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Table I DOP measurement results obtained by wave-plate

verification test

Ordinal number DOP /%

1 1. 304

2 1. 333

3 1.323

4 1. 300

5 1. 277

6 1. 237

7 1. 257

8 1. 367

9 1. 215

10 1. 289

Mean value 2 /% 1. 2902
Standard deviation o /% 0.0458
Coefficient of variation C,/ % 3.5477

i A 2% 8 X — 1R i 4% 2EAT T PERE AT, %R
frfs &5k 2.1 Wik, 3R 2 &R 1 EE Z R
# 2 Bm# DOP JE M ik 45
Table 2 DOP measurement results of depolarizer in

repeatability test

Ordinal number DOP /%

1 2.026

2 2.065

3 2.161

! 1. 969

5 2.123

6 2.205

7 2.010

8 2.114

9 2.001

10 2.027

Mean value ¢ /% 2.0701
Standard deviation ¢ /% 0.0772
Coefficient of variation C,/% 3.7287
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Table 3 DOP measurement results of depolarizer in

reproducibility test

Ordinal number DOP / %
1 2. 055
2 2. 141
3 2.014
4 1.924
5 2.116
6 2.023
7 1. 908
8 2.266
9 2.047
10 2.243
11 2.098
12 2.162
13 2.090
14 2.211
15 2.112
16 2.153
17 2.133
18 2. 069
19 2.236
20 2.272
Mean value p /% 2.1137
Standard deviation ¢ /% 0.1030
Coefficient of variation C,/% 4, 8730
5 4 e
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Abstract

Objective With the development of the semiconductor industry, the requirement for photolithography resolution is
significantly increasing. As the resolution increases, the polarized illumination is required to improve the image
contrast. Depolarizers are devices that convert incident-polarized light into unpolarized light, with the degree of
polarization (DOP) of the output light as a core performance index. Depolarizer plays an essential role in the deep
ultraviolet ( DUV ) lithography tool illumination system. Despite some reports on design, manufacture, and
performance evaluation, most traditional detection methods work in the visible band. There is still no direct method
for detecting the performance of the depolarizer for specific DUV wavelength applications. The key problem is that
the high-level control requirement of the measurement error contradicts the insufficient performance of the light
source and polarizing devices. To solve this problem, this study proposes a method for detecting 248 nm depolarizer
independent of laser intensity fluctuation (Fig. 2 Schematic of the method, Fig. 7 Experimental equipment). The
248.372 nm excimer krypton fluoride (KrF) laser is used as the light source. The adverse effects caused by the laser
intensity fluctuation are overcome through pre-polarizing and polarization beam splitting design. The measurement
error is analyzed and verified experimentally. The DOP measurement value is highly consistent with the theoretical
value, verifying the validity of the proposed method. The DOP results in the repeatability and reproducibility tests
show very low standard deviations and variation coefficients, which are consistent with the analysis level. The
proposed method provides a stable and effective tool for offline performance detection of the depolarizer used in the
248 nm lithography tool illumination system.

Methods To detect the depolarizer used in 248 nm lithography, the light source needs to be monochromatic and
high powered to eliminate dispersion and be effective under the conditions of a large beam area and a low
transmittance of each device. Only the excimer KrF laser is suitable for the requirement. However, measured
standard deviation of the emitted light intensity is 2.886% (Fig. 3); thus, the 3¢ of 8.658%, even larger than the
theoretical difference between the maximum and minimum light intensity in DOP measurement. For example, if DOP
is 4%, the theoretical difference is only 8.333%. The valid information will be covered by random noise, making it
difficult to obtain effective measurement results. We use pre-polarizing and polarization beam splitting designs to
overcome this difficulty. The reference light and detection light synchronously reflect the light intensity fluctuation.
Therefore, the fluctuation can be eliminated by the division operation. The pre-polarizing design can eliminate the
interference of the polarization fluctuation of the light source on the polarization splitting ratio. Additionally, we
quantitatively analyze six types of errors (Figs. 4-6) and distinguish the target and effect of each error, including
their summary. We also conduct verification experiments and stability tests. The quarter-wave plate (QWP) can
convert the incident linearly-polarized light into a circularly-polarized light, which has the same effect as a
depolarized light in the detection. The actual retardation of QWP is not strictly a quarter wavelength but can be
measured using an ellipsometer. The theoretical value of DOP is determined by retardation. Therefore, QWP can be
used as a standard sample to verify the wvalidity of the proposed method. Furthermore, repeatability and
reproducibility measurements of the depolarizer sample can verify the stability of the proposed method.

Results and Discussions The error analysis shows that the proposed method is highly suitable for performance
detection of samples with small DOP, such as depolarizers. The absolute system, random, and total absolute errors
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are less than 0.1226%, ~0.2000%, and ~0.3226%. In the verification experiments, the mean retardation of the
QWP measured using a VASE ellipsometer is 89.285° and the theoretical value of DOP is 1.2479% . The measured
DOP using this device is 1.2902%, the standard deviation is 0.0458 %, and the coefficient of variation is 3.5477 %
(Table 1). Compared with the theoretical values, the measurement system error is only 0.0423%, confirming the
validity of the proposed method. In the repeatability test, the DOP of the depolarizer is measured with a mean,
standard deviation, and coefficient of variation of 2.0701%, 0.0772%, and 3.7287%, respectively (Table 2). The
measurement results show that the repeatability level of the device (36 =0.2316%) is consistent with the analysis
expectation ( ~ 0. 2000%). In the reproducibility test, the DOP of the depolarizer is measured with a mean,
standard deviation, and coefficient of variation of 2.1137%, 0.1030%, and 4.8730%, respectively (Table 3). The
reproducibility level (36 =0.3090%) is only slightly worse than the repeatability level, indicating the stability of the
device.

Conclusions This study proposes a detection method for the 248 nm depolarizer independent of laser intensity
fluctuation. We selecte an excimer KrF laser with a stable output wavelength of 248.372 nm as the light source. The
adverse effects caused by the light intensity fluctuation are overcome through pre-polarizing and polarization splitting
design. The error analysis shows that the proposed method is suitable for performance detection of the depolarizer.
The absolute system error is less than 0.1226 %, and the random error is ~0.2000% . The verification experiments
show that the measured mean DOP is highly consistent with the theoretical value. It also shows that the measurement
system error is only 0. 0423%, confirming the validity of the proposed method. The stable test shows the
repeatability level (36 = 0.2316 %) is consistent with the analysis expectation (~0.2000% ), and the reproducibility
level (30 = 0.3090%) is only slightly worse than the repeatability level, indicating the stability of the device.
Therefore, the proposed method provides a stable and effective tool for offline performance detection of the
depolarizer used in the 248 nm lithography tool illumination system. Furthermore, the method is essential and should
be further developed to meet the requirements of shorter wavelength lithography systems.

Key words measurement; polarization detection; depolarizer; deep ultraviolet; optical lithography; error analysis
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