WHEA T A Ed o] 7] 4318 4] 4|23 A45(2024 129)
Journal of the Semiconductor & Display Technology, Vol. 23, No. 4. December 2024.

- — o — — e || e, —

HIEX| HAE A|ZF Er=S ¢t =etdd =iE e Md7|
Ol MM - Ol MM obxI5 ™
"sAEtE ARt

A Hybrid Random Pattern Generator for IC Test Time Reduction

Sungjae Lee’, Sangseok Lee" and Jin-Ho Ahn"'

“"Hoseo University, Department of Electronic Engineering

ABSTRACT

Traditional pseudo-random test generation using LFSR is widely used for SOC testing due to its simplicity for

hardware implementation. However, it has limitation in detecting random-resistant faults and requires a large number

of test pattern leading to long test times. To overcome those problems, anti-random test has been proposed to

maximize the discrepancy between successive test patterns. However, there remains a problem that it takes a long

time to calculate the distance function. In this paper, a novel Hybrid Random Pattern Generation (HPRG) is presented

for efficient SOC testing which combines the advantages of both pseudo-random and anti-random approaches.

Experimental results demonstrate that the proposed HRPG technique can achieve over 90% fault coverage with an

average of 56% fewer patterns compared to pseudo-random patterns. Hardware implementation and its simulation

results are also introduced to verify the proposed method.

Key Words : LFSR, pseudo-random, anti-random, hybrid random pattern generation, soc test

1. A B

¥ 7153 F2 AASH: Fuonal H2E9] 79
Bl ol s A Device Under Test DUT) 1 3143 A1
F 4 ol HAE FEE DU eistn 2=t o
olfE Ry £ gt vlwstel 1 ol WY
ti12] olefet HAE Hee @] AL B2 g 5
A A WA R IS A2 5 U 9 o)
gk ueEHOR o YA} B2 Yust B
Awd glo] RASIE U ghe AYsH WAo] ik

HAe] A9 Ao whea) A Blelx Aze
B glon, Fae A9t B dasey s 7t

A da] ARgaHs 1A LFSR(Linear Feedback Shiff Register)
o} CA(Celluar Automag)9} 72 228 ALg5}= o|A1

"E-mail: jhahn@hoseo.edu

24

A]

iy

2

H Hl2Eo|tk LFSRE 0|83t oAy 3
& g 2208 pHo] 7hgste] ol W=
Al HIAEBIST) st=do]2 ARgE o] firi34] 12
o)Al g (pseudorandom) FE| 2 THE0]R HlAE TE
M A3 1 (random resistant faul)ol] 3] OFa}L, =3
A7 & E(fault coverage)ol] EEHEP] el w2
sjelo] daste] gAE A7to] SojubA| Het
olgigt BAIE s 23sl7] ¢sle] HigHHE(anti-random) ]

QR L |
& upjo] Ak ek WA AL olSshs e 1

j= O T
SALE S 3% 7 2)(hamming distance)L} 71| A 7] 2] (cartesian
distance)?} 72 7|2 $H<Ndistance finction)Z ©]-2-3}o] )
SEAS oM G HEA FES Y+
| A AgE ARklsle Alzke] YR 28 e
ATH56). 2 =HollAe 7|2 WY HAE
sele] cheFdat A e AE] A
2ol et FALE BF AT 5= e

A

e}

il
4y

Y

Im Rt rlo

A

=

o]
IR
3

2y
o

2
N
-

o o ¢
Jat)

2l

M 1o fF o ¢m

ot



HHEA B AE AZF S

o 299 W e A7) 25

Sl A o] E TR 4 gl StEgle] 7

2.1 QAHHE HIAE DS MM
oAy welS wE7| s AMESH= LFSRL Fig |

3} ol HEZE dAX2H F AR FYEFY 5ol
XORE g dX28e| geon s vy 2rg

F71e Fel2 YT o) W Wsy R E3E B
HBgol ket AR TE0) Ao} 717} Sy
o1 A& Fig. 1 54 T4 (characteisic polynonil) iy} <13
AARE 4 itk FIE LFSRE =) A2 4 Al
ubeh XOR WE8 827} HZE g ne oo ol
sEichE Al HEE fAsE e gt mEe
Wajo] glom, el A47|E AHgEE LFRS v
O 2ErhE Wpalo] AgE T lrk

f(x) =14 hyx+ hyx?+ -+ h,_
Fig. 1. LFSR structure and and characteristic polynomial.

x4

AR e g 37 =)
2250, LFSR 140 me} BE 47} 25 22 of
Y7lol 90% ool =& 1gHEEl
L Ao o3 /K] o] Q3 =]}
A 2xzol AAZES HASH Fe 1AL HE
flstel HAE sigls darejEAor Allsls A&
A E| A E(deterministic test)|7] = =Y
LA (reseeding)[8], 5 Als
ARgsEe] AlRHE AIZE W 2AHEES wolde RS

3k ik

22 GHAY EHIAE THE MY

ortE o] ZAE sfdsty] fste] Aqke wkAE |
2E 9| A4 A2 o)k AE T fAEE Y
Ay ZHEIA R 9 2 AR e ARgst] S48t
i, | AR At Es dd eAE 25
g2jolek Fig 2014 49 27|17} PIZI]] 2 29] vl H|
2E f|ig Ashe A S dERd Ik

00000000000

1m1nIm
01010101010
10181010161

11010010101
Target 10100101010
Pattern _| [ woerom00

Number 01010100101

(Ng) 10101001001

01010107011
10101010100

01011010101

10010101010

m Prum*+

WY HAEL SR 7F 3RS Sold 1A 42
o BB Y 4 Uk Pl YA AP, 59
el el S ARSI Azl YR od) Hel 247}
olck 3k el Do ol ngUEE A A
L oHAE 2700 BRE, BE 140580 %S 4
9 WY BAE A7) HAE oy Bz Pt ¢
o 71l e e gt oo Aol A5
} HEASTH10]
3. =i dE miE MdT|

wmelo] A3 gk ShEgof
sEe AN F 8o gt 1
ez AHGET e, WY e A
Eb HEd] 4% K o] Fe=
ek oA 712 oY Ha

A5kl Tt )2 e} vhe s
ok el AR AL Aol A
e A e AR
e A7 S gk A
Nl vy e AEHo R A

M CLES R U

J’f )
it o
g

o
N
Jr ro

sl

i)

>
o 1o (o

i e o o2
~
%
_?L
]r 2

:‘.’éu:_.l*

)
N

o
)
o -

j.
. O o
-0,

P

F]F o,
E}q'
ofl o& luj
£

:
UE‘- uEL

2

it
A P
X

[N ot

ox Wl of |m m <4 ox m Hu
(O
N
lo T
(ol
gi'

K=
k)
N
HN
2

~

HW} 4EH7} Q g YT
A7t A7t =5 gE5e Ao umo}g H]—}ﬂoﬂ
sl HolETh10) A7) B = Wely) gE THE

Journal of KSDT Vol. 23, No. 4, 2024



26 oAl - o)A - =

7o) s il glo] 24 eSS olgsto] thg #f A Hok RS a= HAE di IR EAo H
HE sk FHlol7] wizol P(BIRS) ¢ o] 2 AE AREE dlgsto] AREAE AddiFoen 24 4
710 TAGlo] AXTIe &2 diY 15 AT = otk Stk £ WY " A el gt AA
Fig. 42} 2.
Test Pattern Memory
Pum=1 |0/ 00|00 32 E3S dg mE MM7| 31X
Prum=2 [0 11 [1 [ 1] .. Register AE“,&’E‘ RS SRRl el dritew A

4 = =239 APaE AYA)7|(Hybrid Random Pattem
Pn=3 [t o J 1ol ][2][1][2]1]2] Geeraor HRPG)] 798 722 Fig Sl LER LT, Fig
59] HRPGE wHHHH=|El  AJAl7|(Anti-Random  Pattem
Generator: ARPG)2} QJALHE w€l AYAJ7|(Pseudo-Random
Pattem Generator: PRPG) %2 742 =2 94k & 2|% jel
o AHIIh

Pnum_4|o‘1|°|1|°|

Fig. 3. Example of anti-random pattern generation using

hamming distance[10].
counter .
n-bit ARPG n-bit PRPG

Antlrandom Pseudorandom
00000000000
mnnnmnm a tern attern
01010101010
10101010101 Sum of Product
01010010101
Target 10100101010 H z 1
Pattern _| [ oororom0m0 1 v l i I
Number 01010100101 1 SIS ) S0 m g
ixl =) il
(Np) 1101001001 MUX MUX ees MUX
01010101011
10101010100 = = =
01011010101 ‘ ‘ * Scan
10010101010 | m*n-bit Test Pattern Sequence Generator N
L Chains
Fig. 5. Hybrid Random Pattern Generator.

n-bit N,,. Register

cumer | L1 1T 1T 1+ 11
Fig. 4. Process of hybrid random test pattern generation.

| | 1 | 1
E1—0000 — O
2949 A9 8 A1ANE E A RS . i .

7121 E HE T2 AYsh= AR LE(None)
71&2o 7 Ay gEi) vy gjeS Ao
éz H:]' oneEﬂX]AEi %}:O] AH/HQ E]AE ‘lHH T AReg|ster A . <
Bum)®) 0% 3 ) el gl 2o Antrandom patiery O [ X T 1] X [ 1% ]
FER None B4 2F ko] S0%+a W= ol A= e 2T Fig. 6. Structure and operation of ARPG.

Chg/del Sstttal wshal oAty wEE At
ok SHARE 50%ta = oM e wijd 2 F5Ado] o4
EEZ Nype a0l 50% a2t 3 02 Tgdahal, 50%-ak
o 2 A5 12 Bgste] HYALE Weia ol §

Fig 6 ARPGS| Ui 72 % F2bo] thg Argolck
ARPG‘E‘ EH “)l\‘ 7]""E1(Pnum)% J‘HE] LH 1"] )\E 7‘1Z]—

5 e 5 0 5Ol g Sh= None Bl A SEIS 0]8-8te] v sffd ko] 03} 1, 1
Aotes HAE gfdS ARtk ojnf, FaHe oE 2 23 BAT G00S AR 2 hS ARSI e
A HA e sEe ealig dE A4 Hlgo] ol

2N 9 o ,‘;—_ }7lo y g o &
Ao}, vtz 2] Skl MG Sl A vlgeel pob) om0 G P B2 M AU R R

e T AZ o) 7|wEk3| A A3 AMUZ, 2024



SLEA HAE A7 952 95 39 WY e 4] 27

e i X, o] AT 2wl 0, £ KEY  IAHEE MBS ol A PETon, A

Slmch A4S s 12 AATI Fig 64 HIE B9 5 Beflolde Aulnav20[11] AHSHEIh

A A W EES SEA] ol =L wEWE TS A AT Tble 1904 LERASLOM ciruit name S Al

Lo AEPAT @ A HES Rof shie =Ao]  PE|=H, PRE ANY HAE, HRE Al £3Y A

A PR AR P, Y HAES bt 24 AReld BE 1AEEL
Fig. 72 ARPGQ} PRPG £ F}9] &3 WS Hold:  90% oA 2 AN O, # of patem-S 90% ©]A+e] 1Ak

T} PRPGL b4 0 2 LFSRE T-4J510] ARPGS} PRPG 4282 7] 93] ol7hel sfel 0] FCk HEHo
oA ZEE gl ol FATL AU Fig 6 = 24T LFAEEOIh HRAA 0= Table. 1014 AA]
3} 0] ARPG QM4F ¥ ATH= 37 FHYOUXR A @7 H DRAEES A7) e AMeE sAle) fawsol

2Ejol] AR ) AR AT G o] AND Q4F v, 3.1b]4 Ak ule} 2ol vk 0ol N Egt
I OR QAFE B3t} HEAoR Zeutt A dAA  ANED o7h ANSE JETEY A vlgo] &
Eo] FATH 0SB AXAE GLoR ghAlsHe 20 obAiTh mXEroR, FARS W olgY TAUEES
stk o] TS wilE S| ALY A SIS A G0 et WAt PR 40} HR E 45 st grolc
& BAgE 0 BE 19 3k 27 dlo] IRARES & oIS Sol o2 B2 A% A HR W4o] PR o)E)

o 4 9lck WOk &% sEle] Zo|7 ARPGS PRPGE]
719}tk Aol Fig 59k 2ol MUXE B3t A2

A(sequencer) & 7}3ko] ek 4 9l

giH] 45% A AL 2 U 1AHE gE
4= 3tk Zo|th Table 12] A3 AifollA & 4= 9l
AQFst HR HF4lo] Hix|ul3 32 EAo] A Qo]
o A% 27 o9 22 AR ZRIE:

£y e 4>
ILAE

A Register(Antirandom Pattern) B Register(Pseudorandom Pattern) Fig. 82 QH|E &3ly =Y el 244 7](HRPG)_§_ HDL
[olx[1[x[o[x[x] [1]ofo[1][1]0]1] & &3kl RIL So2 dAstn d53 2ue el
o] I Zo} a9e] AT Fig 5 F2E 7|20 2 8¥]E ARPG
AND ~ -
o] 27|13 11T, 8H]E PRPGE] Z7]3HS 00000001
lo]ofo|1][o]o]1] 2 AAstal sjeg At Zlolw, T™A Py A
o AE TE S oentd ~ ent7S HIEHER 19] A5E A=
NoneeﬂxliE']% LiER NoneeﬂxliE'lgl' Pnumgl H| 3

| 0 | 0 | 1 | 1 | 0 | 0 | 1 |Generated Pattern = %Bﬂ ARPG'OJ E}-—‘% ﬁH%O] é;ﬁﬁ.ﬂ Fig' 754 ARPGE]—
PRPGO] T IS o) AEH0R HRG Aelo] A
e

Fig. 7. Mixing method of ARPG and PRPG outputs.

4. A

ot

A1t 58 B

B =T A A|okst WFa]-2 ISCAS’85 2 ISCAS'89 Hll%| R e R
ul3 325 YAFO R LFSRE o] 83t QALY wjelnte] 93t 239 W

Table 1. Fault simulation results.

Circuit PR(Pseudo-Random) Proposed Method(Hybrid Random: HR) 2 8%
Name # of Pattern FC # of Pattern FC a e
c432 128 91.4 70 90.6 2 453
c5315 128 94.6 60 90.6 5 53.1
c7552 320 90.5 140 90.1 3 56.2
s1423 224 90.8 100 90.2 3 55.3
$298 128 93.5 50 93.1 2 60.9
s382 128 95.2 50 93.2 4 60.9
s400 128 95.2 50 91.9 4 60.9
$820 1504 92.9 670 90.1 12 554
B ZAas(%) 56
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