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Abstract : A new method for determining proximity parametersα,β,andηin elect ron2beam lithography is int roduced

on the assumption that the point exposure spread function is composed of two Gaussians. A single line is used as test

pattern to determine proximity effect parameters and the normalization approach is adopted in experimental data

t ransaction in order to eliminate the need of measuring exposure clearing dose of the resist . Furthermore ,the parame2
ters acquired by this method are successfully used for proximity effect correction in elect ron2beam lithography on the

same experimental conditions.
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1 　Introduction

Elect ron2beam lithograp hy has been widely

used in advanced nano2device fabrication and re2
search for it s high resolution. However , t he most

serious p roblem t hat p revent s elect ron2beam li2
t hograp hy acquiring higher resolution is p roximity

effect ,which caused by t he elect ron scat tering in

t he resist film and t he subst rate. The resolution of

elect ron2beam lit hograp hy can be f urt her improved

by means of p roximity effect correction.

For p recise correction of t he p roximity effect

it is critical to determine t he proximity parameters

of t he deposited energy dist ribution very accurate2
ly. One possible approach is to estimate t he param2
eters wit h Monte Carlo simulation. But this method

needs commercial sof twares , which are all expen2
sive. In addition , t he p roximity parameters are

f unctions not only of resist and subst rate composi2
tions , resist film thickness , and incident elect ron

energy , but also of developing conditions. So , em2
pirically determined parameters are usef ul . More

important ,it is easy to achieve these parameters for

a given process conditions by this met hod[1 ,2 ] .

The point exposure sp read f unction is usually

assumed to follow a double Gaussian ,as p roposed

by Chang[3 ] ,

f ( r) =
1

π(1 +η)
1
α2 e - ( r/α) 2

+
η
β2 e - ( r/β) 2

(1)

　　The first Gaussian , t he α term ,is intended to

account for the forward scat tering and the finite

beam dist ribution ,and t he second ,βterm ,describes

t he Gaussian dist ribution of the backscat tered ex2
posure. The term η is t hen the ratio of energy of

t he backscat tered exposure to exposure due to t he

forward scat tering. This model has been extensive2
ly used , and many different experiment met hods
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have been proposed to determine α,β, and η[4～7 ] .

However ,t hese met hods need eit her complex test

pat terns or complicated data t ransaction.

The p urpose of t his paper is to p resent a fast

t urnaround technique for obtaining proximity pa2
rameters wit h good precision. The single2line test

pat tern is used to determine t he proximity effect

parametersα,β,andη. In addition ,this method need

not measure t he t hreshold clearing do se D0 of the

resist t hat is used in experiment p reviously.

2 　Method description

For an incident charge dose dist ribution D ( r)

a deposited energy dist ribution in t he resist is ob2
tained by convolving it wit h the point exposure

sp read f unction f ( r) ,

E( r) = k∫D ( r′) f ( r - r′) d2 r′

The charge to energy conversion factor k can be

considered as a constant for any particular beam

energy and resist material . For a point exposure

with a charge Qi ,

D i ( r) = Qiδ( r) ,

We obtain Ei ( r) = kQ i f ( r) .

For a large area exposure D ( r) = D0 , we ob2
tain E( r) = kD0 .

Many identical line exposures of a t hin layer of

high cont rast resist are performed wit h an identical

beam but different amount s of charge Qi . On devel2
op ment , t he resist dissolves to radius ri , where

Ei ( ri ) is equal to t he energy E0 dissipated at the

t hreshold clearing dose of t he resist , D0 , in μC/

cm2 . The normalized exposure response at radius ri

is

f ( ri ) = D0 / Qi (2)

　　We use a single line as t he test pat tern ,whose

widt h and lengt h are 25nm and 25μm respectively.

In order to reduce t he error due to bot h measuring

tools and observers ,every pat tern contains four i2
dentical lines which should be measured individual2
ly and t he final value is t he mean of four measuring

values. The pat tern is exposed at different exposure

do se D i respectively. After expo sure and develop2
ment ,scanning elect ron microscopy ( SEM) is used

to measure t he widt h of t he lines W i and the half of

t he measuring value is ri . So we can at tain a set of

data { r1 , r2 , ⋯, rn } corresponding to the ot her set

of data { D1 , D2 , ⋯, Dn}. In this experiment ,550nm

t hick SAL601 resist is coated on Si subst rate. Ex2
posures for this work are carried out in t he high

resolution vector scan system J EOL 5000L S at

50kV accelerating voltage. Figure 1 shows t he test

pat terns af ter exposure and develop ment . Figure 2

shows t he crude experiment data. According to Eq.

(2) , t hese two set s of data can be used to acquire

t he expression of f ( r) t hrough curve fit ting.

Fig. 1 　Optical microscope photo of the line test pat2
tern after exposure and development 　The exposure

dose increases form left to right and f rom top to bot2
tom.

Fig. 2 　Crude data of experiment
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3 　Determination of α,β,andη

The crude data can not be directly used for

curve fit ting. According to Eq. ( 2 ) , we need to

measure D0 fir stly. Alt hough D0 can be measured

by exposing large areas of resist ,it is time2consu2
ming work. For a high cont rast resist t he exposure

clearing dose D0 can be considered a constant for a

certain condition and special p rocess. Therefore we

can normalize t he experiment data in order to avoid

measuring D0 . Figure 3 illust rates t he p rocess flow

of experimental data.

Fig. 3 　Processing flow of the experimental data

After t he experimental data are normalized ,

t he value of α,β,andηcan be determined simulta2
neously through fit ting t he curve by means of

least2square curve fit ting met hod. U sually there are

several set s of values t hat can fit t he curve ,but on2
ly one set of value t hat is correct and the ot hers can

be excluded by general knowledge about t he elec2
t ron scat tering ,t hat isαis smaller thanβ[8 ] . Figure

4 shows the data after p rocessing and t he curve fit2
ting. In t his experiment ,α,β, and η is 0110092 ,

1124034 ,and 4170317 ,respectively.

Fig. 4 　Data after p rocess and the proximity parameters

α,β,andηare determined by curve fitting

4 　Proximity effect correction experi2
ment

　　The proximity effect correction can be per2
formed after t he parameters α,β, and ηare deter2
mined. In t his paper ,CA PROX ,sof tware of Sigma2
c Inc , is used to perform proximity effect correc2
tion. It uses double Gaussian model to perform

proximity effect correction and t herefore needs in2
p ut t he values ofα,β,andηas Fig. 5 illust rates. U2
sing t he parameters determined in Sec. 3 , we can

perform proximity effect correction on t he same

experimental conditions. As Fig. 6 (a) shows , t he

wider pat terns are well developed while thin lines

can not be printed due to the proximity effect . Af2
ter correction , t hin lines are developed as well as

wider pat terns as Fig. 6 ( b) illust rates. The widt h

of t he t hinnest line is about 70nm.

Fig. 5 　Dialog box of CA PROX ,which needs input the

value of the proximity effect parametersα,β,andη

5 　Conclusion

An efficient empirical met hod to obtain p rox2
imity parameters has been proposed. This is real2
ized by a simple single2line pat tern and t he method

of data t ransition. We have st udied t his method for

a negative resist named SAL 601 on Si subst rate.

Based on the parameters obtained , t he p roximity

correction for test pat terns is made wit h correction

sof tware CA PROX.
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Fig. 6 　SEM photos of the pattern before versus after

proximity correction 　(a) Before correction ; (b) After

correction

This technique has following merit s : (1) The

test pat tern is simple and the measure error is

small correspondingly ; (2) The proximity parame2
ters can be obtained wit hout t he time2consuming

measurement of t he exposure clearing dose D0 ; (3)

This method is universal and can be used in ot her

e2beam lit hograp hy systems and elect ron proximity

correction sof tware.

However ,t his met hod does have it s own limi2
tation. For t he lengt h of test line is far longer t han

it s widt h ,so we assume t hat t he energy deposition

is constant , which is correct for line patterns but

not t rue for arbit rary shape pat terns. In despite of

it s limitation , t his met hod has great value in elec2
t ron beam lit hograp hy because line pat tern is an

important kind of pattern in nano2fabrication. In

addition ,we look forward to solving t his p roblem

by either changing t he test pat tern or t he data

t ransaction met hod as early as possible.
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一种提取电子束光刻中电子散射参数的新方法 3
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(中国科学院微电子研究所 纳米加工与新器件集成技术实验室 , 北京　100029)

摘要 : 在电子散射能量沉积为双高斯分布的前提下 ,提出了一种提取电子束光刻中电子散射参数α,β和η的新方

法.该方法使用单线条作为测试图形.为了避免测定光刻胶的显影阈值 ,在实验数据处理中使用归一化方法. 此外 ,

用此方法提取的电子散射参数被成功地用于相同实验条件下的电子束临近效应校正.
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