23 EE 3
2002 %3 H

gk

CHINESE JOURNAL OF SEMICONDUCTORS Mar., 2002

S ¢

Vol.23,No. 3

i R RFARIIE D SRR E
WO KB BR% DRE

(L PR POL PRI RT, G% 710071)

O R A I Gy vk, e W T AR A e i T R e

S5 WG 20) 120 ) 45 A ORI 2 5 ( B ) DR AR 2 A 2

W7 B SEAE TORHE l  R  H  G0aed L fA dg T A B R A Ak A 0 B (R R AR 3 A AR T e B
5 Wb T PR 56 AR, 0 20 HE G N R B R 43 A ) 2 5. 45 SR WIS 5 RS £ T AN IR () B B R A 40 A B, iy HLAY

1192 00T LURT T4 B B i A T

KBRIR: BB WO BRI E
EEACC: 0170E: 2570

FESES: TN4O XHEFRIRAS: A

ik

1 35l

VLST [A33E— 20 e Jre A 753 11 it 288 2 R0l i 5 A
FHHOR R T, fE— AN B2 /T, Wifig g A L8
28 KT TR HH e i 26 1D e A1, 45 0 4 1l v B 1) T o
A TR E R T % s R T, AT e A
7 R E At (a5 Rl PR A S, 2 TS A AR
A9 R T B e L A AR IR AR A A
RILT RS ity AT (R, i EL ISR R S AR AR
SR BEHLEE T, 20, X2 b B i P i R A
HY PRI 5T LU 280 B RN 56 35, (EL A T 0] F 1l iy 246 A58 Y
S BOMAT PO A R PR E, AT R — A
FLASHESS MERYT. DRI, e L2 R &2k
5%t 256 PR S W A R S B TR A R BRI
LS I ZI VD ) ER S AR S A AN H A
KW 2R, 51 pn 45l W BTN BT IR A7 A 2
A 3K 6 fEALT LR A R PR G kB R
B A2 ( HAR) 40 A 16 B R B & b AN T] D ) 2
K. HATAT 3 FhOEREAT W B RLAR 23 A7 1) 2 B L
(1) FAERIAAL AR (W1 KLA, T encor) AR M G
KBS 43 B B, ELAE AR ik 5 R el 1 ok G G
S TCI N W B B = AR UL (2) A s e T S M Rl
Bk N OB ) g i SR 4 R ke B P R 4%, 348 v 745 341 dole

[ G0 U RHE O B I H (N o. 96-738-01-03-10)
2001-04-15 (5], 2001-09-09 52 K

XEHS: 0253-4177(2002) 03-0315-04

B 4% 20 A, e Uy ik ] AR A, (HLRE R OR 2010
( 3) 1 A0 7~ 0 P TS 77 A AR [) R 0 45 R ( G
Mraik Harp &5ik4) , RIHL# 0L (0 5 VA0 4T 2 54k
M AL R % W e 3 AR 20 205 1 A Gk B
Hess 5F ANJET Harp RS54, 19 31 7 Mob i kL2
IIA, AL B B RPREAR 23 A1, [T ITT AN e T T HEf 119
J it TR SCHRL 6] R HTSUNE 45 K 75 21 T kb 2
K, AH LR B R A% 2 B b OO T Gk e 1) 225 1) 23 A1
B, RS AG Uk B, i B 110 725 1) 23 A 01 AN R 19
SEOEA Y, TR MR SCHRT 6] FrOA8E 25 s 4
WA 45 2 BB IDORS B AR 2 AR SCER A I VB e R
XU I 25 4 13 B0 IO B, L% A B SR e R A% 0 A
SR, S S BRI R AR I 7 2% 1) 43
AR, R AT BAYR o 2 RS B R L.

2 BRPERIIESD R iRE

7E B B HL B B o 28 FIUIN R R L ok Ft e, R s
55 R W IR BBORL 1R A2 40 A1 R 4L £ (R) WT H1 R IR
BRI A

f(R)= & O<R<e

Kb R BT € M p JR R T NBUR R
T 4 56 4028 2% 51 MR, IR 7 (R) 3 R 5 A2

©2002 o [E L



316 S

FA
==

Eild 23 4

ff{R] o1 TR, R R 8 1R I
WA KR 407,

2[;1— DR
(p+ RS
2(p - 1)RG'
(p + 1)R"
JEp R e OB A & 1 A i 2 P 1

0=R =R

S(R) =

Ro <R < oo

AR S H VTS 30 S AN S A R B
SURBE R . BT Ro 4 SCIRHOE™ , oA S
FEHESH p RN B BIRUR 7%,

A
f(R)

oY

Ry

B SRR R A A ik

Fig. 1 Distribution of defect size

3 S¥p R

R S0 56kt 20 AR ok 65 5 2 P e B ke B i
BRI PR AR SC L B | R i ot e o
HrkL2 s S H p b, TR T 58 KA.

A SO AR i, AE AR 2 SRR AR R i
RLAR 53 A 55 R B bR o3 A 2 R). S5 b, AR [
TR, RS TS HL et T i SR A A3 Bk B, B
B R — B 20 A SO R SRR OREAR 23 AT, A
IATBEFE RN

Khare 45 fiz 5 F J XOUBF IR 45 4, & 2 4
HL R (1 22 4 J2 R < R V2 W 1 — A EE R O XU, O L
T R—A % G i 4 T AT BE B LA A2 e A
L2 R 1 S T A ) R T o A < i 4% Bl 87 e Bk
JTEREOECH , A Tin 0 W i o 1 ELAR KD

2ol 2 I, TASE| WP 2 s ) R 4
i 2 B R R 2 T O R, B 3 45 HY T i it
5 IE.

Bl 3 R AR MR TE N w, [AIBER 5. — AR
2 MRER AR I MBI REAR R AE s M s+ 2(w+ s) Z ).

g

ﬂﬂﬂnnb

3 4 5 6 7 8 9 1

BAERNRER

2

P2 Rk S MR M R
Fig. 2 Relation between failure number

and short=circuits lines

P 3l ki 1

Fig.3 Short-circuits failure chart

WIRKHE, ZifF—A N R ImE s, (BRI o IRZ5
IR IR AR R ST E s+ (n=- 2) (w+ s) Al s+

n(w+ s) 2. H HI( n) KERZX s+ (n- 2) (w
+s5).s+ n(w+ s)], L nenN. H 4 Fi g4 HI
(n) BIVGHL 7] LLE BIAHEBE) HI( n) Z 813287, L
W—ANFEER 2 HR 2 5 A SR B AT — AN i i 3 AR 4 11

HIG3) HI(5) HK7)
[ 1 | ]
HI(2) HI(4) HI(6)
sk | siny | suy | s | ska) | sis)

g : E : g Y 2

s 8 ] s
5 ¥ % % 3§ 9w gumme
: + + + : + +

P4 HI(n) 45 SI(n) Z SR
Fig. 4 Relation between HI(n) and SI(n)

BB, SN TRIRAR RT ABEDC A s+ (w+ ), s+ 2(w
+ )] BB 3 PRy, BIZE HI(2) 5 HI(3) A8 S
DX TH) b, 3 By kB A A5l AL E AT O AT ST



3m iR

ek Py Gfe By R 252 43 A1 2 B (0 Sl Uy 1%

317

(x) KRERXEZFBXM[ s+ x(w+ s),s+ (x+ 1)
(w+ s)], b x €N N{0}. A, HI(n) = SI(n- 2)
USI(n— 1), 1 H SI(n= 2) NSI(n- 1)= .
M d(n) RaREEHE n WL MHEBEEH. R o
(n) FAFRHLFE RSHLE ST(n— 2) b, R n MRS
HEECH ;s b(n) ARFLAR T AE SI(n- 1) L, KBS
M2 2% O AR B HL, ) 2 4R
d(n) = a(n) + b(n) (1)
D (n) Fonkide JHE X 1) SI(n) b1 P
HH, W
al(2) n= 0
aln+ 2) + b(n+ 1) n> 0(2)
SR D (n), 80A3 31 T MOROREAR 20 A1 1R S 1
.
LR D(n), SETFERIE a(n) M b(n). EFF
(1) 2, HEERE N a(n) A1 b(n) FIE R, BTk
HE AT, AU SCHRT 6] 1) 5%, 2

D(n) =

a(n)_ —d(n)
b(n)  d(n+ 1)
iz A1) 2, iR f
a(n) = d(n)’

d(n) + d(n+ 1)

d(n)d(n+ 1)

b(n) = d(n) - a(n) = d(n) + d(n+ 1)

T
d(2)* _
’ d(2)+ d(3) n=0
D(n)= )
d(n+ 2)° d(n+ 1)d(n+ 2)

n> 0

d(n+ 2)+ d(n+ 3)+ d(n+ 1)+ d(n+ 2)

st (i+ 1) {w+ 5)
f f(R)dR

IR B A DXL R, b 5 prss.

I 3
o
#
j_—l_l_l .
P T L e il
N T T T T S )
o+ o+ o+ o+ o+ o+ o+
a B2
22 3E3EEEEE HENR
S = N th Tt O =~
+ + o+ + o+ + o+ o+
LT T . I I T )

Bl s WReRARE & B L H

Fig.5 Number of failure size in different areas

(ERE LR A RN TR R P R C NS < FTT A
A(R)FREL

0 0< R<s
AR) = (A B= (<R<2+w (3)
s+ w

LA R=Z2%+ w
A A ARG R 7T R KT 25+
w B, AR R ERIEG — 2 i i .
LA, Rt KT 25+ w MMBEEECE TR KT 25+ w
(BB . B BB A M, IIAE TR ST(:) LB
PIEE A D (1) /M. AHEBIX 0] LA LE R (D (i) /
M) /(D (i+ 1) /M)= D(i)/D(i+ 1), i 3E L
H

:;-t'_:;'.“.w“] m”“‘ {a:+ 0.5) (w + s))(w + s) _ [5+ (:{+ L.5) (w + s]},. (4)
ﬁmmmﬂf(g)(m fls+ (i+ L3)(w+ s))(w+ s) s+ (i+ 0.5)(w + s)
i= 1,2,3, N, N h5Lek 4500 o (. . . D(i
ok, 5 N - f{riéi%ﬁ o SENPHE ”(’5(*}‘)/
DO s i L9t ), I B T (3)
el e e 09w WK 5 M,
i= 1,2,3, N - 1
B4k 4
p=lIn D(Igf)l)/lnji E:I égiii 3
e s 2 B 4 T 4 P L R S T
.- = L2 SN = L et T SRR AT B p SRR AT 1 A

RN Jg 3. 1% T3 15 1 T AR A 3 T B 5 1) 4



318 SR A 23 %

AR, ph T2 ) 252 M B 2 ) 43 A B R 5 conduc Manut, 1998, 11: 194
/_#_*H il_lJ, I):I]J—'t, jiﬁ;}i‘”]umﬁ% ﬁ’;&f@.ﬂﬁlﬂﬁﬁﬁ% | 6] Khare ] B, Maly W, Thomas M E. Extraction of defect size

f‘}?ﬁﬁ"}@ﬁ, distributions in an IC layer using test structure data. IEEE
- Trans Semicond Manuf, 1994, 7: 354

[ 7] Hess C,Strole A. Modeling of real defect outlines and defect

%%j{ﬁﬁ parameter extraction using a checkerboard test structure to
localize defects. IEEE Trans Semicond Manuf, 1994, 7: 284

[ 1] Stapper C H, Rosner R J. Integrated circuit yield management [ 8] Hao Yue. Ma Peijun, Zhang Weidong, et al. The method of
and yield analysis: development and implementation. IEEE defect model parameter extraction for 1C funetional yield esti-
Trans Semicond Manuf. 1995, 8: 95 mation. Acta Electronicn Sinica, 2000, 28( 8): 76[ #f %, ™ il

[ 2] Hao Yue, Zhu Chunxiang. Design methodology of 1C function P, Tk AR, S S R AN T B B 2 HR I R R
gield. Chinese Journal of Semiconductors, 1996, 17(9): 677 £, 2000, 28(8) 1 76]
[ ARRR, A< 4R F. 00 vl IR SO i o i B S iy i, e Sk [ 9] Chang CY, Sze S M. ULSI Technology. New York: Me-
“F"ﬂi. 1996, ]?( 9) . 67?] Graw Hill, 1996

[ 3] Ma Peijun, Hao Yue. Analysis and simulation of effect of pin- [10] Hess C, Weiland L H. Issues on the size and outline of killer
hole defects on integrated circuits functional yield. Chinese defects and their influence on yield modeling. in: Proc Ad—
_|l:urnu| of Semiconductors, 2001, 22( ]}: 102[ r&{m '/*.-:‘ %JII!/{ vanced Semiconductor M ili][lfﬁ(‘tUring Cnuf( ASM C} , Boston,
AL Gl s e 20 b HLL B8 0 A R R W 4 B 5 U0 D B AR MA, 1996: 423
8. 2001, 22( 1): 102] [11] LiJ.MecIntyre M. Lee L. et al. Production use of an integrat—

[ 4] Bruls E. Quality and reliability impact of defect data analysis. ed automation defect classification ({ ADC) system operating
IEEE Trans Semicond Manuf. 1995, 8: 121 in laser confocal/white light imaging defect review station.

[ 5] Hess C, Weiland L H. Harp test structure to electrically de- in: Proe Advanced Semiconductor Manufacturing Conf,
termine size distributions of killer defects. IEEE Trans Semi- (ASMC). Boston, M A, 1996

Extraction Method of Defect Size Distribution Parameter on Silicon Wafer

Hao Yue, Lu Yong, Zhao Tianxu and Ma Peijun

( Microelectronics Institute, X idian University, Xi'an 710071, China)

Abstract: T he defect size distribution is essential in yield prediction of an 1C’s products. Based on an electronic measurement
technology. a method to extract the parameters of the defect size distribution affecting lithography process in IC manufacture
is presented. The size distribution of the fault is gotten based on the data from the double bridge test structure. The parameter
of the defect size distribution is deduced according to the relations of the defect and the fault. The results show that the
method of extracting the defect size distribution is suitable to different defect size distribution model, and the extracted param-

eters can be used to predict the IC product yield.
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