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Far-Field Multi-Parameter Measurement of Diffractive Optical
Element for Pupil Shaping in Lithography System
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Abstract Diffractive optical element (DOE) is widely used to generate various illumination modes for pupil shaping
in the lithography system. A far-field multi-parameter measuring method for the DOE is proposed according to its
testing requirements of optical performance. The multi-parameters of optical performance, such as the pole balance,
the pole opening angle, the pole azimuth angle. the semi-aperture angle. and the radial intensity distribution are
obtained simultaneously by converting the far-field intensity distribution. The multi-parameter measurement and
analysis of DOE made abroad are done experimentally. And the experimental results indicate that this measuring

method can be applied to the testing of DOE for pupil shaping in the lithography system.
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Fig. 1 Illustration of illumination modes. (a) Circular;
(b) annular; (¢) dipole; (d) quadrupole
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Fig. 2 Definition of the quadrupole illumination mode
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Fig. 3 Schematic of DOE test principle
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Fig. 4 Diagram of multi-parameter analysis. (a) Intensity distribution of cartesian I(x,y);

(b) intensity distribution of latitude-longitude I(a,8); (c) azimuth intensity distribution; (d) radial intensity distribution
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Fig. 5 Actual test pattern of quadrupole

diffractive pattern
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Fig. 6 Far-ficld intensity distribution in

latitude-longitude coordinates
T REMIEGER A B L R T i 0 57
VPR om0 ¢ F L AR B 7 AT DAL S 5K A AR
FL . DAAIX SR EEME A 0.5 W — K H k. R Ak
PEIR SR 5] 4 SRR 8 A J7 i M (E 43 38
29. 6°, 60. 0°, 120. 9°, 150. 5°, 210. 6°, 240. 2°,

300.2°.330. 7", WHEADZRRE 2 A2 A L
304 A KA 20 3R 30.4°,29. 67,29, 67,3057,
HEOHEA L Mok MR 22 0. 57, B RIR
92 A A BE 0 (B AT LAAS 204 S 4% 5 60 FA 53 3R
44.8°,135.7°,225.4°.,315.5°, S&i{EAM 5
PR ZE J£0. 77,

1.0
0.9t ﬁ p
308
S 0.7}
P
g 0.5
g0
o 04t
=
k5 0.3
& 0.2
0.1

i -
00 50 100 150 200 250 300 350 400
Azimuth angle 6 /(°)

7 —YEAf 1] GRS A
Fig. 7 One-dimensional intensity distribution along the

azimuth angle 0

Kl 8 JEAR I G uk A K iR TR LA A o 6
2 AR T ) 5 P SR R A OC & T DL 3
AL o HTE AR 1] AR X G BR A 1 3 ST
PIAH X 5% JEAEL R 0. 5 T — 4% B 2k SR 4 1 3 (B 55
HEEBE IR MA a0 Ma 205K 1.5 mrad F1
27.6 mrad, S EAM 2 0. 1 mrad, $+575 8| T
5 R 8 FE T 0. 9) A 58 40 16 9 4 97 At

RN 1.68%.,
1.0
0.9
};0.8
S 07
go.s
‘E 0.5
§ 0.4
203
S 02
0.1
0

0 5 10 15 20 2 30
Radial angle  /mrad
Bl 8 —4i4% ] ek 4 A
Fig. 8 One-dimensional intensity distribution along
the radial angle «
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