Department of Computer Science

Fault Modeling and Design for Testability of Emitter Coupled Logic (ECL)*

Sankaran M. Menon, Yashwant K. Malaiya, Anura P. Jayasumana Technical Report CS-94-108 March 4, 1994

Colorado State University ofy(ECL)LogicΛCoupledEmitteraMalaiyyK.antanaasumering,EngineyalctriceScienctyUniversi80523CO————lins,ColAbstractortFhigheratcomplexandtheofd.examineyjorithwhicytestabilitinccurringfortationdevices.ΛONR.y1(ECL)1trouctionlogicdigitalhighery1[inartbutsecondsyafor2[].densities)highcausingasI2[yolaripgrateddevicesECLer.Ioutab1theto2[].erishnologycircuits.Sparcexample,usingIcesspro3[].olarhehighconstructingsmalldesignthath3[].ercomputers122,000tainsfuture,in3[].ers4[].ICsy5[4-bityjorittransistor.gratedtedevicesof6[].degradationaccuratelyquite5[7,8,9,10,11,12,].failuresorcorrectlynot13[14,15,].dessuggestcircuitsle16[faultaccurate4[].elk-shortsanMenon,tanduraanaasum2(ECL)17[].faultsbridgingeECLitsandetherethatassumptions.arefailures.k-atstucobtained.hwhicfailures.complexeldel.18[ECLanleECLcircuitdescription.delmo18[].intermedconditions,LIduringdefectsebdevice.aincult.hsucfaults.detectingLogicCoupledECLysicalphdelmomonitoringtted.designtestableand7.ittrouoichottkytialerenamplitteremiin1.ransistors1and2guration.transistor1inputinthan1in1.heninexceeding1tthrough3transistors1and2.sinexceeding1t,1turnsand2turnsanMenon,tanduraanaasum3(ECL)1:itialmplier.region.inysstates.of1and2signals.erbasicgate19[er19[].circuitinputhighelslev1[].ytcurrenbiasensatedoutputs.theotorola1[ishdesigns.ECLto3.ran-sistors1,2with3of3(3edderivcircuit.stage4en-compswing.ECLws:transistor3will12heldasoltages(I).turnedtoI),3anMenon,tanduraanaasum4(ECL)2:ECLgate.ECLgate.anMenon,tanduraanaasum5(ECL)turns.urningof3of5(toof6(tostate,1and2areturnedand3turned.nghiof1,2and3terminals.logicandorandinlogic.aasoutput.the1and2path.leftwithoutoatinginputs.50tainmaindisconnected.edrivareoltagese.hwhicereceivconsumption.aof-2theline.resistorohm-2practice,1and2and-5.2.oltageks-1.3.usingforseparatereason1;2crosstalkofts.forfor.ransistor4formsorkork.ransistors5and6theconstituteoutputs.esistors9and10videdproECLgate.forin4.ECL.theepaths.illustratedisinue):()t():().increaseanMenon,tanduraanaasum6(ECL)4:s.elfunctiontheinexample,tegerand[3].autoinotat.ECLfaults.eforeterfaceined.theectobtained.ensopshorts.andECLenstorsecallofresistors).ECLanalyt-obtained20[noareassumptions.edI-1.85-1.47520[ationsul-2.00-1.475logicalidedI-1.105-0.810-1.105anMenon,tanduraanaasum7(ECL)5:tation.ofvsfailures.auten.mitteren.oen.mitteren.oen.mittermitterBaseohort.ohorttooectorhort.mitterBaseotomitterhort.mitterBaseotooectorhorttomitterhort.tomitterhort.tomitterhort.horttooectorhort.en.en.horttooectorhort.tomitterhort.tomitterhort.tooectorhort.anMenon,tanduraanaasum8(ECL)ault-free,1-17e).BB0.00‘1’.gates.he-1.475-1.105ndel.considered.allincludesshorts.heandngingroups12,andel.groupsoutput)taryenandinputnooutputs.failure1short.discon-inputswithortoequaldominatewilleri20[thatation0.des1eraturetemperformance.pfaults.anMenon,tanduraanaasum9(ECL)del.ECLdel.B.ECLin6.intheexercisingducingtroInand0.example,0onand1on.faultk-atariousvfailures.teenfailuresysicalofdelmoIn3,11indicatesor1.ysicalphfault-groups1,3,5,6,7,andusingaccuratelydel.faults12,andecomebdel.classicalanMenon,tanduraanaasum10(ECL)7:del.motheInoferagedel..gates.7igureerage.theere,anagate.sixusconsidered.faultthisdel.del,moendelmo5).offaultsthedel.0,0isoutputseenegroups2,4,9,11,15,16,andk-atstucdel.groups15,and17cases).aultgroups15,andfault.groups12(andfaultk-atdel.earappfree.ofgroupsfaultfaults.eranMenon,tanduraanaasum11(ECL)ndels.ΛΛΛΛinECLforoseddel.BanMenon,tanduraanaasum12(ECL)8:)(and()().e.eultipl0,0to0atk0.stucforand5.groups9,andtorequiredfaults.eralsevIfsingleossible2arentherethenfaults.canfault3arenthereeultiplfaults.tthethenas,i12i21[].faults,examplewherewithfaultossibleion.todoublei.e.substitutingandanMenon,tanduraanaasum13(ECL)forfortabletask.oftheapriorigate.groupisyof1and1.elyforand18.kstucwnknodel.moExcludingfault10,12,and73.58they94.33usingobtaineddoneisforhandling15,and17.tedn100theofobtained.faultk-atECLgate.delmoy18[obtainedisdescription.inwith690.56erage.groupsandin4in6.osedpropless.ooatsECL-andgates..ECL-faults.2-heECL-):(itsandfunction():()in8.eforeanMenon,tanduraanaasum14(ECL)ofvsfailures.autfreehorttomitterhort.mitterhort.oen.mitterhort.oen.mittermitterBaseohort.oen.mitterhort.oen.mitterhort.oen.mitterBaseohort.mitterBaseotooectorhort.mitterBaseoBasehort.hortmitterBasehorttooectorhorthort.Basehort.Basehort.tooectorhorthort.mitterhort.hort.Basehort.Basehort.Basehort.tooectorhort.tooectorhort.tooectorhort.tooectorhort.tooectorhorthort.enenenanMenon,tanduraanaasum15(ECL)ECL-gate.terfaceinstudied.ectin6.ossiblepshorts.ECL-ICE20[hardossibleresistors).ofoutputthegroupingin7..):(itsandt():().inappliedisECL-in9.inerewyfaulttime.wnossenefailures.tECL-outputanMenon,tanduraanaasum16(ECL)ault-free,1-1).BDBDanMenon,tanduraanaasum17(ECL)Complexdel.BDofallalmostfailures.ybfault-groupsdeled1,3,5,7,9,12,13,17,18,andusingaccuratelydel.faultsandecomebdel.theremaining,groups,faultexamined.39.28fault47.36ysicalphhigheradel..gates.10igureerage.theere,of-and-trueanMenon,tanduraanaasum18(ECL)10:del.mofunction.considered.10abledel.del,moendelmo10).offaultsthedel.groups2,4,6,8,10,11,14,15,16,20,21,22,23,24,25andfaultk-atdel.groups2,4,20,21,23and.thegroups,fault.groupsand29ysafree.2,4,20,21,andofoneECL-gatedeled.deledmogate.oftedaugmenfaults).canfaults0,0groupto00.nlyanMenon,tanduraanaasum19(ECL)eenECLate.inanMenon,tanduraanaasum20(ECL)Complexforoseddel.BDgroups14,15,16,22,25,andybfaults.todoublei.e.substituting2andfortableatask.oftheaprioriECL-gate.groupof0and1outputs.aryfor15,16,22,25,and30.eultipldel.mo90.78faultdelmo47.36etterbfor2,4,20,21,and24.generationestassumedare100ouldanMenon,tanduraanaasum21(ECL)ECLgate.obtained.theallfaultteddelmoy18[].al.ineultipl68.42rage.groups8,10,11,12,13,andwnshoinstructure9.usingobtainedebless.ould.ECLfaults.el2-levECLhe:function(:)in11.andanalysisstudied.engivinis11.transistors,anMenon,tanduraanaasum22(ECL)ofvsECL.authorttomitterhort.otomitterhort.Baseenhorttooectorhorttomittertooectorhortohorttomitterhort.tomitterhorttomitterhort.tooectorhorttomitterhortmitterBaseohort.en.hortmitteroectorBasehort.en.en.hortoectorBaseenoectorBaseen.horttooectorhort.oectorBaseen.hort.horttooectorhort.hort.tooectorhort.Basehort.tooectorhort.oen.shorts.ECL20[]ICEfailureshardresistors).circuittheariousvin12..inthedelECLin12.indelmooneanMenon,tanduraanaasum23(ECL)del.mo.thewithdelmofailures.tECLandoutputoftheallfailures.fault-ygroupsb2,3,5,7,11,andfaultk-atdel.faultsandcannothdel.delmoysicalphd.39.28theusing47.36section,nextfailuresysicaldel..gates.13igureerage.theere,of-and-truethefunction.considered.15abledel.del,moeendelanMenon,tanduraanaasum24(ECL)ECLgate(ault-free,1-18e).BBComplexdel.B13:del.anMenon,tanduraanaasum25(ECL)enECLate.inanMenon,tanduraanaasum26(ECL)Complexforoseddel.B15).offaultsthedel.groups2,4,6,8,10,11,14,15,16,20,21,22,23,24,25andfaultk-atdel.groups2,4,20,21,23and.thegroups,fault.groupsand29ysafree.2,4,20,21,andtheofECLisaloned.erlypropgate.glancerstoffaulttedfaults).eb0,0group1to00.nlygroups14,15,16,22,25,andybfaults.toi.e.2,substitutingandforobtainingandtask.ofwknoECLgate.faultanMenon,tanduraanaasum27(ECL)groupof0and1taryenfor15,16,22,25,26and30.sincefaultsdel.mo90.78faultdelmo47.36etterbfor2,4,20,21,and24.generationestassumedare100ouldwobtained.theallfaultteddelmoy18[].al.ineultipl68.42rage.groups8,10,11,12,13,andwnshoinstructure12.obtainederageconsideredeless.oruurrtonitorintheof22[23,tialotendevices.S1[It].areotherthediewingdratcurrenfault5faultunderfault-free.tialerenshortingas36turn.atanMenon,tanduraanaasum28(ECL)under5fault-free.andthetransistorsbias(36turn.ybECLconditions.sinorstabiitofthefailures,erroneousexhibitingoutputsfault-freetary10).ysicalphECLerroneous39theoferroneousoutputs66.66.ith,to-LIfaults.systems.theofinthesignal.fault-freeoutputthethatand0anMenon,tanduraanaasum29(ECL)gate.ECLdules.mo(i.e.terconnect).erro-exhibitneoustothethatandanccurred).ortodetecttmighe.aderhesituations.endtheyprobabilitofisccur.inusedeenwdemoation.erroneousfaultsunderandtrueerroneouscondition.igureanMenon,tanduraanaasum30(ECL)ingateerroneousthefault-freeconditions.oncusionsossiblepexamined.hasdelysicalphfailures.theothbdel.tedaugmengates.fordesigndetectingwithgatesdevices.hedetectingconditionserrorothertheations.unicAccommotsthankonoftegrated,rton,hisforsuggestions.rncs[1]..d,r.,,onductorInc.,ducts1988.ro[2].ilson,,Systemspp.esign,84-86,1986.y[3]aE..wn,.al,,..lein,.and.no,IEEE10-22,1990.anMenon,tanduraanaasum31(ECL)[4]..and..hs,,IEEE,pp.74,,1986.y[5]a.,and.ergniault,IEEEComputers,.une1980.[6]E.angir,,IEEE,8,1984.une[7].andI.er,areicrosyst.,30-36,1984.pr.[8]S.ai,.and.rinetto,Soft-,areicrosys.,44-53,1983.pr.[9].Case,,c.esignutomation1976.,[10]265-270pp.C.Conf.,c,.uehler,.C.ina,L.ess,,.546-553,1983.v.[11]o..es,IEEEandest,88-95,1985.pr.[12]..andSalama,,IEEE,pp.73,,1985.ug.[13]and..al,,.129-137.pp.[14]1983,.jsuman,..and..ana,,Cesignpp.Conf.,,1987.une[15]..a,..and.jsuman,,Computer78-81.anMenon,tanduraanaasum32(ECL)[16]..a,idyutupta,ura.ana,hitaranenonShoubaoang,IEEE,12th,1989.18-21,[17]prilC.eh,..E.andE.orku,,IEEE35-42,1982.v.[18]oC.L.iccolai,.S.viraghi,IEEc.art312-317,1988.v[19]o.ekin,,ergamonress,ew.170-172[20]pp.ork,L..agel,ElectronicsLab.,California,,emorandumL-520,1975.y[21]a.ci,..and..an,3.110-12[22]pp...S..Su,,ternational1982.Sep.[23]25-34,pp.C.Conference,.and.den,ternational1986.anMenon,tanduraanaasum33