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Abstract

Combining the advantages of CMOS and bipolar, BiCMOS is emerging as a major

technology formanyhighperformancedigital andmixedsignal applications. Recent inves-

tigations haverevealedthat bridgingfaults canbeamajor failuremodeinICs. This paper

presentse�ectsof bridgingfaults inBiCMOScircuits. Bridgingfaults betweenlogical units

without feedback andlogical unitswithfeedbackareconsidered. Several bridgingfaults can

bedetectedbymonitoringthepowersupplycurrent (I DDQ monitoring). E�ects of bridging

faults andbridging resistance onoutput logic levels havebeenexaminedalongwiththeir

e�ects onnoise immunity.
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tr ct

Combining the advantages of C and ipolar, iC is emergingas amajor technology formany

high performance digital andmixed signal applications. he main advantages of C technology

over bipolar are lower power dissipation andhigher pac ing density. ipolar technology o ers better

output current drive, switching speed, I speed andanalog capability. Combining the advantages of

bipolarandC , iC o ersthefollowingadvantages[1 ]; improvedspeedoverC , lowerpower

dissipationcomparedtobipolar, exibilityinI , C , C compatibility , highperformance

analogcapabilityandlatchupimmunity. Comparedto the C counterparts, iC circuits can

be faster bya factor of upto twofor the same level of technology. ccess times of less than1 ns have

beenreportedfor . m iC C input output and1 -bit s [ ]. iC is even

beingconsideredfor highperformancemicroprocessors anddynamic s, andit is felt that it will be

oneof themaintechnologies todrivealmost all functions inthe decade ahead[ ].

ost of the defects andfailures inpresent dayintegratedcircuits canbe abstractedto shorts and

opens inthe interconnects anddegradationof devices [ ]. ransistor level shorts andopens model many

of the physical failures and defects in ICs [ ]. study by ailiay [ ] on -bit microprocessor

chips revealedthat manyof the faults were shorts andopens at the transistor level. nalysis of faults

inelementarystatic storage elements suggest that transistor level testingprovides ahigher coverage of

faults comparedtothat at the gate level [ ]. hus, it is necessarytostudythe e ects of failures at the

transistor level anddevelopaccurate fault models at this level [ ]. hemajor fault models at transistor

level are stuc -at faults, andshorts andopens of transistors andinterconnects [ ]. It has beenshown[ ]

that the stuc -atmodel does not covermanyof themanufacturingdefects in iC devices andthat

most openfaults manifest themselves as delayfaults.

apidadvances, increasingcomplexities andshrin ingdevice geometries in I haveenabledcom-

plexintegratedcircuits tobemanufacturedfor extremelycomplexsystemsat lowercosts. ariousmodes

of failures canoccur insuchcomplex I devices, where bridging faults havebeenshowntobe about

half of thefaults inC circuits [1 ]. nother study[11 ], basedonlayout level defects usingstatistical

datafromfabricationprocessconcludes thatbridgingfaults canbeupto of all faults. ence, bridging

is animportant failuremodewhichneeds careful andsystematicanalysis. ridgingfaults havelongbeen

regardedas a possible failure mode in digital systems [1 , 1 , 1 ]. etailed examinations of bridging

faults inn C have beenpresentedin [1 , 1 ]. ects of stuc -onandopenof transistors in

C gateand -level complex C gates werepresentedin[1 , 1 ]. ridgingfaults canoccur
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withinanintegratedcircuit or aprintedcircuit boardduringmanufacturingor at alater stage. ost of

the literature onbridging faults assumes asimple gate level model.

he most commontype of iC circuits employbipolar transistors to performthe functionof

drivingoutput loads andC toperformlogic functions. Inthis paper, webrie yreviewtheoperation

of adouble - iC device. Inthis paper, wepresent thee ects of bridgingfaults

andbridging resistances onoutput logic levels anddevice current I DDQ is examinedalongwiththeir

e ects onnoise immunity.

his paper is organizedas follows. he operationof abasic iC is explainedinsection

. ection deals withbridgingwithinalogic element. ections and cover bridgingof logical nodes

without feedbac andwithfeedbac respectively. inally, conclusions drawnfromthe studyaregivenin

section .
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ouble iC realizationis shownin igure1. hefunctioningof the iC

canbe explainedby rst applying logic ` ' toone or bothof the inputs whichwouldcause at least one

-devicetobe andat least one -device ineachserial -pairs tobe . ithat least one -device

ineachserial -pairs being , nocurrent is suppliedtothebaseof 2 resultingintransistor 2 being

. iththe -devices and or 2 , the base of the bipolar transistor wouldbe about

supplyingbasecurrent andturning thebipolar transistor providinglogic `1' at theoutput. ith

eitherof the inputs beingat logic ` ' andtheother input at logic `1' wouldstill causeeither of theparallel

connected -devices tobe andeither of the series connected -devices tobe . his wouldstill

supplybasecurrent tothebipolar transistor causinglogic `1' at theoutput. ithboththe inputs at

logic`1', the -devices and 2 wouldbeturned , andthe -devices , 2, and wouldbe

turned , supplyingbase current to 2 whichdischarges the load. ransistor and 2 drawcurrent

fromthe base of thus rapidly turningthis device . his will cause the output tobe a logic ` '.

hus the circuit realizes the function. It maybe notedthat the static power consumptionof the

circuit is negligible neglectingreversebiasedlea agecurrents. - iC gateconsists of C

p- andn-parts toperformlogic function, andtwooutput s for driving the output node.

- iC devicesdonothavethefull DD to roundlogicswingof C devices. heoutput

ighvoltage is limitedto DD- (Q ) andoutput owvoltage is limitedto DD- (Q2).

a and were determinedtobe . and . respectively, by nding the o -1points

[1 , ] onthevoltagecharacteristics. he logic levels for iC are . to . for logic level ` ' and

. to . for logic level `1' [ 1 ]. nyvoltagebetween . and . is consideredindeterminate. he

device characteristics givenfor ujitsu iC gate arraydevices [ ] are , . ,

a . and a . .

ajor causes of bridging faults are relatedto the manufacturingdefects. In the photolithography

stagesof themanufacturingprocess, di ractionandproximityaretheprimesourceof excessmetal causing

bridgingfaults. Impurities anddi usionof metal areother sources responsible for suchfaults. ects of

input andoutput bridging faults in iC devices are examinedfor hardbriding as well as bridging

withvaryingresistances. he followingde nitions are usedinthis paper.
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r t a c t

ridging faults within n andC logic elements were examined in [ ]. ome bridging faults

exhibit the samee ect as stuc onfaults [ ]. It has beenshown[ , ] that nodes inacomplexgatedo

notdirectlycorrespondtothenodes inane uivalent logic networ andhaveshownexamples of bridging

faults that cannot bemodeleddirectlyat the gate level.

ridgingfaults inbipolar devices havebeenconsideredin[ , , ]. horts in devices result in

stuc at ` ', `1' or are undetectable. horts in andC C full adders wereexaminedin[ ].

nexample [ ] of ashort withinacomplexgatewhichis impossible tomodel byconventional modeling

was shown. hile someof the bridgingfaults consideredinthis class result innon-logical output levels,

others result in logic ` ' andlogic `1'. he overall e ect of suchbridging is toalter the functionof the

logic element.

r ca s t t bac

Inthis classof bridgingfaults, bridgingof logical input andoutputnodes of logicelementsareconsidered.

ridging canbe either hardbridging or the bridging canexhibit signi cant resistance. he e ects of

bridging under hardbridging and for bridging with signi cant resistance are given in this section for

- iC devices.
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Inthis subsectionweassume hardshorts for bridging faults under consideration. InC , the e ects

of bridgingcanbemodeledbyta ingintoaccount the resistances of the paths andbridgingconnections

[1 ]. Consider ahardshort betweentwo - iC output inverters as shownin igure . hen

the logic levels at nodes and 2 are same, i.e., or 11, thenthere is nodirect path from DD to

groundandhence, the same logic levels, i.e., or 11, aremaintained. Consideringthecasewhenoneof

thenodes is at logic level high 1 andtheother node is at logic level low . pathis createdbetween

DD andgroundleading toenhancedI DDQ. uchoutput bridging faults in iC canbe detected

usingpower supplycurrentmonitoring I DDQ monitoring .

ince ahardshort is assumedfor the bridging fault, voltage levels appearingat node is the same

as the voltage level appearing at node 2 2 . Consider the conditionwhere is at logic level

`1' transistor and 2 is at logic level ` ' transistor 2 . ith the output bridging fault

under considerationandsince the parameters of transistors and 2 are the same, the output settles

at one-half of the output high `1' logic level . , for input vectors 1and1 as

shownin igure . ince there is adirect pathfrom DD toground, enhancedI DDQ values areobserved

for output hardbridging faults. ence, current monitoring I DDQ techni ues canbe implementedto

detect suchfaults.

Inamultilevel networ , aninput bridgingfault canbeanalyzedsimilarlybyconsideringthebridging
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fault tobe output bridgingfault of the previous level.

ince bridging is not adeliberate feature, it maynot always be ahardshort andingeneral mayexhibit

asigni cant resistance. veryhighresistancemayimplyabridgingfault of noconse uence. he range

of values exhibitingsigni cant impact onthe logic values is investigated.

Consider the two iC output stages as shownin igure withun nownbridging resistance

. henthe logic levels at and 2 are same, i.e., 11 , thenthere is nodirect pathfrom DD to

ground, leading to the same logic levels, i.e., 11 beingmaintainedat and 2. henone of the

nodes is at logic level ` igh' 1 andthe other node is at logic level ` ow' withabridgingresistance

of asigni cant value , the output logic levels at and 2 needs tobe studied.

pice simulationof the iC outputbridgingfaultwasdoneforvaryingbridgingresistances

andthe output logic levels for boththe nodes and 2 plottedare shownin igure . he inference

drawnfromthis simulationis as follows

1 ode and 2 remainat . for bridgingresistance . utput level of

. is classi edas logic level ` ' for iC devices. owever, thenodes and 2 exhibit degraded

noise immunityfor these bridgingresistances.

ode 2 remains at logic level ` ' for all bridging resistances. owever, noise immunityof the

node 2 is degradedfor lower bridgingresistance values.
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or bridging resistances and , the logic level for node is in the ` nde ned'

level. houghthe output logic level is inthe ` nde ned' level, currentmonitoringcanbeusedtodetect

this bridging.

henbridging resistance is greater than , the bridging is of noconse uence at the logic

level.

In mitterCoupled ogicdevices usingbipolar transistors, anunde nedlogic level input toasucces-

sivestagemaycause an`unde ned' voltage level toappear at theoutput [ ]. Inn C devices,

the ` nde ned' level is interpretedbythe successive stage as either a `1' or ` ' depending onthe logic

threshold. s inn C devices, the successivestageof a iC device employingbothbipolar

andC devices interprets anunde ned level as either a`1' or ` ' depending onthe logic threshold.

igure shows the current [i DD ] drawnbythe devices for varyingbridgingresistances.

stimationof noise immunityfor boththe nodes werecarriedout. he voltage level obtainedat the

twonodes and 2 under varyingbridgingresistances wereobtained. oise immunityfor ` igh' logic

level was estimatedbycomputingthe di erence betweenthe node voltageand inimuminput

voltagefor logic level ` igh' . imilarly, noise immunityfor ` ow' logic level wasestimatedbycomputing

thedi erence between a aximuminput voltage for logic level ` ow' andthe node voltage.

ode 2 remains at logic level ` ' irrespective of the bridging resistance. he noise immunityof this

node is highlydegradedat lowbridging resistances. igure shows noise immunityfor node 2 under
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` ow' logic level conditions. egradednoise immunityat lowbridgingresistancecanbe seenin igure .

s the output bridging resistance increases, the noise immunityof node 2 increases. igure shows

noise immunityfor node under ` igh' logic level condition. It canbe seenthat under highbridging

resistances, thelogic level staysonthecorrect side logic level ` ' . s thevalueof thebridgingresistance

is lowered , thenoise immunityof thenode for logic level ` igh' eeps gettingloweruntil noise

immunitybecomes zero. urther loweringthe value of bridging resistance causes the node tobe at

anunde nedlevel. Continuingtheprocess of loweringthe valueof the bridgingresistances below

results in logic level ` ow' at the node whichis a faulty logic level withaverylownoise immunity

. , hence cannot be seenontheplot. logicdevice beingdrivenbythis nodemayinterpret this

faultylogic level correctly.

r ca s t bac

his class of bridgingfaults deals withlogical nodes derivingits logicvaluefromanotherdue tobridging.

If the feedbac loopdoes not containcloc edstorage elements, thenasynchronous feedbac paths are

fre uentlyintroducedtransformingcombinational bloc intoanasynchronous se uential circuit. It has

beenshownthat if afeedbac loopcontains anoddnumberof inversions, thenoscillations canoccur [ ].

heanomalous behavior seeninthis class of bridgingfaults depends onpropagationdelay, rise time, fall
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Input

Output

i ure : ee a ri i n a r nu er - i i n er er .

time aswell as analogtransfer characteristics of the bipolar transistors usedinthe device.

oanalyze bridging faults of this class, consider a combinational bloc with inputs ... and

outputs .... . Consider that input is bridgedwith output througha su cient bridging

resistance . ssumingthat aninput vector is appliedunder whichthere is asensitizedpathfrom

to throughanoddnumber of inversions. hen is logic level `1', is ` ' without feedbac

bridging. he situationwill be di erent inthepresence of feedbac bridging. Consideringthecasewhen

rise and fall times are muchsmaller compared to propagationdelay, then the output logic level

changesafter thepropagationdelay. Intheabovesituation, oscillations will occurwhere thepropagation

delaydetermines the cloc periodof oscillations.

nthecontrary, whenthepropagationdelayis smaller thantheriseor fall times, theoutputwill start

changingbefore the input has time tostabilize. his leads toasituationwhere arisingor falling input

signal starts in uencing itself in the opposite directionbefore it reaches the switching threshold. his

behavior needs tobe analyzedusingdynamic analysis ta ingintoaccount the transistor characteristics,

node capacitances etc., as static analysis alonewouldnot su ce.

he twocases are illustratedin - iC gates withafeedbac bridging fault using IC

simulationfor anoddnumberof inverterchain inverters as shownin igure . henthepropagation

delaywas small, for example, one - iC gate, oscillations didnot occur andthe voltage level

stabilized at an intermediate level unde ned. ects of bridging resistance under feedbac bridging

conditions were studied. or lowbridging resistances, the voltage level stabilizedat intermediate level.

owever, as the value of bridging resistance was increased, the e ect of bridging became insigni cant,

resultingincorrect logic levels.

henpropagationdelayis su ciently large with or more inversions of - iC stages ,
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oscillations occur. hen the bridging resistance is su ciently small, the oscillations will touch

either ` ' or `1'. henpropagationdelay is just su ciently large enough for oscillations, it will cause

signals tocross the thresholdvoltage, andthe re uirement for oscillation[1 ] tooccur is observedtobe

as givenbelow.

2

here is the propagationdelay, is the rise-time and is the fall-time.

Example IC simulationusingaspeci c setof parameters forachainof - iC

gates exhibited the following characteristics gate . n ecs, 1. n ecs, 1. n ecs. he

abovecharacteristics suggest that oscillations wouldoccur withapropagationdelayof 1. n ecs for the

device chain. imulations donot exhibit oscillations withone device . n ecs but oscillations do

occur withadevice chainof 1. n ecs , as shownin igure 1 .

c s s

ects of bridging faults in iC devices were examined. ange of resistance values a ecting the

logic levels in iC under bridgingof logical nodes without feedbac was presentedalongwiththeir

e ects onnoise immunity. ower supplycurrent I DDQ monitoringfor detectionof bridging faults was

shown. eedbac bridging faults resultinginoscillations was presented.
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