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Abstract

BiCMOS circuits mixed with CMOS and bipolar technologies show peculiar fault characteristics
that are different from those of other technologies. It has been reported that because most of short
faults in BICMOS circuits cause logically intermediate level at outputs, current monitoring method
is required to detect these faults. However current monitoring requires additional hardware
capabilities in the testing equipment and evaluation of test responses can be more difficult.

In this paper, we analyze the characteristics of faults in BiCMOS circuit together with their
test methods and propose a new design technique for testability to detect the faults by logic
monitoring. An effective method to detect the transition delay faults induced by performance
degradation by the open or short fault of bipolar transistors in BiCMOS circuits is presented. The
proposed design-for-testability methods for BiCMOS circuits are confirmed by the SPICE
simulation.
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Fig. 1. A complex 3 input BiCMOS circuit.
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Table 1. Fault characteristics for the
BiCMOS circuit of figure 1.
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Fig. 6. A testable BICMOS circuit.
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Table 3. Faults groups classified by
characteristics.
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F1(MIsDS) M2sDS ,M3sDS,AlsDS

F2(M7sDS) M8sDS . M9sDS A3sDS
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F7(M3sGS) M2sGS,M5sGS,A25GS
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Fig. 7. Simulation result for the fault F1.

34 Y3 B AE go)3} A

wER st

WA AE 7} offEle] EiARE A} geiy £
< 3 s Alelzt =o] B3] A s S
HEo] dwl =g 03hE 2l §Algc} =25 o
A A9 vAE A" T1E olr7lshd A4d 249
A Fateg 9L =8 03hs Zerh HAEd
5] T2E ol7}sbd CT1s} CT27} (0,0)elmz Ec}
2 AdET EY7AEE $48 "ok a=x
Fol| osted MI1EMRA] A7} 31 ghol] AN
°l f‘% L on¥lo] gl AT o] Fatslmg Vdd,
M1, M2, M3, AlEaIX|~E 2 olojX|&= ZEE &
3 Q14 wlolxe) HFr) TFE FYE =8 1§
zkA) "k wleba] oA HAE "™ T1, T240 9
st YAl 02 2w wAatde 18 ooz wAt
o] A&Hct. 18 79 (b= 332 YAz 2o
Algdo]ld AE vlwgh Zelc) Algkst AA WA
o] &zted 17 79 (b))} Fo] A3 Rel wAI R
o] ZHo]l M2 I FE|hg veplinz 349
e Ee] 7VestA "ok E 39 A B A
< 2|2 HEY 5 9o

"‘jr—{o

B 4. %39 549 A4S HE HAE A"
Table 4. Test patterns for the faults groups

of table 3.
HA~E R E 9] H 2 E 3§l {TI(AB.C.CTI.CT2).
EAY RELY T2(A.B.C.CTL.CT2)}
Fl {(0,1,1.1,1),(1.0.0.0.0)}
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Fa {(1,0,1.0.1),(1,1,0.0.0)}
F3 {(0,0,0,0,0),(0,1,1,1,0)}
F6 {(0,0,0,0,0),(0,0,0,1,1)}
F7 {(0,0,1,0,1),(0,1,0,1,1)}

E 4o 39 HlAE mro] EXNW FEyAE 7
Z317] A3 dH2E SRIES AlAsk *ﬂL g AdA
Al = Zh el AESHES Abgsle] Fiuake) 7
$¢} mlzrlA 2 F2 ~ F79) A2 =2 nuEg
Al g A& 4 ok 24 2ak 4 Alg) Hlae
B2 #Falsr] ¢lsle] wdwk BICMOSE 291 okt
Bl ~E7} go)gk BICMOSS| 2ol thal] AlE#He)d &

(1435)



1994% 10 EFT$EHGE £31 8 AR £10 %

500 e
0
|
\
100 i |
= H normat cutput E
&2 Vo s=—— faully outpul
=2 ¢
= ‘
= ]
100 i
Lo —— - - —
000
100 4 —
000 2000 000 60.00
Time (ns)

179

(b) Altgt H|AE7} golq BICMOSE 29| 7-¢-

% 8. F2 2l izl s 2AgdleldA
Fig. 8. Simulation result for the fault F2.
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Fig. 11. Simulation result for the fault F5.
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