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Abstract

Combiniig the advatags d MOS ad bpdar, Bi(® is aagig & a ma
techdqy far myligh pafarane dgtd ad ixalsigd apictias. Rewt ines
tigtias lee reedal tht mdgig faults cnle a mjar falve mbinl6E Ths pper
pesats dfats d bidgig falts inBOB draits. Bidjig falts lwenlgd wuits
vithat feedack adlgdcd uits vith feadadkae casidved Saard hidgig falts en

le dtected by Wi tai g the poer sygly amat (7 ppg mitairg). Effds d hidgig
falts ad hidgig resistare amatpt lggc leds lme een eaned dag with ther
dfts an mise imaity
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Analysis of Bridging faults in Double BI'T BCMOS G'rcuits

1 Introduction

Combinirg the advategs & MOS ad Bipda, BiMOS is engg s amja techdey fa my
high prfarae dgtd ad rixed sigd gpictias. Tle mn adategs d MOS tedrday
oa hipla ae love per dsdptian ad liger poking duity Bipla tediday dfas Ietter
aitpt arrat dive, sitdig sped 1/0 sped ad adeg cphility @i tle adatags
hpda adMOS, BiGOS dfes the fdlaingadatags| 1 ]; impoedspedoer G1OS, lowr poer
dsdption capmed to ipdar, fledbilityinl/O (TTL, EQ, MOS amptiblity), ligh prfarae
adeg apbility ad lad wp inmity Gpred to the M1OS cataprts, BIMOS draits an
te fater by afata d yio twia the sanled d tediday Aces tirs d les thn 1015 Tae
Teen reprted far 0.8 pmBiGIOS EQ. impt/atpt 256K ad IM-ht SRAMs [2 ]. BiMOS is een
g casicred far Hgh prfarae nogroesas ad dmic RAMs, adit is fdt tht it ¥l ke
aed tle mn tedidges to dive drst dl furtias in the dead dead [3 ]
Mot d the dets ad falues in pesat dy irtegded draits can te dstrated to shats ad
qes in tle irteraaredts ad dgadtiond’ dsias [4 ]. Trasista led shuts ad ges ol my
d tle i falues ad dfats in 16 [5 . A stul by Galiay [6 ] @ 4-ht MOS rogroesa
dip reeded tht may d the falts ae dlats ad ges & the trasista led. Amyis d falts
in deatay stdic stoap deats sgest thet trazistar led testig poids a lider oaxe d

falts cped to tht & the gte led [7 ]. Ths, it is reessay tostu the effets d fdlues & the
trasista led ad dsdop acuate falt rodls & this led [5 ]. Tle mja falt wlls & trasista
led ae stuk-a falts, ad stots ad qes o trasistas ad iterareds [8 ]- It hes heen stom [9

thet the stuk-a ol dws 16 coer Ay d the rfactuing dfects in BIMOS dwios ad tht
ot qpen falts mifest tlamdves & day falts.
Rapd adass, inressitg aaplesities and shirking dxice goetries in VL ST hie edded am
pexittegded draits tole mifatued fa edrady apex sptema loar asts. Vaias rads
d faluwes cn oo in swh aaplex VLST dwias, vere idig falts e leen slom to ke it
Hf  the falts in(MOS draits [10 ]. Awtler sty [ 11 |, beedanlaot led dfects g statisticd
ctafranfai i on prosess cod wds thet i g fadts cnte y1030% o dl falts. Hewe hidig
is airtat falue rak dichreds caefl adsstertic adysis. Bridiig falts lmelag len

regackd & a posible fdlue mweb in dgtd system [12 , B, U]. Dedled eansdias d hidig
falts in MOS/MMOS hwe leen pesated in [ , 6. Effets d stuk-avad gend trasistas in
EQ. OR/NOR gte ad2-led apex EQ. gies wre pesatedin [ 17 , B]. Biidirgfalts cnaar
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Figure 1: A D-BJT Bi CMOS Nand.

wtlin anitegaed drait a apirted drait bad dig rmfatuiga 4 alde stae Mot
tle litardue an i1 falts asues asirde gle led wd.
Tle st comn tye & BIMOS  draits eplgy hipla trasstas to famtlte fudian
diviigatpt lad adB1OS tomfanagc fudias. Inths pyer, whidly reiestlte graion
dadle BJT (D-BJT) Bi®MOS NAND dice Inthis pyer, e pesat tle dfets d hidig falts
ad hidirg resistaves anatpt legc leds ad duie arrat (1 ppq) is exaited dag vith thir
dfets anmise inmity
This ppr is amized & fdlos. Tle grdiond abwic BIGIOS NAND is eghared insedion
2. Sedian 3 dds vth hidirg wthinalgc daat. Sedias 4 adb woer hidigd lgd mods
tlat feedadk ad vith feedack resprtivdy Fimdly codwias dam franite stidy ae ghenin

stian 6.
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Aulysis of Bidging faults in Double BITBM® Grcui ts

2 D-BJT BiCMOS device

A Dalle BJT BiMOS NAND redizdianis stomin Figre 1. Tle fudicigd the BIGMOS NAND

cn b eghared by first qyinglage ‘0 toae a hthd the impts Wich wild case & lesst ae

P-dsicetole ON add lesst ae N-duice inechsarid N-pis tole OFF. Withd lest ae N-dsice

inechserid N-pirs g OFF, 1o carat is syglied tothe bse d Q) o Tesdtingin trasista () 2 g
OFF. With tle P-ciias (P 1 ad/a P 2) ON, tle bee d tle hipla NPN trasista wld le dut

5V syying ke caret ad turing ON the hpdar trasistar poidiglage ‘T & the atpt. With

dtler d theimpts Wrga lggc ‘0’ adtle dler it & loge ‘T wldstill case dther d the mdld

amedted P-diias tole ON ad dther o the series aomected N-dsies tole OFF. This wldstill

suypy e curat tothe hpdar trasistar ¢ 1 asglgc ‘T & the otpt. Withhththeimts &

lege T, the P-diiess (P 1adP ) wldketuredOFF, adtte N-dsies NV 1, Vo, Ny adN 4 widle
tured ON, sughsing bse aurert to Q) o Wichdsdmgs the led Tramista NV 1 adN o daworret
frartle bse d Q) 1 ths rpdy turing ths dsice OFF. Tlis Wil case tle atpt tole alggc 0’

Ths tle drait redizs tle NAND fudian It oy te nted thet tle stdic posr aasupion o the

drait is redig e rededing reverse hased leskage crrats. A D-BJT BiMOS gte axsists & MLOS

p adnats tomfamgc fudioy ad twatpt BJTs fa diviig the atpt ok

D-BJT Bi®MOS dsices ot Imetlefdl V pp toGrandlgesirgd G1OS duies. Tleatpt
Highdtaw (Vo) isliitad 0V pp-Veg(or) adatpt Lowdta (V or) islitted oV pp-Vag(gay
Vitmaz AV 1, e dtaned tole 2.2V ad 2.7V wepdivdy by firdig the %olf: = -1 piits
(19, 20] atle Wtae daateaistis. Tlelggclads fa BIMOS ae0.6V t02.2V falgclead 0 ad
2.7V t04.4V falgcled ‘T [21 . Aydtaebtwen2.2V ad2.7V is asidved indtarie Tle
dice daataistis gen fa Fuitsu BIMOS gie aray dsices [22 laeV 17min=2V, Vougmin=24V,

Vitma =08V adV orm.~0.5V.

Maja cass d hidig falts ae rdded to tle mnfatuing dfets. In the gadithgaly
stages d the rfatuirgpaess, dffradionadpoirityae the pirasare d ewss 1d asg
hidirg falts. Trprities ad dffdand 1etd ae dher sares respasiBe fa suhfalts. Effets d
impt ad atpt hiding falts in BiMOS duics ae exaired for lad bidrg & Wl & bidgig
wthayirg reistaes. Tle fdloig diritias ae wedin ths pyer.
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Figure 2: D-BJT Bi CMOS output bridging fault (Hard short).

3 Bridging within a logic element

Bridirg falts wtlin M OS ad GIOS lgc daats wae eaired in [23 . Sae hidjng falts
etilit the sandfet & stk mfalts [24 ]- It tes been stom [6 , 23] thet s inacapex gte
1t dredly aaresprrd to the rods inanequidet lgge rebwak ad e domeapes d hidig
falts tht cant le malled dredly & tle gte led.
Bridirg falts in hpdar dsices Fese een casicbred in [8 , 25, 26]. Shats in TTL duices resdt in
stk & ‘07, ‘T a ae udtetdle Slots in TTL NAND ad Q. fll aths wre eaired in [8
Aneatle [6 | & ashot vitlin a aplex gie dichis impsitle toradl by anatiad wHing
wb stom Wlhile suad the hidiig falts casidred in this das reslt intonlggcd atpt leds,
dhas reslt inlggc ‘07 adlgic ‘T. Tle cadl dfat d schhidingis to dter the fudian d the
lgc demt.

4 Bridging of logical nodes without feedback
Tnthis dass o hidirg falts, hidirgd laicd irpt adatpt wds d laic dawts ae aidred

Briditg n e dtler Tnd hidirg o fle hiditg cn elilit sgificrt mistawe. Tle dffats

hidig udr tad hidig ad for hidirg ¥wth sigificaat rsistae ae gwnin ths sdia fa

D-BJT BiMOS daics.
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Figure 3: D-BJT Bi CMOS output bridging fault (Hard short).

4.1 Hard bridging faults in D-BJT BiCMOS

Inthis susection w assum bad shats far hiding falts wdr amidrion In MLOS, tle dfeds

d hidirg cn ke ralled by takirg ittoacrt the reistages d the pils ad bidiig anetias

[b]. Gidr aladdut wentwD-BJT BiGIOS atpt inetes & domin Figre 2. Wlen

tle lggc leds & 1ods V' 1 adV 5 aesam i.e, 00 a 1, tlen thee is 1o drat pth from) pp to
gord ad lee, the samlggc leds, i.e, 00 a 1, ae mntdred sdyigtle ce denae d

tlerods is & lggc led Ligh (1) adthe dler rodis & legcled lom(0). A pihis aeded letwen

Vpp ad gord leadig to etaeed 1 ppg. Suhotpt hidig falts in BIMIOS cnle dtetal
g powr syply armat mitaing (1 ppQ witairg).

Sine a bad dhat is ssued far the hiding falt, Wtee leds qpainga o V' 1 is the sam
& tle dtae led gpaigd wbk V 2 (V1 = V). @uidr tle cdtion viere V/ 1 is & lggc led
‘T (trasista () 1 ON) adV 5 is & legc led ‘07 (tramista @ , ON). With the atpt hidirg falt
udr aasdrdion ad sire tle prasas o trasistas ¢ 1 ad @) ;aeﬂesanﬂeotptsdﬂes
a aeldf d tle atpt igh (‘1) lggc led (V on/2 =rm22V), foiptetas A B =0 lad10 s
slomin Figre 3. Sine tleeis adred pth fran/ pp togond ataed [ ppQ s ae dyerad
fa atpt lad hidiig falts. Hewe, curat mitaig (1 ppq) tediiques cn le injaated to
et such falts.

Tnanitiled retwrk, animpt hidiig falt enle adyedsilaty by cs drirg the hidig
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Figure 4: D-BJT Bi CMOS output bridgi ng fault (with significant resistance).
falt to ke atpt hidirg falt d e peias led.

4.2 Output bridging with varying resistances

Sine hidig is 1t a dibrde fedbue, it vt dvas te alad shat adin gred wyelibt
asigifiat rdstare A vayligh redstare myingly ahidig falt d o asqee Tle rag
d dwes edibtiigdgificat impd antle lgge dies is inestigted

(dridr tle tw BIMOS atpt stegs & slomin Figre 4 vth ukrom biding redistae

Rx. Whntlelgcledsa V 1 adV 5 aesag i.e, 00(1l), thentlee is o dret pth from)” pp 1o
gord leadrg to the samlggc leds, i.e, 00(1]) Mg mrtded & V/ 1adV 5. Whnaed tle
s is & lggc led ‘Higi (1) adtle dler b is & lage led ‘Lo (0) vitha bidiig resistare
d adgificat de (R x > 09), tleatpt lgc leds & V 1 adV o e tole studed
Spesindiond tle BiI®GOS atpt hidig falt ws dre far aning i diig resistawes ( R X)
ad the atpt 1ogc leds far leth the rods V' 1 adV 5 pdted ae stomin Figre 5. Tle irfeeawe
daw frarthis smddianis & fdlos:
() NakV | adV g rsind =V op/2 (~2.2V) fa hidig reistare R x < &~ 3Q. Oupt led d
~2.2V is dasified s lgc led ‘07 fa BiIMOS duies. Homer, the mds V 1adV o elibt dgadd
rase immity far these i g ved stawes.

(2) Nak V' 5 reis & lge led 07 fa dl hidig rsistavs. Homer, e inmity o tle
ok Vo is dgachd for lowr b g resi stawe s,
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Figure 6: Current [¢(¥p)] vs. bridging resistance for output bridging faults.
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Figure 7: Noise i mmuni ty of node; Winder S- BJT Bi CMOS output bridging fault.

(3) Fa hidig reistats >~ 3Q ad <~ 409, tle lgc led fo wk V' 1 is in the ‘Undfired
led. Tloghtle atpt 1gc led is intle ‘Undfired led, arrat mitaing cn ke wed to dteat
this hicirg
(4) Wlen hidig reistare is gedter thn~ 4092, tle hidjig is d 10 ameqere & tle lgic
led.
InEritter Gyled Logc drices wirg hpar trasistas, avudired gc led impt toaswees
sie stae 1y care an ‘udfired dtae led toapar & tle atpt [27 ]. nnMOS/MMOS dicss,
tle ‘Undfired led is irterpeted by the swessive stoe & dtler a ‘T a ‘07 dydrg an the lge
thestdd AsintMOS/MOS dices, tle swesde st d aBIMOS duice aplging thhpdar
ad MOS dwies ittapes o wdfired led & dtler a7 o ‘07 dpedrg o the loge theshdd
Figre 6 dos the amat [i(V pp)] danlytle dxies far aying hidig resistaes.
Estirtion d mise immity far hith the rods we caried at. Tle Wdtae led didred & the
towds (V1 adV 3) udh vaying hidig resistanes wedtdred Ndse inmityfa ‘Hidl 1ggc

led ws estiated by captitg the dffererce betwen the 1o Wdtege ad V/ IHmin (Mitmimpt
Wtaefa lgcled ‘Hidl). Siilaly miseimityfa ‘Lo¥lagc led ws estirted ly capting
tle dfferene tetwen V/ ILma » (Maimmimpt dtae fa lgic led ‘Lod) ad the b dtae
Nak V', redms & lgc led ‘L imeptive d the bidig reistae. Tle mise inmity d this
ok is lidly dgadd & lowtri g resistaves. Figre 7 slow wise inmity for ok V 9 udr
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Figure 8: Noise i mmuni ty of node; Winder S- BJT Bi CMOS output bridging fault.

‘Lo¥lagcled adtias. Degadd rise imrity & lowtn ding resistane cn ke senin Figre 7.

As tle atpt biding redstare inreeses, the ise immity d o V' o imresses. Figre 8 dlow

rise immity for b V 1 wir ‘Hidl lgc led adtion Tt e le seen thet undr ligh bidgig

resistaes, thelgcled stas atle et s (lggcled “H'). As the die d the bidiig resistace

is lomed (=402, tle rdse immityd tle b V' 1 falgcled ‘Higdi kegs gttingloer util nise

immity eaoes 2o Futher loming the de d ding resistace cases the ok V/ 1 tole a
avudfired led. @tinigtle poss d lomigtle die d the hiding redstares (lHow3€2)

resdts inlggc led ‘Lot & the b V' 1 Wichis afaltylggc led wth a ey lovmise inmity

(~0.006V), lewe cart Te senantle gt A lggc diee g divenlythis rob myirterpet this
faltylggc led amedly

5 Bridging of logical nodes with feedback

This das d hidiig falts dds vthlgd rads driviigits lggc die fraradher de tobidig

If the feedack lap dws 1t aatdn doked stage daats, then swdraos fedadk pils ae

freqertly irtrodeed trasfaring cabmicd Bak irfo an sydiaos ssqetid drait. Tt hs

eenstomthet if afeedack lapaatas motlniter f inesias, tenodlldias anoor [28 ]
Tle audos Maia seninthis das d hiding falts dyed oy pogpgtion day tise tim fdl
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Aulysis of Bidging faults in Double BITBM® Grcui ts

Input
Output

Figure 9: Feedback bridging across odd number of D- BJT Bi CMOS inverters.

tiras Wl & adq trasfa daadaisics d the hpla trasisias wedin tle dsice

To adye hidig falts d ths das, wsidr a abmtiad Bak vith impts A 1. A, ad
atpts 7 | ... Zy. GHdr tha iipt A 1 is hided with atpt 7 1 thagh a sffidat hidig
reistae (R x ). Asuiigtht animpt weda is gqpied udr dich thee is a sasitizd pth fron
Ay to Z ¢ thagh an ol niter  inesias. Wlhen A 1 isldcled ‘T, Z 1 is ‘07 vthat feednck
hidirg Tle sitwtianvll be dfferat in the presee o feedack hidirg (s dritg the ce ven
nise ad fdl tires ae nth siler caped to poegtion day then the atpt lagge led (7 1)

dags dter the ppgtioday Intle dvestioy edlldias Wl aar vee tle pgagtio
dHay dterires the dak prial  edlldias.

Ontle atray vden the ppgtion dayis sler thmtle ise a fdl tires, theatpt Wil stat
dagrg ae tle impt I irmtostdiliz This lead to asitition e atisg a fdlingimpt
sigd stats ifflwdng itdf in the gpite dredian bfae it reades the sitding thestdd  Tlis
Iemiar reads to be adyad wirg dmaic adyds tkingirto aart the trasiste daateistics,
ok cypdtawss e, & staic adyis dae wldg sifice

Tle tw cses ae illstraed in D-BJT BiMMOS gies vith a feedack hidirg falt wing SPIE
dnldimfa avatlmter  inater ddn(3 inatas) @ sonin Figre 9. Wlmtle pogpgtion
Hayws sill, fa eage, ae D-BJT BiGMOS gie adlldias dd wd car and tle \dtae led
sthilizd & an irterreddte led (udfired). Effets d hiding redstare udy feadack hidiig
ardtias we stded  Far lovhidiig resistaws, the dtae led stdilizd & iteralde led.
Hower, s the dwe d hiding reistae w inresed tle dfet d hidig leae ingificat,
resdtitg in aredt 1gc leds.

Wilen popgtion dlay is sffidetly lag (vith3 o e inasias & D-BJT BiMOS stags),
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Figure 10: Plots illustrati ng oscillati ons under bridging fault with feedback bridging (a) Input
si gnal (b) Fault- free operation (c) Oscillati ons under feedback bri dging.
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Aulysis of Bidging faults in Double BITBM® Grcui ts

adlldias car. Wlen tle hidig redstawe (R x ) is sdfidatly sl, tle odlldias wll tach
dtler ‘0” a ‘T. Wlen peption day is jwt sdlidatly lag aogh fa edlldias, it 6l case

sigds to aos tle theskdd Wdtag, ad the requiraat fo edlldio [ | toaar is dsredto e
& gvenbdow
lpd > tr—lz_tf

Wlaet 4 is the popgtion day ¢ » 1s tle risetima ax ¢ y is the fdl-tim

Bage SPIE smdiaugaspmific st d prades fa addand D-BJT BiGMOS NAND
gies edilited tle fdloig daateistics: ¢ pd/gte= 0.50 Bes, ¢ ,= 12 1Bas, t = 12 1bas Tle
dwe daataistics swest tht edllaios wild ccor wthapggtiodayd 15 1bes far the
die dian Sinldias bt edibit odlldias ith ae dsice (¢ pa=0.51Bas) bt adlldias &
aar Wtha dsice dind 3 (¢ pd= 15 1bex), & somin Figre 1.

6 Conclusions

Effets d hidirg falts in BIGIOS dsics wae eaited Rag o redstare duws dfeding the

lgicleds in BIMOS udr hidigd el s vithat feedak ws presated dag vith ther

dfets a mise immity Poer syply curat (1 ppg) mitaig fa dtetion d hidiig falts ws
shom Feedack hidirg falts resdting in sdlldias ws pesated
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