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Abstract : A new method for determining proximity parametersa 3 ,andn in electron-beam lithography isintroduced

on the assumption that the point exposure spread function is composed of two Gaussans. A singlelineis used as test

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

transaction in order to eliminate the need of measuring exposure clearing dose of the resst. Furthermore ,the parame-

ters acquired by this method are success ully used for proximity effect correction in electron-beam lithography on the

same experimental conditions.
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1 Introduction

Electron-beam lithography has been widely
used in advanced nano-device fabrication and re-
search for its high resolution. However ,the most
serious problem that prevents electron-beam li-
thography acquiring higher resolution is proximity
effect ,which caused by the electron scattering in
the redst film and the substrate. The resolution of
electron-beam lithography can be further improved
by means of proximity effect correction.

For precise correction of the proximity effect
it iscritical to determine the proximity parameters
of the deposited energy distribution very accurate
ly. One possible approach is to estimate the param-
eters with Monte Carlo s mulation.But this method
needs commercial softwares,which are all expen-
dve. In addition, the proximity parameters are
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functions not only of resst and substrate compos-
tions, redgst film thickness, and incident electron
energy ,but also of developing conditions. So ,emr
pirically determined parameters are usgful. More
important ,it is easy to achieve these parametersfor
a given process conditions by this method™ .

The point exposure spread function is usually
assumed to follow a double Gaussan,as proposed
by Chang'® ,

f(r) =n—l—(1 +m[&:‘;e'“’“)2 +é‘;e'("8)2] (1)

The first Gausdan,thed term ,is intended to
account for the forward scattering and the finite
beam distribution ,and the second B term ,describes
the Gaussan distribution of the backscattered ex-
posure. The termn is then the ratio of energy of
the backscattered exposure to exposure due to the
forward scattering. This model has been extensve-

ly used,and many different experiment methods
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have been proposed to determinea B ,andn'* .
However ,these methods need either complex test
patterns or complicated data transaction.

The purpose of this paper is to present afast
turnaround technique for obtaining proximity pa
rameters with good precison. The sngle-line test
pattern is used to determine the proximity effect
parametersa 3 ,andn . In addition ,this method need
not measure the threshold clearing dose Do of the
resst that is used in experiment previoudy.

2 Method description

For an incident charge dose distribution D (r)
a deposited energy distribution in the resist is ob-
tained by convolving it with the point exposure
spread function f (r) ,

E(r) = TD(r')f(r- r)dr

The charge to energy conversion factor k can be
conddered as a constant for any particular beam
energy and resst material. For a point exposure
with a charge Qi ,

Di(n = (0,
Weobtain E(r) = kQif (r).

For a large area exposure D (r) = Do ,we ob-
tain E(r) = kDo.

Many identical line exposuresof athin layer of
high contrast res st are performed with an identical
beam but different amounts of charge Qi. On devel-
opment , the redst disslves to radius ri, where
E(ri) isequal to the energy & disspated at the
threshold clearing dose of the resist, Do ,inJ C/
cm’. The normalized exposure response at radius r;
is

f(r) = Dol Qi (2

We use a single line as the test pattern ,whose
width and length are 25nm and 234 m respectively.
In order to reduce the error due to both measuring
tools and observers,every pattern contains four i-
dentical lines which should be measured individual-
ly and thefinal valueisthe mean of four measuring
values. The patternisexposed at different exposure

dose Di respectively. After exposure and develop-
ment ,scanning electron microscopy (SEM) is used
to measure the width of thelines Wi and the half of
the measuring valueis ri. SO we can attain a set of
data{r,r2, ,ra} corregponding to the other set
of data{Di:,D2, ,Da}.In thisexperiment 550nm
thick SAL601 resst is coated on S substrate. Ex-
posures for this work are carried out in the high
resolution vector scan system JEOL 5000L S at
50kV accelerating voltage. Figure 1 shows the test
patterns after exposure and development. Figure 2
shows the crude experiment data. According to Eq.
(2) ,these two sets of data can be used to acquire
the expresson of f (r) through curve fitting.

Fg.1 Optica microscope photo of the line test pat-
tern after exposure and development  The exposure
dose increases form left to right and from top to bot-

tom.
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Fg.2 Crude dataof experiment
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3 Determination of o 3 ,andn

The crude data can not be directly used for
curve fitting. According to Eg. (2) ,we need to
measure Do firstly. Although Do can be measured
by exposing large areas of redsst it is time-consu-
ming work. For a high contrast resist the exposure
clearing dose Do can be considered a constant for a
certain condition and special process. Therefore we
can normalize the experiment datain order to avoid
measuring Do. Figure 3 illustrates the process flow

of experimental data.
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After the experimental data are normalized,
the value of a B ,andn can be determined smulta
neoudy through fitting the curve by means of
least- square curve fitting method. Usually there are
several setsof valuesthat canfit the curve ,but on-
ly one set of value that iscorrect and the otherscan
be excluded by general knowledge about the elec
tron scattering ,that iso is smaller thanB ™ . Figure
4 shows the data after processing and the curvefit-
ting. In this experiment ,a , ,andn is 0 10092,
1 24034 ,and 4 70317 ,respectively.
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Fig.4 Datadter processand the proximity parameters
o B ,andn are determined by curve fitting

4 Proximity effect correction experi-
ment

The proximity effect correction can be per-
formed after the parametersa 3 ,andn are deter-
mined. In this paper ,CAPROX ,software of Sgma
¢ Inc,is used to perform proximity effect correc
tion. It uses double Gaussan model to perform
proximity effect correction and therefore needs in-
put the values of o B ,andn as Fig.5 illustrates. U-
sng the parameters determined in Sec. 3,we can
perform proximity effect correction on the same
experimental conditions. As Fig. 6 (a) shows,the
wider patterns are well developed while thin lines
can not be printed due to the proximity effect. Af-
ter correction ,thin lines are developed as well as
wider patterns as Fig. 6 (b) illustrates. The width
of the thinnest line is about 70nm.

- mnsu

FHg.5 Diaog box of CAPROX ,which needs input the
value of the proximity effect parametersa 3 ,andn

5 Conclusion

An efficient empirical method to obtain prox-
imity parameters has been proposed. This is real-
ized by a smple sngleline pattern and the method
of data transition. We have studied this method for
a negative resst named SAL 601 on S substrate.
Based on the parameters obtained, the proximity
correction for test patternsis made with correction
oftware CAPROX.
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FHg.6 SEM photos of the pattern before versus ater

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

correction

This technique has following merits: (1) The
test pattern is smple and the measure error is
small correspondingly;(2) The proximity parame
ters can be obtained without the time-consuming
measurement of the exposure clearing dose Do ; (3)
This method is universal and can be used in other
e beam lithography systems and electron proximity
correction software.

However ,this method does have its own limi-
tation. For the length of test lineisfar longer than
its width ,s0 we assume that the energy deposition
isconstant , which is correct for line patterns but

not true for arbitrary shape patterns. In despite of
its limitation ,this method has great value in elec
tron beam lithography because line pattern is an
important kind of pattern in nano-fabrication. In
addition ,we look forward to solving this problem
by either changing the test pattern or the data
transaction method as early as possble.
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