disable itself on the basis of the switch-hook
condition in the attached instrument. With the station
on-hook, the Ring and Tip terminals are open. No metallic
current can flow in resistors R1 and R2, thus the input
and various outputs of circuit A and A’ are zero. The
control outputs of ‘A and A’ are off, causing the op amps
B and B’ and the voltage reference to have no bias. The
reference pull down resistor pulls the reference voltage to
VEE. No current flows in any part of the circuit if the Tip
and Ring terminals are open. The power dissipation in this
state is back bias leakage only.

When a foad resistance (R ) is connaected to Tip and
Ring, the dc current flows in R1, R2, and circuits A and
A’, The control outputs, op amps B, B’, and the voltage
reference are now on, The current gain of circuit A and A’
to the TX outputs is K2 = 4. The current gain of circuits B
and B’ is K1 = 23.75, For a current in R1 and R2 of Iy,
the current in the collector of circuits B and B’ is
K1K2ly. The total current in the load is (1+K1K2)ly.
The dc feed resistance at the Tip and Ring terminals is

.{R1+R2)
1+K1K2
The current which flows in the load will be:
- Vce - Vee2
RL +Rg¢

Ry +R3+R4

|Loop

The dc feed current is thus determined by the loop
resistance.

The dc component of ix is @ measure of the mismatch
between the source and the sink current of the various
differential stages. Circuit C and C’ source or sink current
through CN and CP until the dc component of ix = 0. C
and C’ also keep the mid-point voitage of the load at
Vce/2. Thus, with a metallic current in the load, the
SLIC supplies current to the load with impedance Ry.

Various fault dc conditions must be accounted for in
practice. The Tip and Ring leads can be shorted to ground
in the field in any combination. The SLIC limits these
fault currents by the arrangement of the control outputs
of circuit A and A’. If the Ring lead is tied to ground, a
current through R2 will turn on the control output of
circuit A. This enables op amp B’ and provides a sinking
path for the voltage reference. If the Tip lead is open or
connected to ground, the current in R1 is zero. The iy
control lead is sinking current but cannot turn on circuit
C’ because the voitage reference is Vgg. Circuit B is also
off since the control output of circuit A’ is off. The
current in the Ring lead is now [{Voc-VEE)/(R4 + R2)].
The Ring fault current in the SLIC is less than 10 mA.

SMALL SIGNAL AC CHARACTERISTICS

With a load R_ applied across Tip and Ring, the flow
of metallic current in R) enables and biases the SLIC
circuit. Now consider an ac generator in series with Ry
causing differential signal across Ring and Tip at a
frequency between 300 and 3400 Hz. The impedance
presented to-the generator is R|_ + Ry where Ry is the ac
input impedance of the SLIC at the two-wire part. Ry is
derived by a method similar to R¢.

The gain of circuits A, A’, B, and B’ is K1 =4 and K2 =
23.75 as before. However, the TX2 path to iy is an
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added load for ac signals and the current returned to Ry

is divided by the current divider of 2.5 k2 and 1.66 kS2.

As connected, the ratio of these resistors creates another
constant K6 = 0.4. (TX1 end TX2 connection can be
reversed to produce K5’ = 0.8).
The ac termination is thus:
R¢= R1 + R2

1+K1K2KS

The ac current in SLIC is then
v,

. ‘e
9 RL+R°

+ R3+R4

where vg is the generator voltage.

The current in R1 and R2 is given by 1+K1K2K5

and the output signal current is

K1{1-K5)

X Taekikeks ™

VIX _  K1(1-K5) ( R8
vg 1+K1K2KE \R| +R,

The differential signal in the load is input, as two out
of phase signals, into circuits A’ and A. The A’ signal is
inverted and summed in phase with the output of A in
A”. The transmit gain voltage of the SLIC can be set at
any arbitrary value by selecting R8.

Now assume a two-wire load R|_and a generator vg at
VRx. The generator sees a low impedance at Ry,
assuming VG is connected to a dc potential.The current
into Ry issimply igy = vg/RS.

This current is multiplied by K1 in circuits B and B".
The output transistors drive a load R_ + R3 + R4 in
parallel with (R1+R2)/(1+K1K2K5) so that the voltage
gain from VR to Tip and Ring is

\' R,
£=-K2—

VRx RIS- x Cq where

C= R1+R2
17 |(R1+R2)+(R +R3+R4){1+K1K2K5)

The signal current across the load is in phase with Vpy
and out of phase with the termination R,,. The currentin
R, causes a signal at iTx.

This current may be cancelled for any load R by
selecting the sum of (R6 + R7).

Balance is achieved for a load Ry_by designir_\g

R5{1+K1K2KS5)

(RE+R7) = = IK2(1-KB)

x Co where

[(R1+R2) + (RL+R3+R4H1+K‘IK2K5)]
- R1+R2

The current amplifiers within the SLIC are all
wide-band amplifiers such that essentially no group delay
occurs for 4 kHz band limited signals and Tesistive loads.
Thus, the SLIC functions as a near ideal transimpedance
converter for ports VRXrVRL' and VTX- Complex loads
Z| may be balanced by replacing (R6 + R7) with a
complex balance network 2.

LONGITUDINAL SIGNAL SUPPRESSION

Both low frequency and voice-band longitudinal
rejection are produced by the same mechanisms within
this SLIC.

A longitudinal interference from Q to 3400 Hz in the
loop produces 8 common mode voltage at Ring and Tip.
Circuit A and A’ sense these in phase currents in R1 and
R2 and cause an ac signal iy. Circuit C and C’ are driven
by the Class B transistor pair to produce currents which
will reduce the common mode component at nodes CN
and CP by the open loop ac gain of the circuit C and C'.
The high compliance of the i, output and a large current
gain in circuit C and C’ allow the open loop gain to be
quite large.

Constants K1, K2 are held in close tolerance within the
integrated circuit. If R1 + R3 = R2 + R4, then the
longitudinal balance at Tip and Ring will be good. Thus,
the remaining component of common mode signa! at CP
and CN will be equal. The phase inversion in A will cause
the common mode remainder to sum out of phase at TX2
and thus will contribute little output at V. The overall
performance of this common mode rejection loop is
determined by the matching of R1 + R3 and R4 + R2, as
well as the matching of constants within the chip. 60 dB
appears readily achievable.

The circuit C and C’ outputs are limited to 30 mA to
insure longitudinal capacity for both the IEEE and REA
standards.

LOOP CONDITION SENSING

Three analog sensing outputs are provided for detecting
the condition of the subscriber loop. Each output consists
of the open collector of a current sourcing device. The RS
and TS outputs are derived from the sense currents in
circuits A and A’. Thus, in a normal metallic connection
the TS and RS currents are related to Ring and Tip
currents by constants,

BC Metallic
U VeeVee
RS ~ J3KiK2 = (R + R(I+KIK2)

e = T _Vec—Vee
TS = 7%KiK2 ~ (R+RA(1+K1K2)
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AC Metallic

e = VRL
RS = [R_#R,)1+K1K2K5)

e = VR
TS = TR *+R,)(1+K1K2K5)

Note that if the current has a metallic path from Tip to
Ring, but also an unbalanced load to ground in Ring or
Tip, that the RS current will be proportional to the Ring
current and the TS current will be proportional to the Tip
current. Second party detection and -ground start
detection can be handled using this feature, Providing a
metallic path does exist, the longitudinal component in
RS and TS will be suppressed in RS and TS by circuit C
and C'. With no metallic connection, circuit B and B’ are
off such that the longitudinal impedance is R1 + R3 and
the induced current from a given source will be decreased
by 1 + K1K2. In this case, the longitudinal current will
produce peak outputs at RS and TS which are less than
the average output of a long-loop metallic current.

The longitudinal sense output provides a full-wave
rectified current proportional to the fongitudinal loop
current once metallic connection has been established.
Simple filtering of this lead can produce a dc measure of
the longitudinal status of an operating loop. Excessive
longitudinal current can produce a fault indication.

NOISE AND POWER SUPPLY REJECTION

The main 48-volt battery in a large office can supply
considerable power but is often quite noisy and difficult
to filter. Without a means of rejecting supply noise, the
channel to channel crosstalk can‘also become excessive, In
this SLIC, two Vg pins are provided to allow for guiet
battery and power battery connection. Circuits A and A’
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support the sensing resistors and control all other current
in the SLIC. If the voltage across Vg and Vgga is fil-
tered, noise at Vo will not effect the performance of the
loop. In a short circuit condition, the Vg current will be
about 130 mA while the Vggo current is 3 mA, It is,
therefore, possible to supply Vggg from a far quieter
supply.

Furthermore, an analog ground input (Vag) is pro-
vided to allow for proper noise grounding for the Vgy
and Vyy terminals. The true input signal is the ac voltage
between Vag and Vgy. The true output voltage should
be taken between V5 and V.

PROTECTION

Two types of electrical hazards can be expected at the
Ring and Tip terminals of the SLIC. Transient currents
caused by electrical storms and power line cross connects
during installation and maintenance. The diode bridge,
coupled with R3 and R4, provide this protection. Ring
and Tip are normally protected by a gas tube or carbon
blocks against the primary effects of a near lightning
strike. The SLIC itself must provide secondary protection
for 1500-volt transients. A transient voltage at Ring or Tip
will turn on one of the four diodes. The resistors limit the
maximum current to 50 amps, which is the rated surge
current of the diodes. A typical turn on time of 200 ns is
readily achievable with silicon rectifiers.

Power line faults from 120-volt lines will be half-wave
rectified by the upper and lower pair resulting in a current
of 2 amp RMS in each with 30 ochm source resistors.

Extended short circuit conditions will cause R3 and R4
to burn open, eliminating the fault and causing no further
damage. The externalization of the R3 and R4 resistors
from the SLIC's feedback 1oop is 8 critical step in provid-
ing sufficient electrical hazard protection.
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HIGHLY FLEXIBLE VOLTAGE COMPARATORS

The ability to operate from a single power supply of 5.0 to 30
volts or +15-volt split supplies, as commonly used with operational
amplifiers, makes the LM111 / LM211 / LM311 a truly versatile
comparator. Moreover, the inputs of the device can be isolated from
system ground while the output can drive loads referenced either to
ground, the Vcc or the Vgg supply. This flexibility makes it
possible to drive MDTL, MRTL, MTTL, or MOS logic. The output
can also switch voltages to 50 volts at currents to 50 mA. Thus the
LM111 / LM211 / LM311 can be used to drive relays, lamps or

solenoids.

SUGGESTED COMPARATOR DESIGN CONFIGURATIONS

SPLIT POWER-SUPPLY with
OFFSET BALANCE

GROUND-REFERRED LOAD

Input polarity Isreversed when
GND pin is used asan output.

LOAD REFERRED to
POSITIVE SUPPLY

SINGLE SUPPLY

LOAD REFERRED to
NEGATIVE SUPPLY

Input polarity is revorsod when
GND pin is used asan output.

STROBE CAPABILITY

LM111
LM211
LM311

HIGH PERFORMANCE
VOLTAGE COMPARATORS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

Jfl SUFFIX

CERAMIC PACKAGE
CASE 693

3" vee

3 loutput

J 6 BALANCE (STROBE
3 5 BALANCE

H SUFFIX
METAL PACKAGE
CASE 601

O IBALANCE /STROBE

BALANCE

N SUFFIX
PLASTIC PACKAGE
CASE 626
(LM31 1 0nly)

Ovce

70UTPUT

6 BALANCE/STHOBE
5 BALANCE
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MAXIMUM RATINGS (T4 = +25°C unless otherwise noted.)

Value
Rating | symvar ' tm:: 1 man Unit
Total Supply Voltage - H L Vec+IVEel | © 38 ' 36 Vdc
Output to Nagative Supply Vo]mga - . Vo =Vee 50 40 Vdc
Ground to Negative Supply Voltage . VEg 30 30 vdc
Input Differential Voltage . 1 Vvip 130 +30 Vde
Input Voltege {See Note 1) B © Vi +15 +15 Vde
Powal" ipation {Pkg. Limitation) "o
* Meta! Package : . 680 mwW
Derate sbove Tp = dQS"C ‘4.8 mw/°C
Plastic® and Ceramic Dual In-Line Packages 625 mw
Derate above T = +25°C . 5.0 mw/°C
Operating Ambient Temperatures Range Ta °c
LMt -55 to +125 -
wm211 -25 to +85 -
LM311 - 010 +70
Storage Temperature Range Tsig -651t0 +150 | -65to +150 oc

*LM311N only is avallsble in the plastic dual inine package.

ELECTRICAL CHARACTERISTICS (Vge = +15 V, VEE = -15 V, T o = +25°C unless othenwise noted.)
Rl st
Characteristic Symba! Min Tvo Max Min Tve Wox Unit
Input Offsst Voliage (See Note 2.) Viol 1 mV
Rg <50 ks, Tp = +25°C - 0.7 30 - 20 75
Rg <50 k2, Tiow" KTA KThigh* - - 40 - - 10
Input Offsat Current {See Note 2.} ol nA
Ta = +25°C - 40 10 - 60 50
Tiow €TA KThigh . - - 20 | - - 70
Input Biss Current C g - nA
Ta = +25°C - 60 100 - 100 250
Tiow TA K Thigh - - 150 - - 300
Voltage Gain Ay - 200 - = 200 - VimV
Response Time (Sea Note 3. tTLH - | 200 - - 200 - ns
Saturetion Voltage . VoL ' ’ v
Ta = +259C, vip <-5.0mV, 'o 50 mA : - 075" 15 - - -
Vio <-10mV, Ig = 50 mA . : - - - - 0.75 1.5
Tiow STA KThigh. VCC 24.5V, VEE =0
Vip K-6.0mV, l5jnx <B8.0 mA - 0.23 04 - - -
Vip &-10mV, l5ink RBOmMA -~ - - - - 0.23 04
Strobe *‘On°’ Current - Is - 3.0 - - 30 - mA
Output Leakage Current oL ’
Ta = +25°C, Vip »5.0mV, Vg =35 V ) ‘ - 02 10 - - - nA
Vip»10mV,Vg =35V ' - .- - - 0.2 50 nA
Tiow STA KThigh. VID #5.0mV, Vg =35V - 0.1 0.5 - el = HA
Input Voltsge Range ViR v
Tiow STA <Thilh - +14 - - +14 -
Positive Supply Current Ice - +5.1 +6.0 - 45.1 +15 mA
Negative Supply Current Igg - -4.1 -5.0 - -4.1 -5.0 mA
*Tiow = -55°C for LM111 Thigh = +125°C for LM111
= -25°C for LM211 = +B5°C for LM211
= 0 for LM311 = +70°C for LM311
Note 1. This rating applies for £15-volt supplies. The positive input voltage limit is 30 volts sbove the negative supply. The negative input
voltage timit is equal 1o the negative supply voltage or 30 volts below the positive supply, whichever is less.
Note 2. The offsat voitages end offsot currents given are the maximum values required to drive the output within a voit of either supply
-with a 1.0-mA load. Thus, these parametars dofina an error band and take into account the *‘warst casa” effects of voltsge gain and

input impedanca.
Note 3. The response time specified is for 8 100-mV input step with 5.0-mV overdrive.
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LM111, LM211, LM311

FIGURE 1 — CIRCUIT SCHEMATIC
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LM111, LM211, LM311

APPLICATIONS INFORMATION

FIGURE 6 — ZERO-CROSSING DETECTOR DRIVING
MOS LOGIC FIGURE 7 — RELAY DRIVER WITH STROBE CAPABILITY
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MOTOROLA

QUAD SINGLE-SUPPLY COMPARATORS

These comparators are designed for use in level detection and low-
level sensing applications in Consumer, Automotive and Industrial

electronic applications.

+ Power Supply Options —

Single Supply = 2.0 to 36 Vdc
Split Supplies =+ 1.0 -+18 Vdc

« Wide Operating Temperature Range — 55 to +125°C

¢« Low Supply Current Drain —2.0 mA (Max)

« Low Input Biasing Current —25 nA (Typ)

¢ Low Input Offset Voltage - 5.0 mV (Max) LM139, 239, 339
2.0 mV (Max) LM139A, 239A, 339A

¢ TTL and CMOS Compatible

MAXIMUM RATINGS
Rating
Power Supply Voltage
Input Differential Voltage Range
Input Common Mode Voltage Range
Output Sink Current
Power Dissipation @ Ta = 25*C
Ceramic Package
Derate above 25°C
Plastic Package
Derate above 25°C
Operating Ambient Temperature Range
LM139, 139A
LM239. 239A
LM339.339A

Storage Temperature Range

Symbol
VCC
VIDR
VICR
Uink

Pd

ta

Tstg

Value
+36 or i18
36
-0.3 to +36
20

1.25
10
1.25
10

-55 to +125
-40 to +85
0 to +70

-65 to +150

Unit
Vdc
Vvdc
Vdc
mA

Watts
mw/°C

Watts
mw/°C

LM139 LM139A
LM239 LM239A
LM339 LM339A

QUAD COMPARATORS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

N SUFFIX
PLASTIC PACKAGE
CASE 646
LM239/239A,
LM339/339A only

JSUFFIX
CERAMIC PACKAGE
CASE 632
TO-116

PIN CONNECTIONS

Output r— — 1Ooutput
2 LU 3 3
Output = T5]1 0U;PU

10 T
vee (T 12] Gnd
input rj 771 Input
1. e — 4+
Input rj
f '

1+ = iD'T
Input i—

2- 1 |] nput
Input i—

2% 1= 3 neut

(Top View)



LM139, LM139A, LM239, LM239A, LM339, LM339A

ELECTRICAL CHARACTERISTICS (v = +5.0 Vde, Ta = 25°C untess otherwiso noted.)

LM139, A LM239, A LM339, A
Chsracteristic Symbol | Min | Typ | Max {Min | Typ | Max | Min | Typ | Max | Unit
Input Offset Voltage vio mVdc
(Vyef = 1.4 Vde, Vg = 1.4 Vdc, Rg = 0} LM139, 239, 339 - |t20] 50 - |220}50] ~ |:20]:50
LM139A, 239A, 339A - |f1o0| o] - |2r0|X0] - [Dr0|R0
Input Offsst Current ho — |+30]225 | — |25.0| 250 ] - |250[:50 | nA
Input Bias Current lig - 25 | 100 | i~ 25 | 250 - 2 | 250 | nA
Input Common Mode Voltage Range {(Note 1} VicR [} - lVecli P - |Vec] © - fVeel Vv
-15 -15 -1.5
Supply Current icc - |o8}j20] - |o8B)20] - |08 ]| 20| mA
(R = =) IEE
Responsa Time (Note 2) - - 13 - - 13 - - 1.3 - ™
(VRL = 5.0 Vde, R|_ = 5.1 kQ2)
Output Sink Current lsink mA
{V)(-) > +1.0 Vde, Vy14) = 0, Vo < +1.5 Vdc) 6ol ]| - |eof1we ] - Jeo|w. | -
(V|(.) » +1.0 Vdc, V|{+) = 0, VO < 500 mVdec) 60| - - 160 | - - 160 - -
Saturation Voltsge Vear mvV
(Vi) > +1.0 Vdc, Vj(4) = 0, lgink < 4.0 mAdc) - | -fja0| - | - [400] -] - {400
(Vy(-) > +1.0 Vdc, V|(+) = 0, Isink < 6.0 mAdc) - - |500 | - - |so0 | - - {500
Voltage Gain (Ve = 15 V) Ay k
(R >15Kk11) LM139, 239, 339 - |200]| - - | 200 - - | 200 -
LM139A, 239A, 339A 50 (200 | - s0 | 200 { - 60 1200 [ —
Output Leakage Current oL -]101]| - - 101 - - 101 | - HA
(V)(4) > +1.0 Vdc, V}{.) =0, Vo = 5.0 Vdc)
PERFORMANCE CHARACTERISTICS — Guarantsed Over Temperature Range (Vg = 5.0 Vde)
-65 10 +126% | -40°C 10 485°%C 0° 1o 70°C
Characteristic ‘Symbal | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
Input Offset Voltage Vio mv
(Vygf = +1.4 Vdc, Vg = 1.4 Vde, Rg = 0) LM139, 239, 339 - | - | 20] -] -|0] -] -] 100
LM139A, 239A, 339A - - ol - - ol - - | #0
Input Offset Current o - - |=100] - — [#180] - — |+150 | nA
Input Bias Current UT: - - 300 | - - 400 | - - |40 | nA
Input Common Mode Voltage Range VicR [} ~ |vec} © - |vee] © - [Vee | Vde
~20 -2.0 -2.0
Saturation Voltage Viat - - 1m0 ] - - 1700} ~ - 1700 } mv
(Vi{-) 1.0 Vde, V({4) = 0, Igini < 4.0 mAdc)
Output Leakage Current loL - - 1.0 - - 1.0 - - 1.0 | uA
(Vi{+) » 1.0 Vdc, V|() = 0, Vg = 30 Vdc)
Input Differential Voltage Vio - - 36 - - 36 - - 36 | vde
{All V| > 0 Vdc)

Notes 1. Tho input common-mode voltage or either input signal voltage should not be allowed 10 go negative by more than 300 mV. The
upper end of the common-mode voltage range is Voe 1.5 V, but either or both inputs can go to +30 Vde without damage.
2. The response time specified is for 8 100 mV input step with § mV overdrive. For larger signals, 300 ns is typical.

FIGURE 2 — INVERTING COMPARATOR WITH HYSTERESIS FIGURE 3 — NON{NVERTING COMPARATOR WITH HYSTERESIS
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LM139, LM139A, LM239, LM239A, LM339, LM339A

TYPICAL CHARACTERISTICS
{(Vgoe = +15 Vdc, Ta = +26°C (each comparator) unless otherwise noted.)

FIGURE 4 — NORMALIZED INPUT OFFSET VOLTAGE . ) FIGURE 6 — INPUT BIAS CURRENT
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LM139, LM139A, LM239, LM239A, LM339, LM339A

APPLICATIONS INFORMATION

These quad comparators feature high gain, wide bend-
width characteristics. This gives the device oscillation ten-
dencies if the outputs are capacitively coupled to the
inputs via stray capacitance. This oscillation manifests it-
self during output transitions (VQL to VQH). To alleviate
this situation input resistors <10 k2 shoutd be used. The

FIGURE 10 — ZERO CROSSING DETECTOR
(Single Supptly)

R4 >

R1 < P

B2k 230K g0k
6.:: —O0Vo

¢

1B8k< mnom

nai’_

D1 prevents input from golng negative by more than 0.6 V.
R1+ R2= R3

RA < % for small error In zero crossing

Vin
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addition of positive feedback (<10 mV) is. also
recommended.
It is good design practive to ground all unused pins.
Differential input voltages may be larger than supply
voltage without damaging the comparators input voltages.
More negative than -300 mV should not be used.

FIGURE 11 — ZERO CRCSSING DETECTOR
(Split Supptles)

ViNmin ~0.4 V psak for 1% phase distortion (28).
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3 >MOTOROLA

QUAD SINGLE SUPPLY COMPARATOR

This comparator is designed for use in level detection and low-
level sensing applications in Consumer, Automotive and Industrial
electronic applications.

* Power Supply Options -
Single Supply = 2.0 to 36 Vdc
Split Supplies = 1.0 to +18 Vdc
* Wide Operating Temperature Range--—-- 40 to +85°C
* Low Supply Current Drain —2.0 mA (Max)
* Low Input Biasing Current - 25 nA (Typ)
* Low Input Offset Voltage —2.0 mV (Max)
¢ TTL and CMOS Compatible

MAXIMUM RATINGS

Rating Symbol Value Unit
Power supply Voltage vCe *36 or -18 vdc
Input Differential Voltage Range VIDR 36 Vvdc
Input Common Mode Voltage Range VICR -0 3to +36 vdc
Output Sink Current 'sink 20 mA
Power Dissipation @ T/\ - 25°C Pd
Plastic Package 1.25 Watts
Derate above 25°C 10 mw/°C
Operating Ambient Temperature Range Ta -40 to +85 °C
Storage Temperature Range Tstg -65 to +150 °C

FIGURE 1- CIRCUIT SCHEMATIC
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QUAD COMPARATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT
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LM2901N

ELECTRICAL CHARACTERISTICS (Ve = +5.0 Vde, Ta = 25°C unless otherwise noted.)

Charsctoristic Symbol Min Typ Max Unit
Input Offset Voltage Vio - 20 7.0 mVdc
{Vret ® 14 Vde, Vg = 1.4 Vdc, Rg = 0}
Input Offsat Current Lo - 25.0 +50 nA
Input Bias Current ’ IiB .= 25 260 - nA
Input Common Mode Voitage Range (Nota 1) VicR 0 - Vee -18 Vv
ar
Supply Current Icc - 08 2.0 mA
(R = =) IEE .
Response Time (Note 2) - - 13 - us
(VRL =560 Vde, R =B.0kR)
Qutput Sink Current T lsink mA
(Vy(-) > +1.0 Vdc, V)(+) = 0, Vo € +1.5 Vdc) 6.0 16 -
Saturation Voltage Vsat mvV
V(o) > +1.0 Vde, V] (4] = 0, lgink = 4.0 mAdc) - - 400
Output Leakage Current . oL - 0.1 - HA
(V|(+) > $1.0 Vdc, V)(.) = 0, Vo = 6.0 Vdc)

Notes 1. The input common-moda voltage or either input signal voltage thould not be allowed to go negative by more than 300 mV. The
upper-end of the common-mode voltage range is Voc =1.6 V, but either or both inputs can go to +30 Vde without damage.
2. The response time specified is for a8 100 mV input step with 5 mV overdrive. For lerga signats, 300 ns is typical.

FIGURE 2 ~ INVERTING COMPARATOR WITH FIGURE 3 — NON-INVERTING COMPARATOR WITH

HYSTERESIS HYSTERESIS
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LM2901N

TYPICAL CHARACTERISTICS
{Vee = +15 Vde, T = +25°C untess otherwise noted.)

FIGURE 4 — NORMALIZED INPUT OFFSET VOLTAGE . FIGURE § — INPUT BIAS CURRENT
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LM2901N

APPLICATIONS INFORMATION

The LM2801N is a quad comparator having high gain,
wide bandwidth characteristics. This gives the device oscil-
lator tendencies if the outputs capacitively couple to the
inputs via stray capacitance. This oscillation manifests
itself during output transitions (VoL to VQH). To

alleviate this situation input resistors <10 kS should
FIGURE 10 ~ ZERO CROSSING DETECTOR
(Single Supply)
A1 10k
8.2k <
VIN VWV
—O Vo
D1
N gt
R3 i_

01 provents input from going negative by more than 0.6 V.

R1+ R2+= R3

R3< ?—g for small error in zoro crossing

Vin
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not be used. The addition of positive feedback (<10 mV)
is also recommended

It is good design practice to ground all unused pins.

Differential input voltages may be larger than supply
voltage without damaging the comparator’s input voltages.
More negative than -300 mV should not be used.

FIGURE 11 — ZERO CROSSING DETECTOR
{Sptit Supplies}

VINmin 0.4 V peak for 1% phase distortion (0 g).
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MOTOROLA

DUAL DIFFERENTIAL VOLTAGE COMPARATOR DUAL
... designed for use in level detection, low-level sensing, and DIFFERENTIAL
memory applications. COMPARATOR
* Two Separate Outputs (DUAL MC1710)

« Strobe Capability

« High Output Sink Current
2.8 mA Minimum (Each Comparator) for MC1514
1.6 mA minimum (Each Comparator) for MC1414

SILICON MONOLITHIC
INTEGRATED CIRCUIT

« Differential Input Characteristics
Input Offset Voltage = 1.0 mV for MC1514
= 1.5 mV for MC1414
Offset Voltage Drift = 3.0mV/°C for MC1514
=5.0mV/°C for MC1414

* Short Propagation Delay Time —40 ns typical

¢ Output Compatible with All Saturating Logic Forms
Vg =+3.2 Vto -0.5 V typical

MAXIMUM RATINGS (T/A = 25°C unless otherwise noted.) L SUFFIX
Rati Symbol val Unit CERAMIC PACKAGE
ating ymbo alue ni CASE 832
Power Supply Voltages Voo +14 Vdc TO-116
== -7.0
Differential Mode Input Voltage Range V|DR +5.0 Vdc
Common Mode Input Voltage Range VICR +7.0 Vdc
Peak Load Current L 10 mA
Power Dissipation (Package Limitation) Pd
Ceramic Dual In-Line Package 1000 mw
Derate above TA = 25°C 6.0 mw/°C
Plastic Dual In-Line Package 625 mw
Derate above TA = 25°C 5.0 mw/°C
Operating Temperature Range MC1514 ta -55 to +125 °C
MC1414 0 to +75 PSUFFIX
Storage Temperature Range Tstg 65104150 °C PLASTIC PACKAGE
CASE 646

(MC1414 only)
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MC1414, MC1514

ELECTRICAL CHARACTERISTICS (Ve = +12 Vdc,

VEE = -6 Vdc, T4 = 26°C unless otherwise notad.) (Each Comparator)

MC1514 MC1414
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio mVde
(Vg = 1.4 Vde, Tp = 25°C) - 1.0 20 - 15 8.0
(Vo =1.8Vde, Ta = Tiow™) - - 3.0 - - 6.5
(Vg = 1.0 Vdc, Tp = Thieh*) - - 3.0 - = 6.5
Temperature Coefficiant of Input Offsat Voltage AVig/AT - 3.0 - - 5.0 - uv/eC
Input Offset Current ho uAdc
(Vg = 1.4 Vde, T4 = 25°C) - 1.0 3.0 - 1.0 5.0
(Vo =1.8Vdc, Ta = Tiow! - - 7.0 - - 7.5
(Vo = 1.0 vdc, Ta = Thigh) = = 3.0 - - 7.5
Input Bias Current lig uAde
(Vo = 1.4 Vdc, Ta = 26°C) - 12 20 - 15 25
(Vo =1.8Vde, Ta = Tiow! - - 45 - 18 40
(Vo = 1.0 vde, Ta © Thigh! - - 20 - - 40
Open Loop Voitage Gain Avol viv
{Ta = 25°C) 1250 1700 - 1000 1500 -
{TA = Tiow t0 Thigh! 1000 - - 800 - -
Qutput Resistance i Ro - 200 - - 200 - ohms
Differentis! Voltage Range ViDR 5.0 - - 5.0 - - Vde
High Leve! Cutput Voltage VoH 25 3.2 4.0 25 3.2 4.0 vde
{Vip #5.0mV, 010 < 5.0 mA)
Low Leve! Output Voltage VoL Vdc
{Vip >-5.0mV, Igg = 2.8 mA) -1.0 -05 o - - -
{(Vip 2-50mV, lgg = 1.6 mA) - — - -1.0 -0.5 0
Output Sink Current los 28 34 - 16 25 - mAdc
(Vip2-5.0mV, VoL < 04V, Ta = Tiow t0 Thlgh)
Input Common Mode Voltage Range VicR 5.0 - - 5.0 - - Vde
(Vgg = -7.0 vVdc)
Common-Mode Rejection Ratio CMRR 80 100 - 70 100 - dB
(Vgg = -7.0 Vdc, Rg < 200 )
Strobe Low Lave! Current h - - 25 - - 25 mA
(Vi =0
Strobe High Level Current H - - 1.0 - - 1.0 HA
{VyH = 5.0 Vdc)
Strobe Disable Voltage ViL - - 04 - - 04 Vde
(VoL 0.4 Vde)
Strobe Enable Voitage Vis 35 - 6.0° 35 - 6.0 Vdc
(Vo 2.4 Vdc)
Propagation Delay Time (Figure 1) tPLH - 20 - - 20 - ns
PHL - 40 - - 40 -
Strobe Responss Time (Figure 2) teo - 15 - - 15 — ns
. [ - 6.0 - - 6.0 -
Total Power Supply Current, Both Comparators lce - 128 18 - 128 18 mAdc
(Vo <0) Ige - " 14 - 1" 14
Tota! Power Co ion, Both Comp: s Pp - 230 300 - 230 300 mw
*Tiow = -B5°C for MC1614, 0°C for MC1414
Thigh= +125°C for MC1514, +75°C for MC1414
FIGURE 1 — PROPAGATION DELAY TIME FIGURE 2 — STROBE RESPONSE TIME
Strobe
%in
Sout
=V
- -
VeT o8 mY-Vio < oo v sov
p—0V ov
| VoH
Outpat () 3
Output 1.4V VoL ov VoL
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MC1414, MC1514

TYPICAL CHARACTERISTICS
{Each Comparator)

FIGURE 3 — VOLTAGE TRANSFER FIGURE 4 - INPUT OFFSET VOLTAGE
CHARACTERISTICS _ versus TEMPERATURE
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MC1414, MC1514

: FIGURE 10 — POWER DISSIPATION
FIGURE 9 — RESPONSE TIME versus TEMPERATURE
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<®> MOTOROLA

DIFFERENTIAL
DIFFERENTIAL VOLTAGE COMPARATORS COMPARATORS

...designed for use in level detection, low-level sensing, and SILICON MONOLITHIC

memory applications. INTEGRATED CIRCUIT

« Differential Input Characteristics —
Input Offset Voltage = 1.0 mV —MC1710
= 15 mV —MC1710C

Offset Voltage Drift = 3.0/iV/°C - MC1710
=5.0/iv/°C —MC1710C
« Fast Response Time —40 ns

* Output Compatible with all Saturating Logic Forms —
Vq =+3.2 Vto -0.5V (Typ)

« Low Output Impedance —200 Ohms

CASE 601
MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.)
Rating Symbol Value Unit
Power Supply Voltage Vee(max) +14 Vvdc
AEE(max) -7.0 Vdc
Differential Input Signal Voltage VID +5.0 Volts
Common Mode Input Swing Voltage VICR +7.0 Volts L SUFFIX
Peak Load Current v 10 mA CERAMIC PACKAGE
CASE 632 02
Power Dissipation PD TO-116
(Package Limitations)
Metal Package 680 mw
Derate above Ta - +25°C 4.6 mw/°C
Ceramic Dual In-Line Package 625 mw
Derate above Ta = +25°C 5.0 mw/°C
Operating Temperature Range MC1710 ta -55 to +125 °C
MC1710C 0 to +75
Storage Temperature Range Tstg -65 to +150 °C
EQUIVALENT CIRCUIT
P SUFFIX
PLASTIC PACKAGE
CASE 646

(MC1710C Only)
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MC1710,MC1710C .

ELECTRICAL CHARACTERISTICS (Voo = +12 Vde, VEg = -8.0 Vdc, TA = +25°C unless otherwisa noted.)

- - Charecteristic- - - .- Symbo! Min Typ Max - Unit
Input Offset Voltage : vio mVde
(VO = 1.4 Vdc, Ta = +25°C) - MC1710 - 1.0 20
. . - . mcizioc -}, vt L = o 10 180 T

(Vo = 1.8 Vde, Ta = -65°C) MC1710 - - 30
(Vg =1.0Vdc, T A4 41269°C: .~ MC1710 - I 3.0
(Vo =16Vde, TA=09C) - MC1710C - - 86"
(Vg = 1.2 Vdc, T = +78°C) ‘ MC1710C - = 65
~ Temperature Coefficient of Input Offset Voliage avip/aT - 3.0 - . - _wVI°C
Input Oftset Current o . sAdc
(Vg = 1.4 Vdc, T = +25°C) Mc1710 oL - 10, 30
RS MC1710C S - 1.0 5.0
(Vo = 1.8 Vdc, T4 = -56°C) “ MC1710 - - 7.0
(Vg =1.0Vde, To = +126°C) . MC1710 - - 3.0
(Vg = 1.5 Vdc, T = 0°C) o MC1710C T - o= 7.5
(Vo = 1.2 Vde, Tp = +759C) MC1710C - - 75"
Input Bias Current [T 1" 1 wAde
{Vo=14Vdc, T~ +25°C) - - MC1710 - 12 20
: MC1710C - 12 26
{(Vo=18Vde, Tp = -56°C) Mc1710 | - ]-. - 45
(Vo = 1.0 Vdc, T4 = +125°C) MC1710 - - 20
{Vo=1.6Vvde, Ta=0)~ - -~~~ MC1710C - - 40
{Vg = 1.2 Vdc, T = +76°C) MC1710C . - - | rae g
Voltage Gain . L W Ayl . viv
(T = +25°C) T ) TMci7io I T 1250 1700 - :
SN T i MC1710C 1000 1700 -
Ta=Tiowt0 Thign) IV~ "+ 7 o —smcimo |- wo |- -] -
- | Meinioc _ . | 8o | - ] =
Output Resistance s : [ - 200 | - ' | Ohms
Ditferential Voltage Range . S Vip 5.0 = - Vde
Positive Output Voltage VoH 25 3.2 4.0 Vdc
(Vip#5.0mV, 010 <50 mA) ' : ) :
Negative Gutput Voltage VoL -1.0 -0.% 0 v vde
“Vip P -50mV) T A ' : L
Output Sink Current . 10s . mAdc
(Vip>-6.0mV, Vo <0) MC1710 2.0 25 C - . :
- L —MC1TI0C - 16 25 e
(Vip > -6.0mV, Vg 30, Ta = Tigw) -MC1710 . 10 20 =
: S .. Meimee | - 08 P I P
Input Common-Mode Voltage Range v VicR 5.0 - = T Volts
(VEg = -7.0 Vde) N - )
Common-Mods Rejection Ratio CMRA .. - dB
(VgE = -7.0 Vde, Rg < 200 Ohms) Soomcimo | L 80 .100 -
MC1710C 70 100 -
Propagation Delay Time for Positive end Negative Going Input Pulse - . BPLH - 40 - ns
(Vip™= 50 mV + Vo) WPHL A | o - 38 - |- =
Power Supply Current ! . : ¢ e mAdc
(Vo <0 . . p+r.. | - ] (64 9.0
L . 1p- - - 6.5 7.0 )
Power Consumption L fp - - 185, . 150 mw
{1} Tiow = -55°C for MC1710, 0°C for MC1710C - SRR

Thigh = +126°C for MC1710, +75°C for MC1710C
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MC1710, MC1710C

TYPICAL CHARACTERISTICS

FIGURE 1 — VOLTAGE TRANSFER - FIGURE 2 — INPUT OFFSET VOLTAGE
CHARACTERISTICS versus TEMPERATURE
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MC1710, MC1710C

TYPICAL CHARACTERISTICS (Continued)

FIGURE 7 — RESPONSE TIME FIGURE 8 — POWER DISSIPATION versus TEMPERATURE
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MOTOROLA
Killl

MC1711C

DUAL DIFFERENTIAL VOLTAGE COMPARATOR DUAL DIFFERENTIAL
COMPARATOR
. .designed for use in level detection, low-level sensing, and memory
applications. SILICON MONOLITHIC
Typical Characteristics: INTEGRATED CIRCUIT

« Differential Input
Input Offset Voltage = 1.0 mv
Offset Voltage Drift =5.0pV/°C
* Fast Response Time - 40 ns
¢ Output Compatible with All Saturating Logic Forms

Vout =+4E3V to -0.5 V typical G SUFFIX
« Low Output Impedance — 200 ohms METAL PACKAGE
CASE 603
TQ-100

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

Rating Symbol Value Unit
Power Supply Voltage Vece +14 Vdc
VEE -7.0
Differential Input Signal Voltage VIDR 5.0 Volts
Common-Mode Input Swing Voltage VICR 7.0 Volts
Peak Load Current .l 50 mA
Power Dissipation (package limitation) Pd
Metal Package 680 mw
Derate above 1" = +25°C 4.6 mw/°C L SUFFIX
N ) . CERAMIC PACKAGE
Ceramic and Plastic Dual In-Line Packages 625 mw CASE 632
Derate above T/\ = +25°C 5.0 mw/°C T0-116
Operating Temperature Range MC1711 ta -55 to +125 °C
MC1711C 0to +75
Storage Temperature Range Tstg -65 to +150 °C
P SUFFIX
PLASTIC PACKAGE
CASE 646

(MC1711C only)

CIRCUIT SCHEMATJC

+«Connected to pin 4 via tho substrate on
soma plastic units.

7-23



MC1711, MC1711C

ELECTRICAL CHARACTERISTICS (each comparator) (Ve = +12 Vde, Vgg = -6.0 Vdc, T = +25°C unless otherwise noted.)

MC1711 MC1711C
Charactsristic Symbal Min Typ Max Min Typ Max Unit

input Offset Voltage Vio mVdc
{VICR = 0 Vdc, Tp, = +25°C) - 1.0 35 - 1.0 5.0
{(VicR # 0 Vdc, T = +25°C) - 1.0 5.0 - 1.0 75
{VicR = 0 Vde, Ta = Tiow 10 Thigh*! - - 45 - - 6.0
(VicR #0 Vde, Ta @ Tiow to Thigh’ - - 6.0 - - 10

Temperature Coefficient of input Offset Voltage AV |0/AT| - 5.0 - - 5.0 - uv/iec

Input Offset Current ho pAdc
(Vo = 1.4 Vdc, T = +25°C) - 05 10 - 05 15
(Vo = 1.B Ve, T = -65°C) - - 20 - - -
(Vo = 1.5 Vde, T4 = 0°C) - - - - - 25
(Vg = 1.0 Vdc, T = +125°C) - - 20 - - -
(Vo = 1.2 Vde, Ta = +75°C) - - - - - 25

Input Bias Current ’ 1T} puAdc
(Vg = 1.4 Vdc, T = +25°C) - 25 75 - 25 |. 100
(Vo = 1.B Vdc, Tp = -66°C) - - 150 - - -
(Vo= 1.6 Vde, Tp = 0°C) - - - - - 150
(Vo = 1.0 Vdc, T4 = +125°C) - - 150 - - -
(Vg = 1.2 Vde, T = +75°C) - - - - - 150

Voltage Gain Avol viv
(TA = +25°C) 700 1500 - 700 1500 -
(TA = Tiow 10 Thigh) 500 - - 500 - -

Output Resistance Ro - 200 - - 200 - ohms

Differential Voltage Range VibR 15.0 - - 5.0 - - Vde

High Level Output Voltage VOH 25 32 5.0 2.5 3.2 5.0 “vde

{VIp 210 mVvdc, 0 < 1o £6.0 mA}

Low Level Output Voltage VoL -1.0 -0.5 0 -1.0 -05 . 0 Vde
(V|p 2-10 mVdc)

Strobed Output Leve! VoLisy)f -10 - 0 -1.0 - 0 Vdc
{Vstrobe & 0.3 Vdc)

Output Sink Current 10s’ 05 08 - 0.5 08 - mAdc
{(Vin»-10mV, Vg 0

Strobe Current Igt - 1.2 25 - 1.2 25 mAdc
{Vgtrobe = 100 mVvdc)

Input Common-Mode Range VicR 5.0 - - 5.0 - - Volts
{Vgg = -7.0 Vdc}

Response Time 17 - 40 - - 40 - ns
{(Vp=5.0mV + Vo)

Strobe Release Time tsR - 12 - - 12 - ns

Power Supply Current Ice - 86 - - 86 - mAdc
(Vo <0 Vdc) IEE - 3.9 - - 3.9 -

Power Consumption - 130 200 - 130 200 mW

*Tiow = -55°C for MC1711, 0°C for MC1711C
Thigh= +125°C for MC1711, +75°C for MC1711C
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MC1711, MC1711C

Avol. OPEN LOOP VOLTAGE GAIN (V/V)
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TYPICAL CHARACTERISTICS
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MC1711, MC1711C

FIGURE 7 - COMMON-MODE PULSE RESPONSE
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FIGURE 9 — RECOMMENDED SERIES RESISTANCE

LOADS

Vg, OUTAUT
VOLTABE voLTS)
s

304
veg= v
Veg* -0V
Tp ool

Eol

=

g

D €20 +4D +60 <%0 +10 4120 HHD 4180 41BD
LTIME (o)

versus MRTL LOADS

ym o 2 mae s o i i ¢

T

MY

)

MCI711C

AN
L \\
| \\
el
[ N
§ AN
e, PovER )
MRTL
N
, i N
(X] 02 0s " 20 50 10

Rg, SERIES RESISTANCE (h OXMS)

Vo, DUTPUT VOLTAGE (VOLTS)

FIGURE 8 — OUTPUT PULSE STRETCHING
WITH CAPACITIVE LOADING

N

e R

&
]
L]

L
30

L TIKE (o)

FIGURE 10 — FAN-OUT CAPABILITY
WITH MDTL OR MTTL QUTPUT SWING

KL ACTUAL QUTPUT
SWING

MINIMUM HIGH STATE
MTTL 2

woOTL / -

V0, QUTPUT VOLTAGE SWING (VOLTS)
. A

§

KOTL, MTTL -
INPUT VOLTAGE

[ ___\_

LOW STATES
WITL, MoTL

tor2
FAN-QUT CAPASILITY



MOTOROLA

QUAD SINGLE-SUPPLY COMPARATOR QUAD COMPARATOR

These comparators are designed specifically for single positive-
power-supply Consumer Automotive and Industrial electronic ap-
plications. Each MC3302 contains four independent comparators —
suiting it ideally for usages requiring high density and low-cost.

SILICON MONOLITHIC
INTEGRATED CIRCUIT

+ Wide Operating Temperature Range - -40 to +85°C
« Single-Supply Operation - +2.0 to +28 Vdc P SUEFIX

« Differential Input Voltage =+Vcc PLASTIC PACKAGE
. CASE 646
« Compare Voltages at Ground Potential

« MTTL Compatible

¢« Low Current Drain — 700 /jA typical @ Vcc +5.0 to +28 Vdc
* Outputs can be Connected to Give the Implied AND Function

L SUFFIX
. CERAMIC PACKAGE
MAXIMUM RATINGS (Ta =+25°C unless otherwise noted.) CASE 632
Rating Symbol Value Unit T0-116
Power Supply Range vCc +2.0 to +28 Vdc
Output Sink Current (See Note 1) Q 20 mA
Differential Input Voltage VIDR iv cc Vdc
Common-Mode Input Voltage Range (See Note 2) VICR -0.3 to +Vcc Vvdc
L A FIGURE 1- EQUIVALENT CIRCUIT
Power Dissipation @ TN - 25°c PD
Plastic Package —P Suffix 1.2 Watts
Derate above 25°C 10 mw/°C
Ceramic Package — L Suffix 1.2 Watts
Derate above 25°C 10 mw/°C
Operating Ambient Temperature Range ta °C
Plastic Package -40 to +85
Ceramic Package -55 to +125
Storage Temperature Range Tstg -65 to +150 °C

Note 1. Requires an external resistor, R ,0 ,imit current below maximum rating.

Note 2. If either (+) or (-) inputs of any comparator go more than several tenths of avolt
below ground, a parasitic transistor turns "on" causing high input current and Vce - PIN 3 GROUND - PIN 12
possible faulty outputs.
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MC3302

S esis WEL

ELECTRICAL CHARACTERISTICS (Vq: = +15 Vdc, Tp = 425°C !m:h comporator) unless otherwise noted.)

Characteristic Definitions . ) 1
{34 Circuit Shown); , . . : Characteristic - . Symbot “-|. ‘Min | :Typ Max Unit
" vee Input Offset Voltage (Vyey = 1.2 Vdc) Vio mVde
- . {Ta = +25°C) - 30 20
——oYN i (T4 = 40 10 +85°C) - — 40
vo Input Offset Current Wo - 30 - nAde
o——o-] T o tmrenal —
Vigt hl - g ._,i_u_, T Input Bias Current IT:) nAdc
n = {Ta = +25°C) - 30 00 | .
¥i0* et -Vl (Ta = —40 10 +85°C) - - 1000
Vottage Gain Ayol viv
{Tp = +289C, R = 16 k) 2,000 | .30,000 -
Transconductance . gm - 20 - mhos
Input Differential Voltage Renge Vipr. | tVee - - Vdc
Output Lozkage Cufrent =~ ~ loL - uAdc
{Outpot Vottags, High) = - 1.0
Output Voltage - Low Logic State VoL - mVde
(1g= 20 mA, Vgg = +5.0 to +28 Vdc -] 1%0 400
Qutput Sink Current ’ Isink . mAdc
{Vee = 6.0 vde) . -
- {Ta = +26°C, Vg = 400 mV) - 6.0 -
(Ta = -4010 +85°C, VoL = 2.0 - -
800 mV)
R v . . .
' b . tnput Common-Mode Voitege Range - | - V|cR - —-{ Volts-
L
. (Veg = +28 Vde) 0-26 - -
1 . - -
Comman-Mode Relection Ratio CMRR - 60 - de
Propagation Delay Time PHLILH s
For Positive and Nmtiwﬁoing - 20 -
Input Pulse B '
(R = 15kQ)
Transition Time tTHL - 0.18 - us
(Ry = 15 kQ2) tTLH - 08 -
Power Supply Current (Total of four icc mAdc
comparators) ) IEE
(R =, Vog = +6.0 to +28 Vdc) - 0.7 18
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MC3302

~ TYPICAL CHARACTERISTICS
{Vce = +15 Vde, Ta +25°C (each comparator) unless otherwisa noted.)

FIGURE 3 — NORMALIZED INPUT OFFSET VOLTAGE

FIGURE 4 — NORMALIZED OFFSET CURRENT
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TYPICAL APPLICATIONS

The MC3302 is a quad comparator having high gain,
wide bandwidth characteristics. This gives the device
oscillator tendencies if the outputs capacitively couple
to the inputs via stray capacitance. This osciilation mani-
fests itself during output transitions (VQL to VQOH).
To alleviate this situation input resistors < 10 k&2 should

7-29

be used. The addition of positive feedback {1 to 10 mV}
is also recommended.
It is good design practice to ground all unused pins.
Differential input voltages may be larger than supply
voltage without damaging the comparator’s input voltages.
More negative than -300 mV should not be used.




MC3302

TYPICAL APPLICATIONS (continued)

FIGURE 6 — FREE-RUNNING SQUARE-WAVE OSCILLATOR FIGURE 7 — TIME DELAY GENERATCR
1M TVcc
SR
Ci15k
s A7)
[ ————
——| —

FIGURE 8 — COMPARATOR WITH HYSTERESIS
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MOTOROLA

QUAD DIFFERENTIAL VOLTAGE
COMPARATOR/SENSE AMPLIFIERS

The MC3430 thru MC3433 high speed comparators are ideal for
application as sense amplifiers in MOS memory systems. They are
specified in a unique way which combines the effects of input offset
voltage, input offset current, voltage gain, temperature variations
and input common-mode range into a single functional parameter.
This parameter, called Input Sensitivity, specifies a minimum differ-
ential input voltage which will guarantee a given logic state. Four
variations are offered in the comparator series.

The MC3430 and MC3431 versions feature a three-state strobe
input common to all four channels which can be used to place the
four outputs in a high-impedance state. These two devices use
active-pull-upMTTL compatible outputs. The MC3432 and MC3433
are open-collector types which permit the implied AND connection.
The MC3430 and MC3432 versionsare specified for a+7.0 mV input
sensitivity over the 0 to 70°C temperature range, while the MC3431
and MC3433 are specified for+12 mV.

« Propagation Delay Time —40 ns
+ Outputs Specified for a Fanout of 10 (MC7400 type loads)

» Specified for all conditions of #5% Power Supply Variations,
Operating Temperature Range, Input Common-Mode Voltage
Swing from -3.0 V to 3.0 V, and Rs* 200 ohms.
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MC3430
thru
MC3433

QUAD HIGH-SPEED
VOLTAGE COMPARATORS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

P SUFFIX
L SUFFIX PLASTIC PACKAGE
CERAMIC PACKAGE CASE 648

CASE 620



MC3430, MC3431, MC3432, MC3433

MAXIMUM RATINGS (T = 0 to +70°C unless otherwisa notod.)

Rating Symbol Velue Unit
Power Supply Voltage Vee. Vee 7.0 Vde
Differentiet Made Input Signa! Voltage Range ViDR 6.0 Vde
Common-Mode Input Voitage Rangs VICR « 5.0 Vde
Strobe Input Voltage . Vi(s) 6.5 Vde
Output Voltage (MC3432 — 33 versions} Vo +1.0 vde
Junction Temperatwre ' Ty
Cerzmic Packago 176 oc
Plastic Package 150
Operating Temperature Rangs Ta 010 +70 oc
Storage Tompersture Rango Tstg -65 to +150 oc
RECOMMENDED OPERATING CONDITIONS (Tp = 0to +70°C unless otherwise notad.)
Charscteristic Symbat Min Typ Max Unit
Power Supply Voltages Vee +4.7% +5.0 +5.26 Vde
Vee -4.76 -5.0 -5.26
Output Load Current ) oL - - 16 mA
Differentiat-Mode Input Voltage Range VIDR -6.0 - +5.0 Vdc
Common-Mode Input Voltags Range VIiCR =-3.0 - +3.0 Vde
Input Voitegs Range (any input to Ground) VIR -6.0 - +3.0 Vde
ELECTRICAL CHARACTERISTICS (vc = 5.0 Vde, Vgg = -6.0 Vde, Ta = 0°C 10 +70°C unless otherwisa noted.)
Typical Values are Measured at T = 25°C
MC3430, MC3431 MC3432, MC3433
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Sensitivity (See Discussion on Page 3) Vis mV
(Rg < 200 Ohms)
{Common Mode Voltage Range = 3.0 V&V £3.0V)
4.75<Vce €6.25 V T, = 25%C MC3430, MC3432 - - 16.0 - - #$.0
475> Vgg »-528V A MC3431, MC3433 - - 0 - - $10
{Common Mode Voltage hanp =-3.0VLVin 3.0V}
475K Vee K626 V Ta =010 70°C { MC3430, MC3432 - - $1.0 - - +7.0
—4.76 3 Vg »-6.26 V MC3431, MC3433 - - 32 - - 12
Input Offsat Voltage vVio - 20 - - 20 - mV
(Rg <200 Ohms)
Input Biss Current UT:] uA
{Vee=5.26V, Vgg=-6.25V) MC3430, MC3432 - 20 40 - 20 40
MC3431, MC3433 - 20 40 - 20 40
Input Offset Current o - 1.0 - - 1.0 - HA
Voltage Gain Avol - 1200 - — 1200 — viv
Strobe Input Voltage (Low State) ViLts) = - 0.8 - - 0.8 v
Stroba Input Voltage (High State) ViH(s) | 20 — - 2.0 - - \
Stroba Current (Low State) hiLs) - - -16 - - -1.6 mA
(Vee= 6.26V, VEg = -6.25 V, Vip = 0.4 V)
Strobo Current (High State) hH(s)
(Vee= 626V, VEg = -6.25V, Viq = 2.4 V) - - 40 - - 40 kA
(Ve = 625V, VEE = -5.26 V, Vjn = 5,26 V) - - 1.0 - - 1.0 mA
Output Voltage (High State) VoH 24 - - - - v
(19 = -400 uA, Voo = 4.76 V, Vgg = -4.76 V)
Output Voltaga {Low State) VoL - - 04 - - 04 v
flg=16mA, Vec=4.75 V. Vgg = 4.75 V)
Output Leakage Current IcEX - - - - - 250 BA
(Vec=4.76V, VEg = 4.76 V, Vg = 6.25 V)
Qutput Current Short Circuit los -18 - -70 - - - mA
- (Vgg= 526 V, Vgg = -5.26 V)
Output Disable Leaksge Current loff - - 40 - - - nA
(Vee= 525V, VEg = -56.26 V)
High Logic Leval Supply Currents ice - 45 60 - 45 60 mA
(Vege=6.26 V, Vgg = -5.25 V) Ige - -17 -30 - -17 -30 mA
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MC3430, MC3431, MC3432, MC3433

A UNtQUE FUNOTIONAI. PARAMETER FOR COMPARATORS

A unique approach isusad In specifying tha MCM30-33quad

s, P
. with et amplifier typo psramoaters such
“as voltage gain (Avoi). lnput oftset voltage {Vip), input offsot

P

$ have been specified s linear

current {110} end eommon-modn rejaction ratio- (eMRR) This is -

. trus desplte tho fact that most parators 8re din
thair llnsar region becsuso it is difficult to hold a high galn com-
parator in this narrow region. Comparators are normally used to

“datect” when an unk 1 leval ds a given
voltags. -
Tm mon desirable oomparalor parameter [s what minimum dif-
i 1 input 98 quired at the P ‘s input ter-

minals to gusrantee a given putput logic state. This new and im-
portant garemeter has been called input sonsitivity (V(g) and is
“enatagous tb” the input thrashold valtage specification on'd core
-memory sense amplihar The input sensitivity specification in-
cludes the effects of voltage gein, input offsat voltsge and input
offset current gnd eliminates the need for speclfying these three
parameters.

In ordar to make this p: asi on the
1MC3430-33 sarles quad eompamors. the Input wnsnfvlty is spaci-
‘fied within the following conditions: -

Commercisl Temperature Rangs — 0 to 70°C

Power Supply -Variations — 5% (8}l conditions)

Input Source Resistance — €200 Ohms

Common-Mods Voltags Rengs —-3.0V to +3.0V

g Ty

copent
[ IR

0.4 Vl If 2.0 mV ere required st the input termlnalc to Indueo

.-this change in logic stete, the voltage ‘gain would bo 1000 V/V.

. Gain however is not the only factor affecting the logic tran-
mlon Normally input offset voltages, that are not externslly
nulled, can add-an spprecisble error that dvanimllv overshadows
‘the ¥ gain. Therefore, the 2.0 mV for exsmple, raquired
to csuse the logic is often kad. An input offset

ol

-voltngs '0f up t0.7.5 mV might be required to resch the llnear

region. A further consideration is the input offset current of up to

310 pA tiowing through the matched 200-Ohm sourca resistors st

“the input terminals which can crdate an additional efror of £2.0

mV. In order to determine a worst case input sensitivity, it must
be aisumed that minimum specified gain and maximum specifisd
offsat voltage and current conditions exist. Also it must be as-
sumed that thm three factors sre cumulative, requiring s worst

" case input of '

S I

Logic Transition = 2.0 mV

Vip=76mv >

ljo of £10°uA thru 200-Obm mdnor =20mV
Therefore, 2+7.56+ 22 11.6mV. - -
The effects of power supply ge vari

and mode input voltsge conditions” hava no(

been considered, as thoy sre not presant m the gain and offset
spécifications on most ators. )

Thus, the input sensitivity specification grestly reduces the

: affort required in detsrmining the worst case differential voltage

Note: Typical vatues have been included on the
for applicatlom whera 'the' offset vditagos are nxtnma(lv nulled

Voltage gain is defined as the ratio of the rosulting AV to &
changa in the VipR using conditions at which the Vg and ||0
sre nutled. Thus, for worst case MTTL logic levets, the required
output voltage change is 2.0 V (Voumin — Vo max = 24 V —

e

d by a given type.

Teble | compares the worst casa input sensitivity of three
popular compasrator types at both room temperature and over the
spacified commercial temperature range (0 to 70°C). This sensi-
tivity was computed from the specified voitage gain, offsat voltzge
and offsat current limits.

q

TABLE | - WORST CASE COMPARISONS

i N VLT : Ta =0t 70%C
- Oitfsretitial Input lio Error Voltage | . : Differentisl Input {0 Ervor Voltsge
Vio Ayt | Vottagd Required Rg =200 02 d Into Totel V10 |Avoi* | Voltage Required | Rg = 200 2] Ganeeatad Into Totat
Type | mV | VIV | for 3.0V Output +wA - | 200 £ Source | Seasitivity | mV | VIV | for 3.0 V Output HA 200 £ Source | Sensitivity
Number {Max | Typ Change - -_-| . Max , Resistors mV | Max| Typ Chgige Max - Resistors mv
MC3430, | - - - TN NEVINED B
mcaazzl ~ | - - S 60 -1 - - _ _ 70
MC3431, . .
mMcaeas| ~ | - - - - 10 -1 - - - - 2
MC1211C| 5.0 | 1500 20mv 15 30mv 10 5.0 ] 1000 Aomv 2% T S0mVv 13
MLMI11 | 7.5 [200 k 0.015mV 6.0°* 0.0012mV 7518 10 |100 k 0.030 mV 70°° 0.014 mVv 1004
*Typical values given, 8s minimum gain not always spacilied.
**1jg measured in PA
FIGURE 2 — GUARANTEED OUTPUT STATE versus FIGURE 3 — GUARANTEED OUTPUT STATE versus
OIFFERENTIAL INPUT VOLTAGE * INPUT VOLTAGE
35 Uncertainty s ) Voot 40 g =N
RAsgion . — 4 7 - | Undetermined
_ 30 MO . N}’g‘". N _w Rrgion =
2 MCaR2 vice. || z (Expanded A
2 [ types > 20 Scate) - -J
g 25 L h == === £~
5 Aegicn =2
2 4 HCHU3L. N Gorenmed g0
s 2. ) MC3433 VOH E R Gu‘l;;:‘md Vinl8) i
g ! MC3430 g .
S - > St Vint: Vout
= 1§ MC3432 - L |
2 VoL . Caly 2 10 -
= [ MC3430 s o 1 T
3 L0— mcun F30VEVICR< 3OV : N Rs< 2000
S | Oay - 475V Vo <525V g 20 L 35V <Vig 30V {
> 08 Y 4,75V > VEE »-5.25V ] f 0°C < Ta < 709C
[T Guarenieed PC<TA<0°C -30 - 475V<Vgp <525V
VoL All device types ':s‘mn . o 475V > VEE > 525V
-35 -30 -25 -20 -15 -10 -5 § 10 15 20 25 30 35 -40 -3.0 -20 -1.0 10 20 30 40

DIFFERENTIAL INPUT VOLTAGE (mV)
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MC3430, MC3431, MC3432, MC3433 ' R I

SWITCHING CHARACTERISTICS (Ve'= +5.0.Vde, VEE = -5.0 Vde, T4 = +259C unless otherwise noted.)

. . MC3430, MC3431 MC3432, MC3433
- Charscteristic Symbol Fig. Min Typ Max | Min Typ Max Unit
High to Low Logic Level Propagation Datay | tpiip) | 68-11 - 20 45 - 27 50 ns
' Time (Differantial Inputs) 8.0 mV + Vg ) ) B :
Low to High Logic Lavel Propagation Delay | tpyH(p) | 6.8-11 - 33 85 - 40 65 ns
Timo (Differontis! lnputs) 5.0 mV + Vis : .
Open State to High Logic Level Propagation “| tpZH(s) 4 - - 35 - - - ns
" Delay Time (Strobe) i
High Logic Level to Open State Propagation | tpHz(s) 4 - - 35 - - - ns
Delay Time (Strobe) . .
Open State t0 Low Logic Level Propagation tPZL(S) 4 - - - 40 - - - ns
Delay Time {Strobe) ) .
Low Logic Level to Open State Propagation | tpyz(s) 4 - - 35 - - - ns
Delay Time (Strobe)
High Logic to Low Logic Level Propagatio PHL(S) 6 - - - - Co- 40 ns
Detay Time (Strobe) : .
Low Logic to High Lagic Level Propsgation tPLH(S) 5 - - - - - 35 ns
Delay Time {Strobe)
TEST CIRCUITS

FIGURE 4 — STROBE PROPAGATION DELAY TIMES tp 2(S). tPZL(S). tPHZ(S). 37 tPZH(S)

80V

o 1 A\ 390
Y 2 5 - vi v2 s1 52 cL
vae 3 T ' ( TPLZ(3) |[100mV | GND | Clossa | Closed | 15 pF
>l [N o1 ZLia) | 100mV | GND | Clowd | Open | 60 pF
® 30 o & ddl
5 Mease 12 b tpHZ(S) | GND |160mV | Ciosed | Closed [ 15 pF
B so | | 28] Mc3a31 o sov £, Y note $zi(s) | GND |100mV |"Open [ Clomd | SOBF
€ { o2 o c s Y or equiv -
fn Z 1904 v T ¥ ©_ Inctudes }ip and probe capaciuance.
8 1251 4 = o € waveform charscteristics:
== L ’ TrLH ond trHg < 10 ns mossurod 10% to 90%.
hd sz\ PAR = 1.0 MH2
i Duty Cycte = 50%
Eo =

Output of Channel B shown under test,
other channels are tested similarly.

Ein

“trz(s) | PHZ(8)

tP2L(8) tPZHIS)

7-34



MC3430, MC3431, MC3432, MC3433

FIGURE 5 — STROBE PROPAGATION DELAY tp H(g) AND tpy ()

S0V
+100 mV. ; :: I
0] &
A B ™
A wmcaaz Lo oo
c ﬁ mcadaa o e-50V
[ ]
- % 7 10 Lisor
< T trouw
= 7 ..0_48 2 L
€1 weveform characteristics:
: tyLH and tTHe S 10 ns moasured 10% to 90%.
ne PAR = 1,0 MHz
Duty Cycle = 50%

Output of Chasnnel B shown under test, other channals are tested similarly.

FIGURE 6 — DIFFERENTIAL INPUT PROPAGATION DELAY tp (D) AND tpHL(D)

+850V
VREF e— 1 1s,
2 15 )
o2 e 3902 390 ¢ VREF + V|5
50 :‘_ mc343o |13 o 8
. Fod| thru 2, 50V sn:_n_i.
= p—ob{ MC3433 11,

o~ e C‘I IN916 ¥

Ein 8 ] = or squiv ¥

= L Y

Eo

Ejn waveform characteristics:

tyLn ond tyL < 10 ne mezsured 10% to BO%.
PAR = 1.0 MHz .
Duty Cycle = S0%

Output of Chsnne! B shown under test, other chﬁn-ls are tested umilarly.

81 at “A” for MC3430, MC3431 Devica VR mV

$1 et “B” for MC3432, MC3433 MC3430 | 11
Cy = 50 pF total for MC3430, MC3431 MC3431 | 15
Cg = 15 pF total for MC3432, MC3433 MC3432 | 11

MC3433 | 18

FIGURE 7 — CIRCUIT SCHEMATIC
{1/4 Circuit Shown)

Vee o—
e > 880" ¢ 880 190 '
v {
1N 4k
LN
&_K— 1( 7{. L O OUTPUT
440
INPUT
N GND
P S
JI' _]—I 3.6 k| 4k
L‘ -0 STROBE
a4k 4k r I I
N ] X
. ﬂ l‘i lj TO OTHER 750
Vee COMPARATORS

Dashed compononts apply to the MC3430 and MC3431 circuits only.
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MC3430, MC3431, MC3432, MC3433 R

©TYPICAL PERFORMANCE CURVES -~

RESPONSE TIME versus OVERDRIVE — MC3430, MC3431

_FIGURE 8 — OUTPUT'LOW TO HIGH - FIGURE 8~ OUTPUT HIGH TO LOW
c I | -~ J 1T T
™ -1 1 )
|1 veg=56v |—1 vee=s0v.
| VEe=-50Vv . | VEE=-50V
.. Ta = 259C == T ‘—T TE-!MD
100 mV . w
S Vou = N4 s Vou 0oV
g 50 mv A ] ANAY !
g r i R 70:0. = — \} ,7 10 o
5 D LA P10 g samv \‘(\\ A —
& A S i \ Smv
3 LAY A ™o ° R b \\\ 1Y 4
v 7 v
voL
100 mv + znuvob rr!m. -lo.s n:
0 qQLH~05m - . L
I e T S O S IO - 10mv g T 11
2 10 o 10 20 B @ 50 2 10 0 0 2 % @ 50

TIME (n) ) TIME (r)

RESPONSE TIME versus OVERDRIVE MC3432, MC3433 -

FIGURE.10 — 6UTEUf LOW TO HIGH : ' FIGURE 11 — OUTPUT HIGH TO LOW

sovl—— | | ! !, —~ 50V | NS !
ST vee50v — foaay A L1 vegrs0v 0 mv—
— T v\g: 30V — "'{ < 7 ¥ 717 [T vee--sov \ il
: A® T
- : somv,‘—)f /YA 1 w A\ WV
- 1| N/ - ] ]
- by -
a BV A 10wy s WA 5 v ——|
ol A e B s0mv<f A\ \
e HT 84 i NP 3 N
5 V A 7T/ 5 {m:f,, \R'AY .
/4AVA'D4 i AN\Y
vou| ’ N R . NSNS
100 mV VoL . ; :
L tTHE~ 0501
0[ - —- 1T u~0.5m =  20a -
Lt 160 m [ 1
-10 (] 10 0 30 @ .88 . 20, 10 0 10 2 30 ) 9
TIME (ra) : TIME (o)
FIGURE 12 ~ AVERAGE INPUT OFFSET VOLTAGE FIGURE 13 — RESPONSE TIME versus TEMPE RATURE
versus TEMPERATURE .
35 - 3
a0 — k) -4 ——t -
s AN 1 4 el PLH
E \, ] B v . MC3432.33 MC343031 =
s 2 e e et
[} \ z quetlilS 8§ ?A B
= N L d = == x :
8 20 = ve 2 20 - ST S
= i s - - . - 1
o 15 =31 —
t I -
2w wl Vec=sov I
2 | - - VEE=-50V Wﬁﬂ PHL
= = MC3430-31 T Me343233
0s — 50 —Dmdrm' 1383:'5
0 ol 0 ]
25 0 R 75 100 .- . 0 20 0 60 %0
AMBIENT TEMPERATURE (°C} - ) v AIB!ENTTEKPERATURE oo
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MC3430, MC3431, MC3432, MC3433

APPLICATIONS INFORMATION

FIGURE 14 - 4-BIT PARALLEL A/D CONVERTER
22

2
'N:’“ 2N39°4*:/'°°"";~°v 20. (R +BIE+DIE+FI{F+I K+ L)W NP+ RIS
equiv ref 7 < 21« (B¢ DIF+ (T + N)(RD
0.1 4F S _ 50V
s1 = 22+ (D + (W ’

‘lo-somA 3.5

Each Comparator 2
1/4 ot MC3432  Convarsion Tima x50 ns 270

§

Vin

™~

gl
1]

A

, o |

21

8 — Y— 57

LJ
MC3008
a P

T MC3004

e
1
i " |
- L—D___
A ".‘LL.
= K
Rh—'_'\-,_ T
, . _
A '_.'l‘L. 2!
hd H P__
R ’_'LL*: C
> + L_r
| ES P—l
R Iy L ——
A3 ’_;LC‘: lD ?J #
A L—:LL‘ C
.
]

H—e—

A~3.00 5%

2t
-

7.37



MC3430, MC3431, MC3432, MC3433

FIGURE 15 — LEVEL DETECTOR WITH HYSTERESIS

FIGURE 16 — TRANSFER CHARACTERISTICS AND
EQUATIONS FOR FIGURE 15

Ry _
"wea
MC343 ——0 Vout
+
Al
R2
Vrof
. Rg = R1 A2
R1 + R2

Vet
3
— v
m 2 1ow|
5 Vhigh
g 8!
- VH
o 1
>
0 1 2 3 4
Vin (VOLTS)
. R2 (Vo } = Vree!
Vhigh ® Veef * RT?R?
R2 {Vo(min) = VREF!
View = Vrof ¢ ——g 3T ——

Hysteresis Loop (V)
Vh * Vhigh = View * g7 Az [VOImax) = Vo(min)!

FIGURE 17 — DOUBLE ENDED LIMIT DETECTOR

FIGURE 18 — VOLTAGE TRANSFER FUNCTION

+5.0V
| Enabla
A =
Vest (nmn)o—‘wv——m ,
k
As 174 MC3432 v
MC3433 out

— +

R
Vrat {tow) O——AM——

Vout

T 50

-+ 40V
T30V

—r— 20V

-J'—‘I.OV

0.0V

~Vin

+Vin

Vref (low) Vrat (high)
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Temperature Range

Commercial

MC1405
MC1406
MC1408
MC3408
MC3410,C
MC3412
MCE890
MC10317L
MC10318L/L9

Military

MC1606
MC1506
MC15608

MC3510

MCE830A

DATA CONVERSION

Dual Ramp A/D Converter Subsystem «.....cceeseoncesses
6-Bit Multiplying D/AConverter ........ccecoveececccnss
8-Bit Multiplying D/AConverter ......c.vvvvveecvccnns
8-Bit Multiplying D/AConverter ........cceoeeecsoanss
10-Bit Multiplying D/AConverter .....ccceceeensnsones
High-Speed 12-Bit D/AConverter .....cvveceosssasvecs
8-Bit Bus-Compatible MPUD/A Converter . ....ccoeeeeneee
7-Bit High-Speed A/D FlashConverter ......eoc0ees0cee
High-Speed 8-Bit D/A CONVerter «...cceveeccercosncosns

8-2

8-3
8-17
8-29

8-49
8-60
8-61
8-65
8-66



MOTOROLA

DUAL RAMP A/D CONVERTER SUBSYSTEM

The MC1505/MC1405 is intended to perform the dual ramp function for
either a 3-1/2 or 4-1/2 digit DVM or use as a general-purpose analog-to-digital
(A/D) converter. It can be combined with the CMOS MC14435 logic system
to produce the complete 3-1/2 digit DVM function.

The MC1505 uses the proven dual ramp A/D conversion technique. The
subsystem consists of an on-chip voltage reference, a pair of voltage/current
converters, an integrator, a comparator, a current switch and associated con-
trol and calibration circuitry. Only one capacitor and two calibration
potentiometers are required for normal operation.

» Accuracies to 13 Bits

* Low Power Consumption: 42 mW @ +5.0 V

* Single Power Supply Operation —+5.0 V to +15 V

¢ Low Power Supply and Temperature Sensitivity

« Digital Inputs and Outputs Compatible with Both MTTL and
CMOSs

* Accepts Either Positive or Negative Input Voltages

+« Combines with MC14435 to Produce 3-1/2 Digit A/D Converter

FIGURE 2 - PIN CONNECTIONS AND FUNCTIONAL DIAGRAM

TYPICAL APPLICATIONS

BCD A/D Converter: 2-1/2 to 4-1/2 Digits (LS| or MSI Logic)
Panel Meters
Digital Voltmeters
Portable Instruments
Industrial Measurement and Control

Binary A/D Converter: 8-to-13 Bit* (LS| or MSI Logic)
Industrial Measurement and Control

MC1405
MC1505

ANALOG-TO-DIGITAL
CONVERTER SUBSYSTEM

SILICON MONOLITHIC
INTEGRATED CIRCUIT

(as used in Figure 1)

Other Uses:
Data Acquisition Systems with Remote MC1505
Voltage to Frequency Conversion
Delta Modulation and Signal Generation

High Noise Environments (Integrating Converter with MTTL, MHTL, and CMOS Com patibility)
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MC1405, MC1505

. MAXIMUM_ RATINGS

Chafacteristic Symbol Vstue Unit
Power Supply Voltage Vee +18.5 Vde
Digital Input Voltage B . Vio +16.5 Volts
Reference Input Voltage - ’ \ . VR 20 . Volts
Unknown (nput Voltege Range Vi 36,0 Volts

. v2 15.0
Zero Cslibeation Control Pin Voltags v4 5.0 Volts
Power Dissipation {Package Limitation) C ic Dual In-Line Package Pp 1000 mwW
Derats above T 5 = +25°C 6.0 mw/°C

Operating Ambient Temperanire Range TA oC
© MC1505L -55t0 +126
~ MC1405L 0to +70
Storage Temperature Range Tstg -65 to +150 °c

ELECTRICAL CHARACTERISTICS (vce = +15 Vde, Vg = 1.000 Vde, V1 = 2.000 Vdc, V2 = 0.000 Vdc, V10 3>2.0 Vdc,
) Ta = 26°C unless otherwise noted.}

MC15606 MC1405
Characteristic Symbol | Figure | Min [ Typ | Max | Min | Typ | Mex | unit
A/D CONVERSION SYSTEM (1) .
Linearity: Deviation from Straight E, 9, - 10.01 10.05 - $0.01 10.05 %F.S.
Line through Zero and Full Scale (2) ) 1
Mid-Scate Power Supply Sonsi‘dviiy PSSF - 0.002 0.02 - 0.002 $0.02 %/%
(PSS of Ip-{Ix + Ig), V1= 1.0V)
Zero Calibration Power Supply Sensitivity PSSZ 9 - 0.001 - - 0.001 - %F.5./%)
{Vi=Vv2=0V)
Input Common Mode Sensitivity |CMSIx] 3 - 0.0006 | 0.0012 - 0.0006 | 0.0018{ %/mV
(Vx = 2.0V, Vom = V2 is varied) ‘
Full Scale Temperature Drift (3) [TCF| 9 - 0.094 - - - 0.004 - %/°C
Zero Calibration Temperature Drift {3) [vez| 9 - 0.001 - - 0.001 -  |%F.S5./9C|
VOLTAGE REFERENCE -
Reference Voltage, Pin 11 VREF 3 1.15 1.26 1.35 11 1.25 14 Vdc
Reference Voltage Power Supply Sensitivity PSSVREF 3 - 0.003 | 0.0 - 0.003 | 10.02 %/%
Relerence Voltage Temporature Drift ITCVREF] 3 ~- 0.015 - - 0.015 - %/°C
REFERENCE CURRENT CONVERTER
Reference Current R 3 - 250 - - 250 - BA
Input Bias Current 114 3 - 10 40 - 10 40 nA
Input Rangs of VR V14 3 0.8 - 1.2 ' 0.8 - 1.2 Vdc
Input Otfsat Voltage (V14-V15) IVRRI 3 - 1.0 25 - 20 6.5 mv
INPUT CURRENT CONVERTER
Unknown Cusrent Ix 3 - 500 = - 500 - HA
Input Resistance Ry 3 - 4.0 - - 4.0 - (313
Input Differential Rango - Vyx 3.10 0 2.0 — 0 2.0 - Volts
Input Cs Mode Rangs CMR 3,10,12 -1.% - +1.5 -1.5 - +16 Volits
Input Bios Currents 1" 39 - 200 - - 200 - HA
12 — -300 — - -300 -
Input Offsat Voltage (V13-V3) Vxx! 3 = 10 25 - 20 6.5 mv
RAMP OFFSET SOURCE L
| Ramp Offset Current [ 0o T &1 -1 57T -T =T 57T -1 ]
(1) Sy : d using external voltaga reference, independent of V11 = VREE.

Integrator Capacitor = 2.0uF
Clock Frequency = 30 kHz
Veg=16V

{2) Doss not include quanitizing error. See Figure 10 for calibration.



MC1405, MC1505

ELECTRICAL CHARACTERISTICS (Vg = +16 Vde, VR = 1.000 Vde, V1 = 2,000 Vdc, V2 = 0.000 Vde, V103 2.0 Vde,
Ta = 25°C unlets otherwise mhd )

MC1508 MC1408
Cheracterlstic Symbol _|Figure | Min | Typ | Max Min | Typ | Max Unit
CURRENT SWITCH .
Digital tnput Logic Levsls, Pin 10
High Lovel, Logic "1” i ViH 3,18 20 - - 20 - -~ Vdc
Low Lewve!, Logic (v’ Vi 3,18 - - 0.8 - - 0.8 Vde
Digital Input Current .
- High Level, Logic."1" i 3 - 0 1.0 - 0 1.0 uA
Low Level, Logic 0" L 3 — -5.0 -50 - -5.0 -50 »A
INTEGRATOR
fnput Blas Current 16 5 - 10 30 - 10 60 nA
Output Voltage Svdng V7 - - . Voits
High . 128 13.0 .- 128 13.0 -
Low | - 0.2 0.35 - 02. | 035
COMPARATOR
Output Logic Levels, Pin 9 - ‘Volts
High Level, Logic "‘l“ . - ! Vou 3 1386 14.0 - 136 140 -
Low Lavs, Logic 0" 1A~ Tlow® Thigh VoL 3 - 035 | 05 - 035 |.05
(Sink Current = 1.6 mA) .
Input Threshold VTH(7} - 09 - 1.0 1.1 0.9 1.0 1.1 Volits
POWER SUPPLY
Power Supply Current “lee mA
(Vee = +56.0 Vde) 3 - 84 12.0 - 84 120 ’ ’
(Ve = +16.0 Vde) 3 - 9.0 13.0 - 9.0 13.0
Power Supply Voltage Range Vee - 4.76 - 16.5 4.7 - 16.5 Vvde
Power Consumption Pc L
(Ve = +6.0 Vde) - - 42 60 - a2 80
.(Vcc = +16.0 Vdc) - - 136 195 - 135 195
Tiow = =56°C for MC1505L, 0°C for MC1405L
' Thigh= +126°C for MC1505L, +70°C for MC1406L
FIGURE 3 - STANDARD TEST CONFIGURATION
. Vec 1000V VRer Vce
S phupeogyd
2v
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GENERAL lNFORMATlON

Dual Ramp Analog-to-Digital Conversion
The dual ramp method of A/D conversion is a proven
system which is capable of very high accuracy. The con-
version is an integrating process. which offers high noise
rejection and immunity to changes in the clock rate and
integrator capacitor value. The particular method used in
- the MC1506 is'a noniterating dual slope technique which
. produces an accurate result after one conversion period.

Dual ramp conversion is accomplished with the system -
of Figure 2. The conversion begins at time t1, when current .

Ix causes the integrator output, or ramp, to tross the

" comparator threshold, as shown in Figure 6. The clock is

activated and the counters begin counting from zero. The

systam counts for a fixed period T, with a8 ramp slope -

. which depends on the input voltage, i.e., a steep slope is

caused by a high input voltage. When the counters have -

reached full scale, the overflow count triggers a + 2 flip-
flop which changes the ramp control polantv ‘current. IR

AID Subsystnm Circuit Desulption

The MC1605 incorporates special circuit featums which
allow all the analog functions of the duat ramp system to
be performed on a single monolithic chrp usmg standard
bipolar processing.

Voitage:to-current conversion for ‘both the input and
reference voltages allows the use of 2 high-speed current

switch and single supply operation. The unbuffered dif-
ferential inputs have sufficiently high input impedanca for
power supply monitoring applications, and provide flexi-
bility for other input formats since they will accept either
positive or negative voltages.

The voltage reference, shown in Figure 7, is one of the
six ‘basic circuits in the subsystem. It provides a low im-
pedance output: which has excellent temperature stability,
and high power supply rejection. Biasing for the other
circuits in the MC1505 is derived from the voltage
reference circuitry. .

" FIGURE @ — DUAL RAMP A/D CONVERSION WAVEFORMS

& (Canstant Slope}

., A&V on capacitor is equal in T1 and T2

1 rt2 108
E/ Ixdt= E_[ Ig dt
t1 12

Integrator . Where Iy is opposite |g polarity.
7 ! > v IxT1=1gT2
~ n l‘ T2 _’| | .Since I and |R are proprotional to.Vx and VR,
u 13 14 vxT1=vgT2
}—— T2(max) X R
vx
S T2=T1 Ve
Comperator J I I R
T2 corresponds to the number of counts in the
- output digita) word.
o'::""o' l | . T1 and T2 sra derived from the clock, 5o thsir
ro ratio is independent of clock f

now controls the integrator and the down ramp begins at
t2. This ramp continues at a fixed slope for a time period
which depends on the amplitude achieved by the up ramp.
Thus T2 is determined by the input voltage. When the
ramp crosses the comparator threshold at t3, the clock
stops and the counter holds a digital value which is pro-
portional to the unknown tnput voltage. _

Aftar the down ramp érossas the comparator threshold,
a timing sequence in the digital section strobes the latches
to store the data, resets the counters, and reverses the
ramp at t4 to begin a new conversion. -

Since the voltage change across the capacitor is equal
on the up and down ramps, an equal amount of charge is
exchanged. The equations of Figure 6 show that the
system output is the ratio of the unknown and reference
currents, and long term changes in the clock rate and
integrator capacitor do not effect the reading.
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The same basic amplifier circuit is used in both the
reference and input voltage-to-current converters. It is an
extremely well balanced amplifier with low input offset
voltage temperature drift. The reference converter uses a
peir of PNP transistors to derive current IR, in conjunction
with a reference resistor which has the same temperature
coefficient as those used in the input converter. The value
of the reference current is VR/R6. The collectors of
transistors Q1, Q2 and Q3 in Figure 7 all track with a two
diode temperature coefﬁctent which assures constant
current ratios.

The reference resistor value can vary by 30% of 4.0
kn due to process variations. Moreover, these variations
will also affect the input bridge resistors. Thus, the ratio
of reference tc unknown current has a close tolerance for
a wide range of resistor values.
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The input voltage-to-current converter is a bridge or
bilateral current source whosa output current is Vx/R1. If
the bridge is perfectly balanced, its output impedance and
common mode refection are infinite, However, the design
has the ability to tolerate bridge mismatches of approxi-
mately 0.5%. In order to tolerate this mismatch, the
output of the bridge current source is connected to the
current switch which is a low temperature coefficient, low
impedance source of 1.25 volts, This technique effectively
eliminates output current changes due to finite output
impedance which is caused by resistor mismatch. This
input current converter makes possible the use of a single
supply voitage and differential inputs which can be used at
or below ground potential.

An important feature of the MC1505 is the ramp offset
current source which is added to the unknown current and
does not allow the ramp to reach zero slope when the
input voltage is zero. The ramp range is shown in Figure 8.
The ramp offset current has a value of IR/10, so that the
minimum ramp slope is 5% of the full scale slope. This
allows reliable conversion at low input voltages by assuring
a nearly constant comparator propagation delay and a
good ramp signal-to-noise ratio. It also prevents turn-off

of the diode in the current switch at low levels, re-
stricting the voltage change at the output of the resistor
bridge. Still another feature is that it provides a con-
venient temperature compensated zero adjust which can
correct errors in the resistor bridge and input buffer
amplifiers when they are used. The ramp offset current is
compensated by 100 extra counts in the digital lagic
during ramp down, so it does not appear in the digital
output (see Figure 8).

The current switch uses current steering for very high
speed operation, A smooth transition occurs as one current
is turned on while the other is turned off. This minimizes
error during the ramp reversal at its peak, especially since
the reference current source has a very high output im-
pedance and does not change value when switched. The
settling time of the input current converter is not a factor
in system accuracy. At the ramp peak, lx is turned off, so
the amplifier settles after the unknown current is de-
coupled from the integrator. When the ramp is below the
comparator threshold, the unknown current is switched on
and thus the current can settle before the ramp enters the
active conversion range. The switch operates into a voltage
of 1.95 volts and is translated by a follower so its input

FIGURE 7 — A/D CONVERTER ANALCG SUBSYSTEM
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16

Reference Qutput
M vRpep=1.25V

Qi

Raferance a
input Vg e
Re!rlronoo 150
ost
Reforonce RS
V-1Converter? 4 o
Current
Switch
Ramp
Control 10° r
Input - 'x‘ 110
V4 Converter
40k
|
Anatog (-} 2 o
Input (+) 1
A1l
4.0k

[ W

3 13 4 8
S

Input Ix Zaro
Teost Adjust

Voltago
Referonce
125V + vgg
hd 4 Compasrator
- ° Output
Integrator { Comparator
Vx = V1-Vv2
VR=Vi4
VRer = V11
Ix = Vx/R1
Iq = VR/RS
_I__l 10 = 1q/10
, !
8

126 ?
Ig Input  "Output
tntegrator




MC1405, MC1505

FIGURE 8 — MC15805 SYSTEM TIMING DIAGRAM
(2.0 Volt Full Scale Input)
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I 2000| Colunu I
t3 t4

Comparator l

L

ARemp
Control

(1x + 10} T1 = IR (T2 + TO}

Iy +1
T2 11| X20Of =
‘R

threshold is 1.25 volts.

The integrator is a single stage, wide bandwidth ampli-
fier. Its low propagation delay and low output impedance
minimize ramp spikes due to output current reversal during
ramp turn-around. The input bias cumrent is typically one
part in 50,000 of the full scale current, so that its temper-
ature change contributes negligible error. Gain and input
offset voltage are not critical since the integrator is driven
from current sources.

The comparator is designed for tow hysteresis by
maintaining a constant power dissipation regardless of
output state. This hysteresis is typically 0.1 mV and
remains constant with temperature variations, so that no
measurable system error is contributed. Temperature vari-

ations in the value of the comparator threshold are not an
error factor, since the only requirement is that the
threshold remain constant during a given conversion cycle.
Voltage gain of the comparator is 2,000,000 when driving
CMOS, and 40,000 with one TTL load. The comparator
output is slew rate controlled to provide output rise and
fall times of approximately 80 ns. This minimizes noise
generation which could affect system stability.

The system is zeroed and full scale calibrated by
potentiometers which provide temperature compensation.
All the other resistors are diffused in close proximity,
yielding reference and unknown currents which have a
closely tracking resistive temperature coefficient.
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APPLICATIONS INFORMATION

The input configurations for the MC1505 are shown
in Figure 11, Note that the differential input voltage must
always remain the same polarity with Pin 1 positive with
respect to Pin 2. Figures 11 and 13 will aid in the under.
standing of the input circuitry.

The input common mode rejection of the MC1505 is
highenough to maintain rated accuracy with small changes
in common mode voltage, such as would be seen with
ground errors and noise. The system must be recalibrated,
however, for larger changes in common mode input
voltage.

The MC1505 is arrenged so that Ix = IR when
Vy = VR, or so that the ramp slopes are equal for input
and reference voltages of 1 volt, As shown in Figure 8, a
system with a 2 volt full-scale input requires twice as
many digital counts during T2 as for T1. A system with a
1 volt full scale would require an equal number of counts
in T1 and T2. Figure 9 illustrates a 3-1/2 digit system,
but typical accuracies of the MC1505 allow its use in 4
digit applications. It can also be used in systems which
require 4-1/2 digit resolution.

The ramp offset current and 100 count delay are shown
in Figure 8. In certain applications, a different number of
counts may be used. The system will not always operate
properly, howsver, with a 10 count delay since the ramp
offset current is used to zero the system and compensate

for error in the input resistor bridge. This error, known as
I%0. is current which flows to or from the input con-
verter with zero volts appliad to the input. It is typically
between 5.0 uA, which is 1% of full scale in a 2 voit
system. A 10 count delay would need a 0.5% ramp offset
current, which would not always be able to cancel this
error. Also, a 10 count delay does not provide enough
signal-to-noise margin for consistently accurate low-level
conversion,

The integrating capacitor is chosen with the equations
shown in Figure 9. The maximum ramp voltage should
be used for best signal-to-noise ratio, but temperature
changes in |x, IR and the capacitor should be anticipated
to prevent integrator saturation, Variations in clock fre-
quency should also be considered. A polar capacitor with
Pin 7 at the + terminal may be used. However, settling
time will be increased when electrolytics are used, Tantalum
electrolytics are preferred.

The lower half of the diode current switch is split with
separate diodes for Ix and lg. In most applications Pins
12 and 13 will be connected so that the two device
emitters are effectively one, since the main purpose of
these pins is for testing. Connecting these pins allows
proper system zero adjustment and prevents turn-off of
the switch diode with low unknown current levels. This
yields better conversion accuracy.

FIGURE 9a — ACCURACY TEST Voo
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°L v =
10 k 14 Anglog 13 Digital C Docodor/ =
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FIGURE 8b — CMOS DIGITAL SUBSYSTEM
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~ FIGURE 8¢ ~FUNCTIONAL DIAGRAMOF o o .
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: : "~ FIGURE 11.~ANALOG INPUT RANGE

The Input e!fe;m for the MC‘IBOS has 8 unipolar diffsrentisl
input renge of +2 volts end s bipolsr common mode Input renge
of £1.6 volts.
Positive Input: .
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FIGURE 12 - CIRCUIT TO PREVENT POSSIBLE LATCHUP
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The MC1406/1505 A/D analog subsystem is intended v ¢
for positive Input voltages only (i.e., pin 1 positive with re- +Vee +
spect to pin 2). However, should pin 2 become more thar_\ ! le%
100 m_V positive with respect to pin 1, the internal input 16 {7 (] s
amplifier may go into a latchup mode which will require + —0-Y Comp |20 (.o nnections
that the system power be turned off and then reapplied to Vin t
reset the system. To prevent this problem a PNP transistor - J:_ol. acHl9 J Mc144d3s
can be used as shown in the accompanying figure. The .
base-emitter junction of ‘the transistor clamps pin 13 at 12 :g‘:;g: P AL
one diode drop above the reference voltage (pin 11) to
prevent the latchup. The gain of the transistor.insures that . TS 13 14 Full Scele
the reference need not sink more than 500 uA of current.
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o B Zero
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FIGURE 19 -~ CURRENT SWITCH TRANSFER FIGURE 20 — INTEGRATOR OUTPUT SWING
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FIGURE 26 — MTTL DIGITAL SUBSYSTEM
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FIGURE 26 ~ 12817 BINARY A/D LOGIC SUBSYSTEM
USING CMOS
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MC1406L
MC1506L

Specifications and Applications

Information SIX BIT, MULTIPLYING
DIGITAL-TO-ANALOG
CONVERTER
SILICON MONOLITHIC
SIX BIT, MULTIPLYING INTEGRATED CIRCUIT
DIGITAL-TO-ANALOG CONVERTER

.. . designed for use where the output current is a linear product

of a six-bit digital word and an analog input voltage. CZD
(top view)

« Digital Inputs are MDTL and MTTL Compatible

* Relative Accuracy —+0.78% Error maximum

¢ Low Power Dissipation —85 mW typical @+5.0 V

« Adjustable Output Current Scaling

« Fast Settling Time 150 ns typical

« Standard Supply Voltage: +5.0 V and-5.0 V to-15 V
CERAMIC PACKAGE

CASE 632
TO-116

FIGURE 1- OUTPUT CURRENT SETTLING TIME FIGURE 2 - D to A TRANSFER CHARACTERISTICS
(ALL BITS SWITCHED, RL =50 H)

20V soma W M n H H
a iiH H

oV

2.0 mA

100 ns/0OIV. (000000) INPUT WORD (111111)
TYPICAL APPLICATIONS

* Tracking A-to-D Converters * Stepping Motor Drive

Successive Approximation A-to-D Converters ¢ CRT Character Generation

Digitat-to-Analog Meter Readout « Digital Addition and Subtraction
* Sample and Hold * Analog-Digital Multiplication
* Peak Detector « Digital-Digital Multiplication

Programmable Gain and Attenuation + Analog-Digital Division
* Digital Varicap Tuning « Programmable Power Supplies
* Video Systems « Speech Encoding
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MAXIMUM RATINGS (T4 = +256°C unless otherwise noted.}

Rating Symbol Vatue Unit
Power Supply Voltage Vee 4585 vde
T VEe = . -166 .
Digital Input V6tage VgthruVig +8.0, Vg Vde
Applied Qutput Voltage Vo 15.0 Vde
Reference Current’ 112 5.0 mA
Reference Amplifier Inputs Vi2: Via Vee. Vee Vdc
Power Dissipation {Package Limitation) “Pp -
Ceramic Package’ 1000 mw
Derate above Tp, = +25°C 6.7 mw/oc
Operating Temperature Range Ta ]
MC1506L -55 to +125 °c
L MC1408L Oto +70
Storage Temperature Rénge Tets ~65 to +150 ¢

TA = Thigh to Tigw, unless otherwise noted.)

ELECTRICAL CHARACTERISTICS (Vo= +6.0 Vde, VEE = -16 Vde, %’% = 2.0 mA, 2l logic inputs in low logic state

Max Unit

Characteristic Figure Symbol Min Typ
Relative Accuracy (Error relative to full scale Ig) ' 10 B - - 10.78 %
Settling Time (within 1/2 LSB [includes tg) T = +25°C) ts - 150 300 ns
Propagation Delay Time _

Ta = +25°C - . 10 50 s
Output Full Scale Current Drift - 80 - PPM/C
Digital Input Logic Levels Vdc

High Level, Logic **1** 2.4 - -

Low Level, Logic 0™ - .- -7 — - 0.8

e, gy et " .
Digital Ihput Current ‘ oo . el mA

High Level, Vj}{=5.0 V . i ~ I o +0.01°

Low Level, V= 0.8V ) R TS - -1.56
Reference Input-Bias Gurrent (Pin13) B Y3 13 PR 001" mA
Gutput Currens Range A - 3| ioRn S . vy

VEg=-50V L " . M o 21

VEg=-6.0t0-16V . - : 0 4.2
Output Current . ] ' e 3 10 ‘ mA

Vrigf @ 2000V, Ry2= 1.000k2 = - ) . 19 |- 197 21
Output Current 3 Ig(min) BA

{all bits high) - 0 10
Output Voltage Compliance 345 Vo+ - +0.25 +0.1 Vdc

{E;<£0.78% at TA = +25°C) vVo- - -0.45 -0.3
Reference Current Slew Rate 8,15 7 SR lref mA/us

(Ta = +25°C) . " - 2.0 -

OGutput Current Power Supply Sensitivity 10 PSRR () - 0.002 0.010 mA/V
Power Supply Current 311,12 ’ : mA

Al thru AB; Vi = 0.8V Ieé - +7.2 +11

Althru AG; Vi =24V Ieg - -9.0 -1
Power Dissipation (all bits high) Pp mw

VEE = -5.0 Vdc " - 85 120

VEE = =15 Vdc - 175 240

*Thigh = +70°C for MC1406L
~+125°C for MC 1508L

Tiow = 0°C for MC1406L
= -55°C for MC1506L
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The MC1506L consists of a reference current amplifier,
and R-2R ladder, and six high-speed current switches. For
many applications, only a reference resistor and areference
supply voltage need be added.

The switches are inverting in operation, therefore a low
state at the input turns on the specified output current
component. The switches use a current steering technique
for high speed and a termination amplifier that consists of
an active load gain stage with unity gain feedback. The
termination amplifier holds the parasitic capacitance of the
ladder at a constant voltage during switching and provides
a low impedance termination of equal voltage for all legs
of the ladder.

The R-2R ladder divides the reference amplifier current
into binarily-related components which are fed to the
switches. Note that there is always a remainder current
that is equal to the least significant bit. This current is
shunted to ground, and the maximum current is 63/64 of
the reference amplifier current, or 1.969 mA for a 2.0 mA
reference current if the NPN current source pair is
perfectly matched.

COMPLETE CIRCUIT SCHEMATIC
(Digital Inputs; pins 5,6,7,8,9,10)

BLOCK DIAGRAM

LEA?AGMA]@
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FIGURE 5 — MAXIMUM OUTPUT VOLTAGE
versus TEMPERATURE
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FIGURE 6 — POSITIVE Vot
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FIGURE 8 — REFERENCE CURRENT SLEW RATE
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MC1406L, MC1506L

TEST CIRCUITS AND TYPICAL CHARACTERISTICS

FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT FIGURE 4 — QOUTPUT CURRENT versus OUTPUT VOLTAGE
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ﬁan
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MC1406L, MC1506L

TEST-CIRCUITS and TYPICAL CHARACTERISTICS (continued)

FIGURE 9.— TRANSIENT RESPONSE
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FIGURE 11 — TYPICAL POWER SUPPLY CURRENT FIGURE 12 — TYPICAL POWER SUPPLY CURRENT versus VEE
versus TEMPERATURE
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TYPICAL CHARACTERISTICS {continued)

FIGURE 13 — LOGIC INPUT CURRENT versus INPUT VOLTAGE
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FIGURE 14 ~ MSB TRANSFER CHARACTERISTICS
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GENERAL INFORMATION

Output Current Range

The output current maximum rating of 4.2 mA may be
used only for negative supply voltages below -6.0 volts,
due to the increased voltage drop across the 400-ohm
resistors in the reference current amplifier,

Output Veltage Compliance

The MC1506L current switches have been designed for
high-speed operation and as a result have a restricted out-
put voltage range, as shown in Figures 4 and 5. When a
current switch is turned “off”, the follower emitter is
near ground and a positive voltage on the output terminal
can turn “on’” the output diqde and increase the output
current level. When a current switch is turned “on”, the
negative output voltage range is restricted. The base of
the termination circuit Darlington amplifier is one diode
voltage below ground; thus a negative voltage below the
specified safe level will drive the low current device of the
Darlington into saturation, decreasing the output current
level.

For example, at +259C the allowable voltage compliance

.on Pin 4 to maintain six-bit accuracy is +0.1 to -0.3

Volts. With a full scale output current of 2.0 mA, the
maximum resistor value that can be connected from Pin 4
to ground is 150 ohms.

Accuracy

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full scale current drift. Relative
accuracy is the measure of each output current level as a
fraction of the full scate current. The relative accuracy of
the MC1506L is essentially constant with temperature due
to the excellent temperature tracking of the monolithic
resistor ladder. The reference current may drift with
temperature, causing a change in the absolute -accuracy
of output current.

The best temperature performance is achieved with a
-6.0 V supply and a reference voltage of -3.0 volts. These
conditions match the voltage across the NPN current source
pair in the reference amplifier at the lowest possible volt-
age, matching and optimizing the output impedance of
the pair.

The MC1506L/MC1406L is guaranteed accurate to with-
in £1/2 LSB at +25°C at a full scale-‘output current of
1.969 mA. -This corresponds to a reference, amplifier out-
put current drive to the ladder of 2.0 mA, with the loss of
one LSB = 31 yA that is the ladder remsinder shunted to
ground. The input current to- Pin 12 has a guaranteed
current range value of between 1.9 to 2.1 mA, allowing



MC14061., MC1506L

GENERAL INFORMATION  (continued)

some mismatch in the NPN current source pair. The
accuracy test circuit is shown in Figure 10. The 12-bit
converter is calibrated for a full scale output current of
1.868 mA. This is an optional step since the MC1506L
accuracy is essentially the same between 1.5 to 2.5 mA.
Then the MC1506L full scale current is trimmed to the
same value with R12 so that a zero value appears at the

error amplifier output. The counter is-activated and the-

error band may be displayed on an oscilloscope, detected
by comparators, or stored in a peak detector.

Two 6-bit D-to-A converters may not be used to con-
struct a 12-bit accurate D-to-A converter. 12-bit accuracy
implies a total error of £1/2 of one part in 4096, or
40.012%, which is more accurate than the £0.78% specifi-
cation provided by‘the MC1506L. -

Multiplying Accuracy

The MC1506L may be used in the multiplying mode
with six-bit accuracy when the reference current is varied
over a range of 64:1. The major source of error is the
bias current of the termination amplifier. Under “worst
case’’ conditions these six amplifiers can contribute a total
of 6.0 #A extra current at the output terminal. If the
reference current in the multiplying mode ranges from
60 uA to 4.0 mA, the 6.0 uA contributes an error of
0.1 LSB. This is well within six-bit accuracy.

A monotonic converter is one which supplies an increase
in current for each increment in the binary word. Typi-
cally, the MC1506L is monotonic for all values of reference
current above 0.5 mA. .The recommended range for
operation with a dc reference current is 0.5 to 4.0 mA.

Settling Time

. The “worst case” switching condition occurs when all
bits are switched ““on”, which corresponds to a high-to-low
transition for all bits. This time is typically 150 ns to
within £1/2 LSB, while the turn “off” is typically under
50 ns.

The slowest single switch is the least significant bit,
which turns “on’ and setttes in 50 ns and turns “off” in
30 ns. In applications where the D-to-A converter func-
tions in a positive-going ramp mode, the “worst case”
switching condition” does not occur and a settlmg time
of less than 150 ns may be realized.

Reference Amplifier Drive and Compensation
The reference amplifier provides a voltage at Pin 12 for

converting the reference voltage to a current, and a turn-

around circuit or current mirror for feeding the ladder.
The reference amplifier input current, 112, must always
flow into Pin 12 regardless of the setup method or reference
voltage polarity.

Connections for a positive reference voltage are shown
in Figure 8. The reference voltage source supplies the full
current 112, Compensation is accomplished by Miller feed-

- back from Pin 14 to Pin 13.' This compensation method

yields the best slew rate, typically better than 2.0 mA/us,

" and is independent of the value of R12. R13 must be used

to establish the proper impedance for compensation at
Pin 13. For bipolar reference signals, as in the multiplying
mode, R13 can be tied to a negative voltage corresponding
to the minimum input level. Another method is shown
in Figure 22,

It is possible to eliminate R13 with only a small sacri-
fice in accuracy and temperature drift. For instance when
high-speed operation is not needed, a capacitor is connected
from pin 14 to VEE: The capacitor value must be increased
when R12 is made larger to maintain a proper phase
margin.. For R12 values of 1.0, 2.5, and 5.0 kilohms,
minimum capacitor values are 50, 125, and 250 pF.

Connections for'a negative reference voltage are shown
in‘Figure 7. A high input impedance is the advantage of
this method, but Miller feedback cannot be used because
it feeds the input signa!l around the PNP directly into the
high impedance node, causing slewirig problems and high
frequency peaking. Compensation involves a capacitor
to VEE on Pin 14, using the values of the previous para-
graph. The negative reference voltage must be at least
3.0 V above VEE. Bipolar input signals may be handled
by connecting R12'to a positive reference vonage equal to
the peak positive input level at Pin13. )

When a dc reference voltage is used, capacitive bypass
to ground is recommended. The 5.0 V logic supply is not
recommended as a reference voltage. !f a well regulated
6.0 V supply which drives logic is to be used as the refer-
ence, R12 should be decoupled by connecting it to +5.0 V
through another resistor and bypassing the junction of
the two resistors with 0.1 ¢F to ground. For reference
voltages greater than 5.0 V, a clamp diode is recommended
between Pin 12 and ground.

If Pin 12 is driven by a high impedance such as a
transistor current source, none of the above compensation
methods apply and the amplifier must be heavily compen-
sated, thus decreasing the overall bandwidth.
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APPLICATIONS INFORMATION
FIGURE 16 — OUTPUT CURRENT VOLTAGE CONVERSION
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Voltage outputs of a larger magnitude are obtainable
with this circuit which uses an external operational ampli-
fier as a current to voltage converter. This configuration
automatically keeps the output of the MC1506L at ground
potential and the operational amplifier can generate a
positive voltage limited only by its positive supply voltage.
Frequency response and settling time are primarily deter-

mined by the characteristics of the operational amplifier..
Inaddition, the operational amplifier must be compensated -
for unity gain, and in some cases overcompensation may

be desirable.

Note that this eonflguratuon results in a positive output

voltage only, the magnitude of which is dependent on
the digital input. )

The following circuit shows how the LM301AG |can
be used in a feedforward mode resulting in a full scale
settling time on the order of 2.0 yss.

FIGURE 17

(Topind
of ncmsu

An alternative methad is to use the MC1538G and input
compensation. Response of this circuit is also on the
order of 2.0 us.

" FIGURE 18

H5Ve

0
{Topind
of MC1506L)

240

n_.vD

0.2uf

= -5V

The positive voltage range may be extended by cas-
coding the output with a high beta common base tran-
slstor Q1, as shown.

vec
a Io‘
5k
. L&
HCI505L G
L at L]

The output voltage range for this circuit is O volts to
BVcBo of the transistor. Variations in beta must be
considered for wide temperature range applications. An
inverted output waveform may be obtained by using a
load resistor from a positive reference voltage to the
collector of the transistor. Also, high-speed operation is
possible with a large output voltage swing.
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APPLICATIONS INFORMATION (continued)

Combined Qutput Amplifier and Voltage Reference

For many of its applications the MC1506L requires a
reference voltage and an operational amplifier. Normally
the operational.amplifier is used as a current: to voltage
converter and its output need only go positive. With.the
popular MC1723G voltage regulator both of these functions
are provided in a single package with the added bonus of
up to 150 mA of output current, see Figure 19. Instead

of powering the MC1723G from a single positive voltage -

supply, it uses a negative bias as well. Although the refer-
ence voltage of the MC1723G is then developed with
respect to that negative voltage it appears as a common-
mode signal to the reference amplifier in the D-to-A con-
verter. This allows use of its output amplifier as a
classic current-to-voltage converter with the non-inverting
input grounded.

Since £15 V and +5.0 V are normally available in a
combination digital-to-analog system, only the ~-5.0 V
need be developed. A resistor divider is sufficiently accu-
rate since the allowable range on pin 5 is from -2.0 to
-8.0 volts. The 5.0 kitohm pulldown resistor on the ampli-
fier output is necessary for fast negative transitions.

Full scale output may be increased to as much as 32 volts
by increasing RQ and raising the +15 V supply voltage to
35 V maximum. The resistor divider should be altered to
comply with the maximum limit of 40.volts across the
MC1723G. Cg may be decreased to maintain the same
ROCo product if maximum speed is desired.

Programmable Power Supply

The circuit of Figure 19 can be used as a digitally
programmed power supply by the addition of thumbwhee!
switches and a BCD-to-binary converter. The output volit-
age can be scaled in several ways, including 0 to +6.3 volts
in 0.1-volt increments, £0.05 volit; or 0 to 31.5 volts in
0.5-volt increments, +0.25 volt. ’

FIGURE 19 — COMBINED OUTPUT AMPLIFIER and
VOLTAGE REFERENCE CIRCUIT
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Bipolar or Negative Output Voltage

The circuit of Figure 20 is a variation from the standard
voltage output circuit and will produce bipolar output
signals. . A positive current may be sourced into the sum-
ming node to offset .the. output voltage in the negative
direction. For example, if approximately 1.0 mA is used
a ‘bipolar output signal results which may be described
as a 6-bit "“1's” complement offset binary. Vpef may be
used as this auxiliary reference. Note that RQ has been
doubled to 10 kilohms because of the anticipated 20 V
{p-p) output range.

- FIGURE 20 - BIPOLAR OR NEGATIVE OUTPUT
VOLTAGE CIRCUIT -
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Polarity Switching Circuit, 8-Bit Magnitude Plus -
Sign D-to-A Converter :

Bipolar outputs may also be obtained by using a polarity
switching circuit. The circuit of Figure 21, gives 6-bits
magnitude plus a sign bit. In this configuration the oper-
ational amplifier is-switched between a gain of +1.0 and '
-1.0. Although anothér operational amplifier is required,
no more space is taken when a dual operational amplifier
such as the MC1558G is used. The transistor should be
selected for a very low saturation voltage and resistance.

FIGURE 21 - POLARITY SWITCHING CIRCUIT
{6-Bit Magnituds Plus Sign D-to-A Converter)
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APPLICATIONS INFORMATION (wminued)

Programmsble Gain Amplmer or Digital Amnuator

t [ B 10 1

~When used in the multiplying mode the MC1506L can
be applied as a digital attenuator.. See Figure 22. ‘One ad-
vantage of this technique is that if Rg = 50 ohms, no
compensation capacitor is needed and a wide large signal
bandwidth .is achieved. The small and large signal band-
widths are now identical and are shown in Figure 15.

i

FIGURE 22 ~ PROGRAMMASBLE GAIN AMPLIFIER OR
DIGITAL ATTENUATOR CIRCUIT
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Panel Mater Readout

The MC1506L can be used to read out the status of
BCD or binary registers or counters in a digital control
system. The current output can be used to drive directly.
an analog panel meter. External meter shunts may be
necessary if a meter of less than 2.0 mA full scale is used.
Full scale calibration can be done by adjusting R 12 or Vyef.

FIGURE 23— PANEL METER READOUT CIRCUIT
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The best frequency response is obtained by not allowing
112 to reach zero. .Rg can be sot for a+1.0 mA variation
in relation to 192. 112 can never be negative.’

The output current is always unipolar. The quiescent
dc.output current level changes with the digital word that
makes ac coupling necessary,

‘

FIGURE 24 — DC COUPLED DIGITAL ATTENUATOR

and DIGITAL SUBTRACTION
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This digital subtractlon apphcauon is useful for indi-
cating when one digital word is approaching another in
value. More information is available than with a digital
comparator. '

‘Bipolar inputs can be écpepted by using any of the
previously described methods, or applied dlfferentlally to .
R121 and R122 or R137 and R132. Vo willbe s bipolar
signal defined by the above equation. Note that the circuit
shown accepts bipolar differential signals but does not have
a negative common-mode range. A very useful method is
to connect R121 and R122 to a positive reference higher
than the most positive input, and drive R131 and R132.
This yields high input impedance, bipolar differential and
common-mode range. The compensation depends on the
input method used, as shown in previous sections.
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APPLICATIONS INFORMATION (continuod}

FIGURE 25 — DIGITAL SUMMING and CHARACTER

GENERATION
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In a ch one MC1506L circuit uses 8

fixed reforence voluge and its digita} input defines the starting
point for 8 stroke. The secord converter circuit has a ramp input
for the reference and its digital input defines the slope of the
stroke. Note that this approach does not result in 8 12-bit D-to-A
converter {see Accuracy Section).

FIGURE 27 — PROGRAMMABLE PULSE GENERATOR
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Fast rise and fall times require the use of high speed switching
transistors for the differential pair, Q4 and Q5. Linear ramps

FIGURE 26 — PEAK DETECTING SAMPLE and HOLD
{Featuresinfinite hold time and optional digita! output.)

cLocx DETECTADLD
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Via hy BINARY CQUNTER

>

—on
KC1S06L 1
MC1406L

—-on

PPy

Positive peaks may be detected by inserting a hex inverter between
the counter and MC1506L, reversing the comparator inputs, and
connecting the output amptifier for unipolar operation.

FIGURE 28 — PROGRAMMABLE CONSTANT CURRENT SOURCE
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Current pulses, ramps, staircases, and sine waves may be generated
by the appropriate digital and reference inputs. This circuit is

aend sine waves may be generated by the appropriate ref
input.

FIGURE 29 — ANALOG DIVISION BY DIGITAL WORD
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This circuit yields the inverse of a digital word scaled by a
constant. For minimum error over the range of operation, Ig can
be sot at 62 4A so that 112 will have a maximum value of 3.938 mA
for a digital bit input configuration of 111110.

Compensation is necessary for loop stability and depends on
the type of operationa! amplifier used. If a standard 1.0 MHz
operational amplifier is employed, it should be overcompensated
when possible. |f this cannot be done, the reference amplifier
can furnish the dominant pole with extra Mitler feedback from
pin 14 t0 13. If the MC1723 or another wideband ampllﬁer is
used, the refereace amplifier should always be over

ily usaful in curve tracer applications.

FIGURE 30 — ANALOG QUOTIENT OF TWO

DIGITAL WORDS
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MC1406L, MC1506L
APPLICATIONS INFORMATION (continued)

FIGURE 31 ~ ANALOG PRODUCT OF TWO DIGITAL WORDS

(High-Speed Operation}
0
[ lo2
L du mid M
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K tan be an analog vasiable.

Two Digit BCD Conversion

MC1506L parts which meet the specification for 7-bit
accuracy can be used for the most significant word when
building a two digit BCD D-to-A or A-to-D converter. If
both outputs feed the virtual ground of an operational
amplifier, 10:1 current scaling can be achieved with a
resistive current divider. 1f current output is desired, the
units may be operated at full scale current levels of 4.0 mA
and 0.4 mA with the outputs connected to sum the currents.
The error of the D-to-A converter handling the least sig-
nificant bits will be scaled down by a factor of ten.

FIGURE 32 — DIGITAL QUOTIENT of TWO ANALOG VARIABLES
or ANALOG-TO-DIGITAL CONVERSION
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The circuit shown is a simple counter-
ramp converter. An UP/DOWN counter 158
and dual threshold comparator can be 10
used to provide faster operation and an ol 9
i fon. — 12
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MOTOROLA MC1408
MCI508

EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG

EIGHT-BIT MULTIPLYING CONVERTER
DIGITAL-TO-ANALOG CONVERTER
. . . SILICON MONOLITHIC
. . designed for use where the output current is a linear product INTEGRATED CIRCUIT

of an eight-bit digital word and an analog input voltage.

» Eight-Bit Accuracy Available in Both Temperature Ranges
Relative Accuracy: +0.19% Error maximum
(MC1408L8, MC1408P8, MC1508L8)

« Seven and Six-Bit Accuracy Available with MC1408 Designated
by 7 or 6 Suffix after Package Suffix

* Fast Settling Time —300 ns typical tell M( 1 Mj "
« Noninverting Digital Inputs are MTTL and
CMOS Compatible L SUFFIX
. CERAMIC PACKAGE
* Output Voltage Swing - +0.4 V to -5.0 V CASE 620 6 3 i
I
* High-Speed Multiplying Input
Slew Rate 4.0 mA/lis P SUEFIX
« Standard Supply Voltages: +5.0 V and PLASTIC PACKAGE
CASE 648

-5.0 Vto-15 V

FIGURE 2 - BLOCK DIAGRAM

FIGURE 1- D-to-A TRANSFER CHARACTERISTICS

RANGE B %6™3% % % 00 2

CONTROL
Qurrert Shitches
Sl prrn !
LA N I A B | I
R2R Lacker 8tzs Gircuit
1
vcc
Qurent
Amdd
(00000000)
TYPICAL APPLICATIONS
* Tracking A-to-D Converters * Audio Digitizing and Decoding
* Successive Approximation A-to-D Converters * Programmable Power Supplies
* 2 1/2 Digit Panel Meters and DVM's * Analog-Digital Multiplication
* Waveform Synthesis * Digital-Digital Multiplication
* Sample and Hold * Analog-Digital Division
* Peak Detector * Digital Addition and Subtraction
* Programmable Gain and Attenuation * Speech Compression and Expansion
* CRT Character Generation * Stepping Motor Drive
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MC1408, MC1508

MAXIMUM RATINGS (T = +259C unless atherwise notod.]

Rating Symbol Vatue Unit
Power Supply Voltage Vee +5.5 Vdec
L. VEE 1} .. -185
Digital Input Voltage - Vg thru V92 ] 010 +5.5 Vde
Appiied Output Voltaga . Vo 705,52 Ve
Referencq Current: .- = .- - . 114 . 5.0 mA
[ Refarence Amplitier Inputs Via.Vis VEC.VEE Vde
Operating Temperatyre Range . Ta ) °c
| o MC1508 + -5510+125
o MC1408 Series 010 +75
Storoge Temperature Range Tseg -65 to +150 oC .

ELECTRICAL CHARACTERISTICS (Vg = 46,0 Vek, Vg = ~15 Vele, 12!

R1a = 20mA, MC1508L8: T = -55°C to +125°C,

MC1408L Serigs: Ta = 0 to +75°C unless ootherwise noted. All digital inputs at high logic levet.)

, B Ch tstic Figure Symbol Min |- Typ Max Unit
[3] 8 A y {Error relative to full scale 1g): 4 E, %
+ | mcisc8Ls, MCMOBLB MC1408P8 - - - $0.19
MC1408P7, MC1408L7, See Note 1 - - 10.39
MC1408P6, MC1408L6, Ses Note 1 - - 10.78
Sattling Time to within 1/2 LSBlincludes tpL 1 }(T 5=+25°C) Seo Note 2 3 s - 300 - ns
Propagation Delay- Time 5 tPLH.PHL - 30, 100 . o ns
Ta=#+25°C ’ .
- | Output Full Scale Current Drift TClo - -20 - PPM/VC
" [ Digitel tnput Logic Levels (MSB} 3 Vdc
High Level, Logle."*1" VIH 20 - -
Low Level, Logic 0" viL - | - 08
Digita) Input Current {MSB) 3 . mA
High Level, Viiy = 5.0V . _ ) 0.04
Low Level, V=08 V T - 04 -08 -
Refarence Input Bias Current (Pin 15) 3 Y | - 10 |- 50 . BA
Qutput Current Range 37 " pR. . . mA
VEg=-5.0V - cre 20 ‘21 )
Vgg = -15 V, Ta = 259C 2.0 4.2 .
Output Current i 3 R o mA
Vrgf = 2.000 V, R14 = 1000 R 18| 20 .
Output Current 3 'O(min) -1 0 1 4 o HA
(A bits low) i : . ‘ .
Output Valtage Compliance (€, < 0.19% at TA = +250C) 3 Vo Vdc
Pin 1 grounded \ . - - -0. 55 00.4
Pin 1 open, Vgg below -10V : - - -5.0,+0.4
[ Referance Current Stew Rate 6 SR lraf - 4.0 - mA/us
Output Current Power Supply Sensitivity PSRR({-) - 05 2.7 BAIV
"Power Supply Current - 3 Ice = +13.5 422 mA
(Al bits low) IEE - -75 -13
Power Supply Voltaga Range 3 VeeR M.§ +5.0 +5.5 Vde
(T = +25°C) VEER -45 -15 -16.5
Power Dissipation 3 Pp . mW
All bits low
VEE = -5.0 Vde - | 105 170
Vgg = -15 Vde - . ].10 305
All bits high
VeEEg = -5.0Vde - © S0 -
VEE = -16 Vdc —_ 160 -
-~ - Note 1. All current switches are tested to guarantee at lsast 50% of rated output current.

Note 2.  All bits switched.
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TEST CIRCUITS'
FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT
Vee ’
1,
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FIGURE 4 — RELATIVE ACCURACY TEST CIRCUIT
M58 '
i .
12:8it
As O-t0-A —0— 010 +10 v Output
ax Converter o v
{20.02%
o [ad error max}
ryj 6k
A2 a9 a10a11 A2
EEE
50 k
Vigzv  0tue L bt
1005 = b-® Error (1 V = 1%)
2950 v L‘°“'
$A o 4= MC1558
o
) 13
L3
3
7
81 wmciaoaSertss | 4
881t Counter ry MC1608 o
10,
1
12
LS8 . .
B} “} : it it
® el L' L
= Vee |
FIGURE 5 —~ TRANSIENT RESPONSE and SE'E‘I'LING TIME
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TEST CIRCUITS (continued)
"Y' FIGURE 6 = REFERENCE CURRENT SLEW
RATE MEASUREMENT
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FIGURE 7 — POSITIVE Vo
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FIGURE 9 — MC1408, MC1508 SERIES EQUIVALENT
CIRCUIT SCHEMATIC

DIGITAL INPUTS

(7] . LS8 o
SQAt 6QA2 7QA3 8QA4 91)1\5 100A6 110A7 120A8 ag
1‘.‘7 l;] :tS [{ 8 ki 35 (3 .BTH E3 K
T T K ;
- EI ' E‘ CURRENT
—K SWITCHES
‘ $g00 R2R
aco 800 800 800 BOOA 800 800 80 LABDER
400 400 400 400 400 400
Va2 L
,. Vec©
. [REFERENCE - ) k{ I)
CURRENT 25
14 AMPLIFIER oy
Veol(+)0— ak 4k j__ ]E 125K
w0f ¥ 3 ®
. 3
3 3
¥ BIAS
CIRCUIT
8k ﬁ! Ik
186, 150 l:! &1 62
COMPENSATION  Vig¢(-} Vegg OUTPUT GND
RANGE
CONTROL
CIRCUIT DESCRIPTION
The MC1408 ists of a ref current lifier, an 2 low impedance termination of equal voltage for all legs of

R-:R tadder, and eight high-speed cirrent switches. For many
ions, only a refi resistor and refurance voltage need

be added.
The are a high
state on the input turns on the specified output current componenl

the ladder.

The R-2R ladder divides tite amplifier into
binarily-related components, which are fed to the switches. Note
that there is always a remainder current which is equal to the
least significant bit. This current is shunted to ground, and the

‘output is 255/256 of the reference amplifier

The switch uses current steering for high spéed, and a ter

amplifier consisting of an active load gain stage with unity gain
feedback. The tarmination amplifierholds the parasitic capacitance
of the ladder at a Itage during switching, and provides

8-33
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MC1408, MC1508

"GENERAL INFORMATION

Retarance Amplifisr Drive end Compensation

The refarence amplifier provides 8 voltage at pin 14 for con-
verting the reference voltage to a current, and 3 turn-ground cirtuit
or current mirror for feeding the ladder. The refergnce amplifier
input current, 114, must alwavs ﬂow mto pin'14 reoardlm of the
setup hod or ref

Conngctions for apositive re'nrence volluge are shown in Figure
7. The reference-voltage source supplias the full current 114, For
bipolar reference signals, as in the multiplying mode, R15 can bo

tied 10 a negative voltage corresponding to the minimum input
favel. It is possible to eliminate R15 with only 8 small sacrifice
in and T drift. Anoth thod for bipolar

inputs is shown'in Figure 25,

The compensation capacitor value must be increased with in-
creases in R14 to maintain propar phm margin; for R14 values
of 1.0, 2.5 and 5.0 kiloh itor values are 15,
37, and 75 pF. The capachor should be tied to VEE as this In-
creases negative supply rejection.

A negative reference voluga mav be used if R14 is groundad
and the ref ltage is d to R15 as shown in Figure 8,

Refer to the g text g on g Time for more
details on output loading. .
If a power supply value belween -5.0 V and -10 V is desired,

a voltage of between 0 and -5.0 V may be appl:ed to pin 1. The

value of this voitage will be the i 6d out-
put swing.
Output Current Range

The output current maximum rating of 4.2 mA may be used
only for negativa supply o ically more ive than

-8.0 volts, due to the increased vbluge drop scross the 350-chm
resistors in-the reference current smplifier,

Accuracy .

Absol y is the m of each output current level
with respect to its intended value. and is dependent upon relative
accuracy and full scale current drift. Relative accuracy is the
of each output current !evel as a fraction of the full scale

A high lnpul umpedanee is the main ao\ ge of this method.
pacitor to VEE on pin 16, using the
values of the pravious paragraph The negative reference voltage

must be at least 3.0-volts above (he VEE supply. Bipo!ar input '

signals may be handled by cting R14 o a
voitage equal to the peak pasitive mpu( lavel at pin 15.
When a dc ref itage is used, capacitive bypass to ground

is recommanded. The 5.0-V logic supply is not recommended as
8 reference voltage. If a well regulated 5.0-V supply which drives
logic is to b used as the reference, R14 should be decoupled by
connecting it to +5.0 V through another resistor and bypassing
the junction of the two resistors with 0.1 uF to ground. For
reference voltages greater then 5.0 V, a clamp diode is recommen-
ded betwsen pin 14 and ground.

current. The relative accuracy of the MC1408 is essentislly
constant with temperature due to the excellent temperature track-
ing of the monolithic resistor ladder. The reference current may

- drift with temparature, causing a8 change in the absolute accuracy

of output current. However, the MC1408 has a very luw full
scale current drift with temperature.

The MC1408/MC1508 Series is guaranteed accurate to with-
in £1/2 LSB at +25°C at & full scale output current of 1.992 mA.
This corresponds to a referance emplifier output current drive to
the ladder natwork of 2.0 mA, with the loss of one LSB = 8.0 A
which is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed value of betwaen 1.9 and 2.1 mA,
allowing some riismatch in the NPN current source pair. The
y test circuit is shown in Figure 4. The 12-bit converter

If pin 14 is driven by 8 high i such as a
current source, none of the above compensation mathods apply

and the amplifier must be hesvily compensatad, decreasing the

overall bandwidth.

Output Voltage Rango

The volwge on pin 4 is restricted to 8  range o' -0.55 to +0 4
volts at +259C, due to the current swi

in the MC1408. When a current switch is tumed "o"" the posi-
tive voltage on the output termingl can turn “‘on’ the output
diode and increasa the output current level. When a current switch
is turned “on, the negative output voltage range is restricted.
The base of the ter circuit Darling transi: is one
diode voltage below ground when pin 1 is grounded, so a negative
voitage bolow the specified safe level will drive the low current
device of the Darlington into saturation, decressing the output
current level.

The ive output i of the MC1408 may
be extended to -5.0 V volts bv opening the circuit at pin 1. The
noegative supply voltage must be more negative then -10 volts.
Using a full scale current of 1.992 mA and load resistor of 2.5
kilohms between pin 4 and ground will yield a voltage output
of 256 levels between O and -4.980 volts, Floating pin 1 does
not affect the converter speed of power dlSSlpl(lOﬂ However, the
value of the load resi the g time due to
_increased voltage swing. Values of Ry up to 500 ohms do not sig-
nificantly affect performance, but a 2.5-kilohm toad incresses
“‘worstcasa” settling time to 1.2 us (whan ail bits are switched on).

is calibrated for a full scale output current of 1.992 mA. This is
an optiona! step since the MC1408 accuracy is essentislly the
same between 1.5 and 2,5 mA, Then the MC1408 circuits’ full
scale current is trimmed to the same value with R14 so that 8 zero
value appears at the error amplifier output. The counter is activated
and the error band may be displayed on an oscilloscope, detected
by comparators, or stoved in a peak detector.

Two 8-bit D-to-A converters may not be used to construct a
18-bit accurate D-to-A converter. 16-bit accuracy implies a total
error of £1/2 of one part in 65, 536, or £0.00076%, which is much
more accurate than the $0.19% specificotion provided by the
MC1408x8.

Multiplying Accuracy

The MC1408 may be used in the multiplying mode with
eight-bit y when the refi current is varied over a range
of 256:1. The major source of errar is the bias current of the
termination amplifier. Undar ‘'worst case’ conditions, these eight
amplifiers can contribute a total of 1.6 uA extra current at the
output inal. If the ref in the multiplying moda
ranges from 16 uA to 4.0 mA the 1.6 uA contributes an error
of 0.1 LSB. This is well within eight-bit accuracy referanced to
4.0mA.

A monotonic eonvertar is one which supplies on increas: in
current for each increment in the binary word. Typicaily, the
MC1408 is monotonic for all values of reference current above
0.5mA. Tharecommended | range for operation with a dc reference
current is 0.5 t04.0 mA
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GENERAL INFORMATION (Continued)

Settling Time

The “worst case” switching condition occurs whon ail bits are
switched "“on’’, which corresponds to a low-to-high transition for
2ll bits. This time is typically 300 ns for settling to within £1/2
LS8, for 8-bit accuracy, and 200 ns to 1/2 LS8 for 7 and 6-bit
accurscy. The turn off is typically undes 100 ns. These times
apply when Ry <500 ohms and Cg < 25 pF.

The slowest single switch is the least significant bit, which twrns
“on" and settles in 260 ns and turns.”’off” in 80 ns. In applica-

The test circuit of Figure S requires a smaller voltage swing for
the cumrent switches due to internal voltage clamping in the MC-
1408. A 1.0-kilohm load resistor from pin 4 to ground gives
a typical settling time of 400 ns. Thus, it is voltage swing and not
the output RC time constant that determines settling time for
most applications.

Extra cere must be taken in board lsyout since this is usually
the dominant factor in satisfactory test results when measuring

tions where the D-to-A converter f i in a posi going
ramp mode, the “‘worst case’’ switching condition does not occur,
and & sottling time of less than 300 ns may be reslized. Bit A7
turns “"on” in 200 ns and “off* in 80 ns, while bit A6 turns “on"
in 150 ns and “off* in 80 ns.

ing time. Short leads, 100 uF supply bypassing for low fre-
quancies, and minimum scope lead length are all mandatory.

TYPICAL CHARACTERISTICS
(Vee = +5.0 V, VEE = -15 V, Tp = +25°C unless otherwise notad.}

FIGURE 10 — LOGIC INPUT CURRENT versus INPUT VOLTAGE
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FIGURE 12 — CUTPUT CURRENT versus CUTPUT VOLTAGE
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FIGURE( 11 — TRANSFER CHARACTERISTIC versus TEMPERATURE
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FIGURE 13 - OUTPUT VOLTAGE versus TEMPERATURE
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TYPICAL CHARACTERISTICS (continued)
(Voo = +6.0 V, VEE = -15 V, T = #26°C unless otherwiss noted.)
FIGURE 15 — TYPICAL POWER SUPPLY CURRENT

FIGURE 14 — REFERENCE INPUT FREQUENCY RESPONSE versus TEMPERATURE (all bits tow)
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FIGURE 16 — TYPICAL POWER SUPPLY CURRENT-
varsus VgE (&l bits low}
Unless otherwise specitied: 20
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Rs =500 :
Veet = 20V a0
Vs = 100mVip) centered st OV 0 20 40 0 80 0 17 -4 -5 -8 0
VEE. NEGATIVE POWER SUPPLY (Vdc)
APPLICATIONS INFORMATION
FIGURE 17 — QUTPUT CURRENT TO VOLTAGE CONVERSION
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A:\07— 18 R4 2 4 8 113 2 64 128 2%6
MC1409 - .
a1  mcisos Ris = Adiust Vo1, A14 or R 10 that Vg with all digital inputs st high
Senes = levet is equal 10 9.961 volts. -

1 1 1 1 A

A

1 Q 2v 1 1
asoll] tto .

A Vo= = b m et — b — =
arold 2 it ‘“’Iz"a'a’ns"'n =y :23*256]
o Y lz
. L
[

/S
s10V|—| = 908681V
256

i

MC17415G
= or Enuiv



MC1408, MC1508

APPLICATIONS INFORMATION (continued)

Voltage outputs of a larger magnitude are obtainable with this The positive voltage range may be extended by cascading the
circuit which -uses: an extarnal opemional amplmar as.8 current output with a high beta common base transistor, Q1, as shown,
to voitage convarter. .This config i koeps the
output of the MC1408 at gr d p ial and the
emplifier can g  positive voltage limitad only by its positive . FIGURE 20 — EXTENDING POSITIVE
supply voltag and ling time are primarily VOLTAGE RANGE

datormined bv tlw characteristics of the opemionnl amptifier. In
addition, the opsrational smplifier must be compensated for unity
gain, and in some cases ion may be desl

Note that this configuration results in 8 positive output voltage
only, the magnitude of which is.dependent on the digital input. at

The following circuit shows how the 'LM301AG can be used O‘
in 8 feedforward mode resulting in 8 full scale sattling time on : :
the order of 2.0 us.

Vee

(.13

{Rezistor ana
diode options),

we text)
Ge
FIGURE 18
68 pf .
\f Vee
" 1 -
8.1k
BONC
[ ' o The output voltage range for this circuit is O volts to BVcgo
o
-2 2
g‘::é:s‘na\.a) -— - e of the transistor. If pin 1 is left open, the transistor base may be
3 [ LM301AG>= —eovg g ded, aliminating both the resi: end the diode. Variations
g Fo in beta must be idered for wide range 1
= 2 tions. An inverted output form may be obtained by using 2
1000F 1 load resistor from a positiva ref Itage 1o the coll of
sV the transistor. Also, high-speed operation is possibk with a large
output voltage swing, becausa pin 4 is held at 8 constent voltoga.
The resistor (R) to VEg mai the itter voltage
when all bits are “off” and Insures fast turn-on of the lesst
An alternative method is to use the MC1538G and input com- significant bit.
pensation, Responso of this circult is also on the order of 2.0 us.
FIGURE 19 o Combined OQutput Amplifier and Voltage Reference

For many of its epplications the MC1408 requires 8 reference
voltage and an operational amplifier. Normally the operational
amplifier is used as 8 current to voltage converter and its output
need only go positive. With the popular MC1723G voltage regula-

*1BVe  3spr - tor both of these functions are provided in a single pockage with
{¢ the added bonus of up to 150 mA of output current. See Figure
P 21. The MC1723G uses both a positive and negative power supply.
ANA The reference voltage of the MC1723G is then developed with
respect to the negative voltage and appears as 8 common-mode
signal to the reference amplifior in the D-to-A converter. This
allows ute of its output amplifier as 2 classic current-to-voltage
(Topind - | 2 converter with the non-inverting input grounded.
of MC1608L8) —0—1= 6 Since £15 V and +6.0 V are normally svailable in a combina-
S 200 3 :cnmc . tion digital-to-analog system, only the -5.0 V need be developed.
A resistor divider is sufticiently since the all ble range
0.2 uF 1 10k 2200 pF on pin & Is from -2.0 to -8.0 volts. The 5.0 kilohm pulldown
resistor on the amplifier output is y for fast {
transitions.
= -6V Full scale output may be increased to as much as 32 volts by
' incressing RQ and raising the +16 V supply voltage to 36 V maxi-
mum. The resistor divider should be eltered to comply with the
maximum limit of 40 volts across the MC1723G. Cp may be
decreased to mzintain’ the same RQCQ product if maximum speed
is desired.

v

a
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APPLICATIONS INFORMATION (continuad)

varlmmuhla Power Supply - - i FIGURE 22 ~ BIPOLAR OR NEGATIVE OUI'PUT

Tha circuit of Figure 21 can be used 3o disnallv programmed VOLTAGE CIRCUIT
power supply by the addition of th hes and a BCD-

to-binary converter. The output voltege can be scaled in several
ways, including 0 to +25.6 volits in 0.1.volt increments, £0.05 voit;
or 0 to 6.1 volts in 20 mV increments, £ 10 mV.

Viet o
Ria 3Ra Ro
14 4
FIGURE 21 — COMBINED OUTPUT AMPLIFIER and AB 0
VOLTAGE REFERENCE CIRCUIT A?
A8
s, MC1400 Sories [ 2
As MC1508
A3 b e Vo
Rg 5k A2 1
2 Al MC1741G6
R1S or Equiv
Ve 8V <o 25 0F 13 J3 18 K
3 " =e = =
1Y
MSB 8 U pfpplovidpny | v, Ag =2 R14
a0 LY MC17236 | cc VE-E‘S v g-2 R
| azd 2 :
A3o Vet o al V povo
14 6k
ad0d- L.
MC1408 Serles | I 1
o 1 A
ascd]  Mecises N e = vc.;-'m,‘_‘:f_““_‘l’ﬁ?“_’“_“;-vm,
. . 2 4 8 16 32 64 128 2%8) R
Aso? medaox! )
AN ] [} 1BV
aroll] 1 I’
Aso'd 15, CH |
1)
Lse s 2 | | FIGURE 23 - BIPOLAR OR INVERTED NEGATIVE
3 & | | QUTPUT VOLTAGE CIRCUIT
4 LI TRYY S
50 ] s1e= | !
pF x |
s | ,_5_—
|
1en  Fc001uF | ! A1A2AJA4ASABA748 Ao
7 1
Lo 1P
A\ -8V
EE Ro MC1408 Serios 4
. -V MC1608 o
Vo= Vret = {A} _
Settting time for a t0-voit step & 1.0 us vo
1| 2[13d 3| 16]14] 15y
NC e For A = 00000000
bit configuration
A4S 2RIS Vo " Vet
For 8+5.0 volt output range.
= VEe = Vyet = -5.00 voits
Vee sy R14 = R18 = 2.5kN
2" . ~Vret € = 37 pF (min)

Bipeler or Negative Output Voltage flo=sxa
The circuit of Figure 22 is a variation from the standard voit-

m ww' circuit a'.‘: will producn bipolar output ugnals. A Decraase Ry 10 2.5 k for 8 O 10 -5.0-volt cutput rangs.

may, d into the ing node to offset This spplication provides somewhot lower spood, as previousty
the output voltage in the negative direction. For example, if discussed in the Output Voltage Range section of the Genaral
approximately 1.0 mA is used a bipolar output signal results which Informotion,

may be described as a 8-bit “1's” complement offset binary. Vet
may be used as this auxiliery reference. Note that R has been
daubled to 10 kiloh of the anticip 20 Vipp)
output range.
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APPLICATIONS INFORMATION (continued)

Polarity Switching Circuit, 8-Bit Magnitude

Plus Sign D-to-A Converter

Bipolar outputs may elso be obtained by using a polarity switch-
ing circuit. The circuit of Figure 24 gives 8-bit magnitude plus
@ sign bit. In this configuration the operational umplmsr is swltched
between 8 gain of +1,0 and -1.0. Although
amptifier is required, no mare space is taken when adual opermional
amplifier such as the MC1658G is ussd. The transistor should be
soldcted for 8 vory low s i Itage and resi

FIGURE 24 — POLARITY SWITCHING CIRCUIT
{8-Bit Magnitude Plus Sign D-to-A Converter)

R...
10k
From v, R
Output &2 2

Op-Ampt 10k

Vg * VgP - vgP

1/2 MC1658G
of Equiv

MPS56514
Polarity or Equiv

Control Bit Pei:Ay=-t

P=0: A, =1

Programmabte Gain Amplifier or Digita! Attenuator
When used in the multiplying mode the MC1408 can be

spplied s 8 digital attenuator. See Figure 26." One advantage of
this technique s that if Rg = 50 ohms, no compensation capacnov

is needed. The small and large signal bandwidths are now i |
and are shown in Figura 14,
The best fr is ined by not alb 8 114

to reach zero. Howavcr, the high impedance node, pln 16, is
clamped to prevent ssturation and insure fast recovery when the
current through R14 goos to zero. Rg can bo set for a 21.0 mA
variation in relation to |14 114 can never be negatlve

The output is slways unipotar. The dc output
current level changes with the digits! word which makaes ac coupling
necossary.

FIGURE 26 — PROGRAMMABLE GAIN AMPLIFIER OR
. DIGITAL ATTENUATOR CIRCUIT

Vs
As
N . Veat e
~ R14 [{]
= '
T g e When Vg = 0. 114 = 20 mA
s [7eo e
O—Tq 1
6 Veat
o vou [ Lt - 28] (m) %o
X Rla
a{ % Imcros |.o
O5—] Series 3% Vee
op—ucisce
1
11 —=Ovee R
- 3 o

Panel Meter Readout

The MC1408 can be used to read out the status of BCD or
binary registars or counters in a digite! control system. The current
output ¢an be used 10 drive directly an analog pana! meter.  Ex-
terria! mater shunts may be necessary if a meter of less than 2.0
mA full scale'is used. Full scale calibration can be done bv adjust:
ing RM or V,,q

FIGURE 26 — PANEL METER READOUT CIRCUIT

Om-ul Wom From Counter or Rnhuv

CEttned

R14
Vot e—ArA——0 ]
Tl ME1408 Series a
RIS g MC1808
= 1 2418 3] 13 N
c Observe internal meter
1! reslstance (for pin 4
A Vee voltage swing).
= VEee , -

FIGURE 27 — DC COUPLED DIGITAL ATTENUATOR
and DIGITAL SUBTRACTION

€ Vee
9“' Rg
1 2|18 3 13
Vet 2 MC1741G
R14y MC1403 Sorles o[Ngr Equiv
R18, MC1508 g

- rerrrerdiing: b

Rg
,_/—
Ro
41 4 =
Veat 1 14| o
R14, MC1408 Serios o2
ms. MC1508 4 o1 vo
. 3
1) I MC1741G
= or Equiv_
VEE Vee
Y . N S
Veet Vet 2 g2 -'a
o*lot1-lo2" A 8
o*lot1-lo2 Rray {a} - Ay (} 1gslo~lon

Progrsmmable Amplifier.

Digital Subtraction: P
Connect Digitsl Inputss0 A ~ B

Viety | Vearz

et
Rya, A4y

v v
vo- {A} teaty _ Tret2
R14; Ry

vo- et mol{a} - {o})
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MC1408, MC1508

APPLICATIONS INFORMATION (continuad)

-

This digital subtraction application is useful for indicating when FIGURE 30 ;AI;E&%TAI\'I‘?;EOALKDDETECTGNG

one digital word is approaching another in velue. More mlormauon
is available than with a digital comparator. .

Bipolar mpms can be accepted by using any of the previously Detacyiold

or d diff ially to R14¢ and R142 8
or R151 and R1563. VQ will be a bipolar signal defined by the Neogetive c+1s c+ 16
sbove equation. Note that the circuit shown accepts bipolar differ- wist g ounter ounter
ential signals but does not have a negative common-mode range. | comoaretor
A very useful method is to connect R144 and R142 to 2 pasitive . 7] & 9]0 11]13]
reference higher than the mast positive input, and drive R15q and o
R152. This yields high input impedance, bipotar differential and MC1403 Sertes | 14
common-mode range. MC1303 15,
Voo llosd umhm) —°
VO(max) = - ) g R Y 230060 3
FIGURE 28 — DIGITAL SUMMING and CHARACTER GENERATION max NE
VO(max} = 0t0 -uo-om =
A
’—“
56786 0101112 A
.Rg..
BT s didiliam
ref1 R MC1403 Series —l2p FIGURE 31 — PROGRAMMABLE PULSE GENERATION
15145 MC1608 o 4 )
3 —eVo
= 16, S MC17410 +6.0 vae
139 3 L ue? = or Equiv vecy
—f o4 C.
Vee |Veeqd =
[ q
v Riageq '3l 31077172 to2
ret 2 9—ANA-O-]
MC1408 Sortes | 4
R18z218 MC1508 . Amplitude Input
TIITIIT] ool 7ol
56780101112 Veat aan-o'd] Switching
——————— MC1408 Series
pe sty tnput (MTTL)
Vo=lig1*lo2! Ro
%
[v,;:, {A} :v::z {a}] o " DwioVon
) in4.0mV steps

Fast rise and fall times require the use of high-speed switching
transistors for the differential pair, Q4 and Q5. Linear ramps and
.sine waves may be generated by the appropriate reference input.

In a character generotion system one MC1408 circuit uses 2
fixed reference voltage and its digital input defines the starting
point for a stroke. The second converter circuit has a ramp input’ FIGURE 32 - PROGRAMMABLE CONSTANT CURRENT SOURCE
for the reference and its digital input defines the siope of the ’
stroke. Note that this approach does not rasultin a2 16-bit D-to-A
converter (see Accuracy Section).

+5.0 V(min}

FIGURE 29)— POSITIVE PEAK DETECTING SAMPLE and HOLD Amptitude Input
(Features indefinite hold time and optional digital output.) prm— s,
1t o] of f 7 ef of
Clock  Detect/Hold HCT-I v 14
Comparator | A15 15 Mc':;:u,ssws?ﬂ”
P““;::' Binary Counter

'°l

Rg = 3162 (100 &R}

. amE T

y D Vee C = Qlg=10mA
MC1408 Seria |14 -5V 50V °
MC1508 ‘_Do *The base of Q2 must be at least
18 4 V below suppty voltage.
t! a qq
NE Current pulses, ramps, staircases, and sine waves may be genera-

ted by the sppropriate digital and reference inputs. This circuit is
espacially useful in curve tracer applications.
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APPLICATIONS INFORMATION (continued)

FIGURE 33 — ANALOG DIVISION BY DIGITAL WORD - FIGURE 34 — ANALOG QUOTIENT OF TWO DIGITAL WORDS
V,.L(O) Ro Iﬂ. Ao
VA Vee M Veet
— v
o +6.0 VCI: A oz
I * £ R4y 4 R
12 3 =
O 14 -— " 1=
10 t vee MC1408 Series MC1408 Serlos
. :Z‘ Mc;::n's s:ﬂ“ Tso_m-_l-‘t 1o * Constant vie .:;;.’] MC1508 15 - meisos [ oy c't:::
8 to R14 To
o=—1 vg- -2 8 A As [r
: * D) HITIIT] L
- 86703 901112 = = 567 8910112
A
1 2 3 c L]
— 101 A4y
= -8V B Viet * ——/—
Vee !‘}
This cireuit yields the inverse of a digital word scaled by a ‘oz" r'.'; t ‘
constant. For minimum error over the range of operation, IQ can : WAy - ALy
be set at 16 uA so that 114 will heve a maximum value of 3.984
mA for a digital bit input configuration of GO0OG001. _ 1oz-101 12
Compensation is nacessary for loop stability and depends on . ‘ ‘
the type of operational amplifier used. If a standard 1.0 MH2
operational emplifier is employed, it should bo overcompensated
when possible. If the MC1733, MC1520 or any other wideband
smplifier are used, the reference amplificr should always be
overcompensated.
FIGURE 35 ~ ANALOG PRODUCT OF TWO DIGITAL WORDS
(High-Speed Operation)
\Y
ret Ro ‘o2
-oVo
[ 200 {
= {lo . ,
R14, 4 - . 15 94
13 13
lo—eVee o—e Vee
14 3 CVEE VE,E
MC1400 Series MC1408 Sorios 3p
Mcisos  lod .3°F MC1s08 | bod
" 16 . .14 16
15 ' 1 » : 1
Ry
7 200 2
s Jollelofetnin] ool lsloelntl- "L
| S N ———
= A 8,
Vs o Rp 9 —
o=ro1Ro m 4 { } o
et v -] v
02" _{_}_lgl - _{_L Ro Yeof {Al-
R14, R14y R14,
Vet

Sinca Rp = R143 and K = R4
1

o2 K {A* B} * K can be an analog variable.
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APPLICATIONS INFORMATION (continued)

FIGURE 36 = TWO-DIGIT BCD CONVERSION
Vee

L
4
15 R15
12 I
LSB | MmCi408L7 |3 =
2| mc1acse? 10 .
. o []
Mou Signiticant J O] O
B8CD Word Q‘-—' 2
o 18k
™S8 014 3 A 08%
A4,y ¢ -
V,
vt :: t——eVee
14 3 "é}m
4
5 RIS
12
LS8 | mc1acsLs |12
o2 Mcracers ': 200 0.5%
Least Significant °J,— 0
BCO Word o 2
o]
MSB 3 } ! ‘?-
Vee
Two 8-bit, D-to-A converters can be used to build » twe digit 4.0mA and 0.4 mA with the outputs connected to sum the currents.
BCD D-to-A or A-to-D converter. If both outputs feed the virtual The error of the D-10-A converter handling the least significant
ground of an operational amplifier, 10:1 current scaling can be bits will be scaled down by a factor of ten and thus an MC1408L8
hieved with a resisti

divider. If current output is de-

may be used for the least sigrificant word.
sired, the units may be operated at full scale current levels of

FIGURE 37 - DIGITAL QUOTIENT OF TWO ANALOG VARIABLES
or ANALOG-TO-DIGITAL CONVERSION

Vin Clock Resot
Rp3
Vyet | " 8.BitBinary
Counter
= Comporotor
4}
Ria 12
Vigt §——AN——0— 11
" TRis 14 o
[ v 15 | MC1408 Sosies
= e  wmciss |°
v
EE .Io—c 4 -
Tom 8

; LSB MS8

16
The circuit shown is & simple counter. 1}_ 2&
ramp converter. An UP/DOWN counter =

and dus! threshold comparator czn be (4

used to provide faster operation znd con-

tinuous conversion, c= Vin/Ro

Vyet/R14



MOTOROLA

LOW-COST EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

. designed for use where the output current is a linear product

of an eight-bit digital word and an analog input voltage.

* Relative Accuracy:

+0.5% Error Maximum

¢ Low Price Allows Use of a D/A in Many New Applications

* Monotonicity Guaranteed to 8 Bits

* Fast Settling Time

- 300 ns typical

« Noninverting Digital Inputs are MTTL and
CMOS Compatible

¢ Output Voltage Swing —+0.4 V to -5.0 V

« High-Speed Multiplying Input
Slew Rate 4.0 mA//JS

« Standard Supply Voltages: +5.0 V and

-5.0 Vto-15 V

FIGURE 1- D-to-A TRANSFER CHARACTERISTICS

MB
AtO A20 A30 Adp
(I

EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG
CONVERTER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 620

FIGURE 2 - BLOCK DIAGRAM

10,00, 85,

TYPICAL APPLICATIONS

Tracking A-to-D Converters

Successive Approximation A-to-D Converters

2 1/2 Digit Panel Meters and DVM's
Waveform Synthesis

Sample and Hold

Peak Detector

Programmable Gain and Attenuation
CRT Character Generation

8-43

Audio Digitizing and Decoding
Programmable Power Supplies
Analog-Digital Multiplication
Digital-Digital Multiplication
Analog-Digital Division

Digital Addition and Subtraction
Speech Compression and Expansion

Stepping Motor Drive



MC3408

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

, * Rating Symbol Value Unit
Power Supply Voltage Vee +7.0 Vde
VEE -16.5
Digital Input Voltage Vg thru V2 Oto +15 Vde
Applied Output Voltage Vo +05,-6.2 Vde
Reference Current - XYY 5.0 mA
Reference Amplifier Inputs Via.Vis Vce.Vee vde
Operating Ambient Temp Range Ta Oto +70 oc
Storage Temperaturo Renge Tstg -65 to +150 °c
Junction Temperature Ty +175 oc
. " N ’ Vref
ELECTRICAL CHARACTERISTICS (Ve = 45.0 Vde, VgE = -15 Vde, 7oz = 2.0mA, Ta = 0 to +70°C unless otherwise noted.
Al digita! inputs at high logic level.)
Charactsristic Figure Symbot Min Typ Max Uait
Relative A (Error relative to full scale Ig) Note 1 4 E, - - 20.5 %
Monotonicity ) 5
See Multiplying Accursy on Page 6 - - Guaranteed to 8 bits -
Sottting Time to within $0.6% of Pull Scate [includes tp 4] 6 15 - 300 - ns
{TA=+26°C)See Note 2
Propagation Deley Time 5 tPLHPHL - 30 100 ns
Ta =+28°C :
OQutput Full Scale Current Drift - TClp - - 30 - PPM/C
Digital Input Logic Levels (MS8) 37 Vdc
High Level, Logic “1” Vin 20 - -
Low Level, Logic 0" viL - - 08
Digital Input Current {MSB) 3 mA
High Level, Vi = 5.0V IiH - 1} 0.04
Low Level, V. =08V TR - -04 -0.8
Reterence Input Bias Current {Pin 15) : 3 15 - -1.0 -5.0 HA
Qutput Current Range 3 I0R mA
Veg=-50V 0 20 21
VEE = ~15 V (Tp = 25°C) 0 2.0 4.2
Qutput Current 3 o - . mA
Veef = 2.000 V, R14 = 1000 0 1.9 1.88 2.1
Output Current -3 10(min) - (] 4.0 uA
(A% bits tow) ]
Output Voltage Compliance (E, < 0.5% at Tp, = +25°C) 3 Vo Vdc
Pin 1 grounded - - -0.5,+0.4
Pin 1 open, VEE below =10V - - -5.0,40.4
Reference Currant Slew Rate 6 SR Ieef - 4.0 - mA/us
OQutput Current Power Supply Sensitivity PSRR{-) - 05 4.0 sAIV
Power Supply Current 3 lcc - +13.5 +22 mA
(Al bits low) T e - -18 -13
Power Supply Voltage Range 3 VceRr +4.5 +5.0 +5.5 Vde
(Ta = +25°C) VEER -45 -15 -16.5
Power Consumption ) 3 Pc mW
Al bits low
VEE = -5.0 Vde - 105 170
Vee = -15 Vde - 190 305
All bits high
VEE = -5.0Vde - 90 -
Vee = -15 Vde - 160 -
Note 1. For devicas with greater accuracy, see MC 1508 Series data sheet.

Note 2.

All bits switched.
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TEST CIRCUITS
FIGURE 3 ~ NOTATION DEFINITIONS TEST CIRCUIT
Vee
1
1€ vyoicat vaiues: R14= RIS - 1k
“ Vit =420V
1a . C=15pF V| and |, apply to inputs A1
5 14
ato2d -— Veet (o1 thru A8
a2 0! ' Tho rasistor tled to pin 15 is to tomperdture compensate the
a3 °L| 16 o 18 bias currant and may not be y for all icati
aa 08 1 a8 1_=
oo asoP] Mcawe [7 lork {41, A2, A2, a0 A5 as A7 A8y
a8 00! A L vo 2 4 8 16 32 68 128 266
11 Qumut v
A? 12 16 -— where K = Jreat
AB o R1
* | AL
st c and Ay = “1 it Ay is at high lovol

V._L 3 Apn = 0" it Ay is at low lovel
= 'EE, (See textlor =
Vee values of C)
FIGURE 4 — RELATIVE ACCURACY TEST CIRCUIT
MSB -
a1
A2z
A3 12-8it
Al DA .
A Converter [—0— 010 +10 V Quiout
(£0.02%
A6 srror max)
A7 Bk
3,0 at0 a1 a2
Ls8 { { } }
50 k
v'“.a_zv 0.1 uF =
100 »D = - Error (1 V = 1%)
950 >
A4 Vi‘: MC1556
wse 14 13
o2
6
7
8 4
8-t Counter ) MCa408 l—o—
e
10
1
12
LS8 | - .
. ISi : i{ jt
1x ¢l = &
= Vee
FIGURE 5 — TRANSIENT RESPONSE and SETTLING TIME
o.auF VEC 24v f_—\
®in 1av
” oavl—/] .

PHL = PLH K10 ns

0.1 uf

s

-2
»r

For settiing time

maasurement.

{All bita switched
tow to high)

FRCo Q25 pF

L
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<
[ XA

SETTLING TIME
eg for Flgure 8

= Internal
Clamp Loval

Use R 10 GND for
turn oft
messurement (see text).

TRANSIENT®

RESPONSE
-100
my

\ B o
tg= 300 ns typical
to :0.6% of Fuil

A =500
pin 4 to GNO

PHL
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TEST CIRCUITS (continued)

FIGURE 6 — REFERENCE CURRENT SLEW
RATE MEASUREMENT
Vee
4

13

J
v]jalv|al*
-lala

=
4|

. Tk

e Mc3a08 |2 I
T < -
T e
|2I I
Scope
16 pF s FL"30
3
Vee = =
10% [}
a1 av
- - — 90%
@ B 20ma
Stewing
Time
FIGURE 7 - POSITIVE Vyof
Vee
3 R14 2 RIS
a0
Ala
az0%] Plo O v
7
A3 O s,
8 1 Als
A4 0—
a5 02| Mcascoa
R
L
a6 0% il
10 wr
a7 0] 15, =
12 Ses tent 10r values o! C
A8 0— J_c
3
Vee
FIGURE 8 — NEGATIVE Vqof
vee
13 R14 2 A5
a103 e
!
a2 b 14
Azol J‘o_m_.l.,, Veet
R15
At J ~r
as 02 Mc3aos 2 .
o L
asold 4
o ~r
1 1 ]
a? 04 RN
32 See teat 107 vatues of C
480 =c
3
Vee
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FIGURE 9 — MC3408 EQUIVALENT
CIRCUIT SCHEMATIC
DIGITAL INPUTS

M§8 Lse Po
SQOA1 GQAZ 7QA3 8QAs 9QAS5 10 DAG 110A7 120 A8 4Q
>|',‘7 lli’ :L.'l:ﬁ 515{ gi‘f 5ff S ki 5k 3k
1 1§ N
i EI EI CURRENT
._ﬁ ._.l; SWITCHES
200 800 800 800 860 800 800 sgo R2R
LADDER
400 400 400 400 400 400
18
vee
REFERENCE l\( VT
CURRENT 26,
14 AMPLIFIER ,_qw_dm_ (3 4
Virat(+ )0 Ak 4k } j.‘ ¥ 125k
3 4
10 3 Y
6.2k
J[ CIRCUIT
350 3350 b4 o3 ¥ 3k
ISL 15J) 13 Jn 02

COMPENSATION Vo) VEg OUTPUT GNOD
RANGE
CONTROL
CIRCUIT DESCRIPTION

The MC3408 consists of a reference current amplifier, an

R-2R ladder. and eight high-speed current switches. For many
licati only a ref resistor and reference voltage need
be added. .
The switches are ting in op . therefore a high

state on the input turns on the specified output current compaonent.

a low impedance termination of equal voltage for all legs of
the ladder.

The R-2R ladder divides the reference amplifier current into
binarily-related components, which are fed to the switches. Note
that there is always a remainder current which is equal to the
least significant bit. This current is shunted to ground, and the

The switch uses current steering for high speed, and a ter
amplifier consisting of an active load gain staga with unity gain
feedback. The termination amplifier holds the parasitic capacitance

of the ladder at 2 ttage during hing, and provides
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outpul current is 255/256 of the reference amplifier
current, or 1.992 mA for a 2.0 mA reference amplifier current
it the NPN current source pair is perfectly maiched.
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GENERAL INFORMATION

Reference Amplifier Drive and Compensation

The reference amplifier provides a voltage 8t pin 14 for con-
verting the raference voltage to a current, and a turn-around circuit
or current mirror for feeding the ladder. The reference amplifier
input current, 114, must always flow into pin 14 regardiess of the
setup method or reference voltags polarity.

for a positive ref voltage are shown in Figure
7. The reference voltage source supplies the full current 114. For
bipolar reference signals, as in. the multiptying mode, R15 can be
tied to 3 nega voltage cor ding to the input
tevel. It is possible to eliminate R15 with only a small sacrifice
in accuracy and temperature drift.

The compensation capacitor value must be increased with in-
creases in R14 10 maintain proper phase margm for R14 values
of 1.0, 2.5 and 5.0 ki pa values are 15,
37 and 75 pF. The capacitor should be tied to VEEg as this

gative supply rejecti

A negative referenca voltage may be used if R14 is grounded
and the reference voltage is applied to R15 as shown in Figure 8.
A high mput mpedance is the main advantage of this method.

-] i to VEg on pin 16, using the
values of the previous paragraph. The negative reference voltage
must be at least 3.0-volts above the VEE supply. Bipolar input
signals may be handled by connecting R14 to a positive reference
voltage equal to the peak positive input level at pin 15.

When a dc reference voltage is used, capacitive bypess to ground
is recommended. The 5.0-V logic supply is not recommended as
a reference voltage. If a well regulated 5.0-V supply which drives
logic is to be used as the reference. R14 should be decoupled by
connecting it to +5.0 V through another resistor and bypassing
the junction of the two resistors with 0.1 uF to ground. For
reference voltages greater than 5.0 V, a ctamp diode is recommen-
ded between pin 14 and ground.

If pin 14 is driven by a high i d. such as a tr
current source, none of the above compensation methods apply
and the amplifier must be heavily compensated, decreasing the
overall bandwidth.

Output Voitage Range

The voltage on pin 4 is restricted to a range of -0.5 t0 +0.4
volts at +25°C, due to the current switching methods employed
in the MC3408. When a current switch is turned “off*", the posi-
tive voltage on the output terminal can turn “on’* the output
diode and increase the output current level. When a current switch
is turned “on”, the negative output voltage range u restricted.
The base of lhe termination circuit Darling tr is one
diode voltage below ground when pin 1 is grounded, so a negative
voltage below the specified safe tevel will drive the low current
device of the Darlington into saturation, decreasing the output
current level.

The negative output voltags li of the MC3408 may
be extended to -5.0 V volts by opening the circuit at pin 1. The
negative supply voltage must be more negative than -10 volts.
Using 2 full scale current of 1.962 mA and load resistor of 2.5
kilohms between pin 4 and ground will yield » voitage output
of 256 levels between O and -4.980 volts. Floating pin 1 does
not affect the converter speed or power dissipation. However, the
value of the load resistor determines the switching time due to
increased voltage swing. Values of R up to 500 ohms do not sig-
nificantly affect performance, but a 2.5kilohm load increases
“"'worstcase’” settling time to 1.2 us (when alt bits are switched on).
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text

Refer to the on Settling Time for more
details on output Joading.

tf a power supply value between -5.0 V and -10 V is desired,
a voitage of betwesn 0 and -5.0 may be applled to pin 1 The
valug of this voltage will ba the out-

put swing.

g8

Output Current Range

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages typically more negdtive than
-8.0 volts, due to the increased voltage drop across the 350-ohm
resistors in the reference current amplifiar.

Accuracy

" Absolute accuracy is the measure of each ocutput current level
with respect to its intendad value, and is dependent upon relative
accuracy and full scale current drift. Relative accuracy is the
measure of each cutput current level as 8 fraction of the full scale
current. The relative accuracy of the MC3408 is essentially
constant with temperature due to the excellent temperature track-
ing of the monolithic resistor ladder. The reference current may
drift with temperature, causing a change in the absolute accuracy
of output current. However, the MC3408 has a very low full
scale current drift with temperature.

The MC3408 is guaranteed accurate to within £0.5% at +26°C
at a full scale output current of 1.992 mA. This corresponds to 8
reference amplifier output current drive ‘to the ladder network of
2.0 mA, with the loss of one LSB = 8.0 uA which is the ladder
remainder shunted to ground. The input current to pin 14 has 8
guaranteed value of between 1.9 and 2.1 mA, sllowing some
mismatch in the NPN current source pair. The accuracy test
circuit is shown in Figure 4. The 12-bit converter is calibrated for
a full scale output current of 1.992 mA. This is an optionat step
since the MC3408 y is ially the seme be 1.5and
2.5 mA. Then the MC3408 circuits’ full scale current is trimmed
to the same value with R14 so that a zero value appears at the
error amplifier output. The counter is activated and the error
band may be displayed on an oscilloscope, detected by com-
parators, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to construct 8
16-bit accurate D-to-A converter. 16-bit accuracy implies 2 total
error of +1/2 of one part in 65, 536, or £0.00076%, which is much
more accurate than the 20.5% specification provided by the
MC3408.

Multiplying Aceuracy

The MC3408 may be used in the multiplying mode with
good y when the refi currant is varied over a range
of 266:1. The major source of error is the bias current of the
termination amplifier. Under "‘worst case’’ conditions, these eight
amplifiers can contribute a total of 1.6 uA extra current at the
output terminal. If the reference current in the multiplying mode
ranges from 16 uA to 2.0 mA, the 1.6 uA contributes an error
of 0.2 LSB with respect to the 2.0 mA.,

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typicslly, the
MC3408 is monotonic for all values of reference current above
0.5mA. The recommended range for operation with a dc reference
current is 0.5 1020 mA.




MC3410
MOTOROLA MC3510 MC3410C

LASER TRIMMED

TEN BIT, MULTIPLYING

Specifications and Applications DIGITAL-TOANALOG

Information CONVERTER
SILICON MONOLITHIC
TEN BIT D TO A CONVERTER INTEGRATED CIRCUIT

The MC3410 series devices are low-cost, high-accuracy monolithic
D/A converter subsystems. Like their MC1408 series predecessors,
they provide the logic controlled current switches, the R-2R resistor
ladder network and output termination networks. The output buffer
amplifier and reference voltage have been omitted from the circuit
to allow greatest system speed, flexibility and lowest cost. This device
is useful in industrial control and microprocessor based systems.

* Relative Accuracy — +0.05% Error Maximum
(MC3510 and MC3410)
+ Fast Settling Time —250 ns Typical
« Noninverting Digital Inputs are MTTL and CMOS Compatible
(from 5to 15V CMOS)
* Output Voltage Swing —+0.2 V to —2.5 V
+ High Speed Multiplying Input Slew Rate - 20 mAljus
« Standard Supply Voltages +5V and —15V
« All Categories Guaranteed Monotonic Across Temperature

+ Reference Amplifier Internally Compensated

TYPICAL APPLICATIONS

Tracking A-to-D Converters Programmable Gain and Attenuation
Successive Approximation A-to-D Converters Programmable Power Supplies
3-Digit Panel Meters and DVM's Analog-Digital Multiplication
Waveform Synthesis Digital-Digital Multiplication
Sample and Hold Speech Compression and Expansion
Peak Detector Sample Data Systems

FIGURE 2 - TEN-BIT D/A CONVERTER
BLOCK DIAGRAM

MSB usB

FIGURE 1- D to A TRANSFER CHARACTERISTICS
Al A2 A3BA4 A5 AGATABA9A10

(0000000000 (11111111

INPUT DIGITAL WORD
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MAXIMUM RATINGS (T, = +25°C untess otherwiss noted.)

Rating Symbol Value Unit
Power Supply Voltage Vee +7.0 Vdc
. Vgg -18
Digital Input Voltage Vi +15 Vdc
Applied Qutput Voltage - - Vo +0.5,-5.0 Vde
Reference Current IREF{16) 25 mA
Reference Amplifier Inputs VREF Vee. VEE Vde
Reference Amplifier Differential Inputs VREF(D) 0.7 Vdc
Operating Temperature Range TA °c
MC3510 —65 to +125
MC3410.C 010 +70
Junction Temperature T Sc
Ceramic Packape +175
Plastic Package +150
ELECTRICAL CHARACTERISTICS (Ve = +5.0 Vdc, Vg = —15 Vdc, ‘4 t5 » 2.0 mA, MC3510 T4 = —65°C to +125°C.
MC3410 Series: T4 = 0 to +70°C unless otherwise noted. All digite! inputs et high togic level.)
Characteristic Symbot Min Typ Max Unit
Relative A {Error relative to full scale Ig) T4 = 25°C E %
MC3510, MC3410 - - £0.05 '
MC3410C = - +0.1
Relative A Temp: Drift (F ive to Full Scele I} TCE, - 256 - . PPM/OC
M icity (Full Tomp Range) - Monotonic to 10 Bits -
Seottling Time to within :1/2LSB (Tp = 25°C) (All Bits Low to High) ts - 250 - ns
Propagation Delay Time tPLH - 36 - ns
Ta = +25°C tPHL - 20 -
Qutput Full Seale Current Drift MC3410, MC3410C TClg - - 60 PPM/°C
MC3510 = = 70
Digital Input Logic Levels {All Bits) Vdc
High Level, Logic “1” ViH 20 - -
Low Level, Logic “0" . ViL - - 0.8
Digitat Input Current_(All Bits) mA
High Level, V| = 5.5V H - - 0.04
Low Levet, Vi = 0.8V he - 0.06 04
Reference Input Biss Current (Pin 15} IREF(15) - -1.0 -60 HA
Output Current Range IoR 0 40 5.0 mA
Output Current lo mA
Vigf @ 2,000 V,Rqg = 1000 2 38 3.986 42
Output Current MC3510, MC3410 10(min} - o 20 KA
(Al bits low) {T 4 = 25°C) MC3410C - 0 40
Output Voltaga Complianca {T 4 25°C) Vo - . Vdc
€, < 0.05% relative to FS — MC3510, MC3410 * - - - -25,40.2
€, < 0.10% relative to FS — MC3410C . 25402
Reference Amptifier Slew Rate . SR 1pef - 20 - mA/us
Reference Amplifier Settling Tima STIREF - 20 - Hs
(0 ta 4.0 mA, 20.1%) ) ) . ) -
Output Current Power Supply Sensitivity MC3610, MC3410 PSRR{-} - 0.003 0.01 %1%
MC3410C - 0.003 0.02
Output Capacitance (Vg = 0} Co - 26 - - pF
Digital Input Capacitance (All Bits, Inputs High) G . - 4.0 - pF
Power Supply Current . lecc - +10 +18 mA
{All Bits low) Igg - -14 ~20
Power Supply Voltage Range VeeR +4.75 +5.0 +5.26 Vde
(Ta = +25°C) VEER -14.26 -15 -16.75
* Power Consumption Pc mW
All Bits low - 220 380
All Bits high - 200 -

8-50



MC3410, MC3510, MC3410C

[ —___TESTCIRCUITS J
FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUITS Vee "cc
14
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thru A10 s - 16
A20°—]
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FIGURE 4 — RELATIVE ACCURACY TEST CIRCUIT
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FIGURE 5 — SETTLING TIME
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| TEST CIRCUITS (Continued)

Vee FIGURE 6 — PROPAGATION DELAY TIME
0.1uF
14 L
16 1k +2Vde
_or- 24v Rite and Fall Timas < 10ns
&G 15 1k 0.14F v
: S T -
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o5 mcasio
l—o—| mc3410 2
90 WV, For Propagation
95 T
L -—— AL Delay Timo
19 = Vo
vy 50 = = -80 mV
1 0.3uF — _.I
€ | tPLH PHL
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FIGURE 7 — REFERENCE AMPLIFIER SETTLING TIME AND SLEW RATE
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3 5004
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FIGURE 8 — POSITIVE Vot FIGURE 9 — NEGATIVE Vgt
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FIGURE 10 — MC3410 10-81T D/A CONVERTER EQUIVALENT CIRCUIT
MSB 12 3
40 A1 5 QA2 60 A3 .. 7944 8 QAS 9 A6 10 QA7 11 QA8 A9 A0
o 1 e sk o | | Sex 6k $en s 3
< 1 1 Sex] Sox| ¢
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Switches | gq i B 3
Termination
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“ Reference H I)
o )
_ 100F r——L
18 N%—l\
1 1 |OuA-
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¢ 2Q Gna
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CIRCUIT DESCRIPTION
The MC3410 ists of a ref: amplifier, a dif- face the R-2R ladder through unity gain feedbock terminstion
fusod R-2R ladder, a laser trimming natwork, end ten high-speed amplifiers, which provide low i di terminations of equal
current switches. The trimmi hod ployed makes it voltage for all legs of the ladder.
possible to improve the linsarity attalnable with modern dif- The R-2R todder divides the reference amplifier current into
fuston technology by as much as a factor of ten so that a highly binarily-related components, which are fed to the current
finsar pert resulits. The trim is performed by ing slumi itches. The three least-significant bit switches derive their
Itnks srranged to give Incremental veristions in voltage at the current through emitter scaling from the lest leg of the ladder,
lodder termination amplifiers (Ses Figure 10). This yiclds o high- The remsining current, equal to one LSB, is shunted to Vg at
ly steble trim with no increass In febrication complexity. the LSB switch. Therefore, the maximum output current is
The switches are non-inverting In operation, so that a high 1023/1024 of ths reference amplifier current, or nominally
stato on an Input turns on the specific component of output 3.988 mA for a 2.000 mA rafarenco input current.

current. The switches use current steering for speed, and inter-

Reference Voltage

To gencrato the precislon voltago roference input for the
MC3410, either the MC1403 or tho MC1404 may bo used,
Tho MC1403 produces b 2,5 V t1% output voltage while tho
MC1404 produces a 10 V £1% output. Both hava oxcollent
tomporature and long term stabitity. In order to reduce the
offect of roforanco amplifior offsot voltaga on overall accuracy,
tho ibl ity roferonce should bo used.
Therofore, in systems with a +15 V supply, the MC1404 (10 V)
is rocommendod. Whare tho most positive supply Is only +8 V,
tho MC1403 a 2.5 V rof To sot tho rofaronce
current oxactly, a low temperature coefficiont potentiometer
in sorios with R1 should bo used.
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Referance Amptlifier

The reference amplifier allows the user to provide 2 voltage |

and 8 resistor to Pin 16 to convert the reference voltaga to a
. A mirror bles this ref current and
feads it to the R-2R ladder. Thus for a reference voltage of
2.0 Volts and 1 k<2 resistor tied to Pin 16,the full-scale current
is opproximately 4.0 mA, The reference input current, 116,
must flow into Pin 18 regardless of the setup method or
rafmnca voltage polarity. .
! for 8 positive r voitage ere thown In
Figuro 8. The ref itage source. fies the full
116. For bipolar refererence slgnalt, o in the multlplyine mode,
R15 can be tied to 8 neg g 9 to the
minimum input level.

The referance amplifier is internally compensated with a 10
pF feed-forward capacitor, which gives it its high slew rate and
fast settling time. Proper phaso mergin Is maintsined with all
passible vatues of R16 and reference voltagas which supply 2.0
mA roferenco current into Pin 16. The referenco current can
also be supplisd by a high impedance current source of 2.0 mA.
As R16 incresses, the bendwidth of the emplifier dacreases
sllshtly and mtllne time increases. For g current source with o

Y ic output i di of 1.0 MR1, the bandwidth of the
reference emplifier is approximately half what it is in the cose
of R16 = 1,0 k2, and settling time is ~ 10 us. The reference
amplifier phase margin decresses os the current source value
decream in the case of a current source reference, so that the

lied from a current source is

’

0.5 mA for stebility.

A negative reference voltage may be used if R16 is grounded
and the reference voltage is appliod to R15 as shown in Figure
9. A high Input impedance is tha main advantage of this method.
The negativa reference voltage must be at least 3 Volts sbove the
VEE supply for proper operation. Bipolar input signals may be
handled by connscting R16 to 8 positive voltage equal to the
peak positive input level at Pin 15.

When o dc referenco voltage is used, capecitive bypass to
ground is recommended. The 8-V togic supply is not recom-
manded as a reference voltage. If a well regulated 5.0-V supply,
which drives logic, Is to be usad as the reference, R16 should be
docouplod by connecting it to the +5.0 V logic supply through

and b g the j of tho two resistors
with 2 0.1 uF capecitor to mund

Output Voltage Range .

The voltege on Pln 3is. rcﬂrlcted to o fange of —2.5 Vto
+0.2 V due to the ployed in the
MC3410. When 2 current switch is tumed off, the pomlvo volt-
8goe st the output terminal can turn on the output diode and in-
crease the output current. When a current switch Is on, the negs-
tive output voltage renge Is restricted to the point st which the
low current device of the termination amplifier Darlington ba-
ginsto Iting in a d in output current.

The output voltage compliance is guaranteod at 25°C. Note
from Figure 14 that the output compliance of the MC3410 is
nesrly constent over temperature.

Accuracy

Absol yisa of ezch output current level
with respect to its | ded value. 1t is di dent upon
accuracy and full scsle current drift. Relative accuracy, or
linearity, is the measure of each output current with respect to
its intended fraction of the full scale current, The relative accu-
racy of the MC3410 is fairly constant over temperature dus to
the excatient temperatura tracking, of the diffused resistors, The
full scale cu from the ref amplifier may afm with
temperature causing o chenge in the
the MC3410 has a tow full scale current drift with mmpemtum

The MC3510 and MC3410 are guaranteed sccurate to within
$1/2 LSB at 26°C and at a full scale current of 3998 mA.
Input reference current to Pin 16 is guarantesd to be between
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1.9 and 2.1 mA 1o produce 8 full scala output current of 3.996
mA. The relative sccuracy test circuit is shown in Figure 4. The

' 14 bit D/A converter is catibrated for a full scale output of 3.996

mA. This is en optional step as the relativo accuracy of the
MC3410 is nearly constant between 3mAend 5 mAfull scale cur-
rent. The MC3410 Is callbrated at full scale with the 14-bit
reference O/A by adjusting R16 until the error voltage goes to
2ero. The counter is activated and the error band may be dis-
played on an oscill pa, )cted by atars, or stored on
a pask detector.

Monotonicity

The MC3510, MC3410 and MC3410C are alt guaranteed 10
be monotonic at temperature. This guarantees that for every
increase in the input digital word, the output current either
remains the same or increases, but never decreasss. The MC3510
and MC3410 are monotonic over their respective temperature
ranges. In the mumplying moda (when the reference current is

varied}, y is typi Y d for all values of
input reference current above 0.5 mA.
Settling Tima

The worst case switching condition occurs when il bits are
switchad “on,” which corresponds to a low-to-high transition for
all.bits. This time is typically 250 ns for the output to sattle to
within ¢ 1/2 LSB for 10-bit accurscy, and 200 ns for B-bit
accuracy. The turn-off time is typically 120 ns. Thess times
epply when the output swing is limited to a small {< 0.7 Volt)
swing and the extarnal output capacitance is under 25 pF.

The major carry (MSB off-to-0n, all others on-t0-0ff) sattles
in opproximately tha same time as when a!l bits are switched
off-to-on.

The slowest switches are bit A10 {LSB) and bit A9, which
turn on and sottle in typically 200 ns, and turn off in 100 ns,

in the test circuit of Figure 5, the output voltage is internally
clamped in tha MC3410 at about 0.7 Volts above ground. The
output is thus limited 102 0.7 Volt swing If 8 toad resistor of
626 Ohms is dtog g the output to swing
t0 —2.5 Volts, the settling time incmm 015 us.

Extra care must be taken in board layout as this is usually the
dominant factor in satisfactory test results when measuring
settling time. Short leads, 100uF supply ‘bypassing, and mini.
mum scopo lead tength are all necessary.

MC3510 TERMINOLOGY

RELATIVE ACCURACY — M. output d from
the strzight line connecting zero and full scale, expressad
e o percentage of full scale.

RELATIVE ACCURACY DRIFT — The average change in
linearity error that will occur with 8 chenge in embient
temparsture, expressed in parts per million of fuil scale per
degree C.

MONOTONICITY — For evary increase in the input digital
word, the output current aithar remsins the same or increases.

SETTLING TIME — The elapsed timo from the input transition
“until the output has settled within an error band about its
" fina! value

OUTPUT FULL SCALE CURRENT DRIFT — The averoge
chango in full scale currant botween 25°C and sither tempera-
ture extreme, expressad in parts per million of full sule per

dogree C.

REFERENCE AMPLIFIER SLEW RATE — The maximum rate
of change of the full scale output cusrent expressed in
milliamperes per microsecond.

OUTPUT VOLTAGE COMPLIANCE — The maximum voltage
that can be applied to the output pin so that the specified
changa in output current is not exceeded.

POWER SUPPLY SENSITIVITY — The chenge in full scale
current caused by a8 change in VEE, expressed as a percent
of full scale current per percent change in Vgg.
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TYPICAL CHARACTERISTICS

FIGURE 11 — LOGIC INPUT CURRENT

FIGURE 12 — TRANSFER CHARACTERISTIC

versus INPUT VOLTAGE versus TEMPERATURE
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Vg, OUTPUT VOLTAGE {VOLTS) TEMPERATURE (°C)
FIGURE 15 — REFERENCE AMPLIFIER FIGURE 16 — TYPICAL POWER SUPPLY
FREQUENCY RESPONSE CURRENTS versus TEMPERATURE
8.0 1?2
60 o H J
= —t—
4.0 14 (I3 I e
- 8 4 g v
g 20 - &
= 171 \ 1
0 o
£ N A | ™~
3-20 £ w0
D
$.a0 a e | ™~
[ w
360 z
@7 T A ture Curve | g g0
8,0} Large Signz! BW-f— Smatl-Signal BW ul
=20 15 = 10052 R15=R16=1.0kN 3
=10F Vraf(+) = 2Vp.p ~ Veat(+} =50 mVp.p —T Vret (<) = OV ‘\I 8 »
_12]_Centered st 1.0V Centered at +200mv L1 0
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MC3410, MC3510, MC3410C

APPLICATIONS INFORMATION

Voltage outputs are obtaingble with this circuit which uses an FIGURE 19 — EXTENDING POSITIVE
external operational amnllflcr a8 8 currant t0 wvaltage con- VOLTAGE RANGE
verter, This config fcally kesps the output of
the MC3410 at ground potentizl and the operational amplifier
can positive voltsge limited only by its positive aig

wpply volwge Frequency responss ond settling time are
primarily determined by the charactsristics of the operational
smplifier. In  additi the op ! amplifier must be
compensated for unity gain, and in some cases overcompensa-
tion may be desirable.

Note that this configuration resuits in 8 positive output volt-
age only, the magnitude of which is dependent on the digita!
input,

The following circuit shows how the LM301A can be

used in a foedf: mode resuiting in 3 full sczlo settling time 3 |
on the order of 2.0 us. Mcasio

1 Hi Soloct R for a
FIGURE 17 S current of 1 uA
65 oF
ATl
” 0
51k VEE
—-15Vv
o +15V
{ToPind _=— -
of MC3410) 43014 PRV The output voltage range for this circuit is 0 voits to BVcgo
— of the tronsistor. Variations in beta must be considered for wide
= range licatl An inverted output waweform
100 oF may be obtained by using a loed resistor from a positive refer-
) =15V ence voltage to the collector of the transistor. Also, highspeed

operation is possible with a large output voltage swing, because
Pin 3is hetd at a constant voltoge. The resistor {R) to Vg maln-
tains the transistor emitter voltage when ail bits are “off’’ and
Insures fast turn-on of the teast significant bit.

An slternative method is to use the MC15639 and input
compensation. Responsa of this circuit is also on the order of

2.0 us.
FIGURE 20 — OUTPUT CURRENT TO
VOLTAGE CONVERSION
. 2?+ 5V
10 Volts v
FIGURE 18 Ao = Tgmae~ 2.5K cc 8| me
| 1404 |Vrer= 10V
R12 5k
sV /  Mso L4
+ Al -~
f 35.,": cz 150 pF
n [ R2 4=\L
Sk 8 sk Ag 5k
] = AA
Digital o =
10k Inputs 8 MC3410
] cMmos o5
9 4mA FS 15
lo or TTL Oﬁ— —
(ToPln3 e Compatible o3 MC1741S—p ovg
of MC3410) o +
240 MC1539 A10 022
k 3 T 10k
0.2 uF Lss = Zero
_|_ l Aciun
= -8V s EE -5V
The positive voltage renge may be extended by cascading 2R A A2 AS, A4, AB A6, A7, AD, AD, A1
Ith 2 high beta common transistor, Q1, as Vg = —2% S 4 RE A2 80 AV AD AL L0, A0
::Z:’:"""' with 3 high beta co base sto 0", Vret [z ‘8t 2 6atizet /et Y 2’1024]
for 10 voit fuliscalo calibration
Vo= 2':05 A28kl 1g oy [’”3] Vo = 10 Voits [0.9990]

Ro = Full Scalo Adjust
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MC3410, MC3510, MC3410C

APPLICATIONS INFORMATION (Continued)

Bipolar or Negative Output Voltage

The circuit in Pigure 21 is a variation of the standard output
voltage circuit in Figure 20. A negative or offset binary out-
put msy be obtained by sourcing current from the referance
into the output through Rg. If Rp allows 2 mA (Rg » 5 kQ
from 10 Volts) then 1000000000 input wil generate zero
output voitage.

FIGURE 21 - OFFSET BINARY OR

Successive Approximation A to D

The fastest and most efficient means of A to D conversion
using D to A convertors is successive approximation (SA).
Similar in appsarance to steircase devices, the SA converter is
capsble of 100 times faster conversions for 3 10-bit resuit. A
complete 10-bit SA coverter using MC3410 and MC145598/49B
successive epproximation registers is shown in Figure 22. The
complexity which rosults in higher conversion speeds is con-
tained in the MC145598/49B registers. Quite simply, the register

BIPOLAR DAC compares the DAC output resulting from activating each bit
?*15 v with the input voltage. This is done starting with most signifi-
Vit 2 cant bit and after 10 comparisons gencrates the 10-bit binary
Vee 6| mc |v.,- output representing that input. The accuracy of the conversion
+BV 1404 1(;’\'1 is fixed by the accuracy of the MC3410 and is not dependent
14 Rt b4 on tolerances of the other components. An EOC outout is
16 8k :»RB. L4 svailable end can be used to latch the perzlled output or to
— = synchronize the serial output which is aiso svaitable. For more
L dataits on SA converters, ses AN-716.
B 16 5k
3_* A2 ] ‘
7 - —AAA
MC3410 +15070
9 3 7 For Offset Binary Output From +6 V to —8 V
10 2 C Rg ¥ 2.5k
11 3|+ 0 Vo Rp @ B kN
12
13 a
T =15V
2 1
= 15v = 2R0 Vret|fa A2 A3 A4 AB _AB _A? A8 A9 _ A0\ 2R
vee Vorsm (5T T T 3T e st TE 20 1024) W
FIGURE 22 —~ SUCCESSIVE APPROXIMATION CONVERTER
USING MC3410 AND MC1404
+15V
2 1 3/4 MC140018
4 g
6| mMC 10
Vet 0= 1404 29 S
=10V o6 = °
_l_d VWA 1¢
Convert Command
-L gvrol 1
g80k 0 6 |7 |s 9] 7 e "
Zero SC O € Sout | 10 S€ € D 4
+18V Adust % MC146598 MA MC145498g 3
ant Ao Veel+sv) |aoar FF EOC out |
v
! e _L 16 |1aMmsB afJa 10 1| 4f 3 w EE
2 1_7“ Full I 1
‘18\1 Scals 53
we  [— 12| s
A 3| as0 f=
f ! ] e
= VEE 10 1% Mc140018
T asv i1
12
13
Ro a Yl Max i < Lsa
R2 Sorial Data Out
QOO0 0&&
e’ EOC

Binary Output
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MC3410, MC3510, MC3410C

APPLICATIONS INFORMATION (Continued)

Staircase A to D

1t high conversion speed is not roquired, a staircase A to D
convertor can be built for somewhst lower coit. A complete
staircese AID convertor is shown in Figure 23. Here the com-

One advantage of staircase convertors is the sase with which
BCD outputs may be obtained. Figure 24 shows a 3digit panel
meter using the staircase technique and an MC145538 3-decade -

gisters are r with simple binary

With an lnput itag: fied, the blnary is retst by

the convert command puise and the bagin accumulating counts.

The DAC output steps upwerd until tha comperator dstects

that the input is equeal to the DAC output. The counters sre

itabled and the ton result Is held at the output unti!
tha circult is reset by tha convert command input.

. The circuit function is similar to Figure 23 but Multi-
plexed BCD output is available from the MC145538 counters.
Parallel BCD may be obtained with equal esse using the
MC14518B 2-decade CMQOS counters.

in both these staircase designs the system accuracy is deter-
mined by the specified accuracy of the MC3410.

FIGURE 23 — 10-BIT STAIRCASE A to D USING MC3410 AND MC1403

Convert Command
o

iy

Zero Adiji
U just +SV

Full Scato Adjust

8l 6
vy 2 » ax |8 5V
Ao LS
Rg & V) (max) 142 ? +5V ? 10 =
b 1 1510 10 Mc140408 1
L= vy 12.8it Binary Counter
v = =
+5V rof LS8 = D BEERE] sz 15
1 3 13
R191.26k 5 3
Veet MC -
=25V | 1403 2
R2 2 10
=125k MC3410
.1._? = _r : Overrangs
1 7
[
S
~18V 3 MSB
1 !
Q00 000&0 Binsry Qutput
LS8 MSB
FIGURE 24 — 3-DIGIT DVM USING MC3410 AND MC1403
1N914
6V
a [Nz
MC 6
1741
2 +
4 1
—16V
45V 6-18V 39 pF R’ MC145638
I [fo 13 <
(Vief) 3 4 10 110 2
456V 25V 5 12 8l7|6]5 =
1 8 13
1.25k L 74
‘T& z 8 2 7311216
Mc3d10 Pg 3 [MC 13
I3 15 10 s 46V W’W"—I‘_
= 116 ETDVVARL P e H —
1.26 k 12 7 4 10"".'1—/ — / I—I I
9 LR N = T =T = _l
3 | 18118 WV I_’ =1 I—I
14 |
8
16 5
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MC3410, MC3510, MC3410C

APPLICATIONS INFORMATION (Continued)

FIGURE 25 — ALTERNATE APPROACH STAIRCASE ATOD Y
45V )
Vi
o 7
+
3 mc 8500
2| 1741
A4
. 16V -1
+8V
T, . T"" v Overrange [__—
3 14 10
Veet | mc |2 . Vret! i 15 <] .
= 2.5V| 1403 126 a 14
I3 * 5 12
= 6 6 13
7 4
méasto |8 2 | mc1a0a08
9 3
15 10 5
11 6
1,26k 12 ?
i 2 11
13 9 A
- L 1
15V Convart
- mse Lse | | Command
BCO D to A Convertor
BCD output A to D convarsions are most easily accomplished
by accumutating the digital resuits in two ditferent counters, but
that concept does not extend to BCD Dto A techniques. Using
the circuit in Figure 28 & three-digit BCD number can be con-
vertedto a 10-bit accurate voltage. The MC140088's perform
the combinational BCD-to-Binary conversion. The sccurscy of
this circult is also solely & dent on tho y of the
MC3410.
FIGURE 26 — 3-DECADE BCD DAC
1 18 +15
15 14 ) 5: sal12 2
800 84 CcO _ | 13 2 Q
® ¢laa 54 3 8 il 22 8| mMc |vier=
3 2 @ 3 fa3 8 +BV
2.., 4000~ 83 8 gg12 = 4], < 1404 l1ov
& )2000—4 :Aag 5 as 2 52 u 1=
- R1 =
1000—¢ gigsz 11 g oy o . ul —
S QCI 5 Full Scele
6
s 1 7 °
B4 €O 8 S
[ A a ;] %
3“ 2 lg3 2 _J 1013
4 3 Ja3 8 J 1
e £ =
2 3
3 81 1
° a1 cl
3. 3 -8V
8
e = = =

8-59



MOTOROLA MC3412

Product Preview

HIGH-SPEED
12-BIT D/A CONVERTER
COMPLETE 12-BIT SILICON MONOLITHIC
HIGH-SPEED MONOLITHIC D/A CONVERTER INTEGRATED CIRCUIT

The MC3412 is a monolithic single-chip 12-bit D/A converter.
It contains a high-stability voltage reference and both offset and
span resistors. Active laser trimming of the thin-film ladder network
and voltage reference provide accuracy and linearity of better than
+ Vi LSB. 12-bit accuracy and fast settling time (typically better
than 200 ns to * 'A LSB) make this converter an ideal display driver
or fast A/D converter building block.

« Fast Settling Time: £ ‘A LSB in 200 ns Typ
* Fully Monotonic Over Temperature Range
« Single-Chip Construction

« High-Stability Voltage Reference on Chip
« Linearity Guaranteed Over Temperature

« Low Power Consumption

* Replaces AD565 P SUFFIX
PLASTIC PACKAGE
CASE 649
BLOCK DIAGRAM PIN CONNECTIONS
Vce LSB NC (~ 1- 24 Bit 1 (MSB)

NCQ 2 23 Bit 2

vecce 3 22 | Bit 3

Ref Out 4 21 | Bit 4

Anal Com 5 20 Bit 5

RefInf 6 19 ~1Bit6

MC3412 _
VeeC 7 8 Bit7
Bipolar |— f

Offset 17 Bit 8

outc 9 6 Bit9
10 V Span Q 10 15 Bit 10

20 V Span £ 11 14 ~ Bit 11

Dig Com |
Dig Com (@nd) 12 13 Bit 12(LSB)
(Gnd)

This is advance information and specifications are subject to change without notice.
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MOTOROLA

Product Preview

BUS-COMPATIBLE
8-BIT MPU D-TO-A CONVERTER

The MC6890 is a self-contained, bus-compatible, 8-bit
(+0.19% accuracy) D-to-A converter system capable of interfac-
ing directly with 8-bit microprocessors.

Available in both commercial and military temperature
ranges, this monolithic converter contains master/slave
registers to prevent transparency to data transitions during ac-
tive enable; a laser-trimmed, low-TC, 2.5 V precision bandgap
reference; and high-stability, laser-trimmed, thin-film resistors
for both reference input and output span and offset control.

A reset pin provides for overriding stored data and forcing lout
to zero.

« +1/2 LSB Nonlinearity

« Available in Military Temperature Range

« Direct Data Bus Link

« Low Power: 130 mW Typ

« Fast Settling Time: 140 ns Typ

« Single Enable: 10 ns Max Data Hold Time

+« Self-Contained 2.5-V Precision Laser-Trimmed Voltage
Reference (May Also Be Used Externally)

* Reset Pin to Override Data

« Output Voltage Ranges: +5.0, +10, +20, or
+2.5, 5.0, £10 Volts
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MC6890

8-BIT

BUS-COMPATIBLE

MPU DAC

L SUFFIX
CASE 732

PIN CONNECTIONS

(MSB) D7 (T
D6 (T

05 (T

D4 [T

03 (T

02 [T

D1 [7

DO [T

Reset [7_

Digital Gnd Q7

3 vce

w7] Ref Out

17] Ref In

77] Analog Gnd
]+] 20 V Span
17] 10 V Span

3 ‘out

—| Bipolar
-111 Offset

77] Enable

77 VEE



MC6890

MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage Vce +7.0 Vde
: VEE -18
Digita! Input Voltage, Ping 1-9, 12 Vin -3010+70 { 'Vdc
Applied Output Voltage Vout VEE to +17 Vdc
Reference Current Irat {19) 35 mA
Reference Amplifier Input V17 +75 Vde
Operating Temperature Range Ta °c
MC6890 O10+70
MCE890A -55 to +125
Storage Temperature Range Tatg -65 to +150 °c
Junction Temperature Ty +150 °c
ELECTRICAL CHARACTERISTICS (Voo = 5.0V, VEE = =12V, Vet = 25 V, TA = 25°C unless otherwise noted)
Charactsristic Symbol Min Typ Max Unit
Digital Input Logic Lavels (Each Bit) . Vde
High Level, Logic 1 VIR - - 08
Low Level, Logic O VIL 20 — -
Digita! Input Current
Data (ViH=3.0V) H — - 100 nA
ML=04V) e - - -10 A
Enable, Reset (Vj4 = 3.0 V) [[}7] - - 100 nA
ViL=04V} "N - - -50 uA
Full Scale Output Current — Unipolar o -1.50 -1.992 -2.50 mA
Output Resistance — Exclusive of Span Resistors — 7.0 10 — MO
Unipolar Zero Output — All Bits Off -_ - 0.10 10 uA
Full Scale Output (Unipolar Zero} Tempemure Coefficient ppm/°C
{With Interna! Reference) Unipolar Zero - +20 -
Bipolar Zero - +35 -
Gain - +35 -
Resoluti - 8.0 8.0 8.0 Bits
Monotonicity 8 Bits Over Temperature
{0°C < TAK +70°C) MC6890
{-B5°C £ Ta < +125°C) MC6890A
° Relative Accuracy e — . +0.19 %
{Error Ralative to Full-Scale Output Current) {£1/218B)
Differential Nonlinearity — — — +0.29 %
. {x 34 LSB)
Output Voltage, Full Scale — Unipolar with Internal Reference Vo Vde
{10 V Span) 9.951 9.961 9.9
(20 V Span) 19.902 19.922 19.941
(5.0 V Span) 4.976 4.981 4.985
Output Voltage, Half Scale — Bipolar Offset Tied to Internal Vo mv
Reference Direct — Input Code = 10000000
(10 V Span) -9.8 0o 9.8
(20 V Span) -195 0 195
(5.0 V Span) © 49 0 4.9
Power Supply Range Vee 45 5.0 55 Vde
VEE 165 -12 -45
Power Supply Current mA
Vee=560V) tec —_ 15 -
(VEg=-6.0V) Igg - n -
(Vgg=-15V) : Iee - 12
Power Supply Sensitivity PSS ppm/FS*
ToVee(Vec=4.510056V, Vge=-6.0V) - +50 +50
To VEE (VCC=5.0, Vgg = -5.0 t0 -15 V) — £10 . +100
Power Dissipation — All Bits Low Po mwW
ForVec =50V @ Vge=-50V - 130 -
For VEg= =15V @ Vog=50V - 255
Refersnce Input Resistor Rref 4.0 5.0 6.25 kft
Reference Output Voltage Vraf — 2.500 - Vdc
lipad =0 t0 3.0 mA
Reference Output Current leet - - 3.0 mA
Referance Output Voltage Temperature Coefficient TCwo — +25 — ppm/°C
*Full Scale
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MC6890

AC SPECIFICATIONS (Vg = 6.0V, Vgg 5-12 V, Ta = 26°C unleas otherwise nated)

Charsctaristic Symbol Min Typ Max Unit
Settfing Time tg - 140 - ns
{Enable Positive Edge to £1/2 LSB Cutput)
Data Setup Time tsulD) - 80 - ns
Data Hold Time (D} -10 - - ns
Minimum Pulse Widths ns
Enable W(E) - 50 -
esot WIR) - 100 -
Pr ation Delays ns
nablo, Low to High tPLH(E) - 80 -
Feset, High 10 Low 'PHL(('ﬁ) - 140 -
{10 < 1.0 pA)
FIGURE 1 — TIMING DIAGRAM
Data 14V .\
— l-— o)
to—t30{D) —en|
Enable N 14v 14V
WiE) % —~|
FS Pals
lout }v&o‘x +1/2158 j‘L
‘F—'L'PIJ*(EI l_ PHLT)
Raset
L—'wm';
FIGURE 2 — BLOCK DIAGRAM
{1} Data Pins 8)
000900
" @ a
g 3
25V _|Ref 8 8
B grence
(19) Ref Out O Source O Enable (12)
Latchos o -H-“—u o
50k
(17) Ref tn O—f—anA- HENEERNE
Bipolar Offset (13}
Current Sources, :E 25k
Switchas
lou 14)
sox 350k
4’ o
A VEE 10 V Span (15)
EE 50k
VEE Vec  Anslog  Digite! 20V Span (16}
BV sV Ground Ground
to-16V
an 20) (18} 110)
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MC6830

FIGURE 3 — MCBS90 IN TYPICAL BIPOLAR 2.8 V OPERATION

b0 Ep 228V

16
18 25k 6k \1 6

VWA Ref Amp AN~

g5k
- 14
], >
19 - out :: 25k LF155
13
Ros
oy =
Eg (Volts)

o7 D8 D5 D4 (1] D2 )} 0o fos s 250 os=0
1 1 1 1 1 1 1 1 +249% + 2.480
1 1 1 1 1 1 1 0 +2470 +2460
1 0 0 1] 0 [} 0 0 +0.010 +0.000
0 1 1 1 1 1 1 1 -0.010 -0.020
[} [ 0 [} 0 [} 0 1 -2470 -2.480
0 [ 0 0 0 0 0 0 -2.490 —2.500

FIGURE 4 — TYPICAL APPLICATION FOR OFFSET BINARY +5.0 V OUTPUT OPERATION

A/W RES VMA ¢2

MC6800 MPU

VMA - 82

-
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Decode
Address Bus >
l\ 9 Reset 12
Data Bus 00-07 Enable 15
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MOTOROLA

Product Preview

SEVEN BIT PARALLEL
HIGH SPEED A/D CONVERTER
(WITH OVERRANGE)

The MC10317L is a 7-bit high speed parallel A/D converter
which employs ECL processing. The device consists of 128 parallel
latched comparators across a high quality input reference network.
The 128 comparator outputs are then fed to a 128-to-7 encoder and
latched to the outputs which are ECL compatible. An overrange bit
is provided to allow overrange sensing, or to facilitate the connection
of two 7-bit converters to produce an 8-bit A/D converter.

Applications include video display and radar signal processing,
high speed instrumentation, and TV broadcast video encoding.

* 7-Bit Resolution/8-Bit Accurate Plus Overrange
» Direct Interconnection for 8-Bit Conversion

¢ >30 MHz Sampling Rate

* Binary or 2's Compliment Output

e Fully Monolithic - ECL 10K Compatible

« Standard 24-Pin Package

+« Wide Range of Input Voltage - + 2.0 Volts

MC10317 DEVICE/APPLICATION CONFIGURATION

This is advance information and specifications are subjoct to change without notice.
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MC10317L

HIGH SPEED
7-BIT ANALOG-TO-DIGITAL
FLASH CONVERTER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 623

Typical 8-Bit A/D



MC10318L
(M) moToroLa MC10318L9

Advance Specifications

and Applications Information HIGH SPEED
8-BIT DIGITAL-TO-ANALOG
‘ CONVERTER
HIGH SPEED :
8-BIT DIGITAL-TO-ANALOG CONVERTER : SILICON MONOLITHIC
INTEGRATED CIRCUIT

The MC10318 is a high speed 8-bit D/A converter capable of data °
conversion rates in excess of 25 MHz. I1 is intended for applications

in high speed instrumentation and communication equipment,

display processing, storage oscilloscopes, radar processing, and TV
broadcast systems. The inputs are compatible with MECL 10,000
series logic, while the complementary current outputs have 51 mA
full scale capability. 8-bit accurate (£1/2 LSB) and monatonic

over the full temperature range, the outputs typically settle in less -

than 10 ns. '
® FAST! Settling Time — 10 ns Typ L SUFFIX
e 8.Bit Accuracy (£0.19%) — MC10318L Esvidiaiaas

9-Bit Accuracy ($0.1%) — MC10318L9

® Inputs MECL 10,000 Compatible
® Complementary Current Qutputs
® Output Compliance: -1.3 V1o +25V
® Standard: -5.2 V Supply
® Standard 16 Pin Ceramic Package L SUFFIX
® Low Dissipation — Typically Less Than 500 mW CERAMIC PACKAGE
® Low Cost cASE 890
Motorola reserves the right to supply
this device in sither of the above packeges.
TYPICAL MC10318 TO MC10800 PROCESSOR INTERFACE PIN CONNECTIONS
Timing and Control
aaaren o Lss 88 [1] he] ana
8 Oots Bus e? E 18] Tour
- 86 [3] 14| lout
8
Buffer/Filtar 8s E 53] Nc
~
;:‘::?: B'l MC10318 / : >—o:::‘l’?' B4 E 12] V,or+
1Rog‘ Ryerm Network 83 E 11] Comp
Clk o2 E 2l Veat-
L.}
:ldr:\’lr::l::;do Ve mMS8 81 E [9] vee
Thisis infor ion and spacif are ject to ch ith notice.
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MC10318L, MC10318L9

MAXIMUM RATINGS (Ta = +259C unless otherwisa noted.)

Rating Symbo) Value Unit
Power Supply Voltage VEE -6.0to +0.5 Vde
Digital Input Voltage Vi 0to Vg Vde
Applied Output Voltage Vo +5.0 Vdc
Reference Current lret{12) 5.0 mA
Output Current Ips 75 mA - .
Referonce Amplifier Input Renge Vref +0.5 to VgE Vde . '
Ref Amplitier Diff ial tnputs VyeilD) £5.0 Vde
Operating Temperature Range Ta 0 t0 +70 oc
Storage Temperature Range Tstg -65 to +150 oc
Junction Temperature Ceramic Package T, +175 o¢
CHARACTERISTICS TEST VOLTAGE VALUES (Note 1)
These specifications spply for Vgg = -52 V, @ Test - Yoits
- =60, o Temperature Vipmax Vi min Vigamin | Vi amax VEE
:ﬁmbf:u“"::l‘:d‘; €110 +707Catter thermal o°c | -0845 | -1868 | -1.51_| -1518 =52
' 259C ~0810 -1.850 -1.105 -1.505 -5.2
70°C -0.727 -1.830 -1.052 -1.480 -5.2
Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Range VEE -5.46 -5.2 -4.94 A
Power Supply Current Ige - 90 130 mA
[Pins 1 thru 8 Open, Igs = 51 mA})
Monotonicity - 8.0 8.0 = Bits
Nonlinearity MC10318L - - - +0.19 % FS
MC10318L9 - - - :0.10
Settling Time t0 1/2 LSB ty - 10 - ns
(ANl Bits Switched On or Off, Tp = 26°9C, Note 3)
Full Scele Output Temperature Drift TClgg - +80 1150 ppm/°C
Full Scale Current — Figure 1 Irs 46.000 51 56.000 mA
{R3, R4 = 3.300 ke, V,o¢ = 10.560 V, Note 2}
Zero Scale Current (Note 2) - 12§ - 5.0 50 uA
Full Scale Symmetry {IFg15 - IFS149, Note 2) IFss - 15 100 uA
Haif Scale Accuracy MC10318L HSA - - 60 HA
{I4s = 25.5 mA)} MC10318L9 - - +25
Output Voitage Complisnce (Note 2) Voc -13 - 25 v
Full Scale Current Change < 99 uA MC130318L,
50 uA MC10318L9
Power Supply Sensitivity (of Full Scate Current) PSSIEs - +0.002 £0.02 %1%
(VEE = -4.94 V 10 =546 V) )
Reference Biss Current, Pin 10 110 - 6.0 15 uA
(Iraf = 3.2 mA)
Propagation Delay 50% to 50% tp - 3.0 - ns
{Al} Bits Switched Low to High, High to Low)

NOTES: 1. Logic input levels are compatible with MECL 10,000 logic series.
2. Qutput characteristics apply to both pins 14 and 15, 154, and lg¢.
3. See comments on construction and evaluation techniques in Figure 2 and text.
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MC10318L, MC10318L9

FIGURE 1 — FULL SCALE AND HALF SCALE CURRENT TEST CIRCUIT

\J
1 18 =
—_ lggort
2 lour 15 Pt
For lgg 3 g 14 ——®___L
Vin = ~1.105 V 3 L
4 13| Nc =
For Iyg . .2 3.300 k 10560 v
Vip==1.505 V aor ¥ ot pF e
6. 11 ﬂ}ﬁ re
? 10 = =
-1.105V 8 8 2.300 k
Vin
s1 L

= 0.1 uF
I
52V

Igg15 Tosted Similarly vee

FIGURE 2 ~ TYPICAL CONNECTIONS FOR 50 {2 TRANSMISSION LINE

Igg 1s set to 51 000 mA with R1

...
50.0 52
| 50 1188 16 I Transmission Line
© 2
I 50
O—g— 3
| 50
inputs are o—e 50 4
MECL 10K LWH MC10318L = 5 4
Compatibte *R2 24k +10V j_
o—e p ) 12 6 3| =
l 0.1 +15Vv
[ T’ 2170 (12.8 10 40.0 V max}
o—g— 6 ”_N‘j_ Type RT = J8 1
I A~ 0.01 "-'-;\ = Cnrrnn. Trimpot
. or Equivatent
o—e 7 10 MC1404U-10
| 50 *R33k I 10 Vol Reference
o—e 8 MsB 9
50 o *A2 and R3 are
b 1= o
- <8 C.
4 -5.2Vv wuF 0 ppm/
-20VO xao' l]o‘,;
Iw T
NOTE: Line and t ination i must be 50.00 2. Any deviation will csuse reflections
which will seriously sffoct sertling time. Optimum performance be with {1 Good 1.0 GHz

microstripline techniques must be used.
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MC10318L, MC10318L9

FIGURE 3 — TYPICAL CONNECTIONS FOR 756 2 TRANSMISSION LINE AND TTL-COMPATIBLE INPUTS

-52V
+85.0V
MRS o
——¢ 1 16
: 82
TTL O MC10124 1
Compatible TTL 10 ECL _L| =12 15
Inputs o Quad 1=
Translator 1
=3 14
0 1
-52V O—J | : e 13
+s0voO | : MC10318L
_= s 12
|
MC10124
TTL O |
Compatible TTLQ::“?CL ll :' 6 n
Inputs o Translotor 1 |
-7 10
! [
'l L
! U
-52V H 1 8 9
|

15 . M)/Bl mA = 270 02 5%

18 Vdc
0.1 uF 1 0.1 uF 0.01 uF
-er-) Rd‘: = (_-'_L
b3
I <75 > 75 ¢ 75 <75
= %o om{ 0.01% S oo ;» 0.01 %
— 0 0—4
'T Vout
o=
fi 75 I Transmission Line
N.C. -
RY1 1k
8 4
*R2 2.4k +ov ]
6 3| =
Altan- 0.1
01uF  Bradey T e’ sy
I Tvee RT = 8 1
Cermet
‘A3 3k Trimpot MC1404U-10
p or botter 10 Volt Referenco
AT
*R2 snd R3
are <50
ppm/°C
.52V

NOTE: Soo coution on line and termination impedance 1n Figure 2 and text

APPLICATION INFORMATION

Functional Test Circuit Construction

Test circuits used to evaluate this device or circuit
designs used in actual practical situations must employ
good 1.0 GHz RF microstripline practices if optimum
performance is to be achieved from this device. Both line
and termination impedances must be matched to within
$0.19% to minimize reflections which will appear as
increased settling time. The use of sockets for initial
eveluation is not recommended if specified settling time is
to be obtained.

Applications information can be obtained by con-
tacting:
Application Engineering
(602) 244-3021

If desired, test circuit artwork and board specifications
will be supplied by contacting:
Linear Interface Marketing
(602) 862-2294

Successive Approximation A/D Converter

The circuit shown in Figure 4 uses the MC10318 in
a successive approximation analog-to-digital converter,
The circuit as shown will operate at a clock frequency
above 30 MHz if proper attention is given to layout.

The full-scale voltage {VFs) for the circuit as shown
is 10.20 V. This full-scale voltage may be changed by
changing the 200 £ resistor to a value given by:

. VFs _ VFs
Irs S51mA

However, at low values of VFg the resolution of the
comparator must be considered to maintain a £1/2 LSB
accuracy.
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0.8

FIGURE 4 — SUCCESSIVE APPROXIMATION A/D CONVERTER USING MC10318
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FIGURE 6 — MC10318 EQUIVALENT CIRCUIT

MC10318L, MC10318L9
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Voltage References



Temperature Range

Commercial

MC1400, A
MC1403, A
MC1404, A

Military

MC1500, A
MC1503, A
MC1504, A

VOLTAGE REFERENCES

Precision Voltage References ........
Precision Low-Voltage References .....

Precision Low-Drift Voltage References ...
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MOTOROLA

Product Preview

TIGHT-TOLERANCE, LOW-DRIFT
VOLTAGE REFERENCE FAMILY

The MC1400 series of ICs is a family of temperature-compensated
voltage references for precision data conversion and instrumentation
applications. Advances in thin-film resistors, laser-trimming tech-
niques, ion-implanted devices, and monolithic fabrication techniques
make this reference both temperature and time stable in applications
demanding accuracy to the 16-bit level.

These devices offer simple, no-external-component operation as
three-terminal, positive-voltage references, and also simple, one-
external-resistor operation as either positive or negative references.
Unique circuitry permits these devices to either source or sink
greater than 10 mA of load current with excellent regulation. This
feature means that the buffer amplifiers and current sources nor-
mally required for precision zener references can be eliminated.

¢ Four Different Output Voltages: 2.5, 5.0, 6.25, 10 V
« Tight Absolute Accuracy: £0.2% Maximum Initial Tolerance
¢ Single-Component Output Trimming Without Degrading Temper-
ature Coefficient
* Wide Input Voltage Range: Vrep +1.0 V to +40 V
¢ Three-Terminal Operation:
Positive References That Can Source and Sink Current
¢ Two-Terminal Operation:
Positive or Negative References
Floating References
e Low Current Consumption: 0.75 mA Typical
« Very Low Temperature Coefficient: 5 ppm / °C Typical
+« Low Output Noise Voltage
+ Excellent Ripple Rejection: 100 dB Typical at 120 Hz
« Excellent Long Term Stability: 25 ppm / 1000 Hrs Typical

vcce SIMPLIFIED DEVICE DIAGRAM

u) U)

~OlIt R
VTEMP O-
25V 5kl
5.0 15 k
6.25 20 k
o 10.0 35 k
Vee

This is advance information and specifications aro subject to change without notice.

MC1400 MC1400A
MC1500 MC1500A

PRECISION
VOLTAGE REFERENCES

2.5,5.0,6.25, and 10-VOLT
OUTPUT VOLTAGES

LASER-TRIMMED SILICON
MONOLITHIC INTEGRATED CIRCUIT

U SUFFIX
CERAMIC PACKAGE
CASE 693
ne |~i~ ~8~[ NC
VinjT ~7~| NC
VTEMP A il1v out
Gnd [7 ~5~| TRIM

ORDERING INFORMATION

PACKAGE (ALL TYPES)
Ceramic DIP

Device Temperature Range

2.5 Volts

MC1500U2 -55°C to +125°C

MC1500AU2 -55°C to +125°C

MC1400U2 0°C to +70°C

MC1400AU2 0 Cto +70 C
5.0 Volts

MC1500U5 -55°C to +125°C

MC1500AU5 -55°C to +125°C

MC1400U5 0°C to +70°C

MC1400AUS5 0°C to +70°C
6.25 Volts

MC1500U6 -55°C to +125°C

MC1500AU6 -55°C to +125°C

MC1400U6 0°C to +70°C

MC1400AU6 0°C to +70°C
10 Volts

MC1500U10 -55°C to +125°C

MC1500AU10 -55°C to +125°C

MC1400U10 0°C to +70°C

MC1400AU10 0°C to +70°C



MC1403,A

@ MOTOROLA
MC1503,A

LOW-VOLTAGE REFERENCE PRECISION LOW-VOLTAGE

A precision band-gap voltage reference designed for critical REFERENCE
instrumentation and D/A converter applications. This unit is LASER TRIMMED
designed to work with Motorola MC1506, MC1508, and MC3510 SILICON MONOLITHIC
D/A converters, and MC14433 A/D systems. Low temperature drift

‘ INTEGRATED CIRCUIT

is a prime design consideration.

® Qutput Voltage = 2.5 V £26 mV

® Input Voltage Range=4.5V to 40 V
® Quiescent Current = 1.2 mA typ
® Output Current= 10 mA
® Temperature Coefficient = 10 ppm/OC typ
® Guaranteed Temperature Drift Specification cen Agnscuri'::l:‘\ae
® Equivalent to AD580 CASE 693
® Standard 8-Pin DIP Package
Typicel Applications
® Voltage Reference for 8~ 12 Bit D/A Converters
® Low T¢ Zener Replacement \
® High Stability Current Reference v,,.E 8|nc
® Voltmeter System Reference
Vout E 7jNe
MAXIMUM RATINGS (T 4 = 25°C untess otherwise noted.)
Gnd|3 &|NC
Rating Symbaol Value Unit
Input Voltage \1 40 A NC 14 S|INC
Storage Temperature Tstg -65 to 150 °c
Junction Temperature Ty +175 °c
Operating Ambient Temeprature Range Ta
MC1503,A =55 to +125] °c
MC1403.A 010 +70 °c

FIGURE 1 — A REFERENCE FOR MOTOROLA MONOLITHIC D/A CONVERTERS

Full-
Scale —_———_—_—— - -
1.0k Adjust {_ _=
800
+5.0V 1 |Mc1403,A) 2 28V Pins Numbers for I
* Sarlos a1 A2 14 fof MC1508/1408/3408
3 | Am-pllﬂnr Sories; device l
18 | could siso be |
| MC1506/1406 or MC3510/3410 l
0. ufF L 1.2k
c1 T R3 l________________'

PROVIDING THE REFERENCE CURRENT
FOR MOTOROLA MONOLITHIC D/A CONVERTERS

The MC1403/1503 makes an ideal reference for the
Motorola monolithic D/A converters. The MC1406/1506,
MC1408/1508, MC3410/3510 and MC3408 D/A converters all
require a stable current reference of nominslly 2.0 mA. This
can be easily obtsined from the MC1403/1503 with the
addition of a series resistor, R1. A varisble resistor, R2, is

recommended to provide means for fullscale adjust on the
D/A converter.

The resistor R3 improves temperature performance by
metching the impedance on both inputs of the D/A reference
amplifier. The capacitor decouples any noise present on the
raference line. It is essential if the D/A converter is located any
appreciable di from the refi .

A singte MC1403/1503 reference can provide the required
current input for up to five of the monolithic D/A converters.
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MC1403, A, MC1503, A

ELECTRICAL CHARACTERISTICS (V) = 16 V, Ta = 26%C unless otherwise noted.)

Characteristic Symbol Min Typ Moax Unit
Output Voltage Vo 2478 250 2528 v
"o =0 mA)
Temperature Coafficient of Output Voltage av@/aT ppm/°C
MC1503 - - 65
MC1603A - - 25
MC1403 - 10 40
MC1403A - 10 26
Qutput Volitage Change avo mv
{over specified temperature range}
MC1503 0 +1269 - - 25
MO1500A }-ss C to +126°C. - - 2
MC1403 - - 7.0
MG1403A } o°c0470%¢ - - e
Line Regulation Regin mv
WBV<V <dOV), - 12 45
45V<V|<16V) - 08 3.0
Load Regutation Regload - - 10 mv
10 mA < 1 < 10 mA)|
Quiescent Current 1y - 1.2 1.5 mA
{ig = 0mA)
FIGURE 2 — MC1403/1503 SCHEMATIC
T Vin
2k 2k J
h LU,
1% b
2k 2k
<32
N
OVout
>
N 1.6k
\{ '
"
0=Cc1
r 30 pF
10k $1.483 k
237k 173 < <
- K
<
1k
=
:% 6.61 k

1
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MC1403, A, MC1503, A

- FIGURE 3 — TYPICAL CHANGE IN Vgyq versus Vip
(NORMALIZED TO Vi = 15 V @ T¢ = 25°C)

FIGURE 4 — CHANGE IN OUTPUT VOLTAGE
versus LOAD CURRENT
(NORMALIZED TO Voyg @ Vin = 15 V, oy = 0 mA)

*2 w0
ET
" - & 1259C
el L1 =] 10 )
] 2 —
S 0°C g e -559¢
z 4 3 = —
- 759 £ ] ]
W 2 5 50 =
£ T b c0, 2 Pt 759C
Z -3 — ~559C s 40 /,
H P et 220 ]
2 - S "
a L1 520 o oo
-5 — 125°C 3 I ————
10
| — > — 260¢
-6k 7 0 =
0 10 20 ) ) 0 0 10 20 30 40 S0 60 10 80 80 10
Vi, INPUT VOLTAGE (VOLTS) Iour. GUTPUT CURRENT (mA)
FIGURE 5 — QUIESCENT CURRENT vorsus TEMPERATURE FIGURE 6 — CHANGE IN Vo, varsus TEMPERATURE
Vin = 16 V, gyt = 0 mA) (NORMALIZED TO Vgt @ Vip = 15 V)
125 1
1 Vins50V_ |
1.20 _ 2. Vi 15V
‘2 z 1 1
Es = loyy = 2mA
[ 3 1]
k-4
K ] z .2 = \\’\
] !
3 [~ g | DN
o108 ~] 2 -0
= < \
u 5 50 N
2100 > -6 <
5 g 80
3 ogs 57
= -10
osof -2
oL -4
215 %0 -25 0 25 5 75 100 125 150 17§ %5 50 -25 © 25 50 75 100 125 150 175

Ta. TEMPERATURE (°C}

SV, CHANGE IN Vg, mV)

Ta. TEMPERATURE (°C)

FIGURE 7 — CHANGE IN Vg versus TEMPERATURE
(NORMALIZED TO Tp, = Ig. Vin = 16 V, loue = 0 mA)

40
20
0
-20 I §‘\\\
/i \ \ Nip=0mA
-40 N \ 0 -1
v NN S
-840 =20mA
N -5oma
-80
=80mA
-10
-2
-1 -5 -25 0 25 0 % W0 125 150 178

Ta. TEMPERATUAE {°C)



MC1403, A, MC1503, A

3-1/2-DIGIT VOLTMETER — COMMON ANODE
DISPLAYS, FLASHING OVERRANGE

An example of a 3-1/2-digit voltmeter using the
MC14433 is shown in the circuit diagram of Figure 8.
The reference voltage for the system uses an MC1403
2.5 V reference IC. The full scale potentiometer can
calibrate for a full scale of 199.9 mV or 1.999 V. When
switching from 2 V to 200 mV operation, R| is also
changed, as shown on the diagram.

When using R¢ equal to 300 k2, the clock frequency
for the system is about 66 kHz. The resulting conversion
time is approximately 250 ms.

When the input is overrange, the display flashes on
and off, The flashing rate is one-half the conversion rate.

This is done by dividing the EQC pulse rate by 2 with
1/2 MC140138" flip-flop and blanking the display using
the blanking input of the MC14543B.

The display uses an LED display with common anode
digit lines driven with an MC14543B decoder and an
MC1413 LED driver. The MC1413 contains 7 Darlington
transistor drivers:and resistors to drive the segments of
the display. The digit drive is provided by four MPS-A12
Darlington transistors operating in an emitter-follower
configuration. The MC14543B, MC14013B and LED
displays are referenced to VEE via pin 13 of the MC14433.
This places the full power supply voltage across the
display. The current for the display may be adjusted by
the value of the segment resistors shown as 150 ohms
in Figure 8.

FIGURE 8 — 3-1/2.DIGIT VOLTMETER

MC1403
20k
+5V o-¢ 1 2
. -5V
0.1uF
. :__E 3 J_:mok ost- = +5V +5V
0.1uF o.luFl
"c% | 0.14F
. . I I I Segmant Rasistors
= = 1110 2 12 24 | = = T 15082 {7)
Vx 3 23 4 9| 7 10
I_—l 22| 2 @ 10 & . 1 .
= R(* 21 3 3 np—s 2 12
r 20 5 = 12 4 o B
5 o 13 3 g 14
8 MC14433 X 44 2 18|
0.1uF " 131—«-5v s & 75 1 16
7 9 -BVb-l—J -5V°—l
8 14 5V Minus Sign t eadcba
0.1uf 15 19 18 17 18 2000
e SV MPS-A12 Plus Sign
DS -5v
DsS2 |5 ] ) 1100
DS3 D" a
- Common)
oS4 2lc 4] - Anodo
51 k LED +
MC140138 ,51\1 Olsplay

*Ry ~ 470 k2 for 2 V Range

\/\/

MPS.
A2

artFo 7

Ry = 27 kQ} for 200 mV Renge
* *Myler Capacitor

4)
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OTOROLA MC1404 MC1404A
MC1504 MC1504A

VOLTAGE REFERENCE FAMILY PRECISION LOW-DRIFT
VOLTAGE REFERENCES

The MC1404 series of ICs is afamily of temperature-compensated
voltage references for precision data conversion applications, such as
A/D, DI/A, VIF, and F/V. Advances in laser-trimming and ion-
implanted devices, as well as monolithic fabrication techniques,

5.0, 6.25, and 10-VOLT OUTPUT VOLTAGES

LASER TRIMMED SILICON

. . - MONOLITHIC INTEGRATED CIRCUIT
make these devices stable and accurate to 12 bits over both military

and commercial temperature ranges. In addition to excellent tem-
perature stability, these parts offer excellent long-term stability and
low noise.

« Output Voltages: Standard, 5.0 V, 6.25 V, 10 V

« Trimmable Output: > * 6%

+ Wide Input Voltage Range: Vrep + 2.5V to 40 V
* Low Quiescent Current: 1.25 mA Typical

*« Temperature Coefficient: 10 ppm/°C Typical

¢« Low Output Noise: 12mV p-pTypical

« Excellent Ripple Rejection: > 80 dB Typical U SUFFIX
CERAMIC PACKAGE
TYPICAL APPLICATIONS CASE 693

« Voltage Reference for 8-12 Bit D/A Converters
« LowTc Zener Replacement

« High Stability Current Reference

« MPU D/A and A/D Applications " w
NC ~8~[ NC
vin [T T ‘ NC
VTEMP » 1 > oul
FIGURE 1- VOLTAGE OUTPUT 10 BIT DAC USING MC1404U10
Gnd * ~5~| TRIM

+5

ORDERING INFORMATION

PACKAGE (ALL TYPES)
Ceramic DIP

Device Temperature Range

5.0 Volts

MC1504U5 -55°C to +125°C

MCI504AU5 -55°C to +125°C

MC1404U5 0°C to +70°C

MC1404AUS5 0°C to +70°C
6.25 Volts

MC1504U6 -55°C to +125°C

MC1504AU6 -55°C to +125°C

MC1404U6 0°C to +70°C

MC1404AU6 0°C to +70°C
10 Volts

MC1504U10 -55°C to +125°C

MC1504AU10 -55°C to +125°C

MC1404U10 0°C to +70°C

MC1404AU10 0°C to +70°C
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MC1404, MC1404A, MC1504, MC1504A

ELECTRICAL CHARACTERISTICS (v;, = 15 Volts, T 5 = 25°C and Trim Terminal not connected unless otherwise noted)

MC1404,A | MC1504,A
Characteristic Symbol Min Typ | Max Min Typ | Max Unit
Output Voltage Vo . Volt
{1g = 0 mA} J-
US, AUS 495 | 500. | 505 | 4.95 | 500 | 5.05
uUs, AU 619 | 625 | 631 | 6.19 | 625 | 6.31
U10, AU10 9.90 10 |10.10} 9.80 10 | 10.10
Output Voltage Tolerance - - 0.1 $1.0 - :0.1 +1.0 %
Qutput Trim Range (Figure 10} AVTRIM 6.0 - - 6.0 - - %
{Rp = 100 kQ2}
Output Voltege Temperature Coofficient, ) AVe/aT ppm/°C
Over Full Temperature Range
MC1404, MC1504 - 10 40 - - 55
MC1404A, MC1504A - 10 25 — - 25
Maximum Quitput Voltage Change AVq mvV
Over Tempeorature Range
MC1404U5, MC1504UB - - 14 - - 50
MC1404AUS, MC1504AUS - - 9.0 - - 23
MC1404U6, MC1504U6 - - 175 - - 62
MC1404AUB, MC1504A LB - - 1 - - 28
MC1404U10, MC16504U10 - ~ 28 - - 29
MC1404AU10, MC16504AU10 - - 18 - - 45
Line Regulation (1) RegLINE - 20 60 - 20 6.0 mV
(Vin = Vout +2.5 V10 40 V, lgyg = 0 mA)
Load Regulation {1} RegLoAD - - 10 - - 10 mVv
(0< 1g < 10 mA) -
Quiescent Current 1y - 1.2 1.5 - 1.2 15 mA
{Ig =0 mA)
Short Circuit Current Isc 15 20 30 = = 30 mA
Long Term Stability - - 25 - - 25 - pPpm/ 1000 hrs

Note 1: Includes thermal effects.

DYNAMIC CHARACTERISTICS (v;, = 15 V, T A = 26°C all voltage ranges untess otherwise noted)

MC1404,A MC1504,A
Characteristic - Symbol Min Typ Max Min Typ Max Unit
Turn-On Settling Time ts - 50 - - 50 = us
(to £+0.01%)
Output Noise Voltage — P 10 P en - 12 - - 12 - mY
{Bandwidth 0.1 to 10 Hz2)
Small-Signal Qutput Impedance o a
120 Hz - 0.15 - - 0.15 -
500 Hz - 0.2 - - 0.2 —
Power Supply Rejection Ratio PSRR 70 80 - 70 80 - d8




MC1404, MC1404A, MC1504, MC1504A

FIGURE 2 — SIMPLIFIED DEVICE DIAGRAM

ofo)

[— Vout
+
2R

P:
S

k{ 5.0k
WA— TRIM
A Vo
3.75k | 5.0V
VTEMP
5.0k | 6.26v | L
875k | tov | 325k

PSRR, POWER SUPPLY REJECTION RATIO (4B}

<
<
j_

FIGURE 4 — OUTPUT VOLTAGE versus TEMPERATURE
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0
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FIGURE 6 — POWER SUPPLY REJECTION RATIO
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FIGURE 3 — LINE REGULATION versus TEMPERATURE
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FIGURE 5 — LOAD REGULATION versus TEMPERATURE
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FIGURE 7 — QUIESCENT CURRENT versus TEMPERATURE
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MC1404, MC1404A, MC1504, MC1504A

FIGURE 8 - SHORT CIRCUIT CURRENT versus TEMPERATURE FIGURE 8 — Vyemp OUTPUT versus TEMPERATURE
40 1.0
;‘E‘ 35 s
=u 5 08
b Vip= 15V s -
§ % + 4 § 0s 1
S22 — ’.; —
g ] £
S 5 & 04
N = Wrenp® 107A
z 10 <
© Zo02
50 £
0
=0 -25 0 +25 450 +75 +100 +126 -50 -25 0 +25 +50 475 4100 +125
Ta. AMBIENT TEMPERATURE (OC} TA. AMBIENT TEMPERATURE (°C)
FIGURE 10 - OUTPUT TRIM CONFIGURATION FIGURE 11 — PRECISION SUPPLY USING MC1404
I v+
+16V
?2 3330
Vin 6 )
Vo o O Output [ MPS-UB1A
mc1a04 | /p |
<
TRIM|———0—=g 100k 2 0.0V uF
Gnd 1 5.0, 6.25,
Vin 6 10V @ 1/2Amp.
Vo o
= MC1404
=  Qutput Adjustment Output Power Boosting
Gna
Thoe MC1404 trim terminal can ba used to adjust the output r
voitago over a £6% range. For axamplo, tho output can be sot to’ —
10.000 V or to 10.240 V for binary icati For tri ing, =
Bourns typo 3059, 100 k2 or 200 k2 trimpot is rocommondad.
The itlon of a power tr . & resistor, and a capacitor

convarts the MC1404 into a procision supply with ono ampore
current capability. At V+ = 15 V, tho MC1404 can carry in oxcoss
of 14 mA of Joad current with good regulation. If the power
transistor curront gain oxceeds 75, a one ampere supply can
be raalizod.

FIGURE 12 — ULTRA STABLE REFERENCE FOR MC1723 VOLTAGE REGULATOR

Supply
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MC1404, MC1404A, MC1504, MC1504A

FIGURE 13 — 5.0 V, 6.0 AMP, 25 kHz SWITCHING REGULATOR WITH SEPARATE ULTRA-STABLE REFERENCE

+101t0 +30 In 020 "
120 4l
2N5879 VY
’ ’ * 2 g +5.0 Out
_[ 200 mA 10 6.0 Amps
+ 23 +
R 1000 uF 0.01 uF ) E 5000 uF 0.01 uf
Lsov _Lsov 1N3839 "L g8V L Ceramic
Caramic = tLow ESR) -
10 3130
< <
2 12 8 1 Motorcla
TLA95CN
17
g Pulse Width G 18
ulse Widtl + ,
<
Modulator \ _L_ 322k
MC1404U5 =
5 ‘L 100 k . 1
TAIM Oscillator - 2
topt) 3 AN~
220k
4 REEB X ? 9 10 Ja i3 |
0.005 uF > <
T %9 0.001 pF g22k
— e -—
.40 Turns #16 Wire, Arnoid A-894078-2 Ferrite Core
FIGURE 14 ~ HIGH SPEED 8-BIT D/A CONVERTER USING MC1404U10
Igs is sot 10 51.000 mA with R1
[ "]
50.0 §1
O—m— 1188 16 Transmission Line
Vout ® 1.28 V FS Settling Time,
° '[ 50 2 18 Typicatly 10ns
2
— 3 14 M—_L
T—'\?SV—‘ sa S0
0.01%: = 001% =
Inputs are o—e S0 a 3 RY 1k
MECL 10K MC10318L oV 5 a
tibt .
Compatible 2 2 5 12 -3 3 =
| 30 , Auen. 01 | +15v
‘ Bradley I uF 2 (12.5 t0 40.0 V max)
o—e 6 1" ——-)l—_L TyoeRT — I8 *
l S0 0.01 uF = Cermet Trimpot
_ o or Equivatent ‘MC1404U10
o l 50 ? <R3 JI .: I 10 Volt Reference
° l 50 8 mse 9 o1 *R2 and R3 are
p = <s0 /°c.
-52V WF eem
[

-20VO io‘oq lIOHF
F +

9-12



lector Guides

(



OPERATIONAL AMPLIFIERS

Motorola offers a broad line of operational amplifiers to meat a wide range of usages. From
low-cost industry-standard types to high precision circuits, the span encompasses a large rango of
performance capabilities. These linear integrated circuits are available as single, dual, and quad
monolithic devices in a variety of package styles as well as standard chips.

Single Operational Amplifiers

NONCOMPENSATED
| ot [ @WiAv=1)|SR{Ave1)] Supply Voltsge ‘ ‘
- L ‘ 2| MHe | M |V
,_Devica. | aix | x| typ | max c.tvp. | tvp || mih omex Description Packages
Military Temperature Range {-65°C to +

LMI101A | 0076 | 20 10 10 1.0 05 30| 222 General Purpose 601, 693

im108 0002 20 | 3.0 0.2 1.0 03 23.0| $20 Precision 601, 606, 693

LM108A | 0.002 | 05 1.0 0.2 1.0 0.3 3.0 =20 Precision 601, 606, 693

MC1520 20 10 15 100 10 5.0 $4.0| 8.0 Differential Output €03, 606

MC1530 10 5.0 15 {2.0pA 3.0 1.0 +4.0| 9.0 General Purpose 6038, 606, 632

MC1631 15 10 15 25 20 1.0 :40| 9.0 Generel Purpose 6038, 608, 632

{Darlington Input)

MC1533 1.0 5.0 15 | 150 | 40K 08 20 40| 220 Genaeral Purpose 6038, 606, 632

MC1539 0.5 3.0 15 60 | 50K 20 42 40| 18 High Stew Rate 601, 832

MC1709 05 | 5.0 15 | 200 | 28K 10 03 30| 218 Genersl Purpose 601, 606,
632, 693

MC1708A | 0.6 3.0 50 | 100 | 25K 1.0 05 3.0 =18 High Performance 601, 606, 632

MC1709
MC1712 5.0 2.0 15 |} 500 |2.5K 7.0 1.5 6.0 +14 Wideband DC 601, 606, 832
[.0| -70 Amplifier :
MC1748 0.5 5.0 15 | 200 | 50K 1.0 05 +3.0| 22 Geners! Purpose 601,693
Industrial Temperaturs Range (0°C to +#70°C)

LM301A 026 | 75 10 50 | 25K 10 05 23.0| :18 General Purpose 601, 626, 693

LmM308 7.0 75 15 1.0 | 28K 10 0.3 23.0| :18 Precision 601, 606,
626, 693

LM30BA 70 05 5.0 1.0 | 80K 1.0 03 +3.0| 18 Precision 601, 606,
626, 693

MC1420 4.0 15 15 | 200 | 750 10 5.0 $4.0| 8.0 Differantial Output 603, 606

MC1430 15 10 15 [4.0sA| 3K 3.0 1.0 +4.0| 8.0 General Purpose 6038, 606,
632, 646

MC1431 03 15 15 | 100 | 15K 20 1.0 +4.0| 8.0 Genaral Purpose 6038, 606,

{Darlington Input) 832, 646

MC1433 20 75 15 S0 | 30K 08 20 +4.0| 218 General Purpose 6038, 606,
832, 646

MC1439 1.0 75 15 | 100 | 15K 20 4.2 £6.0| 18 High Slew Rate 601,626,
632, 648

MC1708C | 15 75 15 | 500 | 15K 1.0 0.3 30| 218 Genera! Purpase 601, 606,
626, 632,
6486, 693

MC1712Cc | 75 5.0 15 |2.0sA| 2K 7.0 15 +6.0| +14 Wideband DC 601, 606, 832

-30| -70 Amplifier
MC1748C | 05 8.0 15 | 200 | 20K 1.0 05 +30| +18 General Purpose 601,626, 693
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Single Operational Amplifiers

INTERNALLY COMPENSATED

Y18 | Vie|TCuio| o |Aval :|BWiAw=1)| SRIAvE1Y| Suisply. Voltags | o
HA '€l nA VIV | MHz Vis v
Davice max % | typ. | max | iin 1P typ min  max, Descript] . Pach
Military Temperature Range {-65°C to +125°C) )
LF15% 100pA | 5.0 | 5.0 20pA | 50K 1.0 5.0 6.0 | 22 FET input 601
LF1565A S0pA 20| 30 10pA | 50K 1.0 5.0 6.0 | 222 FET Input €01
LF186 100pA | 50| 5.0 20pA | 50K 20 15 $6.0 | 222 FET lnput 601
LF1588A S0pA | 20| 30 10pA | 50K 2.0 15 5.0 | £22 FET Input 601
LF157 100pA | 50 5.0 20pA | 50K 3.0 75 6,0 | :22 Wideband FET Input 601
LF157A 60pA | 20] 3.0 10pA | SOK 3.0 7% 5.0 | £22 Wideband FET Input 601
LM107 0075 | 20 10 10 | SOK 1.0 05 +3.0 | :22 General Purpose 601, 693
MC1536 0.02 5.0 10 3.0 | 100K 1.0 20 15 | ¢40 High Voltage 601
MC1556 0,015 | 4.0 10 20 | 100K 1.0 25 3.0 | £22 High Performance 601,632
MC1733 0.20 - - 3.0uA | SO 80 - +4.0 | ¢8.0 | Differential Wideband 603, 632
Video Amp
MC1741 05 80 15 200 50K 1.0 05 3.0 £22 General Purpose 601, 606,
632,693
MC1741N 05 5.0 15 200 80K 1.0 0.5 +3.0 | £22 Low Noise 801, 606,
632, 693
MC17418 0.5 5.0 15 200 SO0K 1.0 10 £3.0 | 222 High Slew Rate 601,632,693
MC1776 |0.0075] 5.0 15 3.0 } 200K 1.0 0.2 215 | 218 uPower Programmable 601, 832
MC35001 | 100pA 10 10 100pA | 25K 4.0 13 £60 | £22 TRIMFET Input 801,693
MC35001A] 75pA | 2.0 10 25pA | 60K 4.0 13 +5.0 | 222 TRIMFET Input 601, 693
MC35001B| 100pA | 5.0 10 S50pA | 50K 4.0 13 5.0 | 222 TRIMFET Input 601,693
Industrial Temparature Range (0°C to +70°C)
LF355 200pA 10| 5.0 50pA | 50K 1.0 5.0 +50 ] 218 FET Input 601
LF355A 60pA | 20| 1.0 10pA | 50K 1.0 5.0 +50 | ¢18 FET Input 601
LF356 200pA 10| 5.0 S0pA | SOK 20 15 6.0 | 18 FET Input 60t
LF356A S0pA | 20| 1.0 10pA | 50K 20 15 5.0 | 18 FET Input 601
LF357 200pA 10| 5.0 S0pA | 60K 3.0 75 +5.0] 18 Wideband FET Input ()]
LF357A 60pA | 20| 1.0 10pA | 50K 3.0 75 +5.0 | +18 Wideband FET Input 601
LM307 0.25 75 10 50 | 25K 1.0 05 +3.0 | 218 General Purpose 601, 626, 693
‘MC1436 0.04 10 12 10 70K 1.0 20 +15 | ¢34 High Voltage 801
MC1456 0.03 10 12 10 70K 1.0 25 +3.0 | 18 High Performance 601, 632
MC1733C | 30 - - 5.0uA | 80 90 - 240 | 8.0 | Differential Wideband 601,632, 646
Video Amp
MC1741C | 05 6.0 15 200 20K 1.0 05 +3.0| ¢18 General Purpose 601, 632, 626,
646, 693
MC1741NC]| 0.5 6.0 15 200 20K 1.0 0S8 230 | 218 Low Noise 601, 632, 626,
846,693
MC1741SC| 0.5 6.0 15 200 20K 1.0 10 $30 | #18 High Slew Rate 801, 632, 626,
646, 693
MC1776C |0.003 60| 15 3.0 [100K 1.0 0.2 +1.5 | 218 | uPower, Programmable 601
MC3476 0.05 | 6.0 15 25 S0K 1.0 0.2 +1.5 | £18 Low Cost 601,626
kPower, Programmable
MC34001 |200pA 10 10 100pA| 25K 4.0 13 +50 | 218 TRIMFET Input 601, 626, 693
MC34001A | 100pA | 2.0 10 50pA | 50K 4.0 13 $6.0 | 218 TRIMFET Input 601, 6826, 693
MC340018 | 200pA | 5.0 10 100pA| 50K 4.0 13 t50 | £18 TRIMFET Input 601, 626, 693
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Dual Operational Amplifiers

INTERNALLY COMPENSATED

*18 v.o TCVIO ‘10 Avol
AIA mv  nVI°C nA VIV
Device max max typ max mm

Military Temperature Range I-55'C to +125")

LM158 0.15 5.0 10 30 50K
MC1558 05 5.0 10 200 50K
MC1558N 0.5 5.0 10 200 50K
MC1558S 0.5 50 10 200 50K
MC1747 0.5 5.0 10 200 50K
MC3558 0.5 5.0 10 50 50K
MC4558 0.5 5.0 10 200 50K
MC35002 100pA 10 10 100pA 25K
MC35002A  75pA 2.0 10 25pA 50K
MC35002B 100pA 5.0 10 50pA 50K
MC35022 150pA 2.0 5.0 70pA 25K
MC35022A 60pA 0.5 5.0 25pA 50K
MC350228 75pA 1.0 5.0 50pA 50K

Industrial Temperature Range 10 C to +70 C)

LM358 0.25 60 7.0 50 25K
MCI1458 0.5 6.0 10 200 20K
MC1458N 0.5 6.0 10 200 20K
MC1458S 0.5 6.0 10 200 20K
MC1747C 0.5 60 10 200 25K
MC3458 0.5 10 7.0 50 20K
MC4558C 0.5 6.0 10 200 20K
MC34002 100pA 10 10 100pA 25K
MC34002A  75pA 2.0 10 50pA 50K
MC34002B 100pA 5.0 10 70pA 25K
MC34022 150pA 2.0 5.0 70pA 25K
MC34022A 75pA 0.5 5.0 30pA 50K
MC340228 150pA 1.0 5.0 70pA 50K

Automotive Temperature Range 1-40JC to +85"C)

MC3358 5.0 8.0 10 75 20K
NONCOMPENSATED
Military Temperature Range (-55°C to +125 C)
MC1535 3.0 3.0 10 300 4K
MC 1537 0.5 5.0 10 200 25K

Industrial Temperature Range (0 C to +70'C)

MC1435 5.0 5.0 10 500 3.5K

MC1437 15 7.5 10 500 15K

BW(Av=1) SR(Av=1) Supply Voltage |

MHz
typ

1.0

1.0

11

11

1.0

1.0

1.0

1.0

1.0

1.0

1.0

Mins
typ

0.6

0.8
0.8
10
0.5
0.6
15
13
13
13
13
13

13

0.6

0.8

0.8

10

0.5
0.6

15
13
13
13
13
13

13

0.6

0.01

0.25

0.01

0.25
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min

=15
+3.0

*1.5
+3.0

=3.0

=3.0

=2.0

\

max

=18
+36

=18
+36

=18

ulg

=18

£18

*18
+36

=9.0

Description

Split Supplies
Single Supply
(Low Power
Consumption)
Dual MC1741
Low Noise
High Slew Rate
Dual MC1741
Split Supplies
Single Supply
High Frequency
TRIMFET Input
TRIMFET Input
TRIMFET Input
Precision
TRIMFET Input
Precision
TRIMFET Input
Precision
TRIMFET Input

Split Supplies
Single Supply

(Low Power Consumption)

Dual MC 1741
Low Noise
High Slew Rate

Dual MC 1741
Split Supplies
Single Supply
(Low Crossover

Distortion)
High Frequency
TRIMFET Input
TRIMFET Input
TRIMFET Input

Precision
TRIMFET Input

Precision
TRIMFET Input

Precision
TRIMFET Input

Split Supplies

Single Supply

General Purpose

Dual MC1709

General Purpose

Dual MC1709

Packages

601. 632. 693

601. 632. 693
601, 632. 693
601. 632, 693
601, 632
601.632,693

601. 632. 693
601, 693
601.693
601, 693
601.693

601.693

601. 693

601.626,693

601. 626, 632.
646, 693
601.626.632.
646. 693
601,626, 632
646. 693
603, 632, 646
601, 626, 693

601,626, 693
601, 626, 693
601.626. 693
601, 626, 693
601, 626, 693

601. 626. 693

601. 626. 693

626

603B. 606,
632
632

603B, 607,
632
632. 646



Quad Operational Amplifiers

INTERNALLY COMPENSATED

1B v 10 TCVIO «to  Avol BW(A»=1) SR(Av*1) Supply Voltage
JiA mv  #iv/ec nA VIV MHz V/ms \
Device max max typ max  min typ typ min max Description Packages

Military Temperature Range 1-55°C to +125°ClI

LM124 0.15 5.0 7.0 30 50K 1.0 0.6 115 +16 Low Power 632, 646
+3.0 +32 Consumption

MC3503 0.5 5.0 7.0 50 50K 1.0 0.6 11.5 +18 General Purpose 632, 646
+3.0 +36 Low Power

MC4741 0.5 5.0 15 200 50K 1.0 0.5 +3.0 +22 Quad MCI 741 632, 646

MC35004 100pA 10 10 100pA 25K 4.0 13 +5.0 +22 Trimmed FET Input 632

MC35004A 75pA 2.0 10 25pA 50K 4.0 13 +5.0 £22 Trimmed FET Input 632

MC350048 100pA 5.0 10 50pA 50K 4.0 13 +5.0 £22 Trimmed FET Input 632

Industrial Temperature Range (0°C to 70tC)

LM324 0.25 6.0 7.0 50 25K 1.0 0.6 15 16 Low Power 632, 646
+3.0 +32 Consumption

MC3401 0.3 - - - 1K 5.0 0.6 15 £18 Norton Input 632, 646
+3.0 +36

MC3403 0.5 10 7.0 50 20K 1.0 0.6 +15 +18 No Crossover 632, 646
+3.0 +36 Distortion

MC4741C 0.5 6.0 15 200 20K 1.0 0.5 *3.0 +18 Quad MCI 741 632, 646

MC34004 200pA 10 10 I0OOpA 25K 4.0 13 =5.0 18 Trimmed FET Input 632, 646

MC34004A 100pA 2.0 10 50pA 50K 4.0 13 ;5.0 +18 Trimmed FET Input 632. 646

MC3400B 200pA 5.0 10 100pA 50K 4.0 13 :5.0 +18 Trimmed FET Input 632, 646

Automotive Temperature Range (-40 Cto +85 C)

LM2902 0.5 10 - 50 - 1.0 0.6 <15 £13 Differential 646
+3.0 +26 Low Power

MC3301 0.3 - - - IK 4.0 0.6 2.0 +15 Norton Input 646
+4.0 +28

MC3303 0.5 8.0 10 75 20K 1.0 0.6 15 +18 Differential 646
+3.0 +36 General Purpose

Package Styles

CASE 601 603 6036 606 626

MATERIAL Metal Metal Metal Ceramic Plastic

SUFFIX after type number G, H G, H G. H F P.PI, N
8

CASE 632 646 693

MATERIAL Ceramic Plastic Ceramic

SUFFIX after type number J, L P. P2 J. U
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- VOLTAGE REGULATORS

Fixed Output Voltage Regulators

® Low-cost monolithic circuits for positive and/or negative regulation at currents from
100 mA to 1.5A

® |dea! for on-card regulation of subsystams

® [nternal current limiting therma! shutdown and safe-area compensation

FIXED-VOLTAGE, 3-TERMINAL REGULATORS FOR POSITIVE OR NEGATIVE POLARITY POWER SUPPLIES.

il
;
:
a0 120
£0.15 MC7SL03AC 60
3 10.3 100 - MC79L03C 80 72 - 29.79
s 105 | 100 MC78LO5C MC79L05C 200 60 - 29, 79
10.25 MC78LOSAC MC79LOSAC 150
500 MC78MOSC - 7735 100 100 1.0 79, 221A
0.4 | 1500 LM109 - 1.1 1.79
LM209 -
10.25 LM309 - 50 10
1035 S MC7805° - 8.0/38 06 1
10.25 MC7805C MC7905C /38 100 1.0 1,221A
0.2 “*MC7805A° _ 7.5/35 10 50 0.6 1
+*MC7805AC - 100 1,2214
10.25 T LM1405° Z 7738 50 50 1
*+LM3405 -
52 | :0.26 | 1500 - MC7905.2C 2.2/35 105 108 1.0 1,221A
3 :0.3 | 500 MC78MDGC - 8/35 100 120 1.0 79 _221A
$0.35 | 1500 +*MC7806° = 9/35 60 100 0.7 1
103 MC7806C MC7906C 8/35 120 120 1,221A
*0.24 **MC7806A° - 8.6/35 n 50 1
~*MC7806AC - 100 1, 221A
0.3 T LM140-6° — 8/35 %0 60 1
*TLM3406 =
8 *08 | 100 MC78L.08C - 9.2/30 200 80 - 29, 79
MC78LOBAC - 178
04 | _500 MC78MOSC = 10/35 100 160 1.0 79.221A
1500 ~*MC7808° - 11.6/35 80 100 1
MC7808C MC7908C 10/35 160 160 1, 221A
103 ~*MC7808A° - 10.6/35 13 50 1
*SMC780BAC - 100 1. 221A
104 “-LMm1408" - 105/35 | . 80 80 1
**LM340.8 -
12 1.2 | 100 MC78L12C MC79L.12C 13.7/35 250 100 - 29,79
10.6 MC78L.12AC MC79L12AC
500 MC78M12C - 14735 100 240 1.0 79.221A
1500 *eMC7812* - 15.5/35 120 120 1.5 1
MC7812C MC7912C 14.5/35 240 240 1,221A
0.5 TTMC7812A° - 14.8/35 18 50 1
TTMC7812AC - 100 1.221A
206 “SLM140-12° - 14.5/35 120 120 1.5 1
T LM340.12 -

**1979 Now Product Introductions
*T, = -55 to +150°C
tOutput Voltage Toloranco for Worst Cose

{continued)
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Fixed Output Voltage Regulators (continued)

1 & ] - —T — — Tavgsar
Vout | Tolit | mA | Device Type: Oevics Type . 1, .- Vin - | R%ine | R%oad - |- wviC o
 Volts: | Velts: | Max ositive.Qutptit - | NegativeOutput -} Min/Mex | mVv 1 mV - | "Typ . | Case’
15 +1.8 100 MC78L1BC MC79L18C 16.7/38 300 180 - 29,79
10.76 MC78L1BAC MC79L18A o
$00 MC78M18C - 172/36 100 300 1.0 79, 221A
1600 °*MC78168° - 18.8/38 180 160 1.8 1
MC7818C MC7915C 17.5/35 300 300 1, 221A
$0.6 **MC7818A° - 17.9/38 22 50 1
**MC7818AC - 100 1, 221A
$0.78 °**LM140-18* - 17.5/36 160 150 1
**LM340-18 -
18 21.8 100 MC78L18C MC79L18C 19.7/35 328 170 - 29,79
20,9 MC78L18AC MC79L1BAC
800 MC78M18C - 20/35 100 360 1.0 79, 221A
1800 **MC?7818°* - 22/36 180 180 2.3 1
MC7818C MC7918C 21/35 360 360 1, 221A
0.7 **MC7818A* - a1 50 1
**MC7818AC. - 100 1, 221A
20.9 **1LM140-18* - 180 180 1
**1 M340-18 —
20 21.0 500 MC78M20C - 22/40 10 400 1.1 79, 221A
24 £2.4 100 MC78L24C MC?79L24C 25.7/40 380 200 - 29,79
£1.2 MC78L24AC MC78L24AC 300
500 MC78M24C — 26/40 100 480 1.2 79, 221A
1500 **MC7824° e 28/40 240 240 3.0 1
MC7824C MC7924C 27/40 480 480 1, 221A
£1.0 **MC7824A° - 27.3/40 36 50 1
**MC7824AC — 27740 100 1, 221A
£1.2 **LM140-24° - 240 240 1
**LM340-24 -

**1978 Now Product Introductions
*T; = -66 to +150°C
1Output Voltage Tolerance for Worst Caso

Variable Output Voltage Regulators

POSITIVE OUTPUT REGULATORS

..... — T
s Vour: D Regulstion
. iter | Watss % Vg 0. A
E Vi, . | DN L e | Tatdbc !
F o et antial — A
Devign | gl Vs 3 VoIS __J vom |Tc® |Te | TvB_ '
Type. | % [“in | wax | Min [Max] win. | 28% |28°c Cu
20 LMJ08 H 4.5 40 8.6 50 3.0 0.4 1.3 0.08 0.1 0.007 85 601
LM205 0.68 1.6 100
LM1056 30 2.7 . 150
100 SLM3IIIL | H,Z 1.2 37 8.0 40 3.0 Intornally 0.04 0.8 0.006 125 29,79
*eLM217L Limited 0.02 0.3 0.004 150
*TLMIIIL 0.003
180 MC1723 CP 2.0 37 9.6 40 3.0 0.65 - 0.1 03 0.003 150 846
CG 08 2.1 0.1 0.003 603C
G 0.2 0.002
CcL 1.0 - 0.1 0.003 178 632
L = 0.2 0.002
2s0 MC1469 G 25 32 9 35 3.0 0.68 1.8 0.03 0.13 0.002 150 | 803
. MC1569 37 8.5 40 2.7 0.015
600 MC1489 R 2.5 32 9.0 35 3.0 3.0 14.0 0.03 0.06 0.002 150 614
MC 1568 37 8.8 40 2.7 0.015
1500 LM31?7 T 1.2 37 5.0 40 3.0 Intarnally 0.07 1.6 0.006 125 221A
LM317 H, K Limited 79,1
LM217 0.004
w21y |
LM117* 0.05 1.0 0.003 150

*T, = -65 to +180°C
**1979 Now Product Introductions
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NEGATIVE OUTPUT REGULATORS
s Vin —
u Vout PD Regulation
E . Differ- Watts " Vout®
=0 F Vout vin Max TA'25C  TCVoul T
mA Device 1 Volti Volt* TC* TC" Typ Typ
Max Type X Min Max  Min  Max Min 25°C  25°C  Line Load VeC Max
20 LM304 H 0.035 30 8.0 40 2.0 0.4 13 01 0.05 0.007 80
LM204 0.015 40 50 0.68 16 100
LM104 2.7 150
250 MC 1463 G 3.8 32 9.0 35 30« 068 1.8 0.03 0.05 0.002 150
MC1563 3.6 33 8.5 40 2.7 0.015  0.13
600 MC1463 R 3.8 34 9.0 35 3.0 2.4 9.0 0.03 0.05 0.002 175
MCI 563 3.6 37 8.5 40 27 0.015
Used as the control circuit in PWM, push-pull, bridge and series type switchmode supplies. The
devices include the reference, oscillator, pulse-width modulator, phase splitter and output sections.
Frequency and duty cycle are independently adjustable.
) vcc <0
imA Volts kHz Device tA
Max Min Max Min Max Number S.fﬁx °c
40 10 30 2.0 100 MC3420 p 0to ¢70
L
MC3520 L 55 to +125
FLOATING VOLTAGE AND CURRENT REGULATORS
Designed for laboratory type power supplies. Voltage is limited only by the breakdown voltage
of associated, external, series-pass transistors.
S
u
Vout 0 E Vv aux PD Aref'Vref AlIL/IL TC Vout
Volts | Volts Watts % % e
Min Max Max Type X Min Max Max Line Load Max Typ
0 : MC1466 L 21 30 0.75 0.015 i 0.015 0.2 0.01
MC1566 L 20 35 0.004 | 0.004 0.1 0 006
«Dependent on characteristics of external series-pass elements.
DUAL #15 V TRACKING REGULATORS.
Internally, the device is set for 15 V, but an external adjustment can change both outputs
simultaneously, from 8.0 V to 20 V.
s TC
u %/°C
Vout 0 Vin E PD *Tlow to
Volts mA Volts Device 1 Watts Re®line Re®load Thigh' ta
Min Max Max Min Max Type X Max mv mv Typ °C
14.8 15.2 1100 17 30 MC 1468 G 0.8 10 10 3.0 0to *75
L 1.0
R 2.4
MC 1568 G 0.8 -55 to ¢125
L 1.0
R 2.4
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Case
603

603

614

Case

648
620
620

Case

632

603C
632
614

603C
632
614



Special Regulators (continued)

LOW TEMPERATURE DRIFT, LOW VOLTAGE REFERENCE

Vout o 4V ou«MT
Volti mA ppm/°C Device
Typ Max Max Type
2.5 £25 mVv 10 40 MC 1403
25 MC1403A
55 MC 1503
25 MC1503A
5.0i 50 mV 40 MC1404 U5
25 MC 1404AUS5
55 MC1504U5
25 MC1504AU5
6.25 * 60 mV 40 MC1404U6
25 MC1404AU6
55 MC1504U6
25 MC1504AU6
101 100 mV 40 MC1404U10
25 MC 1404AU10
55 MC1504U10
25 MC1504AU10
Notes: 1. 4.5 <V, < 15V/15 V <V, < 40 V
2- Vin-V out +2.5Vto40V
3. OmA < 10 < 10 mA
CASE 1 29 79
(T0-3) (TO-92) (TO-39)
MATERIAL Metal Plastic Metal
SUFFIX SK.K,KC P.Z G, H
P AA U4
CASE 620 626 632
(TO-116)
MATERIAL Ceramic Plastic Ceramic
SUFFIX JL Por Pl L

R#S»irw
mv
Suffix Max
u 3/4.5
(Note 1)
6.0
(Note 2)
221A 601
(TO-220)
Plastic Metal
T G. H

CubD C

646 648
Plastic Plastic
Por P2 N, P

ReS|oad
mV
Max

10
(Note 3)

-55 to *125

ta
°c

0to *70

55 to +125

0to *70

-55 to *125

0to +70

0to *70

-55 to *125

603
(TO-5 Type)

Metal

G. H

693

Ceramic

U

603C

Metal

701

Ceramic

J

Can

693

614
(TO-66)

Metal

726

Plastic

N



CIRCUITS FOR

CONSUMER APPLICATIONS

. reflecting Motorola's continuing commitment
to semiconductor products necessary for con-
sumer system designs. This tabulation is arranged
to simplify first-order selection of consumer

integrated circuit devices that satisfy the primary
functions for Television, Audio, Radio, Citizens
Band, Automotive and Organ applications,

Television Circuits

SOUND
Function
Sound IF, Detector, Limiter,
Audio Preamplifier
Sound IF Detector

Sound IF Detector,
dc Volume Control,
Preamplifier

Sound IF, Low Pass Filter,
Detector, dc Volume
Control, Preamplifier,
Power Amplifier

VIDEO

1st and 2nd Video IF
Amplifier

1st and 2nd Video IF, AGC
Keyer and Amplifier

3rd IF. Video Detector,
Video Buffer, and
AFC Buffer

Automatic Fine Tuning

Automatic Fine Tuning with
Intercarrier Mixer/Amplifier

CHROMA
Chroma IF Amplifier and
Subcarrier System

Chroma IF Amplifier and
Subcarrier System (PLL)

Dual Chroma Demodulators

Triple Chroma Demodulator

DEFLECTION

Horizontal Processor

Vertical Processor

TV GAMES/DISPLAY
Color TV Video Modulator

80 /iV, 3 dB Limiting Sensitivity, 3.5 V (RMS) Output,
Sufficient for Single Transistor Output Stage
Interchangeable with ULN2111A

Excellent AMR, Interchangeable with CA3065

Complete TV Sound System; 100 AV, 3 dB Limiting
Sensitivity; 4 Watts Output; Vgq =24 V; RL = 16 fl

750 mW Output

IF Gain @ 45 MHz =60 dB typ, AGC Range =70 dB min
IF Gain @ 45 MHz =50 dB typ,AGC Range =60 dB min
IF Gain @ 45 MHz =53 dB typ, AGC Range =75 dB min,
"Forward AGC" Provided for Tuner

Low-Level Detection, Low Harmonic Generation.
Zero Signal dc Output Voltage of 7.0 to 8.2 V

Same as MC1330A1 except zero signal dc output
voltage of 7.8 to 9.0 V

High Gain AFT System, Interchangeable with CA3064

AFT Circuit that Provides an AFT Voltage and an
Amplified 4.5 MHz Intercarrier Sound Signal

Includes Complete Chroma IF, AGC, dc Gain and Tint
Controls Injection Locked Oscillator, Low Peripheral
Parts Count

Includes Complete Chroma IF, AGC, dc Chroma and
Hue Controls, Phase-Locked Loop (PLL) Oscillator,
Color Killer Threshold Adjustment

Dual Doubly-Balanced Demodulator with RGB Matrix
and Chroma Driver Stages

Dual Doubly-Balanced Demodulator with RGB Matrix
and PAL Switch

Triple Doubly-Balanced Demodulator with
Adjustable Output Matrix, Contains Three
Independent Demodulators

Includes Linear Balanced Phase Detector, Oscillator
and Predriver, Adjustable dc Loop Gain

Same as MC1391 except designed to accept negative
sawtooth sync pulse

Includes Oscillator and Complementary Driver, Low

Thermal Drift, Retrace Pulse for Effective Blanking

Includes Chroma Oscillator and Clock Driver, Lead
and Lag Network, Chroma Modulator, RF Oscillator,
and Modulator.

Features Case Type
646 MC1351
646 MC1357
646 MC1358
722A TDA1190Z
648 TDA1190P
626 MC1349
626 MC1350
646 MC1352
626 MC1330A1
626 MC1330A2
646 MC1364
646 CA3139
646 MC1398
648 MC1399
646 MC1324
646 MC1327
648 MC1323
626 MC1391
626 MC1394
648 MC1393A
646 MC1372
626 MC1373

Includes RF Oscillator and Modulator
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CIRCUITS FOR CONSUMER APPLICATIONS

Audio Circuits
POWER AMPLIFIERS

Feature*

Audio Power Amplifiers

Radio Circuits
IF AMPLIFIERS

Function
IF Amplifier
Limiting FM-IF Amplifier
Limiting IF Ampl/Quad
Detector
IF Amplifier

Low-Power FM-IF for Dual
Conversion Scanning
Receivers

DECODERS

Function

FM Multiplex Stereo Decoder

AM RECEIVER

Features

AM Radio Subsystem

2nd IF Amplifier and Detector

10-11

V|n
Po Vcc @ rated Pq od R1
Watt* Vdc Max mV Typ mA Typ  Ohma Cate
0.5 15 3.0 4.0 8.0 626
0.25 12 3.0 3.0 16 626
8.0 28 50 55 2.0 314A,314B
Recovered
Gain 3 dB Limiting Audio Output  Power
@ 10.7 MHz @ 10.7 MHz AMR 1=4%75 kHz Supply
dB Typ mV (RMS) typ dB Typ mV (RMS)  Volts Max Case
58 0.175 60 690 18 626
— 0.600 45 480 18 646
53 0.4 45 480 16 646
42 60 50 500 18 626
0.005 50 350 8.0 648
(f =+3.0 kHz)
Channel Stereo—Indicator
Separation THD Lamp Driver
dBTyp %Typ mA Max Features Case
47 0.06 50 Coilless Operation; 646
4.5 V Operation
40 0.3 75 Coilless Operation 646
45 0.2 100 Variable Separation 648
Function Case
RF Amplifier, AGC, Mixer, Oscillator, 1st IF Amplifier, 648

Type

MC1306
MC3360
TDA2002

Type
MC1350
MC1355
MC1357

MC3310
MC3357

Type
MC1309

MC1310
TCA4500A

Type
HA1199



CIRCUITS FOR CONSUMER APPLICATIONS

Organ Circuits
FREQUENCY DIVIDER

Function

7-Stage Divider

ATTENUATOR

Function

Electronic Attenuator

vCC
Range fTog VOH
Vdc MHz Typ Vdc Min
6-16 1.0 12.0/15.0
vce Attenuation
Range THD Ay Range
vde % Typ dB Typ dB Typ
9.0-18 0.6 13 90

Automotive Circuits
OPERATIONAL AMPLIFIER

Function

Quad Operational Amplifier

Dual Operational Amplifier

COMPARATORS

Function

Quad Comparators

VOLTAGE REGULATOR
Function

Automotive Voltage
Regulator

Flip-Chip Automotive
Voltage Regulator

ELECTRONIC IGNITION

Electronic Ignition Circuit

Flip-Chip Electronic
Ignition Circuit

SPECIAL FUNCTION

Programmable Frequency
Switch
(Engine RPM Switch)

\Vce Unity Gain
Range AvOl *B Bandwidth
Vdc VIV Min fiA Max MHz Typ
4.0-28 1000 0.3 4.0
3.0-26 - 0.25 1.0
3.0-26 - 0.25 1.0
VCC . Sink
Range m\>/|l\2x nAlgax nA(ll\B/lax Current
Vdc mA Typ
2.0-28 +20 - 500 6.0
+7.0
2.0-36 +5.0 +50 250 16.0
+2.0
Features

Designed for use with NPN Darlington; Overvoltage
Protection; "Open Sense" Shut Down; Selectable
Temperature Coefficient for Use in a Floating Field
Alternator Charging System

Same as MC3325

Designed for use in High Energy Variable Dwell
Electronic Ignition Systems with Variable
Reluctance Sensors. Dwell and Spark Energy are
Externally Adjustable

Same as MC3333

Wide Input Frequency Range (10 Hz to 100 kHz)
Adjustable Hysteresis
Wide Supply Operating Range (7 to 24 V)
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Cate

646

Case

626

Case

646
646
626

Case

646, 632
646
646, 632
646, 632

Case
646

646

646, 632

Type

MC1302

Type

MC3340

Type

MC3301
LM2902
LM2904

Type

MC3302

LM2901
LM239

LM239A

Type
MC3325

MCCF3326

MC3333

MCCF3333

MC3344



CIRCUITS FOR CONSUMER APPLICATIONS

Transistor Arrays
GENERAL-PURPOSE

*C (max) vCEO VCBO vEBO

Function mA Volta Max Volta Max Volta Max Caae Type
One Differentially Connected pair 50 15 20 5.0 646 MC3346
and Three Isolated Transistors MC3386
Dual Independent Differential 50 15 20 5.0 646 CA3054
Amplifiers with Associated
Constant Current Transistors
Special Functions

Function Featurea Caae Type
Emitter-Coupled Astable Useful as DC-DC Converter. Power Regulator or 626 MC3380
Multivibrator Multivibrator. Toggle Freq= 100 kHz (typ)
Phase-Locked Loop Contains Voltage Controlled Oscillator and 646 NE565

Double Balanced Phase Detector

Package Styles

8
AAAA 14 i 16 RAAAAAAAA
Lead - "
) ) ji (- !
Configuration I\?\,VJ, 1 1 C |23 VVVVVW VV
1 1
Caae 626 632 646 648 701
Material Plastic Ceramic Plastic Plastic Plastic
Suffix
after Type Number P or PL L P P P
Caae 722A 724 314A 314B
Material Plastic Plastic Plastic Plastic
Suffix
after Type Number P P H \%
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ISPECIAL PURPOSE

CIRCUITS

The llnearJntegrawd-cimuits listed in this section were developed by Motorola for the system
design enginéer to fill special-purpose requirements. Tempomrum ranges and package availab:lixy are
tallored to pravide price/performance versatility..

Linear Four-Quadrant
Multipliers

MC1594/1494
This device is designed for use where the output
voltage is a linear product of two input voltages.
Typical applications include: multiply, divide,
square root, mean square, phase detector, fre-
quency doubler, balanced modulator/demodulator,
electronic gain control.

The MC1594/MC1484 is a verisble transconduc- -

tance multiplier with internal level-shift circuitry
and voltage regulator. Scale factor, input offsets
and output offset are completely ad]ustable with
the use of four external potentiometers.” Two

complementary regulated voltages are prowded o’

simplify offset adjustment and improve power-
supply rejection,

MC1585/MC1495
Similar to the MC1594/1494, but without internal
level shift and voltage regulator circuits.

Balanced
Modulator-Demodulator

MC15986/MC1496
Designed for use where the output voltage is.a
product of an input voltage (signal) and a switching
function (carrier). Typical applications include
suppressed carrier and amplitude modulation,
synchronous detection, FM' detection, phasa
detection and chopper applications.

Timing Circuits

MC1555/MC1455/MC1422
These devices are highly stable timing circuits
capable of producing accurate time delays or
oscillation. Additional terminals are provided for

triggering or resetting if desired. In the time delay
mode of operation, the time is precisely controtled

. by one external resistor and capacitor. For a stable

operation as an oscillator, the free running fre-
_ quency and the duty cvcle are both accurately

controlled with two external resistors and one
" capacitor. The circuit may be triggered and reset
on_ falling waveforms, and the output structure
.can source or sink upto 200 mA or drive MTTL"
circuits. Timing from Microseconds through Hours.
The MC1422 has variable threshold level, adjust-
able externally.

Timing Error (typ)

MC1555 0.5%

MC1455 1.0%

MC1422 1.0%
MC3556/MC3456

Dual Version of the M015551MCI455

Low Frequency
Power Amplifier

MC1654/MC1454

One-watt power’ampllfier for single or split supply
operation.” Typical voltage gam of 10, 18, or 38
" VIV with 0. 4% THD. .

Power Control Clrcults

MC3370
Electronic switch for triac triggering applications.
Features zero-crossing detector to eliminate RFI,
differential input with dual sensor inputs, input
open and short protection, and built-in regulator
permitting AC line operation.
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CA3059/3079
Zero voltage switches designed for thyristor
control in a variety of ac power switching appli-
" cations for ac input voltages of 24 'V, 120 V,
. 208/230 V,-and 277 V at-50/60 and 400 Hz.



SPECIAL PURPOSE CIRCUITS

Monolithic Dual OP Amp Package Styles
and Dual Comparator

Operating
Temperature Range
MC3505/MC3405 55 to +125°C Oto +70°C Case
This device contains two differential input opera- MC1554 MC1454 603B
tional amplifiers and two comparators each set MCI1555 601. 693
capable of single supply operation. This operational MCl455 601. 626. 693
amplifier-comparator circuit will find its applica- MC1594 MC1494 620
: . MC1595 MC1495 632
tions as a general purpose product for automotive Mol 596 603, 632
circuits and asa_\n |ndU§trlaI building block". MC1496 603, 632. 646
« Op Amp Equivalent in Performance to MC3403 MC1422 601. 626
« Comparator Similar in Performance to LM339 MC3505 632
« Op Amps are Internally Frequency Compensated MC3405 632. 646
* Supply Operation 3.0 Volts to 36.0 Volts MC3523 693
« Dual Supply Operation also Available MC3423 626. 693
MC3556 632
MC3456 632, 646
MC3370 626
CA3059*
CA3079* 646
[
Overvoltage —0,0h5C
MC3523/MC3423

OVPs protect sensitive circuitry from transients or regulator failures when used with an external
“crowbar" SCR. They sense the overvoltage and quickly “"crowbar" or short circuit the supply, forcing
it into current limiting or opening fuse or CB.

Voltage threshold is adjustable and OVPs can be programmed for minimum duration before tripping,
supplying noise immunity.

10 mA Vece \U,S VSense Volts
Max Min Max Min Max Device Number Suffix ta °c Case
300 4.5 40 2.45 2.75 MC3423 P 0 to +70 626
V] 0 to +70 693
MC3523 V) -55 to +125 693
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HIGH FREQUENCY

AMPLIFIERS

A variety of high-frequency circuits with features ranging from tow-costsimplicity to multi-function
versatility marks Motorola's line of integrated RF/IF amplifiers. Devices described here are intended
for industrialand communications applications. For devices especially dedicated to consumerproducts,
i.e., TV and entertainment radio, see “Circuits for Consumer Applications".

NON-AGC Amplifiers

SE/NE592 — Differential Two Stage Video Amplifier

A monolithic, two state differential output, wide-
band video amplifier. It offers fixed gains of 100
and 400 without external components and ad-
justable gains from 400 to 0 with one external

AGC Amplifiers

MC1550 — Low Cost Building Block

Single-stage cascade connected amplifier with
delayed AGC characteristics, for operation at
frequencies to 100 MHz. Has typical power gain of
25 dB @60 MHz.

resistor. The input stage has been designed so that
with the addition of a few external reactive ele-
ments between the gain select terminals, the
circuit can function as a high pass, low pass, or

MC1545/MC1445 — Gated 2-Channel Input

Differential input and output amplifier with gated
2-channel input for a wide variety of switching

band pass filter. This feature makes the circuit purposes. Typical 75 MHz bandwidth makes it
ideal fOf_ use as a Vide? or pul§e a"_‘P”ﬁe’ in suitable for high-frequency applications such as
communications, magnetic memories, display and video switching, FSK circuits, multiplexers, etc.

video recorder systems. Gating circuit is useful for AGC control.

MC1590 —Wide-Band General Purpose
Has differential inputs and outputs with unneu-
tralized power gain as high as 35 dB typical at 100
MHz in tuned amplifier service. Effective AGC
voltage range from 5 to 7 volts for a 30 dB gain
reduction.

MC1733/MC1733C —Video Amplifier

Differential input and output amplifier provides
three fixed gain options with bandwidth to 120
MHz. External resistor permits any gain setting
from 10 to 400 v/v. Extremely fast rise time (2.5
ns typ) and propagation delay time (3.6 ns typ)
makes this unit particularly useful as pulse ampli-
fier in tape, drum, or disc memory read applications.

Electrical Specifications

. . . AGC AMPLIFIERS
MC1552/MC1553 — Low Distortion Amplifier

; . . . N Operating
A high performance amplifier with internal series Tamperatura Rang* Band v/
feedback for stable voltage gain and low distortion. -65 to 0 to Ay width v Ee
. - " +125°C +75°C dB MHz Vdc Casa
Temperature compensation stabilizes operating
point. Has selectable gain option and well charac- MCI 550 - 22 Min 22 +6/- 6038,606
terized data that permits accurate response shaping. MC1590 R 44 Typ @ 10 +12/- 601
Useful for critical applications such as wideband 4Typ @ 100
linear amplifiers or fast-rise pulse amplifiers. MC1545 MC1445 19Typ @ 75 +5/-B 603.607
632
NON AGC AMPLIFIERS
MCI1733 MC1733C 52 & 40 +6/-6  603.632
40 90
20 120
MC1653 _ 46 @ 35 +6Z-6 603B
52 15
MCI 552 - 34 40 +6/-6 6038
40 35
SE592 NE592 55 & 40 +6/-6  603.632
P k S | 45 P 90
CASE 601 603 603B 606 607 632
MATERIAL Metal Metal Metal Ceramic Ceramic Ceramic
SUFFIX G G G F F L

altar type number
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CASE OUTLINE DIMENSIONS

The packaging availability for each device type is indicated on the individual data sheets
and the Selector Guide. All of the outline dimensions for the packages are given in this

section. Outline dimensions for non-encapsulated standard linear device chips and fllp-chlp
devices are found in the Chips Data Book.

The maximum power consumption an integrated circuit can tolerate at a given operating
ambient temperature can be found from the equation:
p _ Timax) - TA
DITA) = "Ry a(Typ)

where: PD(TA) = Power Dissipation allowable at a given operating ambient temperature.
This must be greater than the sum of the products of the supply voltages
and supply currents at the worst case operating condition.

TJ{max) = Maximum Operating Junction Temperature as listed in the Maximum
Ratings Section. See individual data sheets for T j(max) information.
TA = Maximum Desired Operating Ambient Temperature
RgJA(Typ) = Typical Thermal Resistance Junction to Ambient

CASE 601-04
Metal Package

A —]

B — MILLIMETERS] _ INCHES

|“ OIM | ai (L]

T A |as1 ]840 | 0335
LJ c B [7.75 [851 | 03051 0.335
C_| 438 _[4.70 | 0.165 | 0.1
Tg, 041|043 | 0.096 | 0.019
F 025 |1.02 | 0.010 | 0.040

025 [1.02 | 0010

K
5.08 BSC 0.200 BSC
“ﬂ “ 17)_] 086 | 0.028 ] 0038
SEATING 274 | 1.14 .029 } 0.045
rane il

OTE: L1305 [408 | 0120] G180

e Sy i e

sEA En o 161w

SEATING PLANE AT MAXIMUM 7\ T N T241 T267 To08s 0105
MATERIAL CONDITION. 1
A |

aN\g

CASE 603-04 A
Metal Package — B — rC

RILLIN TNCAES

E] P DIM ["MIN_TMAX | WIN | MAX

{ A | 851 | 939 | 0.335 | 0370

" = t 75 | 8.51 | 0305 | 0.335

i B 219 | 470 | 0.165 ] 0.185

R

5,407 | 0.533] 0,016 | 0.021

Fl K - 1102] - 10040

seating |H-1- 0.406] 0.483] 6016 | 0.013

PLANE 584830 | 0.250B5C

1 10712 0.883] 0,028 | 0034

7371 1.14 | 0.029 | 0.045

1270 | - Jos0] —

—=0 5,35 |12.00 | 0.250 | 0500

o M 3 8sC 360 BSC
s T~ T1a7| = Toos]

TE: 0 [ 355 | 4.05 | 0140 0.060
LEADS WITHIN 0.18 mm (0.007) RADIUS OF 0254 1.07 | 040 |

TRUE POSITION AT SEATING PLANE J/\\, ¥

AT MAXIMUM MATERIAL CONDITION. All JEDEC dimensions and notes apply




CASE 620_02 MILLIMETERS
DIM  MIN MAX
Ceramic Package A 1905 1981
B 6.22 6.98
C 4.06 5.08
D 0.38 0.51
F 1.40_1 1.65
G 2.54 BSC
H 0.51 1.14
J 0.20 0.30
w m r o K 318 4.06
L 7.37 7.87
M - 15°
N 0.51 1.02
NOTES:
1 LEADS WITHIN 0.13 mm (0.005) RADIUS
OF TRUE POSITION AT SEATING PLANE
AT MAXIMUM MATERIAL CONDITION
2 PKG. INOEX: NOTCH IN LEAD
NOTCH IN CERAMIC OR INK DOT
3 DIM "L" TO CENTER OF LEADS
WHEN FORMED PARALLEL
CASE 620_06 MILLIMETERS
DIM  MIN MAX
Ceramic Package A 1905 19.94
B 6.10 7.49
C - 5.08
nnnnnnnn o 038 053
F 1.40 1.78
G 2.54 BSC
H 0.51 1.14
J 0.20 0.30
N K 3.18 5.08
uuuuutotj L 7.62 BSC
M - 15°
N 0.51 1.02
1. LEADS WITHIN 0.13 mm (0.005) RADIUS
OF TRUE POSITION AT SEATING PLANE
AT MAXIMUM MATERIAL CONDITION.
2. PACKAGE INDEX: NOTCH IN LEAD
NOTCH IN CERAMIC OR INK DOT.
3. DIM ‘V'TO CENTER OF LEADS WHEN
FORMED PARALLEL.
4. DIM "A" AND "B" DO NOT INCLUDE
GLASS RUN OUT.
5. DIM "F" MAY NARROW TO 0.76 mm
(0.030) WHERE THE LEAD ENTERS
THE CERAMIC BODY.
CASE 623_04 MILLIMETERS
DIM  MIN MAX
Ceramic Package A 3124 3277
B 12.70  15.49
[} 4.06 5.59
D 0.41 0.51
F 1.27 1.52
G 2.54 BSC
J 0.20 0.30
K 229 4.06
L 15.24 BSC
M 0° 15*
N o051 1.27
NOTES:
1 DIM "L" TO CENTER OF
LEADS WHEN FORMED SEATING PLANE

PARALLEL.

2. LEADS WITHIN 0.13 mm
(0.005) RADIUS OF TRUE
POSITION AT SEATING
PLANE AT MAXIMUM
MATERIAL CONOITION.
(WHEN FORMED PARALLEL)

INCHES
MIN MAX
0.750 0.780
0.245 0.275
0.160  0.200
0.015  0.020
0.055 0.065
0.100 BSC
0.020 0.045
0.008 0.012
0.125  0.160
0.290  0.310
- 15°
0.020 0.040
INCHES
MIN MAX
0.750 0.785
0.240  0.295
- 0.200
0.015  0.021
0.055 0.070
0.100 BSC
0.020 0.045
0.008 0.012
0.125 0.200
0.300 BSC
- 15°
0.020  0.040
INCHES
MIN MAX
1.230 1.290
0.500 0.610
0.160  0.220
0.016 0.020
0.050  0.060
0.100 BSC
0.008 0.012
0.090 0.160
0.600 BSC
0° 15°
0.020  0.050



CASE 626-04
Plastic Package

Pi

NOTE 4

NOTES:

2. DIM "L" TO CENTER OF
1 LEADS WITHIN 0.13 mm LEADS WHEN FORMED
(0.005) RADIUS OF TRUE PARALLEL.

POSITION AT SEATING
PLANE AT MAXIMUM
MATERIAL CONDITION.

w

. PACKAGE CONTOUR
OPTIONAL (ROUND OR
SQUARE CORNERS)

CASE 632-02
Ceramic Package

NOTES:

1 ALL RULES AND NOTES ASSOCIATED
WITH MO 001 AA OUTLINE SHALL APPLY.

2. DIMENSION "L*""'TO CENTER OF LEADS
WHEN FORMED PARALLEL

3. LEADS WITHIN 0.25 mm (0.010) DIA
OF TRUE POSITION AT SEATING PLANE
AND MAXIMUM MATERIAL CONDITION.

CASE 646-05
Plastic Package
AAAAAAA

NOTES
1 LEADS WITHIN 0.13 mm
(0.005) RADIUS OF TRUE
POSITION AT SEATING
PLANE AT MAXIMUM
MATERIAL CONDITION.

2. DIMENSION "L"TO
CENTER OF LEADS 3. DIMENSION '8" DDES NOT
WHEN FORMED INCLUDE MOLD FLASH.
PARALLEL. 4. ROUNDED CORNERS OPTIONAL

KJ
SEATING PLANE

MILLIMETERS
DIM  MIN MAX
A 9.40 10.16
B 6.10 6.60
C 3.94 4.45
0 0.38 0.51
F 1.02 1.52
G 2.54 BSC
H 0.76 1.27
J 0.20 0.30
K 2.92 3.43
L 7.62 BSC
M - 10°
N 0.51 0.76

INCHES

j-IW-

MILLIMETERS

DIM  MIN  MAX

A 168 199

B 559 711

c - 5.08

D 0381 0.584

F 077 177

G 2.54 BSC

J 0.203  0.381

K 254 -

L 7.62 BSC

M - 15°

N 051 0.76

P - 8.25

MIN MAX
0.370  0.400
0.240  0.260
0.155 0.175
0.015 0.020
0.040  0.060

0.10C BSC
0.030  0.050
0.008 0.012
0.115 0.135

0.300 BSC

- 10°
0.020 0.030

INCHES

MIN MAX
0.660 0.785
0.220 0.280

- 0.200

0.015 0.023

0.030 0.070
0.100 BSC
0.008 0.015
0.100 -
0.300 BSC
- 15°
0.020 0.030
- 0.325

All JEDEC dimensions and notes apply.

MILLIMETERS
DIM  MIN MAX
A 18.16  19.56
B 6.10 6.60
Cc 4.06 5.08
o 0.38 0.53
F 1.02 1.78
G 2.54 BSC
H 1.32 241
J 0.20 0.38
K 2.92 3.43
L 7.62 BSC
M 0° 100
N 0.51 1.02

INCHES
MIN MAX
0.715 0.770
0.240  0.260
0.160  0.200
0.015 0.021
0.040 0.070
0.100 BSC
0.052  0.095
0.008 0.015
0.115 0.135
0.300 BSC
0° 100
0.020 0.040



CASE 648-05

Plastic Package
NOTES:

1. LEADS WITHIN 0.13 mm 3. DIMENSION "B" DOES NOT
(0.005) RADIUS OF TRUE INCLUDE MOLD FLASH.
POSITION AT SEATING 4. ”F" DIMENSION IS FOR FULL

PLANE AT MAXIMUM LEADS. "HALF" LEADS ARE
MATERIAL CONDITION. OPTIONAL AT LEAD POSITIONS
2. DIMENSION "L"TO 1,8, 9. and 16).
CENTER OF LEADS 5. ROUNDED CORNERS OPTIONAL.
WHEN FORMED
PARALLEL.
o
= OPTIONAL LEAD
CONFIG. (1, 8, 9, & 16)
-NOTE 5
Plastic Package
A J
24 13
)
1
10 12
NOTES: u vy f 1l u vy yyyv.y
1 LEADS WITHIN 0.13 mm (0.005)
RADIUS OF TRUE POSITION AT hH —
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.
2. DIMENSION "L"TO CENTER OF
LEAOSWHEN FORMED PARALLEL.
Ceramic Package
< m P mm|l—|_a _i—i g
' 9
1 8
=== -1 1 103

— Ifl-

1 LEADS WITHIN 0.13 mm (0.005) RADIUS
OF TRUE POSITION, AT SEATING PLANE - 1
AND MAXIMUM MATERIAL CONDITION.

-SEATING PLANE

=]
H

ZErX«IOMUOWD>»

o
ODVZErX“ITOmNMOO®>» Z

9
H

ZZrXRoeIOTMOO WP

MILLIMETERS
MIN MAX
18.80 21.34
6.10 6.60
4.06 5.08
0.38 0.53
1.02 1.78
2.54 BSC
0.38 241
0.20 0.38
2.92 3.43
7.62 BSC
=4 100
0.51 1.02
MILLIMETERS
MIN MAX
31.50 32.13
13.21 13.72
4.70 521
0.38 051
1.02 1.52
2.54 BSC
165 2.16
0.20 0.30
2.92 3.43
14.99 15.49
- 10°
0.51 1.02
0.13 0.38
0.51 0.76
MILLIMETERS
MIN MAX
20.07 20.57
711 7.62
2.67 3.94
0.38 0.53
0.76 1.40
2.54 BSC
0.76 1.78
0.20 0.30
3.18 5.08
7.62 BSC
- 10°
0.38 1.40

INCHES
MIN MAX
0.740 0.840
0.240  0.260
0.160  0.200
0.015 0.021
0.040  0.070
0.100 BSC
0.015 0.095
0.008 0.015
0.115 0.135
0.300 BSC
0° 10°
0.020 0.040
INCHES
MIN MAX
1.240 1.265
0.520 0.540
0.185 0.205
0.015  0.020
0.040 0.060
0.10C BSC
0.065  0.085
0.008 0.012
0.115 0.135
0.590 0.610
- 10°
0.020 0.040
0.005 0.015
0.020 0.030
INCHES
MIN MAX
0.790 0.810
0.280 0.300
0.105 0.155
0.015  0.021
0.030 0.055
0.100 BSC
0.030 0.070
0.008 0.012
0.125  0.200
0.300 BSC
- 10°
0.015 0.055

MV



CASE 693-02

Ceramic Package

1 LEADS WITHIN 0.13 mm (0.005)
RAD OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.

2. DIMENSION "L" TO CENTER
OF LEADS WHEN FORMED
PARALLEL.

CASE 701-01

Plastic Package

NOTES:

1 LEADS WITHIN 0.13mm
(0.005) RADIUM OF TRUE
POSITION AT SEATING
PLANE AT MAXIMUM
MATERIAL CONDITION
(DIM "G").

N

. DIMENSION "L" TO CENTER
OF LEADSWHEN FORMED
PARALLEL.

CASE 710-02

Plastic Package

1 POSITIONAL TOLERANCE OF LEADS (D),
SHALL BE WITHIN 0.25mm(0.010) AT
MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND
EACH OTHER.

2. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.

3. DIMENSION B DOES NOT INCLUDE
MOLD FLASH.

11

SEATING PLANE

PLANE



CASE 724-02

Plastic Package

fAir Aiinirnirnicr Aicr AfnirniinifniiA

24

10

NOTE:

1 LEADS. TRUE POSITIONED WITHIN
0.25 mm (0.010) DIA AT SEATING
PLANE AT MAXIMUM MATERIAL
CONDITION (DIM D).

CASE 726-01

Ceramic Package

NOTES:

1. LEADS,TRUE POSITIONED
WITHIN 0.25 mm (0.010) DIA.
AT SEATING PLANE, AT
MAXIMUM MATERIAL
CONDITION.

2. DIM "L" TO CENTER OF
LEADS WHEN FORMED
PARALLEL.

3. DIM "A" & "B” INCLUDES
MENISCUS.

CASE 732-02
Ceramic Package

SEATING PLANE

10
vV M

NOTES:

1 LEADS WITHIN 0.25 mm (0.010)
DIA, TRUE POSITION AT
SEATING PLANE. AT MAXIMUM
MATERIAL CONDITION.

DIM L TO CENTER OF LEADS
WHEN FORMED PARALLEL.
DIM A AND B INCLUDES
MENISCUS.

N

w

13

9
2

zZrX“ITOTMOO ®T>

=
S

ZErX“IOTMOO®>

=}

ZErXC“I®TOO®m>»Z

MILLIMETERS
MIN MAX
31.24 32.13
6.35 6.86
4.06 4.57
0.38 0.51
1.02 152
2.54 BSC
1.60 211
0.18 0.30
2.92 3.43
7.37 7.87
- 10°
0.51 1.02
MILLIMETERS
MIN MAX
22.35 23.11
6.63 7.24
- 5.08
0.41 0.51
1.40 1.65
2.54 BSC
0.76 1.02
0.13 0.38
- 4.44
7.37 8.00
0° 15°
0.51 0.76
MILLIMETERS
MIN MAX
24.38 25.15
6.86 7.49
4.32 5.08
0.38 0.56
1.40 1.65
2.54 BSC
0.89 1.40
0.20 0.30
3.18 4.06
7.62 BSC
15»
0.51 0.76

INCHES
MIN MAX
1.230 1.265
0.250 0.270
0.160 0.180
0.015 0.020
0.040 0.060
0.100 BSC
0.063 0.083
0.007 0.012
0.115 0.135
0.290 0.310
- 10°
0.020 0.040
INCHES
MIN MAX
0.880  0.910
0.261  0.285
- 0.200
0.016  0.020
0.055 0.065
0.100 BSC
0.030 0.040
0.005 0.015
- 0.175
0.290 0.315
0° 15°
0.020 0.030
INCHES
MIN MAX
0.960  0.990
0.270  0.295
0.170  0.200
0.015  0.022
0.055  0.065
0.100 BSC
0.035  0.055
0.008 0.012
0.125 0.160
0.300 BSC
50 15°
0.020 0.030



CASE 733-02

MILLIMETERS INCHES

Ceramic Package DIM MIN MAX MIN  MAX
A 3645 37.85 1435 1.490
B 1270 1537 0500 0.605
C 406 58 0160 0.230
D 038 05 0015 0022
F 127 165 0050 0.065
G 254BSC 0.100 BSC
J 020 030 0.008 0.012
K 254 406 0100 0.160
L 1524BSC 0.600 BSC
M s 15° 5 15
N

0.51 127 0.020 0.050

NOTES:
1 DIM P aH IS DATUM.
2. POSITIONAL TOL FOR LEADS:
28 5 I'» 10 0.25(.010)@1 T IA@©1
3.GH] IS SEATING PLANE.
4. DIM A AND B INCLUDES MENISCUS.

) B 5. DIM L- TO CENTER OF LEADS
WHEN FORMED PARALLEL.
6. DIMENSIONING AND TOLERANCING
1 14 1 PER ANSI Y14.5.1973.

_4-—
CASE 738-01
] MILLIMETERS  INCHES
Plastic Package DIM MIN MAX MIN  MAX
A 2565 2718 1010 1.070
B 610 6.60 0240 0.260
C 394 419 015 0.165
D 038 05 0015 0022
F 127 178 0.050 0.070
G 254BSC  0.100 BSC
J 020 038 0008 0015
K 279 356 0110 0.140
L 7.62 BSC 0.300 BSC
$ 10 fm M 0° 15 0° 15°
N 051 102 0020 0.040
NOTES:
1 DIMGaD IS DATUM.
2. POSITIONAL TOL FOR LEADS; X1 U'U UX1T u u u u u
1»[0 0.25 (0.01Q)@JT |AO~
3. GUI IS SEATING PLANE. *EaD
4. DIM "8" DOES NOT INCLUDE MOLO FLASH.
5 DIM Q D TO CENTER OF LEADS WHEN
FORMED PARALLEL.
6. DIMENSIONING AND TOLERANCING

PER ANSI Y14.5, 1973.
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APPLICATION NOTE ABSTRACTS

The application notes listed in this section have been prepared to acquaint the clrcuits and systems engi-
neer with Motorola Linear integrated circults and their applications. To obtaln copies of the notes, simply list the
AN number or numbers and send your request on your company letterhead to: Technical Information Center,
Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, Arizona 85036.

AN-245A An Integrated Core Memory
Sense Amplifier

This application note discusses core memories
and related design considerations for a sense ampli-
fier. Performance and environmental specifications
for the amplifier design are carefully established so
that the circuit will work with any computer using
core memories. The final circuit design is then ana-
lyzed and measured performance is discussed. The
amplifier features a small uncertainty region (6 mV
max), adjustable voltage gain, and fast cycle time
(0.5 us).

AN-273A More Value out of Integrated
Operational Amplifier Data Sheets

The operational amplifier is rapidly becoming a
basic building block in present day solid state elec-
tronic systems. The purpose of this application note
is to provide a better understanding of the open loop
characteristics of the amplifier and their significance
to overall circuit operation. Also, each parameter is
defined and reviewed with respect to closed loop
considerations. The importance of loop gain stability
and bandwidth is discussed at length. Input offset
circuits are also reviewed with respect to closed loop
operation.

AN-290B Mounting Procedure for, and
Thermal Aspects of, Thermopad Plastic
Power Devices

Many Motorola power devices are now available
in the Plastic Thermopad packages. Three package
types are presently available. This application note
provides information concerning the handling and
mounting of these packages, as well as information
on some thermal aspects.

AN-401 The MC1554 One-Watt Monolithic
Integrated Circuit Power Amplifier
This application note discusses four different

- applications for the MC1554, along with a circuit

description including DC characteristics, frequency
response, and distortion. A section of the note is also
devoted to package power dissipation calculations
including the use of the curves on the power ampli-
fier data sheet.

AN-404 A Wideband Monolithic Video
Amplifier .

This note describes the basic principles of AC
and DC operation of the MC1552G and MC1553G,
characteristics obtained as a function of the device
operating modes, and typical circuit applications.

AN-411
Amp

This note discusses two dual operational ampli-
fier applications and an input compensation scheme
for fast slew rate for the MC1535. A complete AC
and DC circuit analysis is presented in addition to
many of the pertinent electrical characteristics and
how they might affect the system performance.

The MC1538 Monolithic Dual Op

AN-421 Semiconductor Noise Figure
Considerations

A summary of many of the important noise fig-
ure considerations related with the design of low
noise amplifiers is presented. The basic fundamen-
tals involving noise, noise figure, and noise figure-
frequency characteristics are then discussed with the
emphasis on characteristics common to all semicon-
ductors. A brief introduction is made to various
methods of data sheet presentation of noise figure
and a summary is given for the various methods of
measurement. A discussion of low noise circuit de-
sign, utilizing many of the previously discussed
considerations, is included.

AN-471 Analog-to-Digital Conversion
Techniques

The subject of analog-to-digital conversion and
many of the techniques that can be used to accom-
plish it are discussed. The paper is written in
general terms from a system point of view and is
intended to assist the reader in determining which
conversion technique is best suited for a given appli-
cation.

AN-489 Analysis and Basic Operation of
the MC1596

The MC1595 monolithic linear four-quadrant
multiplier is discussed. The equations for the anal-
ysis are given along with performance that is
characteristic of the device. A few basic applications
are given to assist the designer in system design.
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APPLICATION NOTE ABSTRACTS (Continued)

AN-491 Gated Video Amplifier
Applications Using The MC1545

This application note reviews the basic operation
of the MC1546 and discusses some of the more pop-
ular applications for the MC1545. Included -are
several modulator types, temperature compensation
of the active gate, AGC, gated oscillators, FSK sys-
tems, and single supply operation.

AN-513 A High Gain Integrated Circuit RF-
IF Amplifier with Wide Range AGC;

This note describes the operation and apphcatlon
of the MC1590G, a monolithic RF-IF amplifier. In-
cluded are several applxcatlons for IF amplifiers, a
mixer, video amplifiers, single and two-stage RF
amphf‘ ers. s

AN-522 The MCl556 Operational
Amplifier and its Applications

This application note discusses the MC1556, a
second “generation, internally compensated mono-
lithic operational amplifier. Particular emphasis is
placed on its distinct advantagés over the early 709-
type ampht" ier and the more recent 741-type ampli-
fier.

Along with a description of its operation this
note presents a discussion on various applications of
the MC1556, highlighting its capabilities, and points
out its charactenstxcs 50 the reader may make effec-
tive use of the devnce - ,

AN-531m .M01596 Balanced Modulator

The MC1596 monolithic circuit is a highly versa-
tile communications building block. In this note,
both theoretical and practical information are given
to aid the designer in the use of this part. Applica-
tions include modulators for' AM, SSB, and
suppressed carrier AM; demodulators for the pre-
viously  mentioned modulation forms; frequency
doublers and HF/VHF double balanced mixers.

AN-533 Semiconductors for Plated-Wire
Memories

An introduction to the operation and electrical
characteristics of “plated-wire memories is provided
in conjunction with the apphcatlons of semiconduc-
tors that interface with the plated-wire memories.

Devices discussed include drivers, sense ampli-
fiers, and decoders. Memory organization and
memory-related semlconductor apphcatlons are also
meritioned.

AN-543A Integrated Circuit IF Ampliﬁers
for AM/FM and FM Radios . - -

This application note discusses the design and
performance of.four IF amplifiers using.integrated
circuits. The IF amplifiers discussed include a high
performance circuit, a circuit utilizing a quadrature
detector, a composite AM/FM circuit, and an econ-
omy model for use with an external discriminator.

AN-545 Television Video IF Amplifier
Using Integrated Circuits

This applications note considers the requlre-
ments of the video IF amplifier section of a
television receiver, and gives working circuit sche-
matics using integrated circuits which have been
specifically designed for consumer oriented prod-
ucts.. The integrated circuits used are the MC1350;
MC1352, MC1353 and the MC1330. :

AN-547 A High-Speed Dual Differential
Comparator, The MC1514

This application note discusses a few of the many
uses for the MC1514 dual comparator. Many appli-
cations such as' sense amplifiers, multibvibrators,
and peak level detectors are presented. .

' AN-663 A New Generation of Integrated .

Avionic Synthesizers

The need to generate signals of a multitude of
different frequencies for avionic systems has re-
sulted in complex solutions in the past. With the
introduction of certain standard product integrated
circuits, frequency synthesis "using digital phase
locked loop techniques presents a more practical
solution. Several 'different’ types of servo phase
locked loop systems are discussed and a practical
design example is given. Results of design examples
are presented along with possible applications.

AN-667 Analog-to-Digital Cyclic Converter

The A/D cyclic converter discussed in this note
provides medium speed (1-5us/ bit) and medium
accuracy (7 or 8 bits) operation. A Cyclic converter
uses the successive -approximation technique in
which an unknown analog input voltage is succes-
sively compared to a reference voltage to determme

each bit of the digital output.

The cyclic converter offers continuous operation,
automatic generation of the digital output in Gray-
code form, and a building block structure. This
structure uses a separate but identical circuit for
each resolution bit. The cyclic converter finds use
primarily in control and process applications.

AN-559 ~Simple-Ramp A/D Converter

A simple single ramp A/D converter which incor-
porates a calibration cycle to insure an accuracy of
12 bits is discussed. The circuit uses standard ICs
and requires only one precision part—the reference
volt.age used in the calibration. This converter is
useful in a number of instrumentation and measure-

ment applications.

AN-564 An ADF Frequency Synthesizer
Utilizing Phase-Locked Loop Integrated
Circuits

This application note describes an IC phase
locked-loop frequency synthesizer suitable for the
local osciallator function in aircraft Automatic
Direction Finder (ADF) equipment.
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APPLICATION NOTE ABSTRACTS (Continued)

AN-5687 Analysis and Desrgn of the Op Amp
Current Source

A voltage controlled current source utlllzmg an
operational amplifier is- discussed. Expressions for
the transfer function and output impedances are
developed using both the ideal and non:ideal  op
amp models. A section on analysis of the éffeéts of
op ‘amp parameters and temperature vanatlons on
circuit performance is presented.

AN-590 "Servo Motor Drive Amplifiers
. The design of transformerless, AC servo ampli-
fiers using power darlington transistors and IC op
amps are discussed. Two types of power amplifiers
are illustrated, one usmg single +28 Volt power sup-
ply, the second using high voltage transistors in
complementary conflguratlon for operatmg drrectly
off the line. -

Four different op amp preamplifiers and 90°
phase shifters are also described.

AN-599 Mountmg Techniques for Metal
Packaged Power Semlconductors

For. cooler, more reliable operation, proper
mounting procedures must be followed if the inter-
face .thermal resistance between the semiconductor
package and heat sink is to be minimized. Discussed
are aspects of preparing the mounting surface, using
thermal compounds, and fastening techmques Typi-
cal interface thermal resistance is glven for a
number of packages

AN-702 High Speed Digital-To-Analog and
Analog-To-Digital Techniques

A brief overview.of some of the more popular
techniques for accomplishing D/A ‘and A/D tech-
niques. In particular those techmques which lead
themselves to high speed conversion.

AN-708 Deslgmng Drgltally-Controlled
Power Supplles -
" This application note shows two design ‘ap-
proaches; a basic low voltage supply using an
inexpensive MC1723 voltage regulator and a high
current, high voltage, supply using the MC1466
ﬂoating regulator with optoelectronic isolation. Var-
ious circuit options are shown to allow the designer
axlmum ﬂexrblhty in an apphcatlon .

AN-708A Line Driver ‘and Receiver
Considerations i

This report discusses many line driver and re-
ceiver design considerations such as -system
description, definition of terms, important parame-
ter measurements, ‘design procedures and
application examples. An extensive line of devices is
available from Motorola to provide the designer with
the tools to implement the data transmission re-
qulrements necessary for almost every type of
transmission system.

AN-710 Communication System
Transmission Losses

- ‘This report shows the denvatron of the equations
used to calculate the insertion- loss- associated with
various component parts of a communications chan-
nel. The combinations of components form a system
whose overall loss may not be equal to the-sum of
the losses of the various parts.

AN:711 The Recovery of Recorded Digital
Information in Drum, Drsk and Tape
Sy'stems

The use of magnetic regording techniques has
long beeri an important means of sorting digital in-
formation, as evidenced by ‘the wide variety of
equipment currently in use. Representative systems
utilize drums, disks and tape as the recordmg me-
dium.

All three techniques share the common problem
of recovering the recorded digital information. The
analog signal obtained by passing the. recording
medium by a magnetic sensor (Read Head) must be
converted to a suitable digital format,.

This application note reviews the general prob-
lem and discusses a number of specific circuit
approaches.

AN-713 Binary D/A Converters can
Provide BCD-Coded Conversion

This note describes the application and use of
integrated circuit D/A converters for use in provid-
ing a BCD-coded conversion. The technique is
illustrated using a 2-1/2 digit digital voltmeter.

AN-714 A Personalized Heart-Rate =
Monitor with Ditigal Readout

Using the micropower operational amplifier
MC1776 -and CMOS digital integrated circuits, en-
tirely self-contained portable electro-medical
monitoring equipment can be built. This note de-
tails the construction of a heart-rate monitor glvmg
a digital indication, beat-by-beat. i

AN-7 16 Successrve Approxrmatron AID
Conversion

Recent advances in mtegrated circuit design and
technology have resulted in. reduced cost of high
performance successive approximation analog to dig-
ital converters.. This :note: describes and illustrates
two examples of how modern IC components have
changed this well known technique.

AN- 717 Battery Powered 5 Mﬂz
Frequency Counter. .

This - application - note descnbes a battery-
powered ''5-MHz -frequency counter using the
McMOS. logic famlly for low-power: operation.. The
basic dounter is optimized, at a 12-volt supply for
maximum” performance ‘with a linear input-signal
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APPLICATION NOTE ABSTRACTS (Continued)

conditioner. Several options are discussed which op-
timize the basic counter for minimum power
dissipation. These- options include a CMOS mput
sngnal-condltloner and multxplexed LED dlsplays

AN-719 A New Approach to Switching -
Regulators

This article describes a-24-Volt; 3-Ampere
switching mode supply. It operates at 20 kHz from a
120 Vac line with an: overall efficiency of 70%. New
techniques are. used-to shape the load line. The con-
trol portion-uses a quad comparator and an opto
coupler and features short circuit protection.

AN-720  Interfacing with MECL 10,000

This article describes some of the MECL. circuits
used to interface with signals not meeting. MECL
input or output requirements. The characteristics of
these circuits such :as; input impedance, output
drive, gain-and. bandwidth allow the system designer
to use these parts to optimize his system. MECL
interface circuits overcome a problem area of many
system designs, which is the efficient couplmg of
non-compatible signals.

ot

AN-732A A Non-Volatile Mncroprocessor
Memory Using 4K N-Channel MOS RAMs

NMOS ,semiconductor_technology has made: in-
roads into high density/high’ performance circuit
design. The one-chip microprocéstor, Random A¢-
cess Memories, and Read Only Memories, are
changing system implementation from random logic
designs to software and firmware programmable
mlcrocomputmg systems. Such systems frequently
require relatively large ‘amounts of memory.

This paper describes the design of an 8192-byte
non-volatile Random Access Memory system using
the MCM6605A 4Kx1 RAM. The syste is designed
to work with the Motorola MC6800, an 8-bit micro-
processor.

AN-737A Switched Mode Power
Supplies—Highlighting A 5-V, 40-A Inverter
Design

This application note identifies the features of
various regulator circuits that are in use today in AC
to DC power supplies. The note also illustrates how
these circuits may be used as complementary build-
ing blocks in a system design. Primary emphasis is
on switched mode regulators because they fill the
present need for energy and space savings.

A complete 5-V, 40-A line operated inverter sup-
ply is described in detail including design
procedures for the magnetic components. The in-
verter itself is a ‘“state-of-the-art” design which
features CMOS logic, high voltage power transistors,
Schottky rectifiers and an optoelectronic coupler. It
operates with a full load efficiency of 80% at a fre-
quency of 20 kHz.

AN-739 A Synthetic Spectrum Tuning-
System for TV

A tuning system is described which uses a com-
plete spectrum of TV channel markers to achieve
precise tumng to any channel

AN-741 Interface Considerations for
Numeric Display Systems

This application note describes several methods
of multiplexing multi-digit, seven-segment displays.
The logic devices illustrated are primarily CMOS
with two examples describing TTL. The displays
discussed are liquid crystal, LED, gas discharge, in-
candescent and fluorescent. How to interface
between the logic and these displays, and what the
interface considerations are, are described in detail.

AN-744 A Phase-Locked Loop Tuning
System for Television

This note describes a frequency domain tuning
system which utilizes direct digital countdown of the
varactor tuner's local oscillator. to obtain the proper
local oscillator frequency for the channel number
selected. The system features direct-channel access
with equal ease of tuning and an exact channel rea-
dout for all VHF and UHF channels.

AN-746 A 3% Digit DVM Usmg an
Integrated Circuit Dual Ramp System

“This application note describes the design of a
3'/» -digit DVM (digital voltmeter) using the MC1405
and the MC14435 dual ramp A/D system. The per-
formance criteria is that of a lab quality DVM with
both 3%i-digit resolution and accuracy while still
retaining a low cost and low parts count instrument.
Features of the DVM include circuitry for a high
impedance input, autopolarity and overrange indica-
tion.

AN-751 A Disassociated Intercarrier
Television Video IF Amplifier

This application note discusses a unique video [F
system, incorporating the MC1331, low-level multi-
plier detector. Problem areas in IF design are
discussed and the specific solutions are shown.

AN-752 An 80-Watt Switching Regulator
for CATV and Industrial Applications

This application note describes a 24-Volt, 3-
Ampere switching, regulated power supply that op-
erates above 18 kHz from a 40-to 60-Volt, 60-Hz
square wave source (CATV power line from a ferro-
resonant transformer) or a dc standby source with
input output isolation. The control circuit consists
of a dual operational amplifier and a linear inte-
grated circuit timer which are used to vary the on
time of a new high-speed power transistor. The cir-
cuit provides good efficiency, good regulation, low
output ripple and incorporates input and output
voltage over shutdown protection.
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APPLICATION NOTE ABSTRACTS (Continued)

AN-7567 Analog-to-Digital Conversion
Techniques with the MC6800
Microprocessor System . -

This apphcatlon note describes several analog-to-
digital conversion systems implemented with the
M6800 microprocessor and external linear and digi-
tal IC’s. Systems consisting of an 8- and 10-bit
successive approximation approach, as well ‘as dusl
ramp techniques of 3%-and" 4%digit BCD and 12-
bit bmary, are shown with flow diagrams, source
programs and Hardware schematics, System tra-
deoffs of the various ‘schemes and programs for
bmaerg -to-BCD and BCD to-7 segment code ‘are dis-
cuss:

AN-760 Appllcation of The MC3416
Crosspoint Switch s

The operation and appllcatlon of the MC3416 4 x
4 balanced crosspoint switch is described in detail.
Special emphasis is given to balanced switching sys-
tems like those in space division PABX. Discussion
of the total system design using the M03416 is also
included.

AN-768 The M01323—A Fully
Programmable Demodulator Lo
The MC1323 is a monolithic integrated Cll’Cl.llt
demodulator specifically designed for decoding the
NTSC color. television. signal, even when non-
standard receiver dxeplay tube phosphor primaries
are used. The unigue design allows mdependent
adjustment of demodulator conversion . gains- and
demodulation axes. This note d%cnbes the circuit
operation of the MC1323 and several apphcatlons
including low cost driving of unitized gun picture
tubes and obtaining R- G-B demodulated outputs

AU St

AN-765 An Approach To A Low-Noiae TV
IF System .

. This note describes a techmque of measurement
of the IF contribution and ways of- minimization of
the IF noise. An IF design, following these proce-
dures, is described to meet the desired noise
performance. v .. ‘-l L

AN-767 A Line Operated, Regulated
5V/50A Switching Power Supply' ...

This application néte describes a regulated: 220 v
ac to 5 Vde converter using high voltage switching
transistors and Schottky barrier rectifiers. The con-
trol functions  are all performed ‘by integrated
circuits.

AN-776 M6800 Systeis Utilizing the’
MC8875 Clock Genérator/Driver

This application note describes the use of the
MC6875 clock generator/driver in M6800 based sys-
tems. Design examples will demonstrate the
capabilities of the driver in systems using slow
and/or dynamic memories. Multlprocessmg and
DMA methods are also covered ’

AN-781 Revised Data-lnterface Stanﬂards

Revised data-interface standards permit faster
data rates and longer cables. New chips, and RS232
adapters, snmphfy their use. B

AN-787 An M6800 Clock System That
Handles DMA and Memory Refresh Cycle
Stealing

Dynamic memory and three~stabe cycle stealing
for Direct Memory Accees transfers require a clock
generator and prlonty logic to maintain proper re-
fresh times of the dynamic MPU and dynamic
memory. The design presented here demonstrates
use I‘.,]f the MC6875 clock generator with an ‘MCe800
MP
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ENGINEERING BULLETIN ABSTRACTS

EB-20 Multiplier/Op Amp Circuit Detects
True RMS

Two op amps and two multipliers are used in the
circuit described by EB-20 to obtain the true rms of
an input voltage ranging from 2 to 10 Vpk.

EB-21 DAC Key To Inexpensive 2% Digit
Voltmeter.
EB-21 presents an idea for the core of an econ-

omical 2% digit voltmeter. Built around Motorola’s_

MC1408 8-bit D/A converter, the meter can measure
to 2.55 V in 10 mV steps.

EB-24A Input Buffer Circuits For The
MC1505 Dual Ramp A-To-D Converter
Subsystem

Several bipolar op amp buffers of medium-high
impedance are described in this bulletin. It also dis-
cusses FET input op amp buffers providing high
impedance and temperature drift under 1 mV over
the 0°C to 50°C range.

EB-50 Build This Simple, Battery-Powered
3% Digit DVM From Standard Parts

EB-50 describes a simple, battery-powered 3':
digit DVM capable of measuring up to 20 volts that
can be built from readily obtained standard parts.
Sufficient information is provided to construct the
circuit including schematic, PC board layout, parts
list and calibration instructions.

EB-61 Successive Approximation BCD A/D
Converter

A successive approximation A/D converter in
which a digital-to-analog converter in a feedback
loop produces a BCD digital output from an analog
input is described in EB-51.

EB-52 Control Your Switching Regulator
With The MC3380 Astable Multivibrator

Engineering Bulletin EB-52 describes the opera-
tion and characteristics of the MC3380 astable
multivibrator and details the design of a 200 volt
switching regulator circuit for gas discharge displays
using this device as the control element.

EB-57 An Economical FM Transmitter
Voice Processor from a Single IC

An MC3401 Quad OP-Amp is used as a
Microphone/Modulation interface in an FM trans-
mitter.

EB-58 Analog Data Acquisition Network
for Digital Processing Using the MC1405-
MC14435 A/D System

An MC1405-MC14435 combination is used to
form a dual-slope A/D converter for analog data
acquisition. ’

EB-66 A Symmetry Correcting Circuit for
Use with the MC3420

EB-66 shows a method of implementing an exter-
nal symmetry-correction circuit with the MC3420
Switchmode Regulator Control IC to insure bal-
anced operation of the power transformer in push-
pull inverter configurations.

EB-78 NEW ICs In Switching Supplies

This bulletin describes a regulated 220 Vac to 5
Vdc converter design incorporating the MC3420 and
MC3423 for the control and ancillary functions.

EB-85 Full-Bridge Switching Power
Supplies

This bulletin provides selection information on
devices for a full-bridge configuration supply in the
500-1000 watt power range.

EB-86 Half-Bridge Switching Power
Supplies '

This bulletin provides selection information on
devices for a half-bridge configuration supply in the
100-500 watt power range.

EB-87 Flyback Switching Power Supplies

This bulletin provides selection information on
devices for a flyback configuration supply in the
100-250 watt power range.

EB-88 Push-Pull Switching Power Supplies

This bulletin provides selection information on
devices for a push-pull configuration supply in the
100-500 watt power range.
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Master Index and Cross-Reference Guide

Reliability Enhancement Programs

Selector Guide
Memory/Microprocessor Support
Drivers/Receivers
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