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Abstract Ambient temperature variation is one of the key factors that affect the measurement accuracy of Shack-
Hartmann wavefront sensor (SHWS). The influence of the distortion of micro-lens array (ML A) and the refractive
index variation, the distance changes between MLLA and charge coupled device (CCD), and the distance change
between spherical point source and SHWS on measurement accuracy of SHWS are analyzed by using the thermal
analysis function of Zemax software, which is caused by ambient temperature variation. The analysis and calculation
show that the main factor affecting the measurement accuracy of SHWS is the distance change between MLA and
CCD caused by ambient temperature variation. The measurement error is 0.52 nm root mean square( RMS) when
the ambient temperature rises every 1 °C from 21 ‘C to 24 °C. The experiments of testing the measurement accuracy
of SHWS are carried out by using a nearly perfect spherical wave generated by single mode optical fiber diffraction.
The results obtained from simulation and experiment are basically identical.
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Fig. 1 Prototype for measuring the accuracy of SHWS
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3.2 MLA TR R 5 RELH R0

ARG MLA 288 K4t S5 58 40 F 20 MLA t & F B B R IR R/ . RFFHAD R R AE
MR AR L 51 MLA 28T K At Gt 348 (bt SHWS I 0k B2 19 %2, 45 S an &l 4 fros . i el . 24
HEEHL B 21 CREME 24 “CIp, MLA S8 B 47 5 AR 25 I 8 25 2R 51 A9 ER 22 R/NZ158 0.1 nm RMS,

(=1 S
2010f f~_.

= 0.08

0.06

o 2
o o
(SIS

T

Wave front deviation RM

021 2.2 2:3 2.4
Temperature 7'/ 'C
B4 RS 9 MLA 25T B 37 51 %38 4h 5 | i 3 T O 22
Fig. 4 Wavefront deviation caused by MLA s shape distortion and refractive index change because of temperature variation

3.3 MLA #1 CCD g 28 254k B9 82 1

£ SHWS i ,MLA 5 CCD Z[R] 3R 45 B HE S8 % 45 . >4 BR 53 IR 8 & A= A8 AR ), 55 0 AE 22 1) 2R 1K v% 4 12
5 MLA 5 CCD Z [ BEES . 24 MLA 5 CCD 2 [a] A9 I A8 KB, I B OGBE 5 2 % 6 BE AY IE 2K A8 KL
AT OB A DU FT A A3 (S, S O AR KM 51 AL 22 5 2 MLA 5 CCD Z [a] (% #5285 A5 /INB,
WL AN 24 MLA 5 CCD [a#EAE bt , N CCD S AY 2 MLA A9 8 2L BE, HR SR/ MLA #2
T b A 6 BE K L 33 B ' BRE K 52 M A 418 6 BE B4 43 A DT 5 M) ' BRE S5 0 A 4 BORS JE

P4 A R AR, LR AR 51 MLA &5 CCD [al 528 Ak %F SHW'S 285 B 1 52 0 , 25 5% i &
5. HETTEL YIRELREMN 21 CHEINE 24 CHy.MLA 5 CCD [A]FE 48 fb XF SHWS Il 5 4 & 1Y 5 i)
AR FREWHXR ABREET 24 CHfL,IR2ZHE 1.37 nm RMS,
34 HEEREBESERSFEETHHIME

MIABE I & A BRI SRS SHWS 22 8] 1 B B0 & A A8 1k AT el A8 39 A SHWSS ol iy
iR A AR LGB O 7 R A AR RS A R 2%

PR HAB N R AR, M B AR b 5 | A Bk 1w 5 IR 5 SHWS 2 [a] iE 25 A8 fb X SHW'S Il & 45 B 1 5%
M, S5SNI 6 Fr R . FEIATAD, YRR N 21 “C RN E] 24 C A, iR AR L S BOL S i i 5 SHWS 2 (1]
BEES AL AR 22228 0.1~0.2 nm RMS,

R LR LA 25 AP 26 SHWS I 4 B2 A 52 i, 4 1 4181 5 R 6 g 25 SR i e — &, an il 7 B,
AT, MILA FiL CCD (] BE AR Ak (£ D) 2520 SHWS JHH4E B i £ 2N K L 1 MLA 788 KA 5228 1k (h

0810001-4



E14f
m12-
=z

g1.0-
£ 08}
% 0.6f
=]

204}
I

o2}

0 1 1 1
21 22 23 24
Temperature T'/°C

Wave

Fl5 MLA 5 CCD [a] B A8 £ 51 2 4 iy fi 22
Fig. 5 Wavefront deviation caused by the distance change between MLLA and CCD

5 0.16 | ) —=—MLA a—

E 014k 51.2 B _._B ///

gorp -~ sof —

o10f 508} e

£0.08f < 30.6f

2 0.06 [ 004 N p

0.04
£002f ”02' ‘ . s
= 0, L " " 3 0 L 1 .
21 22 23 24 21 22 23 24
Temperature 7' /°C Temperature 7'/°C
Bl 6 BRIH IR S SHWS [a] #5454k X i i fm 22 1Y 52 B 7 AFEEXT SHWS Il B8 #9500 H

Fig. 6 Effect of distance variation between spherical Fig. 7 Comparison of the influence of each factor on
point source and SHWS on the wavefront deviation the measurement accuracy of SHWS

28 MLA) JER T % 5 U85 14 e o] B AR Ak (2R 1) X SHW'S 5085 B2 A 2 JE A ], 204 0.1 nm RMS,
3.5 IFERETUX SHWS Il E45 E B2 h

W AR TR AR A7 A 1 = AN 5 e DR 2R TR) B I A7 SRS e A5 3 SHW'S I kG R i I B A Ak 6 R A
8 IR, ZAEREE 5 FML A I REMEXR, MIETREN 21 TR 24 Cuf 8B G] AR IR 2
254 1.70 nm RMS,

Xof B8 F I AR LA LA R AR R 0.52, BIR AR {1 °C X SHWS Il &85 B 5 A iR 2%
4 0.52 nm RMS,

equation | y=a+b'X
[|adi-R-square 0.96993
value  standard error
B intercept —10.9253  0.84674
B slope 0.52435 _ 0.0376

t deviation RMS /nm
o e
S N = O 0O
T

nt d
o 2
o>

Wave fro

S <
SRS

21 22 23 24
Temperature 7' /°C

B8 FREE IR AR L X SHWS W 5K B2 (14 52 i

Fig. 8 Effect of ambient temperature variation on the measurement accuracy of SHWS

4 SEEER S
P9 Jy SHWS A o0t 92 005 B P SPUBEIGET 45 A T BIAE 0 5 T TR0 S0 B OE 2P 3T 29 41 m

0810001-5



H = # ot

) SHWS b6 KK 532 nm, % Imagine Optic 237 %55 HASO3-128GE2 1y SHWS, Hit41 %
R 1 i, MLA F3BEANHCN 128 X128, MLA FE M AK/N A 114.1 pm X 114.1 pm, MLA A £EHE K
4.0 mm,CCD R ENE N 2048 pixel X 2048 pixel, SHWS JUEIE LAETHE G I BN E RN EAELFEFE G
R R RO A BB A B2 /RS Oy 195 — 2+ AR B I SR A SR BRI L W SRR T SHWS 1y
255, B 10 A IREEIEEE R 21 “CHE, CCD A5 51 (4 S 5 4 51, 28 50 31 HOR I A 8 45 20 19 8k /i o /&1
11 iR,

9 SHWS H§ B2 Il 1 52 462 ¢ &
Fig. 9 Experiment setup for measuring the accuracy of SHWS

#1 SHWSZH
Table 1 Specifications of the SHWS

Specification Value
Number of microlenses 128128
Microlenses pitch 114.1 pmX114.1 pm
Focal length of the microlenses 4.0 mm
Number of pixels 2048 pixel X 2048 pixel
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