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Design and Analysis for the High-Precision Lens Support Structure of
Objective Lens for Lithography
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Gong Yan
China Academy of Sciences, Changchun , Jilin 130033, China)

Abstract The surface-profile precision of objective lens for lithography is a key factor which influences the imaging
quality. In order to achieve the root-mean-square (RMS) value of lens surface-profile accuracy which is better than
2 nm, a novel lens support structure with multi-points axial flexible support and three-point length-changeable radial
holding is proposed, and then structure optimization by the influence of gravity deformation compensation is realized.
Finally, the finite element analysis of lens deformation due to gravity and thermal load is done. The results are as
follows: for the deformation of lens surface caused by gravity, profile RMS of the upper surface is 0. 186 nm, while
RMS of the lower surface is 0.15 nm; for the deformation of lens surface caused by thermal load, profile RMS of the
upper surface is 0.55 nm, while RMS of the lower surface is 0.54 nm. The results indicate that the lens supporting
structure can meet high-precision requirements of surface profile of the objective lens for lithography.
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Fig. 1 Structure of the lens
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Fig. 2 Lens support structure
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Fig. 3 Structure of the cell subassembly
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Table 1 Material parameters of the sturcture

Coefficient

Material Modulus of Poission’s of thermal
ateria elasticity E /Pa rato g expansion
a/(107°C)
Fused silica 73 0.17 0.58
60Si2Mn 201 0. 26 11.5
Y1Cr18Ni9 197 0. 27 17.1
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Fig.4 Structure of the monolithic support spring
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Fig. 5 Simplified model of the spring
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Fig. 6 Deformation contour of the cell subassembly

caused by gravity
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Fig. 7 Lens-surface deformation caused by gravity. (a)
Upper surface deformation caused by gravity; (b)

lower surface deformation caused by gravity
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Fig. 8 Lens-surface deformation caused by radical fixing

force. (a) Upper surface deformation caused by

radical fixing force; (b) lower surface deformation

caused by radical fixing force
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Fig. 9 Temperature distribution of the lens caused

by thermal load
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Fig. 10 Cell subassembly deformation caused

by thermal load

Wi B b SR AR P A S R B 24T 20 B B
LN Sl R R PR B ol N T A
KT s, Hop B R B PV fH 4 3. 547 nm,
RMS{H} 0.55 nm, FEFHHEE PV {4 3. 29 nm,
RMS {4} 0. 54 nm,

5 45 B

X8 O 22 455 0 v o 1D v R E T K L A
G 7 — Tl ) 22 s el SO AR ) = a3 2UOE 7 Y
JCE BB SRR . BT 3 AR SCHE S5 A 11
PR AT T8t e BT TR SIS N O E
f g B e S5 00 X O R TR B e 25 R SR
Wl i TE 15 LRI EIE PV {E R 0. 89 nm,
RMS {H4 0. 186 nm, | M A PV {E4 0. 8 nm,

300
200

100 o

B1L Rt g M iiE2TE . (BB R 51E
EREAIEE; (bR 51 1 _EREAZIEE
Fig. 11 Lens-surface deformation caused by thermal
load. (a) Upper surface deformation caused by
thermal load; (b) lower surface deformation

caused by thermal load
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