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Abstract: Inserting test points into integrated circuits is an indispensable link in chip testing, the method of which is
to improve the fault coverage of the chip by inserting a certain number of test points on the circuit. Integrated circuit testing
is one of the indispensable key steps in the whole design process. In order to further shorten the test time and improve the
chip yield, more and more scholars at home and abroad are engaged in the research of integrated circuit test methods.
Through the in-depth research on the htpi method of inserting test point fault coverage, a RHTPI (Reduction of Hybrid Test
Point Insertion) method for reducing test points combined with test point quality is proposed. Under the condition of ensur-
ing equal fault coverage, the efficiency of test point selection is effectively improved. Starting from the coverage character-
istics of test points, the concept of negative quality test points is proposed, and the test point set is reduced according to the
negative quality test points, so as to reduce the scale of the test point set to be calculated and effectively shorten the solution
time. In order to avoid deleting some test points with high coverage from negative quality test points, the concept of adap-
tive negative quality test points combined with adaptive coefficient is proposed. The set of test points is reduced according
to adaptive negative quality test points, and then the selection efficiency of test points is effectively improved under the con-
dition of ensuring equal fault coverage. The experimental results on standard test case show that, compared with htpi meth-

od, the minimum reduction rate of candidate test points calculated by RHTPI method is 0.16%, the maximum reduction rate
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is 44.56%, and the average is 24.56%; The minimum solution efficiency is increased by 1.03, the maximum is increased by

2.37, and the average is increased by 1.52, which effectively improves the efficiency of test point selection. The method

given in this paper effectively reduces the chip test time, and then shortens the chip design cycle.
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23. RETURN CTP

P
—1 ) 3
N — >

P

Py 0O,

: o T
El4 C17HLE

RS R HE Y R R . RS — U R
A 68 A I AT 32t o A A7 24 N Fa Tl s LA K 5 4> B T8
M Sy 3 A7 5 I 3 5 A 7 e Y S A 3
M\ CO_16 (i 5 7 55 5 6.250 0% ) 51 C1_2 (il b 7 3%
Fh 22,581 9% ) 78 PG 24 A 1 5 LA B AT 10 (K
B 55 2K O 19.291 4%) ) 1_16_23 (it 5 7 % K K
21.185 2%) FE B S A B il . 7R T 68 AN 55 5
Bl e 28 5 2R 5 e AT A5 R O_ 1119 8 HLA gk
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BRI AT . AR A BB, AR A4 38 ik
SRR 7 55 R A B IR AT 0310, B HAE
Ry i 3 AR 5 A R R AR B R A S
(38 ™) Al 1 428 A9 I 3 v 40 S8 0 428 A0 7 5 R e e
SR E S Ealbrdl MW SN M FS vl et S

5 SLIHHER

TEAR 35K 32 59 RHTPL )5 5 5 Roy 267 i HTPI
Tk AT L, SEER B 17 F 5 W« DESKTOP-
A19AL06, Windows10, MSVC++ % 135 2% , Inter 17-4700
Processors, 2.60 GHz, 16 GB RAM. M3 FH 491 3% FH SC ik
(161 (4 b 7 I 328 4] 151) ISCAS85 LA K2 1TC99. 7 52 1y
o, 2 B0 A F HTPT 5 36 A RHTPT 5 925 35 5 o 3 )

38 A L A B A R ) A 1 T 3 S g i e
/}SﬂéuﬂJ i RHTPI )7 i 148 350

Fe445 T HTPI 7 ¥ RHTPL 5 A A P45 )
I 1 A e I 38 P A PR (5 8. Pl 1 02
H11 3 5511 Ay HAL Bt 4 BRI B TR A B B T A 4L 5 3 61
TE AR A A R 8 5 Y L 55 4 0 5 80 43 ) R Ok 1Y
BATIFI], 25 6 31 FIER 7 51 2 A A ok 2 488 ) 3ok 3

s ) - A il T 5 R LA 8 AR 9 A B AR 7 vk Y
)ﬂhfﬁ;ﬁ;%t H. M40 LIF 1, RHTPI J5 5 7F 6288,
B05,B07,B11 Hr (724 ik e 8 55 241K T HTPL 5 i, i
JEPRA RHTPL 532 24 16 1) 1A 38 17 B 5 e 03t o 4 355
HTPI 4358 38 a5, , PRI RHTPT Jy 55 358 %) i 158 100 38,
) R P s R T HTPL 5 325 . B iRk sy
BN HTPI J7 5 RHTPIL 5 v 35 B 35 I 0 9 °F- 2
Wi 7 o6 R4S . X U RHTPIL 7 i MIFA 3 i rp
FEBR T AN A, 13X B 4 78 HTPT Jy ikt A 1 ik
BOA e A, PRk 1 AT b

R4 PR s B BRAE I B Rt

Circuit details Inserted Running Time/min Average Fault Coverage/% Number of TP
TPs Calculated
Bench | Gates C,0 HTPI RHTPI HTPI RHTPI HTPI RHTPI
€432 203 2 1.63 1.15 10.85 10.85 2591 2003
C499 275 2 1.26 0.95 28.58 28.58 2993 2398
C880 469 4 5.38 3.37 7.76 7.76 10 557 7449
C1355 619 6 34.62 16.55 12.72 12.72 24385 | 14335
C1908 938 9 100.85 42.51 12.30 12.30 51508 | 29604
C2670 | 1566 15 207.87 198.56 13.43 13.43 120 136 | 117 308
C3540 | 1741 17 648.12 349.52 8.81 8.81 180 524 | 100 188
C5315 | 2608 26 497.25 470.61 11.15 11.15 414 570 | 409 695
C6288 | 2480 7 1224.20 1139.75 0.31 0.29 132042 | 131 808
C7552 | 3827 13 884.58 758.28 8.73 8.73 294 516 | 291 110
B0O3 190 2 0.20 0.13 21.07 21.07 3983 3516
B04 803 8 17.83 8.28 15.17 15.17 36665 | 21923
BO5 1032 10 51.48 38.86 11.56 11.08 67761 | 47335
BO7 490 4 4.15 2.33 18.28 18.13 11397 7242
B0O8 204 2 0.38 0.26 16.81 16.81 2351 1829
B09 198 2 0.32 0.21 20.17 20.17 2117 1 659
B10 223 2 0.40 0.28 15.02 15.02 2705 2066
B11 801 8 20.82 8.91 10.41 10.26 38945 | 22187
B12 1197 11 27.07 13.51 17.29 17.29 81797 | 79127
B13 415 4 0.68 0.43 20.54 20.54 8769 5634
B14 10 343 2 608.55 455.08 5.25 5.25 129749 | 106 328
BI5 9371 3 1183.95 743.70 8.65 8.65 181044 | 127294

& 5 5 B UL HE iR T RHTPL Y 8 5 HTPI )7 3K i
s T o3k bl DA R 1330 3 5 4 H i o3 . DAL S mf
DL Y, RHTPL 5 B 18 C1908 114 i 8] 32 Fhd5z i (o e
H2.37) 3 & F S RHTPI 75 HTPL 7 kA0 Ee , BT
I A bR Y B R R R TR
ML S B B D IR Rt Mmook . £ B12 1ig

T /N CIEE He 4 1.03) 33 5 T B12 HE e LS, LU 3A
F| 7 RHTPI J5 ¥ 19 B4 Limit, KIS RHTPI )5 3224
[T ORE B AU WD sl b7 Wk S 7 T = N T
TN /R 1.03, e Kk 2,37, S F 34 He ok 1.52. 31
B 5B H B8 R B /N R 0.16% , i Kl 44.56%
S IE R A 24.56%.
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F 5 LLE H, RHTPL J7 7 €6288, BO7, B11 1 (1) °F
Pk b 7 55 AT HTPL 7% .

K6 Ry T e BUS LU @I . A2 RHTPT 5 ik, 5

SRAFR 103 L RS s 2 b

S I FH 48] v ) S F B TR B A L Bl S S
H 3% 0 B Limit #1788, AR P68 (3) 1158 A 18 1 &
B, pETAS B B N I AR R 4] e
SR T E O W Limit A B B A C2670, C7552,
C5315,B14,B15 L& B12 (&l i, HAb L B AR /N T B
38 W B {E Limit.

RS ZFR R B R AF B A X EE
Circuit details fnserted Running Time/min Average Fault Coverage/% Number of TP Cal-
TPs culated
Bench | Gates C,0,1 HTPI RHTPI HTPIL RHTPI HTPI RHTPI
€432 203 2 2.35 1.73 10.85 10.85 3455 2655
C499 275 2 1.90 1.55 28.58 28.58 3991 3378
C880 469 4 7.90 5.68 7.76 7.76 14077 | 10591
C1355 619 6 54.86 26.50 12.72 12.72 32515 | 18575
C1908 938 9 143.73 76.83 12.30 12.30 68 680 | 41552
C2670 | 1566 15 315.27 300.52 13.43 13.43 51508 | 29604
C3540 | 1741 17 1236.08 550.00 8.81 8.81 240704 | 133 440
C5315 | 2608 26 1482.78 1400.83 11.16 11.16 552744 | 546 844
C6288 | 2480 7 1978.73 1774.25 0.31 0.29 176 058 | 175770
C7552 | 3827 13 1 506.96 1328.85 8.73 8.73 392698 | 389218
B0O3 190 2 0.30 0.21 21.07 21.07 4647 4057
B04 803 8 42.05 22.80 15.19 15.19 48 889 | 30052
B0OS 1032 10 120.35 69.80 11.04 11.04 90351 | 54783
B0O7 490 4 10.25 6.15 18.28 18.12 15197 9 602
B0O8 204 2 0.58 0.45 16.81 16.81 3135 2485
B09 198 2 0.47 0.36 20.17 20.17 2823 2286
B10 223 2 1.03 0.78 15.02 15.02 3607 2815
B11 801 8 52.95 28.55 10.41 10.24 52249 | 30675
B12 1197 11 71.08 68.83 17.38 17.38 109 066 | 94 736
B13 415 4 1.03 0.71 20.54 20.54 11693 7853
B14 10 343 1530.97 1449.51 5.25 525 172999 | 141 175
BI5 9371 3 2803.83 1901.25 8.65 8.65 241390 | 167 850
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