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Abstract High precision lithographic projected objective suffers from thermal aberrations due to energy
absorption. Under off-axis illumination, the dipole mode and time-changing thermal astigmatism is outstanding,
which cannot be corrected or compensated by traditional passive optical systems. Active optics using mechanical
actuators to compensate the primary thermal astigmatism of deformed lens in a refractive lithographic objective
system is proposed. The actuators are located on a refractive plate, and the finite element analysis is applied to study
the deformation and aberration. The theoretical analysis by geometrical optics is made to prove the feasibility for
compensation, and the influences of actuator locations, active force loads, actuator size and lens supporting
conditions are considered. The results show that the active plate performs well to compensate primary astigmatism
and primary 4-foil aberration under the optimized supporting conditions, which provides an idea for thermal
aberration control in lithographic systems.
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Fig.1 Deformation of plates
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Fig.2 Location of actuators
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Fig.3 Relationship between deformation and actuator size. (a) Schematic of the active model; (b) relationship
between the coefficient of lower surface and the of actuator radius

fie 3l ff1 5E SCoh A gl R0 R T G B RS X IE [ R AL A0 R 3(a) B, O T B 5 08 1Y A o i
P, Al Bl a2 3h # D BEALIE BORY — S f R . e TR 3(b) T UK B, P BT 3T 19 28 B 45 408 2l e )OS T o, U
HT PR 32 BUAE 3 1 MR/ o 225 B T v B e (P2 i 3l A , e e B -5 P AR ek DX S E AR RS 5 mm
Sy AR 2l I3 %k T T SE e o TR 4(a) TR D 42 Bl 03 7E 50~300 N [R]AE fR S P A 2% T i B S A AR e . TR
VSR FE L BL ZsT500 3], P A(b)dii 2 1 4> 26 T 1) T A 22 i B ] 0 i 28 fl e 3

BERTI] AR SEsh R S R, H AR A2 B — B h TSSO 22 SRR
AR Y AL TE 22 AT G, 58 S 1L bR B A D iZ AR B d INAE S 0 /E R R R T Zernike 22 31 X R R /Y TH P

B4 ANEESH S T MA R ERER . (a) BB b) B 2E )
Fig.4 Deformations of two surfaces at different force loads. (a) Deformation tendency; (b) coefficient difference (Zs)
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Fig.5 Definition of rotation angle
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Fig.6 Coefficients differences under different separate angles
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Table 1 Parameters of FEA model

Material Size Elastic modulus Poisson ratio

Fused silica @340 mmx40 mm 72.7 GPa 0.16
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Fig.7 Specific lens supporting mode (1,2 are on the upper surface)
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Fig.8 (a) Meshes of FEA model; (b) deformation difference; (c) aberration distribution
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Fig.9 Wavefront aberration maps of system. (a) Before compensation; (b) after compensation
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Table 2 Comparison of main system aberration terms before and after compensation

Zernike term Before compensation After compensation Relative change /%
Zs -0.5096 -0.0095 98.14
Zs 0.0857 0.1186 -38.39
Zy 0.2354 0.2994 -27.19
Zs -0.0276 -0.0300 -8.70
Z -0.1204 -0.0487 59.55
Za -0.0325 -0.0319 1.85
Zss 0.0072 0.0114 -58.33

*Negative value indicates an increment of aberration
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