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Abstract: Considering the efficiency and veracity of rules based optical proximity correction ( OPC), the importance of rules in
rules based OPC is pointed out. And how to select, to construct and to apply more concise and practical rules base is disscussed.
Based on those ideas, four primary rules are suggested. Some data resulted in rules base are shown in table. The patterns on wafer

are clearly improved by applying these rules to correct mask. OPCL, the automatic construction of the rules base is an important

part of the whole rules based OPC system.
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1 Introduction

Recently along with the advances in semiconductor
manufacturing technology, the critical dimensions ( CD)
have become shorter than the wavelength used for optical
lithography. Thus, when layout patterns on a mask are
transcribed to a wafer, more noticeable deformations are
introduced by optical proximity effects (OPE) . OPE refers
to the effect of the interference and diffraction of exposure
light through proximity layout patterns.

Because the deformations become more serious and
begin to affect the chip performances and yield, some
methods must be taken in order to get the desirable images
on the wafer. It is impractical to update the optical lithog
raphy machines with high cost causes. So at present, the

most commonly used methodology is optical proximity cor

Shi Rui
Cai Yiei
Hong Xianlong

Received 9 November 2001, revised manuseript received 31 January 2002

Article ID: 0253-4177(2002) 07-0701- 06

rection ( OPC), which aims at modifying the layout pat-
terns on the mask in advance to compensate for the defor
mations' "%,

Presently there are two prime kinds of me-thods for
OPC: rulesbased * ¥ and modek based'™®!. Modek based
OPC builds a simulation tool in advance and the correc
tion is done by iteratively simulating the transeribed image
on the wafer. On the contrary, rules based OPC builds a
rules base in advance and the correction is carried out by
evaluating layout patterns, looking up the rules base. Ap-
parently, rules-based approach is much faster and more
practical for full chip correction. So we use this method in
our OPC system.

Several companies have developed their OPC systems
using the rules based method and put forward respective
rules. Ryuji et al.' proposed a fast linewidth correction

system; Otto et al.'*suggested three rules which are 1D,
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1. 5D and 2D. However, there is limit in some rules and
the parameters in some rules are not proper. In order to
make the rules base robust and adaptable to a wide range
of cases, we carefully select and construct the rules for our
OPC system, which are the main contribution of this pa
per.

The rest of the paper is organized as follows. In Sec
tion 2, we describe the OPC system and point out the im-
portance of rules. In Section 3, we respectively discuss
how to select, to construct and to apply the rules base in
detail. And Section 4 shows some experimental results. We

give our conclusions in Section 5.

2 Rules based OPC system description

The rules-based OPC system will be very complex
and enormous. Figure 1 shows the system” s frame. In
rules based approach since the corrections to layout are
determined by looking up the rules base, the rules-base’ s
format and content will greatly affect the efficiency and
precision of the OPC process. Therefore, the rules are es-

sential to the whole system.
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Fig. 1

Frame diagram of the rules based OPC system

According to the geometric information of layout pat-
terns, the rules are commonly divided into several types.
Each type of rule should have a set of crucial parameters
to describe the geometric information of the target pattern
and its environment. And the corrections are usually some
small patterns added to or removed from the original layout
patterns. So each rule type will also have several parame
ters to describe the corrections. Different type of rule has
different geometric information parameters and different

correction parameters. Thus the correction can be ex-

pressed as
Ci= f(L, 1, Py)
Ci= {Cy, Cp, - Cyaf
L = [ A\ NA, defocus, o, CD}
I € [edge, comer, lineend, -.}
Py= {Pun, Pp, - P/
where C| is the set of correction parameters, L the set of
optical lithography parameters, I the type of the rule, Py
the set of geomelric information parameters.

Our work is based on an optical image simulating
and patterrr optimizing tool called OPCM!” | which takes
layout as input and corresponding correction as output.
Due to the size of limited input pattern and the unbearable
time/ space consumed by OPCM, it can not be applied di-
rectly to a full chip mask but is suitable for the construc

tion of the rules.

3 Works about rules

3.1 Selection of rules

3.1.1 Fundamentals of selection

A larger rules base usually means more precision and
adaptability for the correction system. However, this also
indicates more computation effort. Thus we must control
the rules base in proper size.

At first, rules-based OPC performs correction accord-
ing to the OPC rules-base determined in advance. So the
rules- base should represent the instances in layout as more
as possible. Secondly, more detailed and complicated rule
types will describe layout more accurately. However, the
optimization process (OPCM) and the construction of
rules base will be more complicated. So with the scale of
circuits becoming larger and larger, the rule types should
be controlled as few as possible while maintaining high
precision. Finally, the geometric information parameters of
each rule are also direct factor influencing on the conr
plexity of the rules base operation. So proper parameters
should be chosen to ensure the precision of correction with

little additional burden on the system.
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3.1.2 Process of selection

Considering the above fundamentals, we compared
and tested many different patterns and combinations in
some layouts. Finally come up with four primary rule
types, which are called linewidth, comer, lineend and
hole.

According to some layout patterns and the rules sug-
gested in other papers, we can determine several parame
ters for each rule to describe the patterns more accurately,
but the number seems too much. For instance, supposing
there are 6 parameters in some rule and each parameter
has 10 different values, then there will be 10° items in this
rule table. The construction and search of this rule table
will obviously be time consuming. So we try to choose
comparatively important parameters and control the num-
ber for less than 3.

Here we define a variable DEF as the foundation.
DEF is equal to the percentage of the deformation area be-
tween the patterns on layout and their images on wafer to
the area of the patterns on layout. We can calculate three
curves for every parameter through simulating. Curve 1
represents the relationship between the parameter and
DEF before optimization, curve 2 represents the situation
after optimization if this parameter is considered, and
curve 3 represents the situation after optimization if this
parameter is unconsidered. That the deformation of the un-
derlying curve is small, means the patterns on the wafer
are more coherent with their images on the mask. If curve
2 is similar to curve 3, it means the parameter has little
influence on the correction and that parameter will be ig
nored. Otherwise, that parameter will be one parameter in
our rule.

For example, let us see the linewidth rule. We first
define seven parameters just like the general 1.5D edge
rule suggested in Ref. [ 4], shown in Fig. 2. We calculate
curves for every parameter, for instance, the three curves
of Ly, Ly and Gy are shown in Fig. 3. It shows parameter
L has little influence on correction, so it can be ignored,

while L | and Gowill be reserved in our linewidth rule.

Fig.2 1.5D rule pattern

—o—Curvel —0—Curve2 —&=Curvel
21r
17
?E L
EB-
L1
5 L [l 1 ! 1 —
0 180 360 540 720 900 1080
.Lu:‘lll'l'l.
2lr )
17F
= L
S
Elfi'
a L
oL
5 1 1 1 1 B Tt
0 180 360 540 720 900 1080
Ly/nm
211
17F
.i*i -
=) -
gL
5 L L 1 L L J
0 180 360 540 T2 900 1080

Gufnl’l'.l

Fig.3 Three curves of parameters Lo, Ly and Go in
1. 5D rule
248nm, NA = 0.5, defocus= 0, o= (0.5, minimum
line width= 0. 18Hm

Optical lithography parameters: A =

Furthermore, the patterns can be incised to obtain the
same length of lines so a uniform length parameter can be

used instead of two. Finally we confirm three parameters
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(L1, Go, W). The simplicity of our linewidth rule is
quite obvious. Similar reduction process can be applied to
other rules. Because the effect of optical conditions is con-
sistent on the mask, so the different optical conditions can
not change the trend and relation of curves.
3.1.3 Selection result

Figure 4 shows the four rules with respective parame-
ters. These rules can cover a majority of instances in lay-

ouls.

Line-width rule pattern

Line-end rule pattern Hole rule pattern

Fig.4 Four rules pattern  The bold real line is the

correction target and other patterns are its environment.
3.2 Construction of rules

3.2.1 Fundamentals of construction

[n order to improve the efficiency of OPC process, we
need build an apropos rules-base. Thus we must control
some factors when constructing.

At first, each type of rule represents a class of in-
stance. The changes of the rule’ s geometric information
parameters stand for a series of patterns belonging to the
same sort of instance. Though more items in rules-base are
favorable for looking up, the complexity issues make us
only store important items in the rules-base. Secondly, the
variation step and the variation range of parameters in
rulesbase will directly determine the number of items in
table. So we must determine suitable values for them in

order to get good performance of the OPC system.

3.2.2 Process of construction

The automatic construction of the rules base called
OPCL is an important part of the rules based OPC sys-
tem. Figure 5 is the flow chart of OPCL.

Input: the parameters needed,such as the
optical lithography parameters, CD, etc.

2

Define the variation step and range of every

' 7

Iteratively generate layout patterns according
to the parameters,and call OPCM for
correction

Get correction parameters

¥

Store and pack up the data

v

Output: the rules-base files

For each rule

Fig.5 Flow chart of construction

3.2.3 Special management of construction

It is well known that most of the IC designs are on
the base of integer. In other words, the dimensions of all
layout patterns are integral times of a definite value called
delta (the minimum line width is usually twice of delta) .
So we can define the variation step of every parameter by
delta. Thus the rules-base will include enough items conr
paring with the layout patterns.

Since OPE comes mainly from the diffraction and in-
terference of exposure light between nearby patterns within
a definite distance, we can confine the range of influence
of every parameter.

Moreover, because the variation step of parameters is
fixed, only the correction results are saved in rules base
and other information are saved in a descriptive file while
the specific values of parameters are unrecorded in rules
base. Furthermore the rule items stored in rules base are
organized according to the preferential importance of pa
rameters. Thus improved efficiency of looking up can be

achieved.
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3.3 Application of rules base

When correcting a given layout pattern, the actual
parameters of the target as well as its environment and the
pattern type are used as a key to search the rules base. If
an exact match is found, the correction can be returned
directly. But while such exact match does not exist, the
linear interpolation method will be used to get the correc
tion. Finally the correction will be added to that original
layout pattern.

4 Experimental results

We have implemented above ideas in C program on
Sun Enterprise E450 and have built a rational rules base
for our OPC system. Table 1 and Table 2 show a part of
the rulesbase. By applying these rules, we can get optr
mized layout. Figure 6 shows a small part of mask and its

image on the wafer before and after correction.

Table 1 A part linewidth rule table Table 2 A part corner rule table
w G L Edge offset Wo W, G Serif width Seril overlap
0.18 0.18 0.72 0.00 0.18 0.18 0.18 0.09 0.015
0.18 0.27 0.72 0.09 0.27 0.18 0. 18 0.075 0. 006
0.18 0.36 0.72 0.05 0.36 0.18 0. 18 0. 084 0. 006
0.18 0.45 0.72 0.03 0.45 0.18 0. 18 0.072 0.01
0.18 0.54 0.72 0.1 0.54 0.18 0. 18 0.072 0.01

Remark: The unit used in above table is Bm. The conditions of optical lithography as follows: wavelength= 248nm: numerical aperture= 0. 5; defocus= 0. 0;

partial coherence factor= 0. 7: minimum line width= 0. 18#m. The correction( edge offset) in Table 1 represents the offset of the target edge. The correction( seril

width and serif overlap) in Table 2 represents the value and position of the seril added to the target comer.
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Fig. 6 A small part of mask and its image on the wafer ( a) Before correction: ( b) After correction

5 Conclusion

In this paper, we introduced the OPC method which
is necessary for semiconductor manufacturing. We also an-
alyzed the character of the rules in rulesbased OPC sys-
tem and presented our concise and practical rules. Based
on the analysis of real layouts and our rules, we built our

robust rules-base, which was the foundation of the rules
based OPC system.

References

[ 1] Chen ] F, Laidig T L, Wampler K E, et al. Practical method for fulk
chip optical proximity correction. SPIE, 1997, 3051: 790

[ 2] Dolainsky D, Maurer W. Application of a simple resist model to fast
optical proximity correction. SPIE, 1997, 3051: 774

[ 3] RByuji Takenouchi, Isao Ashia Hiroichi Kawahira. Developr
ment of a fast line width correction system. SPIE, 2000, 4066: 688

[ 4] Ot O W, Garofalo ] G, Low K K. et al. Automated optical proximity
correctionr a rule based approach. SPIE, 1994, 2197: 278

[ 5] Kling M, Lucas K, Reich A, et al. 0. 254m logic manufacturability us-
ing practical 2D optical proximity correction. SPIE, 1998, 3334: 204

[ 6] Satomi Shioiri, Hiroyoshi Tanabe. Fast optical proximity correction:



706 S L 23 4

analytical method. SPIE, 1995, 2440: 261 approach to optical proximity correction. Proceedings of the 4th Inter

[ 7] Yang Changgi, Hong Xianlong, Wu Weimin, et al. An object based national Conference On ASIC, 2001: 206

T A B9 56 5 4B AR IE AR AL B 48 X Ab 1R

f AR bk RAKR BKIk
(RSB SHOR R, JLst 100084)

WO PR T Qoo 20 (0 R D, e st s 0 PO RO, ey PR D L B b TP A S 0 Ol A A0 R
LR 0], 532 30 485 SR o A7) 258 7 0 0 A vl £ 0 - i R PO 1 i 0 R P ' 20 440 38 fy ik 1 LT AT T kA B
TP (1 1 B0 R ST 43 OPCLY s Ak 1 BN £ 516 27 &1L W 1E 2 3¢ 1) T 2 241 1l 2

KA J6Z; AT ERIE; B
EEACC: 2570 CCACC: 7410D
hESES: TN40S5. 97 XHKFRIRAD: A XEHS: 0253 4177(2002) 07-0701-06

A & A 1977 ARV, RS, A VST RSP B LE A iR T B O

HEERAE A, 1960 FEHYAE, SIECRE, BN VST AT PE B ALY

ik B 1940 NV, B, 1B VIS A B ELIE STIEWEA B DA R4

2001 11-09 Y F), 2002 01-31 5 K ©2002 1 [H {4





