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Measurement of Phase Delay of Two-Dimensional Distribution
Characteristics of Liquid Crystal Electro-Optic Devices

Qi Mingchun' Yao Zhoushi*

! Reseach Institute of Electronic Science and Technology . University of Electronic Science and

Huang Ziqiang' Tan Qinggui®* Wang Xiangru'

Technology of China , Chengdw, Sichuan 610054, China
2 Xi' an Academy of Space Information System , Xi'an, Shaanxi 710000, China

Abstract Based on the Senamont method, a method of testing the two-dimensional (2D) distribution of phase delay
is presented. The 2D distribution of phase delay of liquid crystal optical wedge and OA-LC-SLM is measured. The
results we have measured is reported. The 2D phase distribution characteristic curve of the liquid crystal optical
wedge is calculated by writting a program. The results show that the apex angle of the liquid crystal optical wedge
adds when the testing voltage increasing. In the same way, the 2D phase contour map of the OA-LC-SLM is

calculated. The 2D phase distribution of the OA-LC-SLM is analyzed.
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Fig.1 Framework of A/4 plate method for the determination of liquid crystal electro-optic’s phase
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Fig. 2 Schematic diagram of LCD optical wedge

achieving optical beam deflection
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Fig. 3 Part of the pictures on CCD obtained by rotating P2 with 30 times within a wavelength range

when voltage is set 5 V
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Table 1 Apex angle of wedge liquid crystal wave

plate with different voltages

Vei/V Slope of fitting line k 0/
) 314.5621 0.182
6 284. 2141 0.201
7 251.9184 0.227
8 200. 1076 0. 286

s108004-3



H |

2000 _u_phase
1600 | —linear fit of phase

@V, =5V
0o 1 2 3 4 5
2 /mm

[ —a—phase
%288_—linear fit of phase

400 @V, =TV
X913 54 5
2 /mm

—=—phase
1288 t —linear fit of phase

®V_ =6V

set
0 1 2 3 4 5
2 /mm

[ —s—phase
if8588 [ —linear fit of phase

<1200
% 1000
£ S0l
400 | (@ V=8V

0 1 2 3 4 5
& /mm

4 W AR GBS [ B T AR 7 3 IR 4k Sy A
Fig. 4 2D phase distribution of the DLD with different voltages

3.2 bk &R = E S S 25 48 64 7R i

H1 T OB RE ) JRE A 0. 1 mm, Fiy DL A
AR e DL S B SLM Ry R BE S Sy, SR, H
BRI S RIAE 1/10 P LA st Re R A
RN 0 7 2 S B SLM X i mi A B e 4. o
BE M T A S5 = SLM WA 7E AN [l 45 14 (9 4
253 A R L 10 SR B I T OGRS BUEMR AN 8T 5 TR .

P 5 v g — 1 R v A R SR a0 5 AR AL Y
HARLRER 55 F P2 jiead A BEY 2 A5 o Lk 50
T Matlab B2 17, 58 UM K BE B 8k SR 4
20 e Ak B A Y X 0 A SR R B 360° 3 [
HH IV 4 AH 57 (80°,120°, 160°,200°, 240°) YE I, 4%
Ranla 6 Fros . Mkt A P2 ek . 48000 Nt

120 160 200 240 (a)
80 ——

| O

Y /mm

1 2 3 4 5

2 /mm

40° 80°

(

160° 200°

) \Y)

360°

00
\ (3

[
)
|

K5 V.=0V SLM LI 2= A Wjies: P2 #8 CCD L
T BRAT 43 B
Fig. 5 Part of the pictures on CCD obtained by rotating

P2 in a 2% cycle when voltage is set 0 V
BV FT A 84 B 0 2 A 8 o R 22 A PR TE L AR AL
PSP KA A S B 5 T L B N K T R L %
S A R 9
3

160 200 240
120 ®)
80

Yy /mm
— [\V]

1 2 S 4 5
& /mm

&l 6 SLM K[ H T MR il () V=0 V; (b) V=2V
Fig. 6 2D phase distribution of the SLM with different voltages. (a) V=0 V; (b) V=2V

(O

SEF 1/4 W TR T WO B b i
{32 535 % s 0 9 5 2 00 94 4 A 524396 0t
SV R B 0 U 5 45 Y S SO
LA A3« LI ST RE 2 0 4 645 9l 2R B 5
W 140 2% SCRUARL 4R 22 2 10 BT . 8 LG O T
(Y78 e B Do T 058 I BB T 0 2 1

R JR 43 A5 0 25 B0HT 4 [l — > 5 1) B By o AR 6 (B 22
2 [ 25 B0 1) B J 58 . M 43 AT i 2k T 2% e i
MARAFEN Y 27 JE SLM A9 — 4 M A7 20 A7 5 4 B
FE R AR A AE T 4 A 7 55 w8 2k I, 45 M A A
AR I DT R T 3607 Mt 360° 4% Y
P SLM 4k 43 A 5 1

s108004-4



e R

TR A R O A AR L S SR Y — 4 43 A

SROR:ORIE=Y

& X X #

1 Gu Lingjuan, Zheng Jihong, Chen Gang, et al.. The study of
polymer-dispersed liquid crystal (PDLC) optical switching[]].
Optical Instruments, 2002, 24(3) . 28—33.

JRELUE . FBARLL. B WL 2. BB W OR S (PDLOOEITF BT
F20T]. JeEAXAE, 2002, 24(3) . 28—33.
2 Zhong Zhingcheng, Liu Caixia, Zhang Xindong, et al.. A novel

variable optical attenuator based on PDLC[J]. Chinese Journal of

Sensors and Actuators, 2006, 19(5): 1744—1746.
PR, XURE, SRR, 5. 35T PDLC ¥y o] 28 5 52 0 25 19 BF
WICIT. 1B A2 3R, 2006, 19(5): 1744 —1746.

3 Zhan Jian, Xu Lin, Wu Liying, e al.. Programmable beam
steering based on liquid crystal optical phased array[J]. Acta
Photonica Sinica, 2008, 37(8): 1497—1502.
gk, IR bR REEEE. AF. IR RO RE 5 I T g AR O ORIl e
WF5E[1]. Yo 7284 . 2008, 37(8): 1497—1502.

4 Kong Lingjiang. Zhu Ying., Song Yan, e al.. A beam steering
approach of liquid crystal phased array based on nonperiodic
blazgd grating[J]. Acta Optica Sinica. 2011, 31(1): 0123001.

SPEL R B R H, S TR TR DN R S B Y R R
|Ql:(§ﬁ]7{£m9-h[]]. Se2EdRk . 2011, 31(1) . 0123001,

5 Zhang Cai, Qi Bo, e al..
control based on liquid crystal spatial light modulator[J]. Chinese
J Lasers, 2011, 38(9): 0905005.
ik ORLGEUKME, T B, L BTSSR A 1RO VR R 2R 9 06 B DR
Hepshil]. JE#EOE. 2011, 38(9): 0905005,

6 Wang Xiangru, Tan Qinggui, Huang Ziqiang, et al. .

Huang Yongmei, Beam steering

Dual beam
formation and 2-D san technique of liquid cfystal optical phased
array[ J|. Laser Technology, 2013, 37(5): 631—635.
TEARAD . WEPC Bt BTk, SF. IR SR OGR4 I I 0 R OB F
2 EE ORI, BotHEE AR, 2013, 37(5): 631—635.

Yu Xiaochen, Hu Jiasheng, Wang Lianbao. Laser beam shaping

-

based on liquid-crystal spatial light modulator[J]. Acta Optica
Sinica, 2011, 32(5): 0514001.

8

9

1

—_

12

13

TR, RT, EHES. 2T WA A FDOG IR T &5 09 BO6 R %8
[J]. Je2edi, 2012, 32(5): 0514001,

Cheng Shaoyuan, Hu Lifa, Cao Zhaoliang, et al.. Application of
liquid crystal adaptive optics systemon human eye fundus imaging
with high spatial resolution[ J]]. Chinese J Lasers, 2009, 36(10) :
2524—2527.

G, WIS R . WH R, . WA E S NG A AR RS & 4
PR PR ALT]. P EOE, 2009, 36(10): 2524—2527.
Cai Dongmei, Yao Jun, Jiang Wenhan. Performance of liquid-

crystal spatial light modulator using for wave-front correction[ J].

Acta Optica Sinica, 2009, 29(2). 285—291.
BRACHME, Wb AR, FEDCHL WA R G A 1 &R T T O AR OE A
BELT]. a4, 2009, 29(2) . 285—291.

Bo Feng. Zhu Jiangiang., Kang Jun. Precise measurement and
factors analysis for phase retard ation of wave plate[]J]. Chinese J
Lasers, 2007, 34(6).: 851—856.

WO, ORMEESR. R W R AL HE IR ARG B R
LI HEEOE. 2007, 34(6): 851—856.

Zhang Zhiyong, Deng Yuanyong, Wang Dongguang, et al..

2L1EES

Comp arison and analysis of several methods for measuring wave
plate retardation[ J].
(11): 1678—1685.
TRET . XBICH . EAOG, . JURME A AL AR AL IR &Y R b
B[, s K% TR, 2007, 15(11) . 1678—1685.

Huang Ziqgiang. Principle of Liquid Crystal Dispay[ M]. Beijing:
National Defence Industry Press, 2006. 97 —99.

DRt O T T Y O s [ NP E5 77 00 Y A 1 a
97—99.

Xu Lin, Huang Zigiang, Yang Ruofu. A Wedge Liquid Crystal
Device[ P]. China: (NZOHIOOZ‘)Q?Z 5. [2011-5-25].

G N i R R S — W RO B AP
CN201110029932. 5. [2011—5—25].

Optics and Precision Engineering, 2007, 15

2006.

O

EERE AT 4

s108004-5



