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Abstract In order to compensate aberrations of lithographic objective lens, an active liquid lens is developed, and

characteristics of the aberrations varying of the active liquid lens is analyzed. The active liquid lens is constituted of

deionised water and LiF. Firstly, considering the gravity and hydrostatic pressure, the forces are evenly applied to

one to six points which are equally settled, and the deflection of lens is calculated; Secondly, deflection of the

deformable lens is fitted with Zernike polynomials, and the functional relation between the aberrations expressed by

standard Zernike polynomials and mechanical forces is established. The results show that: relation between the

standard Zernike polynomial coefficients of active liquid lens and forces acted on it is strongly linear; First three

aberrations of the active liquid lens are piston, defocus, and n-foil under multi-points forces except one point; With

number of the force points increasing, defocus and piston regulating abilities of active liquid lens are of increasing

trend, while the other kinds of aberrations regulating abilities are of downward trend.
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Fig. 1 Sketch of active liquid lens
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Table 1 Key dimensions of the active fluid lens

D d H Ah
0.2 0.14 0.005 0.005

%2 MRty B RE

Table 2 Physical properties of materials

) Density / Young Poisson’s
Materials . .
(Kgem™*) module /Pa ratio
LiF 2.63X10° 6.48X10" 0. 225
Deionised 1.0%10° _ _
water

(d) n=3

(e)n=4 ) n=b (g) n=6

Bl 4 Sl RS B o3 B

Fig.4 Analysis model of the active fluid lens
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Fig. 6 Deflection of lens in effective aperture
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Fig. 7 Coefficients of standard Zernike polynomials changing with force varying
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Table 3 Statistics of C (|C|>1X10"" m/N)

Tem n= n=2 n=3

Terms C/(10 °m*N"1) Terms C/(10 m+N" 1) Terms C/(10 *m+N"1)
1 2 10. 40 1 17. 80 1 26.70
2 1 8.91 4 13.00 7 12.50
3 4 6.50 5 —6.52 5 —9.81
4 7 4. 17 11 5. 46 22 3.42
5 5 —3.26 12 —2.95 17 —2.41
6 8 —2.92 22 2.43 46 1.18
7 11 2.72 37 1.12 —

8 16 1. 80 — — — —
9 12 —1.48 — — — —
10 22 1.21 — — — —

Item n%4 n=> n%6
Terms C/(10 °m+N"1) Terms C/(10 °m+N"1) Terms C/(10°m*N"1)
1 1 35.60 1 44, 60 1 53.40
2 5 —13.00 5 —16. 30 5 —19. 60
3 11 10. 90 16 9.02 22 6. 85
4 37 2.23 56 1.35 38 —1.13
5 23 —1.82 30 —1.35 — —
6 — — — - — —
7 — — — — — —
8 — — — — — J—
9 J— J— J— J— — J—
10 — — —

3) FTARUE Zernike 22 3 20 Z FONT R (415 25 4%
TERE NI B 52 1) B M B b #e. 112
B B AR I o R b B CE 2 ) A3 AR
Zernike Z i X, R 5 1 Ui (piston) M58 5 I
(defocus) (4745 £k RE 7 Bifi 52 7 md 1 38 fin i 34 5ig L 3R B0
Ry X R C R R A 3G Rk e BRBE 2 ) SR
&0 BB B X piston TR defocus HUIX
T A& 26 0 98 15 BB ) A 3 SR 8 B T e 0 b
Zernike Z2 351 3 2 K 72 16 RE 1 B 52 7 #9384 A0 T
TS > 2 BN X R C 1 46 6B A D8/ e, B
F B AR X R piston i, defocus 3 4b H Al &
25 WY RE T BESZ ) s IE I A s . B IE
AT AT s 252 07 58 n T 055 (MR 268 1 3Fim
Z I, AR E B 14 2 E BN piston T K
defocus Ji,

4 4k ®

R 28 F K R AL RO AR R T —
193 nm A< T AR B S B A B B fE
J1 B K FE SIS B A B T 1~ 6 A
2% 15 STHE BB 1 T T B 1028 T 5 36 F Zernike

Z U R B 5O BT BT B9 Seidel 1§22 157
R XA S BT T 66 WikR i Zernike £ 101 5
A i TR AR AR & B e E A T AR &
PR Zernike Z2 300 R ET RoR 15 2 5 2 SR
BEHE 1 Z BB sRBOR R TR R U Bl kS
BE Y AR IE Zernike 2230 R BE B2 T K/ & 5
LMRRBR—AZHNEE =D HihZ 52 h
TIAEHT (n=2,3,+,6) , FEhIRIR B FEZ Y
M % 22 BRI 3 Wi ol piston, defocus M n-foil; F 3
TR A 375 55 2% AR UE Zernike 22 300 2 5 8O0 I (914 22
AR AV Rl T Bl A 32 ) s B B I B o ke e BLR
FIAE SR IEFXT piston T Kz defocus T X 1
T3 22 B 115 RE 0 Bl A2 0 s 0 1 I 1 vk ke #e L T
HoAth S8 AU 22 (9 75 RE ) ) 52 R

5 £ X

1 Olaf Conradi, Sascha Bleidistel, Markus Hauf ez al.. Projection
objective of a microlithographic projection exposure apparatus
[P]. United States: US 2008/0239503 Al, 2008. 10

2 Cheng Huichuan, Xu Su, Liu Yifan e al.. Adaptive mechanical-
wetting lens actuated by ferrofluids[J]. Opt. Commun. , 2011,
284(8) . 2118~2121

3 Xu Su, Liu Yifan, Ren Hongwen et al.. A novel adaptive

mechanical-wetting lens for visible and near infrared imaging[ ] ].

1222003-6



ARG

T2 5 R T B I MR o B 15 22 e PR A T

Opt. Express, 2010, 18(12) . 12430~12435

4 F. Schneider, C. Miiller, U. Wallrabe. A low cost adaptive
silicone membrane lens[J]. J. Optics A: Pure & Appl. Opt. ,
2008, 10(4) . 044002

5 Wen Qiao, Frank S. Tsai, Sung Hwan Cho. Fluidic intraocular
lens with a large accommodation range [ J]. IEEE Photon.
Technol. Lett. , 2009, 21(5): 304~306

6 Son Hyung Min, Kim Min Young, Lee Yun Jung. Tunable-focus
liquid lens system controlled by antagonistic winding-type SMA
actuator [J]. Opt. Express, 2009, 17(16): 14339~14350

7 Xu Su, Ren Hongwen, Lin Yeong-Jyh et al.. Adaptive liquid
lens actuated by photo-polymer [ J]. Opt. Express. 2009,
17(20): 17590~17595

8 Hongwen Ren, David Fox, P. Andrew Anderson e al..
Tunable-focus liquid lens controlled using a servo motor[ J]. Opz.
Express., 2006, 14(18) . 8031~8036

9 M. Vallet, B. Berge. Electrowetting of water and aqueous
solutions on poly (ethylene terephthalate) insulating films[]].
Polymer, 1996, 37(12): 2465~2470

10 Ren Hongwen, Wu Shin Tson. Tunable-focus liquid microlens
array using dielectrophoretic effect [J]. Opt. Express., 2008,
16(4) . 2646~2652

11 Cheng Chih Cheng, C. Alex Chang, J. Andrew Yeh. Variable
focus dielectric liquid droplet lens [ J]. Opt. Express, 2006,
14(9): 4101~4106

12 S. Kuipera, B. H. W. Hendriks. Variable-focus liquid lens for
miniature cameras [ J ]. Appl. Phys. Lett., 2004, 85 (7).
1128~1130

13 T. Krupenkin, S. Yang, P. Mach. Tunable liquid microlens[J].
Appl. Phys. Lett. . 2003, 82(3): 316~318

14 Liang Dong, Abhishek K. Agarwal, David J. Beebe e al..
Adaptive liquid microlenses activated by stimuli-responsive
hydrogels 1. Nature. 2006, 442(7102); 551~554

15 Ning Yu, Yu Hao, Zhou Hong et al.. Experimental research on
spatial fitting capability to Zernike aberrations of 20-element
bimorph deformable mirror [ J]. Acta Optica Sinica, 2009,
29(7). 1756~1760

TOE. & WA M A 20 BOTWUE# AR TE X Zernike
BEENME IR I] L% F M|, 2009, 29(7):
1756 ~1760

16 Huang Shengyang, Jiang Zongfu, Xi Fengjie et al.. Correction of
low order Zernike aberrations by curvature adaptive optics system
[J]. High Power Laser And Particle Beams, 2010, 22(11):
2521~2526
WO, B, J B E MR B E NG R E X
Zernike (R ZAGIERE I [T]. ik 5 5 F k. 2010, 22(11):
2521~2526

17 Yang Huafeng, Rao Changhui, Zhang Yudong et al.. Adaptive
optics system based on combinational deformable mirror for
improving wavefront spatial correction capability[J]. Acta Optica
Sinica, 2009, 29(3): 587~593
AW, BERME, SRTIAR 55, — i3 o i i 23 R A IE B ) i 4165
IR A G RO RG] R F |, 2009, 29(3): 587~593

18 Qi Bo, Chen Hongbin, Liu Shunfa. Regression analysis of
wavefront fitting using Zernike polynomial[J]. Opr. & Precision
Engng. » 2007, 15(3); 396~400
IT . BREE, XU %K. Zernike £ 112X 9% 18L& 0 181 U3 4 A
JrE1]. kFEAEE LA, 2007, 15(3): 396~400

19 Chen Xu, Yuan Wenquan, Feng Yutao e al.. Study of the error
of the reference lens in absolute spherical testing and the thermal
deformation model establishment[ ]J]. Acta Optica Sinica, 2011,
31(2): 0212002
B B, BI04, BEE . GRS EEIRENT S AT
FERIEE N [T, R 4R, 2011, 31(2): 0212002

20 Liu Hui, Yu Qinghua, Pei Yuntian. Light-weighted structure
contrast and deformation analysis of the large mirror [ J ].
Opto-Electronic Engineering » 2009, 36(11) . 70~74
Xl M. TR, BaR. KOBRSEEELE W LK R E
ARHLI]. bw A2, 2009, 36(11); 70~74

21 Wu Zhiyun, Zhang Qican. Carrier removal method in fringe
projection profilometry using Zernike polynomials [ J]. Acta
Optica Sinica, 2011, 31(4) . 0412011
RAE L kI I vE 2 5 B = A5 R AR P Y S B0
[J]. &% %3k, 2011, 31(4): 0412011

=ERE K

1222003-7



