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Effect of Adjusting Force on Surface Figure of Lens in Eccentric
Adjusting Mechanism

Zhang Defu Li Xianling
(State Key Laboratory of Applied Optics, Changchun Institute of Optics. Fine Mechanics and Physics ,
Chinese Academy of Sciences, Changchun , Jilin 130033, China)

Abstract For aberration compensation requirement of projection objective lens in deep ultraviolet lithography, the
stress analysis of the lens in eccentric adjusting is carried out. A kind of lens supporting with multi-flexure is designed
based on compliance matrix method. Regularity between the adjusting force and the surface figure of the lens is
investigated. Relationship among the adjusting force, the peak valley (PV) value, the root mean square (RMS) value
and Fringe Zernike coefficients of the lens are analyzed using the finite element method. The results show that the
aberration can be restricted by reducing the adjusting force. By using flexible support mechanism for absorbing
adjusting force, the PV value and RMS value of the upper surface of the lens are 2.704 nm and 0.528 nm, the lower
surface are 2.984 nm and 0.571 nm respectively in full stroke eccentric adjusting. The PV value, the RMS value and
Fringe Zernike coefficients of the lens vary linearly with the adjusting force. The adjusting force does not change the
nature of the aberration. The aberration is mainly astigmatism.
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Table 1 Parameters of materials
) Young's modulus  Poisson's Density p /
Material
E /(10" Pa) ratio v (10° kg * m™*)
Fused silica 7.3 0.17 2.2
Invar 14.1 0.259 8.05
*2 HWBEE

Table 2 Parameters of structure

Parameter Value
[, /mm 7
l; /mm 18
l;/mm 9
[, /mm 9
[ /mm 15.5
l¢ /mm 14. 8
[ /mm 24
ls /mm 9
Ly /mm 105.515.5

sensor

B2 I Lk

Fig. 2 Eccentric adjusting mechanism
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Fig. 4 Sketch of the supporting stucture and the force
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Fig. 5 Parameters of the flexure hinge
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Fig. 6 Relationship between compliance and structure size of the flexure hinge

0716004-4



AR A

AT 20 i 8 TS HUAL P OB B T T B R

w=7 mm,t=0.5 mm,r=0.5 mm,/=10 mm,

W T S8 25 R 22 5 AR R .
2R B ] R AR 1 Al 1] R BOR A
SR A B 1 S R/ L R R0 T R B — B
SRR L35 5 Y TR B TR) I 4 B R A A
ST YR BORE 7 4 I 3.4,6,8.12,16,24 Y,
HEE LRI B PV {E A 44, 015 nm 742 fk 5]
25.148 nm, RMS {4 M 16. 516 nm 78 4k |
6.348 nm, FEHE T EEA PV {E M 49. 905 nm 4F
&) 26. 046 nm, RMS {H M 17. 148 nm 7% 1k #|
6.617 nm, 4 n KT 8 M, 3803 5 A K X i JE
M AT 18 Ko 38 m 28 b B A K
Ao P LA SCHE SR B0 AN 0 B 2 RO n =8,
UGy, 3% B b SR PV O A RMS {H 73 ] 4
27.934 nmAll 8. 124 nm. BB F £l 1Y PV {5 Al
RMS {5355 29. 614 nm Fi1 8. 484 nm, HHE &=
Bk Power,

4 BB G BR

) 1 S R T 0253 0 B T R 22 0L
B AT S EOKFARES  RIOE & 72 fi i 22 . [ 7
fh i B D B (R B

~ Di
€= ONAL < AG; s (6)
Horrs
AL N, — AT
A@; — fi 9Al‘l 177}15 (7)
UES)
Di AI] 1

2NA. 1—m £~ (&

X NAL MR EEEILE D AR AR A0 N
R ZE f R A R SR O B Ay 33 B D
D m AR EE S F R B B, NAL LS.
m 2 8 e B 0 19, 0 Dy 2 8 E 1Y L ]
W AZ K% e O3 Ay JAE E o BT RAAT LLGE 53 965 7)N

e X

B 7 A B T BN KT8 R

Fig. 7 A lateral image shift caused by lateral

motion of a lens

(GRS Rl RN

N T AR A Lo A B PR 35 ) X5 22 RS i o
HESL 5 R 22 2 ) B B B 3K BE A7) AR 0k I
Fringe Zernike 22 3 31 2 15 J5 PF i o8 550 4 5 94 15
IR BE R LSRG S TR L 1R 22 . 15 3
37 Wil Zernike ZI AR, HH F R AL % - 11
SRR 7 AR RS R AT . Y
TIFUR 2 Z 1] 1A 5% 2 AT LT R A i R 3R

A - AF = NZ, 9
Hrp,
AZ, AF,
v { ; ]: { ; } o
AZ, AF,
dz, dz,
ﬁ 7
A= | : N (1)
dz,, dz,,
37 7

Krp AF s Jp3g it . AZ R oo iR 22 48 4k
LA N R B RIR O UG 220 E Y )
P BURAR BE o 2 2O 98 15 AILAS B 58 BUG » H 2
VR AR R T AT R L R O B R M —
PR S 7E MLAS B 3 B Bl o] AT 33 2% 3R 48 1) R R
L S — 5 THD 38 3 3 A 1 2 6 IRV T ) BUERAR B L AR
R BT 5 53— Jr A 5 1 0 K/ L 48 5
P ARSI RO B R AR . R 2%
L HTE  AR B 50 3 A B AT DA TSR B R
T PP AR IR ) g AR ZE R RN
GO I )15 Zernike RECGRRM K MG 2EZ
[ RLHEE . B SE7E NX NASTRAN o g 57 LS 1Y
A PR ITHIRY it 0 321 5 29 RN A L i A R
MBS LT RIS, KGR ARG
MR H . A2 i 37 Wi Fringe Zernike £ W X &
£, 3 A B Metropro . it B 45 B WL PV i A
RMS fi. MR A [6] 98 55 J3 5 (4 Zernike 5 502 il
Hi 2R, FF 4k A5 AR 22 BE T J7 i A8 AL R , DA T 38
b A S AR 22 KN R B2
BEHEAR BRI S 2 . LLY [ 8 6L A Ve
0,450 N1, B & 4 10 N i+ BAE8 R &
RMS {f . PV {8 fl Zernike Z& 5 9815 H1 19 25 1k 15
SLanfE 8 K 9 MK 10 i, s Hred kR 170K B
WK A 1) Z1 (piston) , Z2 (tilt) F1 Z3 (tilt) §if =
Tl Zernike R A, MWIEEH LT REIAIE Zernike
ZHCFIVE 1 RO~ QDR RS i

0716004-5



# ot

LE =
JEFEHREQE 11 frR . 2495 3 50N I /3% Bi
LN REEIE A 12 FroR . T 3 R AT AR R
] (@) PV with power
9 5__ RMS with power
: N PV without power
— X3 RMS without power

Do
(=
T

Surface figure /nm
— —
2? >

o
=
Y

Ll

ON 30N 20N 1
Driving force /N

=]
o)
=
Z
>

FRZEE RN Z AR RN 3 PR .

3.5 ®)

PV with power
3.0 ZZZ2RMS with power
£ PV without power
g25H|IN _ EXIRMS without power
[}
£20f

[Im]
2 15[
(]
= 10H
n
050 7
0

50N 40 N 30N 20N 1
Driving force /N

8 AR Hmf iy T REEIEAE . () E3RWE; (b) FRIME

Fig. 8 Upper and lower surface figure under different adjusting forces. (a) Upper surface; (b) lower surface
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Table 3 Relationship among the adjusting force, the adjusting stroke, the coupling error and the maximal stress
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force /N pm (107° pm) (10* pm) error /10°*%  error /107 °%  stress /MPa
50 40. 997 1. 448 6.946 3.532 16. 943 29.13
40 32.797 1.159 5.557 3.534 16. 944 23.30
30 24.598 0. 869 4,168 3.533 16. 944 17. 48
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