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Abstract  An in-situ measurement method of polarization aberration (PA) in lithographic projection lens is
proposed. A new characterization of PA is proposed, and a cross-correlation relationship among three Pauli terms of
PA and the difference in aerial images under three pairs of orthogonal illuminated polarization states is derived.
Based on this, the principal component analysis is performed on three groups of differential aerial images of alt-
phase-shift mask to solve all the Pauli Zernike coefficients of PA. This paper describes the coupling of different Pauli
terms theoretically in the imaging process and resolves the coupling problem through the principle of measurement
based on this theory. As a result, first 37 orders of Zernike coefficients for all Pauli terms can be measured by the
proposed method. In the condition of typical deep ultraviolet lithography, random PA tests of the proposed method
are performed and the standard errors of 6 X 37 measured Pauli-Zernike coefficients (real and imaginary parts of
three Pauli terms) are all in the order of 107%. Simulation results validate the correctness and the effectiveness of the
proposed method.
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Fig. 1 Schematic of lithographic projection system
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measurement system based on differential aerial images
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Table 2 Simulation

R 2 i PR AR 2% S S I 3K Y 7 A% AR

settings for the test of in-situ polarization aberration measurement

Part Parameter Value Parameter Value
Source type Annular Wavelength A /nm 193
Illuminator Sigma inner 0.3 Sigma outer 0.6
Polarization type Constant Polarization states /(%) 0/90, 45/135, right/left
Mask shape Alt-PSM line Line period / /nm 3000
Mask Line width w /nm 400 Line distance d /nm 500
Phase shift /(*) 180 Orientations /(%) 0,90,30,120,60,150
Lens design Catadioptric immersion NA 1.35
Projector Immersion index 1.44 Scaling 4
Polarization aberration Pauli-Zernike Re/Im amplitude +0.02
Image type Vector aerial image Polarizer angles /(%) 0, 90
Image x (horizontal) range /nm —1000-1000 x step /nm 50
2 (defocus) range /nm —1200-1200 2 step /nm 100
TR A . Geit AT 1 2% FLARS 28 4 0 1) 30T 19 8 e e & ATLLE WA IR by b, by BYPE S B BB

RS B0E RBAREN VI E (Mean) SARMEZE 209 P EEAE 10 B g0, AR ME2ETE 107 Bkt
(Std) . W 3 P,

3 AR I B T AR RO B 1R 22 1 ST

9 /N TR E R £0.02 BITEE, X —45 0K
JE T (22) . (23) 1 (24) 20 Fr i 7 19 256 A 46 0 Jt 21 A9

Table 3 Statistics of measurement errors of Pauli-Zernike TERE R S0 ME, WIEE 2.3 35 FF i (10 /M % 22 & 4

coefficients for Pauli terms

T PR A S 5 AR N EIRZ T L2 . TR

Statistics b, error b, error b error %/@%U:[ﬁ/%}:lﬁ:ﬁ/%%ﬁﬁﬁ E"Jg)zliﬁ“ﬁ ':F' ’ fi@%%\ é‘h"b%
Mean 2.81X1077  3.24X10°7  2.43X10°7 B EEH E 0 f}\ﬁﬁﬂ VA28 M, X F AN FT
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Fig. 3 Measurement errors of Zernike coefficients for real and imaginary parts of Pauli terms (standard deviation) .
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