
第 26卷　第 8期
2005年 8月

半　导　体　学　报
CHIN ESE J OURNAL OF SEMICONDUCTORS

Vol. 26　No. 8
Aug. ,2005

3 Project supported by t he National High Technology Research and Development Program of China (No. 2003AA1Z163)

　Wang J unping　female ,was born in 1964 ,associate professor ,PhD candidate. She is engaged in research on design for VL SI manufacturability

and yield modeling.

　Hao Yue　male ,was born in 1958 ,professor and adviser of PhD candidates. He is engaged in research on microelect ronics and semiconductor

devices.

　Received 28 January 2005 ,revised manuscript received 5 April 2005 Ζ 2005 Chinese Institute of Elect ronics

Yield Modeling of Rectangular Defect Outline 3
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Abstract : In integrated circuit s ,the defect s associated with photolithography are assumed to be in the shape of circu2
lar discs in order to perform the estimation of yield and fault analysis. However ,real defect s exhibit a great variety of

shapes. In this paper ,a novel yield model is p resented and the critical area model of short circuit is correspondingly

provided. In comparison with the circular model corrently available ,the new model takes the similarity shape to an o2
riginal defect ,the two2dimensional dist ributional characteristic of defect s ,the feature of a layout routing and the char2
acter of yield estimation into account . As for the aspect of prediction of yield ,the experimental result s show that the

new model may predict the yield caused by real defect s more accurately than the circular model does. It is significant

that the yield is accurately estimated and improved using the proposed model.
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1　Introduction

Yield estimate can be used in production con2
t rol , material management , timely product delivery

and operations planning tools. It can be used to

highlight designs that have much lower t han expec2
ted yield ,to determine t he cost of new devices and

t heir resource implications. It is also t he focal point

of t he indust ry t hat evolves f rom production of

standard product s , such as t he memories of the

p roduction of ASIC and SOC product s. By t he yield

p rediction ,the measures ,including changing layout

shapes ,designing rules and conditions for p roces2
ses ,are adopted to obtain t he maximum yields for

mat ure p rocesses[1 ,2 ] .

Physical defect s have always played an impor2

tant role in IC yields ,and t he design sensitivity to

t hese p hysical element s has continued to increase in

today’s nanometer technologies[3 ] . Among typical

CMOS processes ,it is one of t he greatest lo ss fac2
tors of t he yield t hat t he defect causes t he elect rical

fault s. The modeling of real defect outlines t hat ex2
hibit a great variety of defect shapes is usually

modeled as circular [4～10 ] , which causes errors of

critical area estimation[11～15 ] . This paper p resent s a

rectangle model of describing real defect s and gives

emp hasis to yield model studying based on t he rec2
tangular outlines of real defect s. Some experiment s

are performed to verify t he veracity of t he new

model .

2　Rectangle model of a real defect

　　For yield model st udying ,it is necessary to be2
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gin by considering t he outline model of real de2
fect s. The result s in Ref . [ 13 ] show t hat t he rec2
tangular model of t he real defect has a more accu2
rate estimation on critical areas associated a special

layout t han t hat of t he circular defect model . The

definition of a rectangular model of a defect is giv2
en as :for a real defect , t he maximum possible ex2
tension of the real defect between two parallel

st raight lines , which corresponds to a horizontal

routing direction of the special layout and touches

t he defect ,is called t he lengt h (rep resented by the

symbol H) of the real defect . The maximum possi2
ble extension of t he real defect between two paral2
lel st raight lines , which corresponds to a vertical

routing direction of the special layout and touches

t he defect ,is called t he widt h ( rep resented by the

symbol B ) of t he real defect , as can be seen in

Fig11. Then we may define t he rectangular model

of real defect as a rectangle with H and B .

Fig. 1　Rectangular model of real defect

3　Ne w yield model

In general , based on t he circular defect out2
lines ,t he Poisson yield model and t he negative bi2
nomial model are of ten used to predict t he yield

loss f rom defect s.

Poisson model

Y F = ∏
M

i = 1

e - A
(c)
i D i (1)

　　Negative binomial model

Y F = ∏
M

i = 1

(1 +
D i A

(c)
i

αi
) -αi (2)

where Y F denotes the yield ,which is t he p roduct of

all layer yields ,and D i is t he defect density for lay2
er i. The Poisson yield has been observed to give

pessimistic yield p redictions for large devices. In

t he bet ter negative binomial model ,αi is t he cluste2

ring parameter . Bot h in Poisson yield and in nega2
tive binomial model ,A

(c)
i ,t he critical area related to

a layout for layer i and A
(c)
i ,can be writ ten as

A
(c)
i =∫

Rmax

Rmin

A ( R) h( R) d R (3)

where A ( R) is t he critical area with diameter R ,

h( R) is t he dist ribution of defect sizes , Hmin is t he

minimal diameter ,and Rmax is t he maximal diameter

based on t he circular model .

According to t he above rectangular defect out2
line model ,t he critical area Eq. (3) ,which is caused

by a rectangle defect and a layout associated wit h

t he i process ,now can be updated by

A
(c)
i =∫

Hmax

Hmin∫
Bmax

Bmin

A ( H , B) h( H) b( B) d HdB (4)

where Hmin is t he minimal lengt h of the rectangle

defect , Hmax is t he maximal lengt h ,Bmin is t he mini2
mal width of t he rectangle defect , and Bmax t he

maximal widt h , h( H) is t he dist ributed f unction in

lengt h ,t hat is ,∫
Hmax

Hmin

h( H) = 1 , and b( B) is t he dis2

t ributed f unction in widt h ,t hat is ,∫
Bmax

Bmin

b( B) = 1 .

Related to a defect wit h lengt h H and widt h B ,

A ( H , B) is t he critical area ,which is determined by

t he feature of layout routing and t he model of a de2
fect .

For mat ure p rocesses , t he dist ributed f unc2
tions h ( H ) and b ( B ) are fixed and cannot be

changed. Therefore , t he key to Eq. ( 4) is to find

A ( H , B) , which is determined commonly by t he

feat ure of layout routing and t he defect model . It is

well2known t hat IC interconnect was event ually

going to be t he dominate cont ributor to signal per2
formance and t hat t he largest cont ributor to yield

loss is metal to metal shorted lines which can occur

when a particle defect falls between two lines. The

short critical area that is rep resentative of a group

as a whole is as follows.

Now we assume t hat two metals are deposited

on an insulator and have a length L which is much

greater t han it s widt h W ( L µ W ) . These metals

have to allow an elect ric current to flow f rom one

to t he ot her . The failures in this case are short cir2
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cuit s caused by ext ra defect s wit h a lengt h H and a

widt h B . The model of t he critical area ( see Fig. 2)

is expressed as

A ( H , B) =

0 , 　0 ≤ H ≤ P

( H - P) L + ( H - P) B ,

　　　　　　P < H ≤W + 2 P

( P + W ) L , 　H > W + 2 P

(5)

where L , W ,and P are t he lengt h of metal lines ,t he

widt h of metal lines ,and t he spacing between two

metals , respectively. Based on the rectangular de2
fect outlines ,t he new model of yield is composed of

Eqs. (1) , (4) ,and (5) or Eqs. (2) , (4) ,and (5) .

Fig. 2 　Short critical area caused by rectangle defect

outline

4　Validity of the ne w model

In order to compare the new model developed

in t his paper wit h models currently available , real

ext ra defect s were collected using a test chip . The

outlines of t hese defect s are obtained by using the

segmentation met hod of color image p rocessing ,

which was presented in t he aut hor’s p revious pa2
per [ 13 ] . Based on t hese outlines , bot h t he parame2
ters H , B of t he rectangular outline and t he diame2
ters of t he circular outlines are respectively ext rac2
ted. U sing a routing unit similar to Fig. 2 ( where

t he count s of metal lines are 32 , t hat is , t here are

32 metals on a routing unit ,and W = 013μm , P =

019μm , L = 56μm) , t he yields are obtained using

t he critical area models related to the rectangular

outlines and circular outlines. On t he same layout

and real defect s ,t he yield ,as t he comparative crite2
rion ,is obtained by t he Monte2Carlo method. Com2
parison of t he new yield value wit h the circular

yield values is summarized in Table 1.

Table 1　Yields caused by each defect model and real

defect

Defect outline model
Critical area

/ 10 - 4cm2

Fault

probability
Yield

Minimal circle 1. 6242 0. 0151 0. 9133

Maximal circle 4. 7363 0. 0440 0. 7677

Real defect 3. 7457 0. 0348 0. 8114

Mean circle 3. 3660 0. 0313 0. 8287

Equivalent circle of ellip se 1. 9999 0. 0186 0. 8944

Rectangle 3. 7625 0. 0350 0. 8106

Table 1 shows t hat t he yields ,which are esti2
mated by t he model of maximal circle ,minimal cir2
cle , real outline , mean circle , equivalent circle , and

rectangle outline , are 019133 , 017677 , 018114 ,

018287 ,01894 ,and 018106 , respectively. From Ta2
ble 1 ,it can be seen t hat a yield of 018106 ,caused

by t he rectangular model , is nearest to t he t rue

yield of 018114 caused by real defect outline.

To verify the new model ,anot her experiment s

result s are given. We assume a 1/ x3 defect size dis2
t ribution and a random dist ribution of defect in

lengt h and widt h. By t he feat ures of t he real layout

(see Fig. 3) ,we obtain different sizes and different

shapes defect wit h 9 ,whose maximum circular di2

Fig. 3 　Metal array layout ( line width 215μm , line

length 36μm ,line spacing 215μm)

ameters are ,215 ,3 ,4 ,5 , and 719μm , respectively.

Correspondingly ,each probabilities dist ribution PD1

and PD5 are severally 0111 , PD2 is 0122 , PD3 is 0133 ,

and PD4 is 0122. For t he real defect s ,minimal circle

diameter ,mean circle diameter ,equivalent circle di2
ameter , rectangle outline and fault p robability are

calculated ,as seen in Table 2. From Table 2 ,it can

be proved t hat the fault p robability 012129 caused
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by the rectangular model is nearest to t he t rue fault

p robability 012089 caused by real defect outline.

That is ,t he yield caused by t he rectangular model

is nearest to the t rue yield caused by real defect

outline.

Table 2　Fault p robability caused by each defect model

and real defect

Fault

p robability
Sm1 (1) Sm2 (2) Sm3 (3) Sm4 (2) Sm5 (1)

Average

value with

weight

Mean circle 0 0 0. 0625 0. 3125 1. 0 0. 2014

Maximal circle 0 0. 0625 0. 25 0. 4375 1. 0 0. 2986

Minimal circle 0 0 0 0. 1667 1. 0 0. 1482

Equivalent circle 0 0 0 0. 2708 1. 0 0. 1713

Rectangle 0 0. 0431 0 0. 4098 1. 0 0. 2129

Real defect 0 0. 0418 0 0. 3982 1. 0 0. 2089

5　Conclusion

The rectangular model for p redicting IC yield

is p resented and confirmed by our experiment re2
sult s. The comparison presented for the routing

layout shows t hat the new model can be used to es2
timate yield more accurately t han t he existing yield

model . This approach can have a significant impact

on t he estimation and improvement of IC yields.
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矩形缺陷轮廓的成品率模型 3

王俊平　郝　跃

(西安电子科技大学微电子学院 宽禁带半导体材料与器件教育部重点实验室 , 西安　710071)

摘要 : 现有成品率及关键面积估计模型中 ,假定缺陷轮廓为圆 ,而实际缺陷轮廓为非规则形状.本文提出了矩形缺

陷轮廓的成品率模型 ,该模型与圆模型相比 ,考虑了缺陷的二维分布特性 ,接近真实缺陷形状及 IC版图布线和成

品率估计的特点.比较了新模型与真实缺陷及其圆模型引起的成品率损失 ,表明新模型在成品率估计方面更加精

确 ,这对成品率精确估计与提高有重要意义.

关键词 : 真实缺陷 ; 矩形缺陷模型 ; 关键面积 ; 成品率模型
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