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Abstract

This paper deals with the problems involved in testincresistors shows that this fault model has sufficient

large mixed-signal ICs. To assist in generating test
patterns of large mixed-signal circuits for functional
tests, a fault model "voltage stuck-at fault" and a fast
fault simulation algorithm are proposed.

coverage (more than 50% of the faults) to test mixed-

signal circuits.
Based on this fault model, a fault simulation
algorithm has been designed. The fault simulation is

In this voltage stuck-at fault model, a signal line sticksrealized by an event driven method and a concurrent
to a constant voltage level. Under the assumption that method and detects voltage stuck-at faults. These
the blocks in a circuit are identically designed as methods are essential for digital fault simulation and are
current-independent, i.e. their input impedance is extremely effective to high speed simulation. Actually,
regarded as infinite and their output impedance as zeroa fault simulator was implemented, and some test
To verify the validity of this fault model, fault analysis  circuits were simulated. The simulator was found to be
was applied to several bipolar ICs. The analysis of ope more than 50 times faster than the conventional one

and short faults between terminals of transistors and  which was based on the circuit simulation.
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Fig. 1  Functional model of an amplifier.
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Table 1 The result of fault analysis using comparator.

Total Differential Output  Current supplying
block block block

Injected faults 100 42 34 24
\oltage stuck-at
faults 44 23 8 13
Other faults

Irregular voltages 74 36 17 19

Irregular currents 14 8 3 3

Table 2 The result of fault analysis using non-invertive amplifier.

Total Differential Output  Current supplying
block block block

Injected faults 100 42 34 24
\oltage stuck-at
faults 38 24 8 6
Other faults

Irregular voltages| 69 37 16 16

Irregular currents 11 4 4 3

Table 3 The result of fault analysis using other circuits.

opamp2 (cprt)

opamp2 (amp)

cprtl cprt2

Injected faults 208

208 182 196

\oltage stuck-at

faults 99 (47.5%) 105 (50.4%) 119 (65.3%) 111 (56.6%)
Other faults
Irregular voltages 126 130 149 138
Irregular currents 18 17 20 25
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Table 4 The result of fault analysis using digital

circuits.
inv  bufh
Injected faults 54 112
\oltage stuck-at
faults 40 60
Other faults
Irregular voltages| 46 103
Irregular currents 4 6
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Fig. 5

Comparator.
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Table 5 Effect on fan-in pins.

Faulty net Faulty range Effective range-  Effective rangen—
pl [05 3] 2 4] 3
p2 [0 1] 4 [0 1.33]
p2 [1 1.5] 3 1] [1.33 2]
p2 2 3] [3.5 3.25] [0 0.5]
p2 [3 4] [3.25 3] 3
p3 [1 2] 4 [0 0.5]

Numbers not in parentheses present correct values.
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Fig. 7 The I/O relation of the example circuit.

Table 7 Functionality of blocks.

AMP : Amplifier
Fig. 6 An example of mixed-signal circuits. Vip <3V | =30V
-3V <V, <3V | V,x 10V
Vi, >3V | 30V
Table 6 Effect on fan-out pin. Otherwise | Undefined
Faulty net Faulty range Effeiﬁt+ive range Ef{ﬁftive range E(l;flictive range NOR : 2 inputs NOR
pl [1.75 3] [3 4] 3 5 V,>2V | OV
pl [0.5 1.75] [2 2.5] 3 [0 0] V,>2V | OV
p2 [0 1] 4 [0 1.33] 5 V,< 2V andVv,<2V | 5V
p2 [1 1.3] [3 1.75] [1.33 1.75] 5 Otherwise | Undefined
p2 [1.3 1.5] [1.75 1] [1.75 2] [0 0]
p2 [2 3] [3.5 3.25] [0 0.5] 5 ASW : Analog switch
p2 [3 4] [3.25 3] 3 5 Vi, > 2V | 12V
p3 [1 2] 4 [0 0.5] 5 Vi, <2V | OV
Numbers not in parentheses present correct values. Otherwise | Undefined
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Table 8 Transmission of faults in an example circuit.

Signal line | Correct value Detectable faults

a 0.1

d 1.0 (d [0.0 5.0] [0.0 5.0])
e 5.0 (d [1.5 5.0] [5.0 5.0])
f 0.0 (d [3.5 5.0] [5.0 5.0])
h 5.0 (d [3.5 5.0] [0.0 0.0])
g 0.0 (d [3.5 5.0] [5.0 5.0])
[ 0.0 (d [3.5 5.0] [12.0 12.0])

Table 9 Fault propagation at block b3.

Faulty net Faulty range Iint) d(n-) e ou)
d [0.0 1.5] 1.5 [0.0 1.5] 5.0 (correct)
d [1.5 5.0] 15 [1.5 5.0] [0.0 0.0]

Table 10 Fault propagation at block b2.

Faulty net Faulty range dintt) c(n-) f (out)
d [0.0 3.5] [0.0 3.5] 3.5 0.0 (correct)
d [3.5 5.0] [3.5 5.0] 35 [5.0 5.0]
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Table 11 Fault propagation at block b5.

Faulty net  Faulty range h e g

d [1.5 5.0] 5.0 [0.0 0.0] 0.0 (correct)

Table 12 Fault propagation at block b4.

Faulty net Faulty range g f h

d 3550 | 00 [5050] [0.0 0.0]

Table 13 Second fault propagation at block b5.

Faulty net Faulty range h e g
d [1.5 3.5] 5.0 [0.0 0.0] 0.0 (correct)
d [3.5 5.0] | [0.0 0.0] [0.0 0.0] [5.0 5.0]
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Table 14 Circuits of test run.

Circuit # of blocks # of events pattern
(analog/digital) in input pattern
C1* 4/2 15
Cc2 8/92 45
C3 4/64 76
*: Clis a circuit shown in Fig. 7
Table 15 Results of test run.
Circuit Fault coverage execution # of total
at each line (%) time (sec) events
C1 95 - 100 53.18 203
Cc2 0-100 5229.41 10593
C3 44.5 - 100 24279.16 40548
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