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Abstract

In this paper we propose a new pattern generator for a BIST architecture that can reduce the power consumption
during test application. The principle of the proposed method is to reconstruct an LFSR circuit to reduce WSAs of the
heavy nodes by suppressing the heavy inputs. We propose algorithms for finding heavy nodes and heavy inputs. Using
the Modified LFSR which consists of some AND/OR gates trees and an original LFSR, BIST applies modified test
patterns to the circuit under test. The proposed BIST architecture with small hardware overhead effectively reduces the
average power consumption during test application while achieving high fault coverage. Experimental results on the ISCAS
benchmark circuits show that average power reduction can be achieved up to 30.5%.
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3|29 SAE F9 AAY HXAEE JlssA st Select Heavy Node();
5};(]?_ Q‘:]El_]_—le o ;(1 ;ﬁ E_:]] gﬁgj gxé 7] = A].Q_ﬁl— 75]_?_ 1. Generate random test patterns using an LFSR and apply these
= - tterns to the CUT
13 AZgo] 7+As T HAE A7ko] Aoz = -
e mes ] U—Lol—v}_’ ﬂ ] &e 01 ]Dﬂ o} 2. Calculate WSA at each node
%] 01 —Q—Hi bﬂE7 ]’ ﬂ X] = %xmq % 7 ]’7(] al 9/11’4' 3 Sort WSA values for all nodes in descending order
Az o 7]% 7]%92_94 Iﬂ-?ﬁ% E%E}O:L Eﬂ AE 4. Define the node which ranked in the highest position as heavy
- I L od
Al 3]® ol B BAskE SAE =0, A e
StEdgo] eIt 1 AZEE /A 7)E AA 32! 1. Heawy node AMEH 12| E
o grE Ay Q472 Fotaa Fig. 1. Algorithm for the selection of heavy node.
Select Heavy Inputs();
il I‘"?_I‘EI‘E I—II‘[E—‘# E"A E 7 Ilﬂ £ OEI-_T,_EIE 1. Define primary inputs as heavy inputs which can affect the heavy

node using backtrace
2. Decide the logic value 0 or 1 for each heavy input resulting in the
WSA reduction of heavy node by using backtrace

=
&l 2. Heavy inputs MEH 2112
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N T = Fig Algorithm for the selection of heavy inputs.
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Find Number of Gates();

1. Let LESR generate pure random patterns, and apply the patterns
to the CUT

2. Remove detected faults from the fault list

3. For every fault remained in the fault list, find the test vectors that
can detect the faults

4. Find the heavy inputs probability set which increases sampling
probability for the test vectors

5. Determine the number of gates for each heavy input according to

the heavy input probability set

3 4. JAo|lE 5 ME Lliz|E

Fig. 4. Algorithm for the finding of number of gates.
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> o
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Table 1. WSA and FC for variation of the number of
heavy nodes.

# of heavy|# of heavy Fault Total | Total WSA
nodes inputs |coverage (%)] WSA |reduction (%)
n=0 0 92.50% 7871162
n=1 4 97.50% 6602810 16.1%
n=2 6 99.83% 5688017 21.1%
n=3 8 99.83% 5204113 33.9%
n=4 10 97.45% 5009165 36.4%
n=b 13 95.13% 4871985 38.1%
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Select Heavy inputs for Multiple Heavy Nodes();

1. Generate random test patterns using an LFSR and apply these
patterns to the CUT

2. Calculate WSA at each node

3. Sort WSA values for all nodes in descending order

4. Define the node which ranked in the highest position as heavy
node

5. Determine high ranked nodes as additional heavy nodes which do
not decrease fault coverage though the WSAs of the nodes are
reduced. Also, the nodes should be independent of the other
heavy nodes

6. Set i = 1, choose an i-th heavy node of the CUT

7. Find heavy inputs which affect i-th heavy node using backtraces

8. Select heavy inputs and decide the logic value 0 or 1 for each
heavy input resulting in the WSA reduction of heavy nodes

9 Seti=i+1, and while i < ( desired number of heavy nodes),
repeat step 7 and 8

a2l 5. CEkE heavy nodes % heavy inputs ME{ 2Dz
Fig. 5. Algorithm for the selection of heavy nodes and
heavy inputs.

Proposed TPG

Conventional LFSR

......... .

CLK 1 1 1 1 1
AND/OR
gate tree
Heavy input  Heavy input Heavy input
cuT
a3 6. Hetsts XM HAE afE Y7 =
Fig. 6. Proposed low power test pattern generator.
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H2RAIZIAA EAl 18 AEES JSete s a7 T4 dRbA Rl LESRAIA AAdsh= A 7214 H|
ujf-olt} webr] H A3 heavy noded = AHerhd 2E Es A 1 JHS 3|2 A7bela S
Bl 2E Al WSA9| #4E 7HHWA =& 1% A& o] 1 HEE&Y WSAE Fakaith 1ejal oAl &
5 AEE T 5 S Aot =wdAMe 1 AF z2k9l HAE JES B =FdA AAse #HEgd
o] TA3A &S W7FA heavy nodesES A€slal LFSRol A AAste djelog upt & 7} mtoa wt
9] w2 heavy inputsg ZA3G Y. thE heavy Aate= WSAQ 3t 14 AEEL Axlsigt & =
nodes Aee wjo] duelEe 19 5o YERSITH woll A e ol ¢ =re] Al o} 5 w3 go®
H2E thd 3129 heavy nodes % inputs &L WSA® ZAES Attt H2E diid 32+
AlolE Eg]9] depth B FH/HE Ashe diuglss ISCAS 3]2e]H, 200070¢] sHE& o 7Fell= o o]
g3ato] Adste HAE siel AA7]e Fx2E= 19 6 M2 245 AFsHA] 58 o 274 A EHeds |
k d g = 8 FEE 3
Algdeolds 3l Y F9 14 fdE5E 18
m A sz WSAE Hlal 7]Eo= Atop & 20 Yehliith & 2
ol FCv 1% A=&S 9n|shH, WSAE S &
Aerets dag]Eo] wil heavy noded & AA T 71eE W 2AstE RE w=ToAe WSAY o
sto Ageh & 7] W e vaE Fa 2 =i 2 AA And=Ey #AGY Power reduction
oA AASHE WY 84S gRlettt Hlal =i original LFSR®] WSA$} vaste] dwnpvbs WSAZH
o ANE 71Ee =rlle B wne Aashs W A2t vag Axoltt s1Ee wle LFSR
H e 7|eos JEas duste], dely o= of AND Al°|EE F7tste] JEwe] Holg =
o] Holg &9 3= Ui WSAE =<l Wil WSAE #HaA7le s, 24 AE&0] g 1
Ao Aotrat 71HWie 13 A& & 2 heavy node? 4 Y §lo] dEgs Addstnz 3 HEES =ol7] ¢
off thak 118 §lo] heavy inputs®] F YHF-2] 20%7} A= 7hslFolor sk wEe] F Wolds dlEd
%7] A744] heavy nodes® é% Yjoltt. 7129 7] T Atk TRl "l 7 Bokg ez WSATE
WES R wRolA Adshs Ee v AP, S ASE A Rl Adsie Ay
g 2 o 17 AEE L HA 2H| MH dHD
Table 2. Number of patterns, FC and WSA comparisons.
Original LFSR BT B A ergt wH
Circuit WSA
JE5 [ FC%) | WSA | 98l4 |FC(%) | WSA | sl€ld | FC(%) | WSA | #l8l5 | FC(%) | WSA i
reduction(%)
ch315 | 7168 | 9490 | 9175415 | 8184 | 9490 | 9199635 | 6392 | 9890 | 6879082 | 4048 | 9890 | 4227150 53.9
7952 | 22240 | 93.63 | 45094600 | 21280 | 91.61 | 39240321 | 17046 | 9823 | 28434552 | 15552 | 98.24 | 22371139 50.4
89234 | 28912 | 79.83 | 74798235 | 32208 | 77.92 | 77181066 | 24096 | 91.36 | 55326834 | 19718 | 93.42 | 35474345 52.6
¢s13207| 22464 | 79.39 | 86311180 | 23211 | 7752 | 83890710 | 22048 | 96.46 | 76211126 | 20111 | 97.63 | 61545691 287
cs15850 | 31872 | 87.53 | 148327913 | 34272 | 83.24 | 151522263 | 24352 | 94.68 | 103430226 | 22446 | 96.72 | 82394874 445
E 3 WSAlpattern ¥ Z0|E 243 = H|w
Table 3. WSA/pattern and hardware overhead comparisons.
Original LFSR| 7]&¢] W™ | 7]&e) gt A 3
Circuit WSA/ WSA/ | Gate tree | WSA/ | Gate tree | WSA/ | Gate tree | WSA/pattern
pattern pattern |Overhead(%) | pattern | Overhead(%6) | pattern | Overhead(%) | reduction(%)
cb315 1280.0 1124.1 193 1076.2 253 1044.3 273 184
7952 2027.6 1844.0 1.49 1668.1 1.89 14385 2.76 29.2
89234 2587.1 2396.3 1.46 2296.1 1.74 1799.1 3.09 30.5
¢s13207 3842.2 3614.3 1.43 3456.6 2.01 3060.3 352 20.4
¢s15850 4653.9 4421.2 2.18 4247.3 2.93 3670.8 3.88 21.1
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