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It is necessary to have more appropriate resist parameters in order for a lithography simulator to
predict real photoresist profiles. These process parameters are usually obtained by flood exposure
experiments without pattern masks. However, real processes are performed with pattern masks.
Since the intensity on the wafer is different with and without a pattern, the development parameters
must be modified in order to predict real processes. Especially, the development parameters, one
example of the process parameters, are crucial to mimic real processes. It has been reported that the
development parameters of a photoresist with or without underlying patterns are different. In this
paper, we modified the flood exposure development parameters of a 248-nm chemically amplified
resist (CAR) to get patterned development parameters and compared them with the simulation
results. First, we obtained the development parameters by using a flood exposure experiment and
applied them to our lithography simulator LUV. The simulated resist profiles were then compared
to SEM microphotographs. Second, we modified the development parameters for the simulated
resist profile to match the SEM photographs. We also determined the relationship between the
changes of the parameters and the pattern profile. We could see the effect of the modification in
different line widths and sidewall angle.
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I. INTRODUCTION

A lithography simulation tool can mimic the real pro-
cess only if the simulation parameters are given correctly.
In most simulation tools, the parameters are modified to
predict the resist profiles since all the parameters can
not be obtained in real lithographic processes. The de-
velopment parameters are usually obtained from flood
exposure experiments without a pattern. However, the
development parameters are different when a pattern ex-
ists. If the development parameters of flood exposure
without modification were to be used, the simulated pro-
files were not consistent with the experimental results.
In this research, we modified the development parame-
ters of a 248-nm chemically amplified resist (CAR) with
mask patterns. We investigated the effects of each de-
velopment parameter on the linewidth, the side wall an-
gle, and the thickness of the profile. Among the devel-
opment parameters, the change of the minimum devel-
opment rate has little effect on the resist profile while
the others cause significant variations in the profiles.
As the maximum development rate and the threshold
photo acid generator (PAG) concentration are increased,
the linewidth is decreased and the side wall angle is in-
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creased. When dissolution selectivity is increased, the
linewidth and the side wall angle are increased. These
characteristics were taken into account to extract the
optimum values of the development parameters for pat-
terned resist profiles. The modified parameters were used
to predict experimental profiles, and we obtained mod-
ified simulation results. The development parameters
were then modified again to get the simulation profiles
close to the experimental scanning electron microscope
(SEM) images. The modification was repeated until the
simulated profile matched the experimental results. We
also compared the development parameters of flood and
patterned exposures.

II. MODIFICATION OF DEVELOPMENT
PARAMETERS

1. Flood Exposure and Patterned Exposure

Generally, exposure parameters [1], post-exposure
bake (PEB) parameters [2], and development parame-
ters are called the process parameters. Appropriate resist
parameters are necessary for a lithography simulator to

-725-



-726- Journal of the Korean Physical Society, Vol. 40, No. 4, April 2002

Fig. 1. Schematic diagram of (a) flood exposure and (b)
pattern exposure.

predict real photoresist profiles. These resist parameters
are usually obtained by flood exposure experiments with-
out patterns. However, resist-coated wafers are exposed
through masks with patterns in real processes. Figure
1 shows the difference between the flood exposure and
the patterned exposure in a real process. The intensity
distributions on the resist are different between the flood
exposure and the patterned exposure. [3] The intensity
varies depending on the pattern shapes, and the dose to
size changes. For this reason, if the parameters obtained
by a flood exposure experiment are applied to the simu-
lation, the simulation results do not agree with the real
SEM image. Since the intensity is different, with and
without patterns the dose to size is also different. The
applied dose is different in the real process to overcome
this intensity variation and to get the simulation profiles
that agree with the SEM images. [4] Due to this in-
tensity variation, it is very difficult to get a simulated
resist profile that is consistent with the SEM image by
using the parameter obtained from the flood exposure
experiment. Generally, this effect might be taken care of
by using a larger dose value in the simulation than the
one used in the real process. However, we can obtain the
same result by modifying the process parameters. We
modify the development parameters, instead of varying
the dose.

2. Extraction of the Development Parameters

The simulation profile matching the SEM image can be
obtained by controlling the resist parameters, not the ex-
posure dose but the development parameters. [5] There
are many current development models. We used Mack’s
equation, one of the development rate equations, since
the equation is generally used and provides a good fit to
experimental data. The original Mack model is expressed

Fig. 2. Simulation profile applying the development pa-
rameters obtained by (a) flood exposure and (b) SEM image.

as

R = Rmax
(a+ 1)(1−m)n

a+ (1−m)n
+Rmin, (1)

a =
n+ 1
n− 1

(1−mth)n (2)

is the maximum (fully exposed, m=0) dissolution rate,
Rmin is the minimum (unexposed, m=1) dissolution
rate, n is the dissolution selectivity which controls the
contrast of the photoresist, m is the PAG concentra-
tion, and mth is the threshold PAG. The development
parameters can be obtained by using a development rate
monitoring (DRM). [6] The resist was distributed on a
wafer by spin coating and was then flood-exposed after
a soft bake. The wafer was put into a developer, and
the thickness change was measured with respect to time.
The minimum development rate, Rmin, and the max-
imum development rate, Rmax, were determined using
the DRM. In order to calculate the minimum develop-
ment rate, Rmin, we obtained the thickness of a coated
resist on a wafer that had not been exposed by using
thickness measurement tool. After more than three hour,
the wafer was removed from the developer, washed us-
ing deionized water, and dried with nitrogen; then, the
thickness of the wafer was again measured. The min-
imum development rate was then calculated based on
the thickness change in the film over the three hour pe-
riod. In order to measure the maximum development
rate, Rmax, a resist-coated wafer was exposed to a dose
of 2000 mJ/cm2, a sufficient dose to completely bleach
the PAG in the resist film. This wafer was then devel-
oped and its development rate was monitored using the
DRM. That development rate was set as Rmax. The
other parameters, mth and n, were determined by fitting
R(m) data with development rate models. [7,8]

3. Simulation

The Simulation was due using our in-house simulator
LUV. When the usual parameters obtained by the flood
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Table 1. Exposure parameters and PEB parameters ob-
tained by using flood exposure experiments

Dill parameter A (1/µm) −0.010

Dill parameter B (1/µm) 0.3620

Dill parameter B (cm2/mJ) 0.0120

Kamp 0.125889

Kloss 0.009188

Table 2. Development parameters obtained by using flood
exposure experiments

Rmax (µm/s) 0.134

Rmin (µm/s) 0.004

mth 0.3

n 5.2

experiments were used, the simulation result, shown in
Fig. 2(a), did not agree with the SEM image. Figure
2(b) shows the SEM image of the commonly used 248
nm-CAR APEX-E for a 0.4-µm line and space (L/S)
pattern [9]. The illumination conditions were λ = 248
nm, NA = 0.42, and σ = 0.5, and the exposure dose was
6 mJ/cm2. The PEB was done at 90 ◦C for 90 s. Table
1 and Table 2 show the process parameters obtained by
flood exposure for APEX-E.

We modified the development parameters to make the
simulation profile agree with the SEM image. To extract
the optimum development parameters, we modified each
development parameter and observed the effect of each
parameter on the linewidth and the sidewall angle. The
results are shown in Figs. 3-6.

To know the effect of each development parameter on
the simulated profile and to obtain suitable development
parameters for simulation, we varied each development
parameter a little bit around basic parameter obtained
from the flood exposure. To check the effect of each de-
velopment parameter, in the simulation, we used the var-
ied value for one parameter and the values obtained from
flood exposure experiments for the other values. Figure
3 shows the variation of linewidth and the sidewall angle
of the pattern with Rmax. The value of Rmax was var-
ied from 0.1 to 0.6 µm/s. When the value of Rmax was

Fig. 3. Linewidth and sidewall angle vs. Rmax.

Fig. 4. Linewidth and sidewall angle vs. Rmin.

increased, the linewidth of the pattern profile decreased,
and the sidewall angle increased. Rmin is the dissolution
rate of the unexposed area, so the variation of this value
has nearly no effect on the linewidth and the sidewall
angle of the resist profile, as seen in Fig. 4. The resist
thickness varies significantly only when the Rmin value
is very large. Figure 5 shows the variation of linewidth
and sidewall angle of the resist profile when mth varied.
In Fig. 5, the value of mth varies from 0.4 to 0.6. When
mth was increased, the line width of the pattern profile
decreased and the sidewall angle increased. The effect of
mth is similar to that of Rmax. The effect of the dissolu-
tion selectivity n is shown in Fig. 6. The value of n was
varied from 3 to 5. When n was increased, the linewidth
of the pattern profile increased, and the sidewall angle

Fig. 5. Linewidth and sidewall angle vs. mth.

Fig. 6. Linewidth and sidewall angle vs. n.
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Table 3. Optimum development parameters for predicting
the real result

Rmax (µm/s) 0.175

Rmin (µm/s) 0.0004

mth 0.35

n 4

Fig. 7. (a) SEM image (same as Fig. 2(b)) and (b) sim-
ulation profile obtained by applying the modified optimum
development parameters.

Fig. 8. Simulation resist profiles with respect to the expo-
sure dose and PEB temperature.

decreased. When the number of n is increased, the de-
veloped resistance of the resist is increased [10].

Each development parameter can affect the resist pro-
file in a different way. Therefore, we performed a series of
simulations until the simulation profile was close to the
experimental result. We obtained the linewidth, the side-
wall angle, and the thickness of the remaining resist, and
we modified the parameters by considering the effects of
each parameter. The resulting optimum parameters for a
400-nm L/S are shown in Table 3. The simulation profile
with these optimum parameters is shown in Fig. 7(b).

Three optimum development parameters were applied
to other process conditions, and we could obtain good
simulation results. Figure 8 shows the simulated resist
profiles with respect to exposure dose and PEB temper-

ature. The exposure dose was 4 ∼ 8 mJ/cm2, and the
PEB temperature was 80 ◦C ∼ 100 ◦C.

III. CONCLUSION

Generally, the parameters obtained from flood expo-
sure experiments are used for lithography simulation to
predict the real process result. However, in a real pro-
cess, the exposure is performed with a patterned mask.
Since on intensity difference exists between the flood ex-
posure and the patterned exposure, if the parameters
obtained from flood exposure experiments are used, the
resulting simulation profile may be different from the real
one. We modified the development parameters, instead
of changing exposure dose value. The optimized devel-
opment parameters were extracted by considering the
effects of each parameter on the simulation profiles. We
simulated 400-nm L/S patterns for a 248-nm CAR with
the modified development parameters. We found that
the change of Rmin had little effect on the profile while
the other three parameters exerted a greater influence on
the resist profile. The optimized development parame-
ters were applied to other process conditions, and good
simulation results could be obtained. We also found that
larger values of the parameters were needed for smaller
pattern sizes at the same pattern density.
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