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Light mode converter in immersion lithography lighting system
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Abstract: The lighting mode convertor module in NA1.35 immersion lithography lighting system design
has been designed and tested. The lighting mode convertor system can be realized by using diffractive
optical element (DOE) in the design and analysis, including the traditional lighting mode, diode lighting
mode and quadrupole lighting models. And then different lighting models of diffractive optical elements
for the design results were presented. The results were simulated and the experimental results were
analyzed, which proved the feasibility of the design. The research results show that when the input optical
field is divided with the number of array of 20 x20 units, the diode lighting and quadrupole lighting
models of diffractive optical elements are with numbers of 32 steps, the traditional lighting mode of
128 steps, the uniformity of diffractive optical elements as lighting mode converters and the diffraction

efficiency are able to meet the design requirements. From the basis principle, the experimental validation
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of diffractive optical elements correctness and feasibility of the laser mode converter design can meet the

requirements. The results can be applied to the immersion lithography lighting mode convertors in the

immersion lithography lighting system structure, which have the great certain theoretical value and

engineering significance.
Key words: immersion lithography lighting system;

optical elements;  pupil shaping
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Fig.1 Principle of array type diffractive optics for

laser beam shaping transformation
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Tab.1 DOE design index

Properties parameters Value
Wavelength/nm 193.368
Diameter aperture of incident beam/mm 3030
Divergence angle of incident beam/mrad 2 %3
Diffraction angle/(°) +1.06
Intensity homogeneity >95%
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Tab.2 Analysis of quadrupole lighting

mode converter features

Translation ~ Super—Gaussian Gaussian Diffraction
/mm distribution distribution efficiency
0 4.63% 4.51%
0.5 5.31% 4.52%
0.75 5.21% 4.54%
89.35%
1.0 5.11% 4.58%
1.5 5.54% 4.60%
2.0 5.26% 4.61%
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Fig.2 Laser intensity distribution of quadrupole lighting mode
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Tab.3 Analysis of diode lighting mode

converter design features

Translation ~ Super—Gaussian Gaussian Diffraction
/mm distribution distribution efficiency
0 4.20% 4.03%
0.25 4.56% 4.03%
0.50 4.90% 4.03%
1.0 4.69% 4.06% 92.73%
1.25 5.04% 4.08%
1.5 5.24% 4.10%
2.0 4.84% 4.16%
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Fig.3 Laser intensity distribution of diode lighting mode
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Tab.4 Analysis on traditional lighting

mode features

Translation ~ Super—Gaussian Gaussian Diffraction
/mm distribution distribution efficiency
0 4.39% 8.60%
0.25 4.78% 4.03%
0.50 5.13% 4.03%
1.0 4.95% 4.06% 97%
1.25 5.42% 4.08%
1.5 5.67% 4.10%
2.0 5.12% 4.16%

BE AN, %2 BUATT 55 O 2 e 1 A Dy 1R B A X
for I 1) A 8 BT 906 016 5 0 A A B 4 BT o

P 4 A2 25 Bt B A X O Ot 5k 40 A

Fig.4 Laser intensity distribution of traditional lighting mode
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Fig.5 Light path for DOE element testing of beam shaping

Bl 6 Sy = IR WAL e 4 DOE B AL R

(a) &t i W]
(a) Traditional lighting

(b) = HE W]
(b) Diode lighting

0618002-5



b Gk TR

www.irla.cn

% 6 M

5415

-
(c) DYtk IE B

(¢) Quadrupole lighting
[E] 6 = Fofr JIE A A8 X A% 4o 2 07 5 OC 14 4 TF T 3 &5

Fig.6 Test results of DOE for three lighting mode converters
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Tab.5 Test results of lighting mode

converter performance

Polar angle Polar radius  Intensity  Diffraction
Parameters . ..
1(°) /(°) homogeneity efficiency
Design value 5% 90%
30=1 1.06
Real value 3.0% 89.3%
Quadrupole 30.1 1.07 5.6% 78%
Diode model 30.1 1.07 7.6% 76%
Traditional model 30.1 1.07 7.2% 82%
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