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Diffraction Effect of Liquid Crystal Spatial Light Modulator
Using for Beam Deflection
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Abstract A liquid-crystal spatial light modulator (LC-SLLM) can be used to deflect laser beam, however its pixel
structure and diffraction effect resulted from phase wrapping technique decreases its optical efficiency. The
diffraction effect was analyzed theoretically and experimentally, and the relationship between fill factor and
diffraction efficiency was demonstrated. 256 pixel X 256 pixel liquid crystal spatial light modulator was used to alter
the wavefront phase to achieve different deflections of a laser beam dynamically. The far field intensity distribution
was measured at different deflection angles. The results show the diffraction efficiency decreases with the fill factor.
Its measured diffraction efficiency was only 51. 3% when the fill factor is 0. 85. The phase wrapping technique make
the LC-SLLM form the structure asablazed grating and its diffraction efficiency decreases with the increase of the

deflection angle.
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Fig. 7 Measured zero order diffraction efficiency

el &N &l 7 s .

I A% T 1 5 5 OB 1 A S 2k
SR 2 VLT T AT AR m, AR 80 23 18] 6 9 il A
NI G BEAT AL 38 )+ 2 AT S 280 3 A o 9 ) v T
AR AL o A D A% T AE -8 e Bl 7 1) A S
JELKE LAAE TR I R ne AL 4G L H R 0 R
TR 1] 5 R 1 R T R A D iR D' K
no A4 MO B BRI AR LA AL . 525 P AE I
A5 Z AR [] B 47 ) P T o A5 S TR 28 A
(] 't 4] ) i 8D ) i 8 O B A 20 A PR AN AE
SHC TR ROCRA 2 R AU ] T PR R A
S RCRBEACR B TR A SO T AR AL o i Bk D7 A7
IE T G A 1P AT SRR A 513005 AT
OGRS 1Y B AT 5 AR A5 T 56. 300 . 17 B R
0 45 2R /0 S R R AR S A A0 O T T R
R BTHON S . 53 K AE 0~180 PN, AL
1] FRF P9 7 55 200 3 W AR A 8] ) b g 00 5 2R L G T
AE 2 70 T L A 58 4 — B0 B
3.2 WEAZEEIEHSFE R REHRHITH R

AL A Y 25 ) DI A 4 oA S SPAT O R
i e A ) B2 D00 3 S 250 B Al e A 2 19 A2 A
6 JT 75 1) S 56 %% L HP R R A S O D AR O 1) A G
S PR AR A A 1 O ) 3R 10 5RO R ) i 3 4y
A 19 2 G Fl— OE B8 JEE

B 8 45 1 AT B 2 % 0 — AT S 280 i i
AR A IR 25 R OR 5 B R R AR G A AT
Fhy PE] 8 R s — AT S 280 5 B D't AR Bl 4% A 6 KT Dk
/N s ST B SR B L OGS i % A LR S R
PR AR 2 R 5 /N 5 B RS2 0 A1 1 A3 S 2500 8
JCREABE A E 4R h B N HE DE MY — S K b T R
P A 55 B 37 5 01 BRE B 5 2 AT S 200 14 A A R

JEARR UL WL RES R AEBR 0.1 Z A0 HE Al &5 Bir T
90

80 1% zero order

* ——~— first order
70 \

60 N

50 R
a0t T~ ]
30 1
20 \\/\,_/J/\M\__ |
10 1
0

Diffraction efficiency /%
/

10 15 20 25 30 35
Deflection angle /mrad
8 i % A 5 17 S BRI SE B R AR
Fig. 8 Measured diffraction efficiency with

different angles



44 BEACME S - W s 18] ' IR A% T T ' SR B 4 ) ) A S 2 495

VIR 3/ o

9 DAy AT S 2003 B ot 2 1) U R ) gk 1) R 07
TR B AZ Al o S 36 T O A 0 PR AR A 2 ROk
8+ AN I 19 A B O 2 G 74 8. 8 mrad., 243l &=
T3] 9 ) e 1) R 0 o) % 3 O 5 2 P — AT S 3K
SRl /N AT I A I s 2 AR A A o R R R
L S AT AR FRAR TR 2Y 3006 G B 26 75 K
{{URAE TR 27

100
. zero order
S 80t —-—first order 1
> _/“
o e 1
.; /‘/—/
e 60 o
1) R
5 40
‘g |
= 20

0

1.5 1.6 1.7 1.8 1.9 2.0
Phase stroke /7t

P9 AN [ R A 9 o Wi B 10 737 S 2803 A8 Ak
Fig. 9 Diffraction efficiencies with different

phase strokes

4 45 1

TR FET I 2 10 50 VD o) 28 1 A 5 5 e 52 A
S SR 1 MR L T T O T X R
25 I I 9 25 1 07 S8R AT T B8 43T 5
BFSE . % H 00V 2 6O VR 28 A% 2 45 A
R 7 0 3 L s T S R fr SR B A L o
RO R 2 BIFE FO R R TR . M [ 35y 1
{6 25 02 D 50 50 25 9 PR K R T T B — A A o

DR EMEZA A o 53R A5 M (o Al o 0 PAY 1 AR 3 22 By
B 53 A3 - (8 SC MR AT S0 2030 o 55 SR R TR P
P A A SR AL R I A AT SN AR B — A
JE A

Z & X #t
1 Paul F. McManamon, Terry A. Dorschner, David L.. Corkum e
al.. Optical phased array technology [J]. Proc. IEEE, 1996, 84
(2):268~298
2 Liu Bohan, Zhang Jian. Dynamical laser beams steering with
phase-only spatial light modulator [J]. Chinese J. Lasers, 2006,
33(7):899~902
XA, 5Kk fd, AR AL () D A i A S S RO A R T, F
B gk, 2006, 33(7):899~902
3 Wang Ning, Li Guohua, Yun Maojin. Voltage-dependent
birefringence measurements of liquid crystals [J]. Chinese J.
Lasers, 2002, A29(12):1064~1066
oo EEE ZKE. WABERIT R EN R F R
Bk, 2002, A29(12):1064~1066
4 Liu Yongjun, Xuan Li, Hu Lifa e al.. Investigation on the
liquid crystal spatial light modulator with high precision and pure
phase [J]. Acta Optica Sinica , 2005, 25(12):1682~1686
XKZE,E WIS R S RS A A R A () ' I 2R
WgEl)]. B g 4, 2005, 25(12):1682~1686
Yan Shuhua, Dai Yifan, Lt Haibao e al.. Manufacturing

wl

system for gray-scale masks based on the spatial light modulator
[J]. Chinese J. Lasers, 2004, 31(1) ;45~47
U AR S — W, B S S BT s )% 1R ) 25 04 B 1 A 1 1
AGT]. v EB K, 2004, 31(1):45~47

6 Li Ge, M. Duelli, R. W. Cohn. Enumeration of illumination
and scanning modes from real-time spatial light modulators [J].
Opt. Express, 2000, 7(12):403~416

7 Emil Hallstig, Lars Sjoqvist, Mikael Lindgen. Intensity
variations using a quantized spatial light modulator for non-
mechanical beam steering [J]. Opt. Eng.. 2003, 42(3):613~
619

8 H. P Herzig. Micro-optics Elements, System and Applications
[M]. Beijing: National Defence Industry Press, 2002
H. Pf/RF558. BOsZ oot /g mp fILMI. dbat: B g7 Lol
AL . 2002



