N ser L0 1—‘—: (]
¥ 24 % 3 e KR LR Vol.24 No.3
2016 4 3 H Optics and Precision Engineering Mar. 2016

X E 5 S 1004-924X(2016)03-0469-08
MRV EIREXN R R =0

o mY, E O, MaR
(LFERZER KELERENRGWEFRF, TH K& 130033;
2R EMFRAFE, L 100049)

WE: HAOCZIBGE W R T EMESR, W THEALE R ZEX AW E S A EAS . R #1168 2 05
IR SC 2B YRR A, IR H L 2 A e 2 W B AT T WA AT R AR . UL R, X —f
TAEERA193 nm, BUEALRE (NA) ROTSHCZIBE W BT TR, SR BN MBI 34 J7 M P A
FH1.0 pm, L3NNI B0 25 0.1 mradif, B2 R W) B AR 2 T IS W AE 43 51282 113.2 nmA110.0 nm, A ) 117
ZIWA AT TR LG, R T 20 SRS, JF40 I 7 B 15 22 0 W A8 BUREE B SRS R T s A SRR
FHO WA T 1) BEATL O B R 25 AT T AN 22 I RRME o 25 53R B, B G 20 805 W B W AR 45 0 6 2 nm DA Y B, R4S TR
27 0 AL B A 25 42,0 pm,  FEAT I 55 x4l 5 Al A AR 22 4300 4223 pmad FI+55.3 pmad. 5250 45 RAIE W 4 I 09 5 ik
T8 T AT 5 A 09 Y6 2045052 W B i AR SR AT R R B

% B O bz AFSROh AABRIME; WE; B SAKX; AESMN

FE 42 S: TN305.7; TH703 XHERFRIZES: A doi: 10.3788/OPE.20162403.0469

Effect of alignment errors of reticle on distortion in
lithographic projection lens

YANG Wang"?", HUANG Wei', SHANG Hong-bo'

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

* Corresponding author, E-mail: yangwang@ciomp.ac.cn

Abstract: To meet the requirement of lithographic tool for the distortion in a lithographic projection lens, the
distortion of the optical lithography introduced by alignment errors of a reticle was researched. The Legendre
polynomials were used to describe the distortion of lithographic projection lens, and then it was taken to analyze
and compensate the distortion. Based on the proposed methods, a lithographic projection lens with a Numerical
Aperture(NA) of 0.75 and the working wavelength of 193 nm was analyzed. The analysis results show that the
combinational tolerances of the reticle tilt error in 1.0 um and the reticle translation error in 0.1 mrad have aroused
by uncalibrated distortions of 2 113.2 nm and 10.0 nm. The Legendre polynomial was used to fit the distortion to
obtain the coefficients of the Legendre polynomial, and then to get the distortion sensitivity of the reticle
alignment errors. The distortion sensitivity then was used to perform the tolerance analysis and compensation for
the random position errors of the reticle. As the distortion was expected to be less 2 nm, the requirement of the
reticle z-direction tolerance is +2.0 um and those of the reticle x-tilt and y-tilt tolerances are £22.3 pmad and £55.3
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pmad, respectively. The results demonstrate that the way proposed is suitable for analyzing and compensating the

distortion introduced by reticle alignment errors in lithographic projection lenses.
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Tab. 2 Distortion sensitivities in x direction of reticle
alignment errors
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Tab. 3 Distortion sensitivities in y direction of reticle
alignment errors

Comn a B 0 t 1, t Cymn a Vi 0 t 1, L
/am  1mrad 1 mrad 1 mrad 1 pm Ipm 1 pm /mm  1mrad 1 mrad 1 mrad 1 pm 1 pm 1 pm
m n m n

0 0 0.00 —54.59 0.00 —250.00  0.00 0.00 0 0 11.38 0.00 0.00 0.00 —250.00 0.00
0 1 0.00 0.00  —5250.00 0.00 0.00 0.00 0 1 -2.63 0.00 2.63  0.00 0.00 -0.74
0 2 0.00 7.07 0.00 0.00 0.00 0.00 0 2 21.81 0.00 0.00  0.00 0.00 0.00
0 3 0.00 0.00 0.00 0.00 0.00 0.00 0 3 0.00 0.00 0.00  0.00 0.00 —0.11
0 4 0.00 -0.06 0.00 0.00 0.00 0.00 0 4 -1.26 0.00 0.00  0.00 0.00 0.00
10 0.00 —6.50 6.50 0.00 0.00 -2.72 10 0.00 0.00 13000.00  0.00 0.00 0.00
11 62.79 0.00 0.00 0.00 0.00 0.00 11 0.00 —62.79 0.00  0.00 0.00 0.00
12 0.00 0.00 0.00 0.00 0.00 -0.42 12 0.00 0.00 0.00  0.00 0.00 0.00
13 -5.08 0.00 0.00 0.00  0.00 0.00 13 0.00 5.08 0.00  0.00 0.00 0.00
1 4 0.00 0.00 0.00 0.00  0.00 0.00 1 4 0.00 0.00 0.00  0.00 0.00 0.00
2.0 0.00 -75.29 0.00 0.00  0.00 0.00 20 -7.38 0.00 0.00  0.00 0.00 0.00
21 0.00 0.00 0.00 0.00  0.00 0.00 2 1 0.00 0.00 0.00  0.00 0.00 —1.08
2 2 0.00 13.03 0.00 0.00  0.00 0.00 2 2 -1458 0.00 0.00  0.00 0.00 0.00
23 0.00 0.00 0.00 0.00  0.00 0.00 2 3 0.00 0.00 0.00  0.00 0.00 0.02
2 4 0.00 -0.13 0.00 0.00  0.00 0.00 2 4 0.24 0.00 0.00  0.00 0.00 0.00
30 0.00 0.00 0.00 0.00 0.00 -1.55 3.0 0.00 0.00 0.00  0.00 0.00 0.00
31 3132 0.00 0.00 0.00  0.00 0.00 31 0.00 31.32 0.00  0.00 0.00 0.00
32 0.00 0.00 0.00 0.00  0.00 0.05 32 0.00 0.00 0.00  0.00 0.00 0.00
33 0.63 0.00 0.00 0.00  0.00 0.00 33 0.00 -0.63 0.00  0.00 0.00 0.00
3 4 0.00 0.00 0.00 0.00  0.00 0.00 3 4 0.00 0.00 0.00  0.00 0.00 0.00
40 0.00 43.14 0.00 0.00  0.00 0.00 4 0 0.36 0.00 0.00  0.00 0.00 0.00
4 1 0.00 0.00 0.00 0.00  0.00 0.00 4 1 0.00 0.00 0.00  0.00 0.00 0.05
4 2 0.00 -1.54 0.00 0.00 0.00 0.00 4 2 0.73 0.00 0.00  0.00 0.00 0.00
4 3 0.00 0.00 0.00 0.00 0.00 0.00 4 3 0.00 0.00 0.00  0.00 0.00 0.00
4 4 0.00 —-0.01 0.00 0.00 0.00 0.00 4 4 0.01 0.00 0.00 0.00 0.00 0.00
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Fig. 3 Distortion calibration of lithographic projection lens
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