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Modifying Test Vectors
to Reduce Power Dissipation for Sequential Circuits

YOSHINOBU HiGAMI,t SHIN-YA KOBAYASHIt and YUZO TAKAMATSUt

In testing of VLSIs designed for low power dissipation, test vectors that avoid excessive
power dissipation should be applied. In this paper, we propose a method to modify test vec-
tors for reducing power dissipation in CMOS sequential circuits. Since the power dissipation
is proportional to the number of gates with signal value transitions, we modify test vectors
so that they bring less number of gates with signal value transitions. First, we partition a
given test sequence into several subsequences, and classify them into (1) subsequences that
transfer a circuit to a specific state, and (2) subsequences that activate faults and propagate
effects of faults to primary outputs. Next we modify test vectors by changing the value at a
primary input one by one. The original stuck-at fault coverage is guaranteed by logic simu-
lation for subsequences in (1), and by fault simulation for subsequences in (2). The proposed
method is implemented by C language, and its effectiveness is shown by experimental results
for ISCAS’89 benchmark circuits.
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Fig.1 Definition of state.
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Table 1 Example of fault propagation.
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Algorithm: Modification of test vectors in a state-transition subsequence
* T : a set including times when target test vectors are applied *

/* T= {tstart7 tstart+1, - tend} *

/* tstart : time when the first test vector in the target subsequence is applied */
tenq @ time when the last test vector in the target subsequence is applied *>Z
/* tr, : time when the last test vector in the original test sequence is applied

/* tr_gate(z) : the number of transition gates in time z *

/* sy : present state in time z */

/* maz_tr_gate : the maximum number in tr_gate(z) */

/* PI : primary input at the x-th position */
/* vz : test vector applied in time z */
: while (T # ¢

Select a time ¢ among T such that tr_gate(t) is the maximum;

1
2
3 T=T-{t}

4: 1=1;n_farl = 0;

5:  while ( n_fail # the number of primary inputs )
6 : Invert the value at PI; of v

7 Make the circuit state s¢—1;

8 Logic simulation with application of v¢_1;

9 Jor (§=t:5 <tena+1&& j<tr;j++)

10 : Capture values at input lines of flip-flops as a present state;
11: Logic simulation with application of v;;
12 : Calculate the number of transition gates and store it in tr_gate_new(j);
13 : if ( tr_gate_new(j) > maz_tr_gate )
14 : goto FAILED;
15 : else if ( i . tr_gate_new(k) < E L _gate(k) && the present state is equivalent to s; )
16 : n_fail =0;
17 : Update s and tr_gate(k) for t < k < j;
18 : goto NEXT;
19 : FAILED :
20 : n_fail ++;
21 : Invert the value at PI; in vy;
22 : NEXT :
23 : i+ 4+
3451 : if (4 >1 the number of primary inputs )
: 1 =1;

02 [0OO0000OOOOOOOOOoOOoOoDOOOOODbOoO
Fig.2 Algorithm to modify test vectors in a state-transition subsequence.
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Table 2 Example of a test sequence.
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Function: Fault simulation for a fault-detecting subsequence

eturn FAIL ;
: Make the circuit state s¢ .45
: fOT(j:‘tstart 30 < tend ;i++)

Drop detected faults from F ;
if(F==¢)

: Return SUCCESS ;

0 : Return FAIL ;

HOWOJDUU A WN -

Fault simulation with application of test vector v; ;

: Collect faults that are detected at tstqrt tO tenq for the first time, and include them in F
: if ( the cardinality of F' is larger than MAX_FAULT )

03 0O00000O0O0oooooooooooo
Fig.3 Fault simulation for a fault-detecting subsequence.
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Table 3  Classification of test vectors.
circuit [ total D P D+P S rate(%)
s344 127 43 25 68 59 46.5
349 134 46 25 71 63 47.0
382 2074 52 271 323 1751 84.4
5386 286 93 28 121 165 57.7
s400 2214 55 423 478 1736 78.4
s420 166 31 46 77 89 53.6
s444 2240 57 264 321 1919 85.7
$526 2258 47 1365 1412 846 37.5
s641 209 94 31 125 84 40.2
s713 173 87 22 109 64 37.0
820 1115 189 88 277 838 75.2
832 1137 192 108 300 837 73.6
s1196 435 246 69 315 120 27.6
s1238 475 269 109 378 97 20.4
51423 150 67 83 150 0 0
51488 1170 187 61 248 922 78.8
51494 1245 186 63 249 996 80.0
55378 912 199 557 756 156 17.1
535932 496 182 150 332 164 33.1
DOOUO0O0O0O0O0OO0DOPOOOOOUOOOOOSOODOODOODD
04 00000000
Table 4 Average number of transition gates.
circuit [ original  state-seq  detect-seq sum rate(%) cpu(s)
s344 44.17 3.39 3.18 6.57 14.9 0.23
s349 42.74 4.06 3.15 7.21 16.9 0.30
$382 17.61 0.19 0.46 0.65 3.7 17.40
s386 44.85 5.62 2.33 7.95 17.7 0.32
s400 17.62 0.22 0.58 0.80 4.5 24.50
5420 24.58 2.03 1.81 3.84 15.6 0.60
s444 22.03 0.39 0.67 1.06 4.8 14.51
s641 90.62 10.12 19.32 29.44 32.5 4.17
s713 94.38 7.86 17.76 25.62 27.1 3.54
5820 66.89 13.63 3.53 17.16 25.7 7.46
5832 67.23 13.02 3.64 16.66 24.8 6.68
51196 137.36 0.28 24.59 24.87 18.1 7.59
51238 127.35 0.12 31.42 31.54 24.8 62.77
51423 170.95 0 59.23 59.23 34.6 103.50
51488 222.99 18.72 3.43 22.15 9.9 7.26
51494 221.02 18.48 2.78 21.26 9.6 8.18
5378 555.70 39.46 0.22 39.68 7.1 81.53
535932 5705.35 117.23 324.17 441.40 7.7 4176.86
05 00000000
Table 5 Maximum number of transition gates.
circuit | original state-seq  detect-seq | sum rate(%)
s344 1 0 13 13 14.3
s349 80 0 0 0 0
s382 69 0 0 0 0
s386 73 0 7 7 9.6
s400 73 0 5 5 6.8
5420 40 0 0 0 0
s444 76 0 1 1 1.3
s641 165 9 8 17 10.3
s713 188 30 13 43 22.9
5820 135 1 17 18 13.3
5832 127 5 0 5 3.9
51196 209 0 1 1 0.5
51238 185 0 2 2 1.1
51423 295 0 13 13 4.4
51488 307 20 8 28 9.1
51494 296 14 8 22 7.4
s5378 859 0 0 0 0
535932 9416 0 0 0 0
06 OO0O0ODOOOOO
Table 6 Effect of the limit of the number of detected faults.
circuit | MAX_FAULT T original state-seq  detect-seq sum rate(%) cpu(s)
535932 1000 5705.35 117.23 324.17 441.40 7.7 4176.86
535932 10000 5705.35 117.23 434.70 551.93 9.7 7346.40
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