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Liquid crystal spatial light modulator and real-time transform
of interferential light wave front

ZHANG lJian, WU Li-ying, LIU Bo-han
(Institute of Ultra-Precision Optoelectronic Instrument Engineering,Harbin Institute of Technology, Harbin 150001, China)

Abstract: A method that wave front real -time transform by using phase only liquid crystal spatial
light modulator (LCSLM) is proposed, which may change the interferential planar light wave front to an
arbitrary expected wave front. The method employs an optimal phase recovering algorithm, the initial
phase array of which is produced by pseudorandom phase encoding. The phase distribution of the
LCSLM is obtained from expected diffraction patterns of far field. The incident monochromatic
interferential planar wave on the LCSLM will produce the expected diffraction patterns in far field

according to the phase only modulation characteristics of the LCSLM.The feasibility of the transform

above is proved by experiments.
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Fig.1 Fourier transform of transmation field for LCSLM
YRR E L E A 1(x, .y, ) BB & a3 (] S O R 2% SLM,
HEHCG N

U, (x4,y,)=A1(x,,¥,) (1)

BMIEBH G R AHAT, BN EHRE S K
RAOBMHEARERTHLAERGAT LY E B
S8 U, Cxy )™, BLA -

UG =ex i (1- 2| 9)) | T0.4,) @

KXp fRHBREE d, NV ERBRKESEDERKWSZE

1035 5165 15 4 50 2 ) 0 BE 7 0 k_?l f,-Af

5= XfL s T(f, o )=F {#(x,.5,)} o

T L 3 U5 AR T b 0 0 0N IE I T
8725 TR St VR0 4 28 A 0 R3S I A0 L O A B (EL B
B = YR AT B R A R A S . R d, =,
U 3 0 T 00 B 3 W 40 7 2 T 23 I O o
51 45 0 37 2 M 10 O O A G

U, (x5, == F(1(xy,7,))

Xt T B AR 437 25 (6] St 18 ) 8% , 52 I el 8 o 8 R i o
H RN 1 AT AR R R, TTSRAE A 1(x, .y, )=explje(x,,y,)) 0

PG R R 2 RS A T 30T, BB N R (x,, s

Ve =Y ) BISETE B T0 N , AR A EL A 70 8 ) B B o(x,y)=
@ Ho x e (x,x,),y € 0,,9,1) » @ € (0,27) . H LB
BEEELNERBIHIRRR:

U, (x,,y )=DFT{ITe(x,y)1 }/jAf (3)
AT REAMEO2T)NHRER. RIBEE

fe T L 13 3 40 A 1 (1= | U, |3 ke T W %5 R O 9
8 — NI RLAEL @, T DA SER X 2 ) 3 58
AR AR R A B S AT L K B B3R 4
2 EEZ B GRFRHE AR H

1o 9147 9 8 e — 0 L4 S A L EL SR A
F43 T B 0073807 0, 5 006V o T
AR AR EBERE L TERMB R FHREE
2 AR AE T 4 7E S o 35 19 4 FR R LR A AL T
T A

FRAR A5 160 S 1k B MK 1O 3 ST R IET, 0B R 3R
3 6 1 7 5 R4 K

2 2 2 2
ne(02)=non¢/\/nocos 0+n_sin 6 4)

K0, W ARG R A s, 0, 50 510 B &P T
HWORAAE I H R ITH R, SIASFERITH RHHE:

neff:;l— JO n,(2)dz ()

X LABRRENREE. HYBEEXEEBEMHE D
P75 3840 A5 A 3 5T B W S O T A R ST LR
A IR SR RS, TR EIB R R
£ S B AR 37 S 3R £

L
8=2n, 1=2" | 0 () ©6)

A

RPN AAR TR i T n, BES M H AL,
AL & L BE & 1 e 3 T A AL , 38 24 32 OB R
BERE B B R AR A R KT 2w, XA
TR R LAE o 4 il 1 0 e TR T ) 8 4 R X OB A
ARV, Sc BB VA o A 2 PR, B T A A

A
Effective phase plan

Phase

Quantified phase step

Approximate

[phase plan
2z = =

LCD pixel

z Y .

- » x
I S i [T

B 2 90 s (el S U 4 R B K S U O B A
Fig.2 Effective phase grating of LCSLM



126 bRk TR

F31%

07 9 ] % s R AR RS B, M AR B HRE R
JEL AR R 7 Al JH X O 9 3B I B P AR X T IR R
FEAOL GBI, AT LA 7 6 5K B AR 0 B Ak kL A T AR
15 5 0 0 17 S 2808 o AR B L M IR AT SRR A
_{ sin(w/q) ’
"7—( wlq )
AW g FENAYT T HBERE

SEBR b, TR ES, bR KA A
B /ME, T WA 2 T 7 [6) H1A T BB 7 1% 8] K B2 900 4R AR
A BT DAREH BE T BT OH B B2k 22 B AE AR L JE 30 32
Frak A B A REBERS A 2m 2805 O /Y, T 2 2 #2246
B, 3 BTR o

i
E
t
+

A
B3 R X R
Fig.3 Schematic diagram of flyback region
B A gt 2l i . [l 77 R RRAR T A7 4
M, HFRAXHAK(DHEIEER

)

330l D 55 A0 A £ 6 0 4% P T L B
AU B L FE AT LR, AR 67 9 4 O AL
{420 290 52 5 0358 28 2 1 4R 5165 PE S 5 7T 6 T A
o 4 5 3 I (1,

3 WS E VBB BT K TR A S

S T 48 8 A 3 5 80 1 0 355 9 0 4 A L SR
10 5 R B0 4 O AR 7.3 A5 1 B, B OB A 4t
RO h MM B L. E 4 1 GS 3k N R R A
(o4 5 B TR, BB A S A R i 3 1R O
#5383 B AR A

2 552301 B 1 A 0 45 4 0
|Gooy | =R &R 155 55 5505 1 R 98 A g(x)=
|8 lexp(o() R - £ 45 OO MM BI B4 18, 3F HL I
W g |2 B S0 0, R0 0 B S L 3 5 1 4 40 A
G(X) 5 477 51 17 28 51 6 40 4 A () B9 180 3B o 25 B L I
B o % g o) 0 2 30U 00 9 6 5 5 40 390 2 1 9
A3 RAR B, T4 B 3 40 T8 7 6 K () 0 A
B4 @(x); B K AR, I SR BB 4R B — 41 g ()
AR A AT @(x) , 578 o) 1 HL 35 8 U5 1) 38 B 6 4

MR R A EIRE N R, I AKNH R BN
& 4% R B AR AL A A {H (o)L R BT R B W R Y R
SR BLR A% o

G-S Bwiit RIE it B WSBE R , EX W
EAE R, 55 AR BB/ R, 3O E 5
A7 45 D 9 A L O BB L 4 A5 R A <8 3 5 B B AR B0 I
P AE S, b 35 Y O R S B B AT 5T R B A Ot
b 8 R 0B B AL A )R by LB O o AR
53 (i 3 43 A5 G T B AR B R TR .

Y [ G R ) A B R R E T RN AR

8 (x)=rect(x—x,)exp(¢;)

X A 3 8 o S T DG T %, B R R
BORBUE A T BB 086, TN BB 1 WAETE
BR ;T L 45 RO i E T R o 4 o B, R T
ERBMMALRT o BEMEMIMEILR, XH
5 1o %% 57 R 0 0 BT SRR R

8, (x)=<exp(je,)>
Xt TRV ARG T @, , HAFE R ECN

+®

R,()= | _explitg)p(p)de
Roiop (9) RGN B 0 BRI ¢ RS
B 7E =1 B 7B 5 0RO M 0 2 R R R

8, (x)=<exp(jo,)>=cxp(j¢, )R, (1) 9)

FHALE R o UM, W BB GER Y v,=
VIZ 0,0 BB o bR L, HE

R, (D)=sinc| - | (10)
¥5 25 2R (10) £ A (9) 18 21 FR AR (2 & v, 75 10 W0 25
0 o 2 5 2 A O B2 B 2, LR OB

8|3, 00| =sine 32|
B 5 ot 7 0 O 3 0 22 0l LA R

ERAE WIRRA:
v,=2msinc  (g,) (11)
53— T g, 5 B A B IR A G, 2 A &
IR KR, B g, =F (G,) . BEKM AL
i RBEHLE W it B AL A0, 1] ki34
B AL 5L No, 6 A 0505 22 25 % N 80, =(Nem=1/2)v, 0 1B
% B T o 28 418 B OB BT o, 45 1R
EHHRLAT LSRR H -



%1

B R2F RHKTZAAANB A TARANEHER 127

0, =@, +2m (Nm—1/2)sinc_ [F (G,)] (12)

ZE W, AT 455 7 WA G B IR R A5 B LA BE HLAE 47 1

2 T 507 B0 2 TR 6 0 8% 58 B0 B 4R iR A 4L

BEOLE & |, BRSNS R ERIE A, A5t iE
B 7= A B, B LA 52 A 00 =2 Sl A L

4 L I

WK B 633 nm 2k T RMOES R B KOER, 2
FRAMBEERNE RO AR N 9 mm HBOER.
OB TR Bt AR S B B 85 18 W 2 19 6 28, dRg
35 H 0 1R PR 6 TR0 B O 160 5 %5 TR Y B 0 2% 0
f 3 7 1 — B, LB 3 A VR AR ORI
V6] 6 8 0 28 B2 5 , 76 3 3 7 A AT 5 BB, 4 T LUK S
S 2 A B S FA CCD i, B4 R RAIXE
BNS 4 7 4 7 10 5 51 2% . 4 AR 30 90 ) 256X 256 1% % W
523 1B S V8 40 28 A R 0 SEBRAT S BT . Hb (a) 2 B
S SR, (b) 25 ¥ R A IR BE R W
S EE R AR EMUKEE, () RREML

A
S

% 200 sene
. o -
-
.

4GS BHRMURELELER
Fig.4 Results of phases retrieved by G-S

WEEBTENE RN T HTHEE, ) BEKH
633 nm #E B Y O RGE I8 AR %S RG] 4R )G A
S B 5 B L 3 A0 5 R

5 & it

He 10T 25 18] D6 VA il 48 B A —4ERT S O, HER
B 38 A UK B B B 3R B i 3 1 5T 1B B R R 19
97 500 R A2 A, R R s D O A o 4% A L A

i D RE , BL AT LA BCAR Y- T U AY 3R T A B M L 4y
A, T A IR AT S ETE o ol T 5 TR A
RN ARAL PR AT AR B0, BRI X R T R W
Ao 0 S T 8 5% PR 4 AR AT TR U9 B A A S RO

3C H R O BE AL 266 5 9 2 0 S AR L B9 G -S B
HEEKEF RPHEESGSEEME A HAME
R RFHEN2RMALR R, TEIT 6 T H R
A 328 AN 214 5 20 e SR 45 i TR R ; R i SR SR R
PR S R, A BT 20 kst T
VR ¥ 2 R 6 R o A% — M A4 M R B 4y 20 ms, ZE WA
AL AEAKEOLT, B R A — 8 A
100 ms, F| FI 9 & 25 1) Ot 98 ] &% 7T 4 F2 AR 1 38 1 4%
P, AT DA R 6k T 3 RE AT AR | SC R I R AR R B
Ko

B k-

[11 Emil Hillstig, Lars Sjoqvist,Mikael Lindgren.Characterization of
a liquid crystal spatial light modulator for beam steering [C1//
Proceedings of SPIE, Laser and Beam Control Technologies
2002,4632:187-196.

[2] LV Nai -guang.Fourier Optics [M].Beijing:China Machine Press
(B T35%. 4 B ot 3 St 50 AU Tolk B AR #E),2006:125-130.

[3] WANG Xin4iu.Liquid Optics and Liquid Display [M].Beijing:
Science Press(E#H A HMBEXFHNRBEB R L B EH K
#t),2006:143-149.

[4] WANG X, WILSON D, MULLER R,et al.Liquid crystal blazed
grating beam deflector [J]. Applied Optics,2000,39 (35):6545 —
6555.

[5] ZHANG Yan.Phase modulation characteristics of Aelectrically
addressed spatial light modulator [J]. Infrared and Laser
Engineering ( 7 .t - 31k 25 (8] o4 ¥4 i 4% A 40 4 W1 %5 o i BF
R AN SHKETRE),2007,36(3):316-318.

[6] GERCHBERG R W, SAXTON W O.A practical algorithm for
the determination of phase from image and diffraction plane
pictures[J]. Optik,1972,35:237-246.

[71 YANG Guo -zhen,GU Ben-yuan. An approach for the design
of diffractive optical elements[J]. Physics, 1994,23(4):200-205.

[8] LIU Wen-yao, COHN R W.Pseudo tandom encoding for phase -
only filters[J].Acta Optica Sinica (X]3C %, Cohn R W.4fi#
£ 20 58 3 4% iy D BE AL 46 5. 6 S 9 ), 1998,18(6):783-788.

[9] LIU Bo-han, ZHANG Jian.Dynamical laser beams steering with a
phase -only spatial light modulator[J].Chinese Journal of Lasers
GMaes kg =R HHSH S ERHCRREE. P
= # 3¢ ),2006.33(7):99-902.



