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Laser Beam Shaping Based on Liquid-Crystal Spatial Light Modulator

Yu Xiaochen Hu Jiasheng Wang Lianbao
(School of Information and Communication Engineering, Dalian University of Technology ,
Dalian, Liaoning 116024, China)

Abstract A hybrid algorithm based on the phase mixture algorithm ( PMA) and profile-smoothing algorithm is
used for laser beam shaping, reducing mean square error and nonuniformity of output beam at the same time.
Using the phase-modulation characteristics of liquid-crystal spatial light modulator (LCSLM), an experimental
optical system is built up. The input Gaussian laser beam is shaped to flat top circular beam and rectangle beam
respectively. The top beam nonuniformity and mean square error of the output beams received by CCD are less
than 5% ,

and the energy concentration is higher than 90% . This mehod is proved to be a real-time,

controllable and efficient laser beam shaping method.
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Fig. 1 Modulation characteristic curve of L2002

SRR ] o R AR A B AT Al AR S R 4, LA
[ 1 AT LA, LC2002 A B ot AR (37 1 (74 37 il L
A —E MR BRYE, & Tk ik 5 2 [X (8] ) 58 42 M
P 5341, LC2002 oA VR ] i T 3 i e b5 A
— B PR, 2270 — AR 25, IO A BT
o LEA% 08, AR 8 RIS , 75 B —E 1Y
JE AL B
2.2 HEMRHIZITEE

LT 5t 2 ) Y6 R o e A7 ' RIS 1 S B
F AL SR BB, X IR b — AN A IR
5 A PTG AR 4 A, SR RO
2 P R 28 14 B AR 20 A1, A BN 3 280
VRT3 A1 X8 30T FRARL P 4% 0 205

ST 2k AT B S DG R s
i 125 ] P S A AT, AR A3 S B B R ) 40
PEHATH AR AR AT E " o ASCRTF ST A O
FOERIY , ISR R H AT S, Hegeik ot

U(x,y) = el%%d)} °onOCo’yo) X

- -

ik
P %71[(96 —x0)7 + (y = yy) 1jdxgdy,, (1)

L Uy (x0,50) FASIE, U(x,y) DG ,d

RATSTEEES A SOGEK k= 2w/,
KT 51 B 6 R iR 2 e MR AT

Ji ) R HOEHR I TR TN AT E X

H
= NERIEY 2/ o
° \/<z>‘w[ 7 ] (n-1), (2)
1= i (3)
> (x,y) =1 (x,y) |2
e 2 (4)
ey |
T 2)' W]<x’y)/21(x’y)’ (5)

AP I(x,y) RS Prta BG4 1 (x,y) W BE
RELRE3R A1, W okt 10 b TG R X8R, B
T X, n O WA R R DA 215 8 X
W TSP DGR TR % OGS AN T G )
AR, 6 M/ N C TR LY 5] 5 TR IR ZE e RAL T
SEPdn o6 A BHAS R H O SR DR 5 fE R
HARE o DU B e 1 S5 o R D' TR RE A 7 T N 1Y
ErPiE,

0514001-2



ThERAE: T DI R ot R E

3 HkiRE M
3.1 PMA &%

5 U DU —B% saUrl (GS) k™ R A AT IE |
WV H AR A O e T kA, e A B
[l 0 D' 37 o A PRARU B 1 S 3 () AR 67 R, T B
Pk, [H GS BEA G RISt b Fa AR sl
fitto AT AR GS B Jmy i S A 1) AL, [] Esf 40
il Gibbs 457 , A7 AR T PMA™ | R AR v %
AR L — AR AL AR E A T — k&A1)
FHALAA, B

Grn (%0,50) = ad,(x5,y,) +

barg{ 7 { Uy (x,7) explip, (x,y) I}, (6)
Ko b HIEREE, HA a+b =1, PMA Bk
W T BT R A A 2278, T A F T el 38 i
OGRS R 2%
3.2 FBMEIEE

K GS FLHIUAT B 0y G A IO 1 5 vk
B35 R st HE G TR TR X 0 B, bk B 4 4
HPFE B IR . SFIEIETE S GS HL N R
AR, DX FE T e H B 2R &R, GS
A L T PT A ASUH FH BEAR e b AR I B I

@
~20
5 ~
815 =
b ~—
2 1.0 %’
E0. E

S O

)
& 4 o 0
Ty 2 g0y 2 e

AR 51 73 A FE N B AT B R, R S
SRR ZEE R T A B A s B s s B AUE,
HARSORAFAE R IR0 N T AN 5 B H S
SRR IT IR ZERE K, R fE AR v B AR
Bexp(ip), | [F, |- [F, [ >k

| Flexp(id).
3.3 RBEHEE

IR PMA SEEEFIP B BB R KRR B
G T HDOER A R H R B MRS — &)
BB 4 PMA S50k R BEAI 1 i s D6 oy 24 5 A
B2 HI A A TSN 1 5] FE R AN BRAR s B
TEZAR RS T 4 G AR A TR AN 4 59 B, {H X
Je VMG RIE Iy iR 22 AN 10 o D 1A R A T
PP AL B PR S 25 5 R 3240 T PMA —
B IER SR (LU RIS EE) , DR PMA
SR SRR A B VR Aty 23 TR G il s AR 24 B 1
FAL, AT PR B R 2 A AT A

N T IHAT IR, 43 R PMA B PRI IE
AR A5 5 12 A SR AR T it 2 () Y 9 o) 8% 1) AH A5 By
oo F A SO, B g O S DGR, =R
ST OGO EER  A An B 2 iR .

F = (7)

others

(©)

Intensity (a.u.)
(=]
o

B2 BDER . (a) PMA SLHH BISEHT; (b) -1 A DG (o) TR 530 15 4t B DR R

Fig.2 Circular output beam. (a) Output beam using PMA algorithm; (b) output beam using profile-smoothing

algorithm; (c¢) output beam using hybrid algorithm
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Tabel 1 Evaluation index of algorithms with

circular output beam

Parameter 0 e n
PMA algorithm /% 16.70 2.70 97.8
Profile smoothing algorithm /% 2.20 4.10 90.4

0.2
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Hybrid algorithm /% 0.92 0.34 95.8
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Table 2 Evaluation index of algorithms with

rectangle output beam

Parameter 0 e n

PMA algorithm /% 15.60 2.40 98.6
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Profile smoothing algorithm /% 2.30 4.80 90.8
Hybrid algorithm /% 0.21 0.71 96.9
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Fig.3 Recrangle output beam. (a) Output beam using PMA algorithm; (b) output beam using profile-smoothing
algorithm; (c¢) output beam using hybrid algorithm
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Fig.5 Input Gaussian beam in experiment. (a) Input beam received by CCD; (b) intensity distribution of the input beam

BT AE AR EA g OB, AR & ik FA(2) ~ (5) ZHF i A 6. Hl 7 fH
SRAGAANOL BRECARIE IS 1 PR AR Oz di M2 B AL FORRYSEIRAS SRR W, 1% 07 12 REAB AR 4y b 5 B X iy
PREFE AL 8 A L 2 A5 42 il W 25 DS s WDBARDLIR BT | A 45 56 1 A9 [ ORI Ot
2 CCD SREEF % LA B ANIE 6 .7 B o, PR OGP 90% LA F i BE AR TR AR TR AN 1

05140014



ThERAE: TR

[E] e 1l 75 A O SRR TE

SR AN TR ZZ/INT 3% R 5% WITE RN . {H
TS FDEIA i & LC2002 [§ B i R4 23%
(oA i 4 2555k B E SR A RE R A PRI 7 22 S 9L
23 [A)G T ] o 1) 28 S R AR, B 4 LC2002 iy

@

HOERBE R A1 CCD EYOE R e &, T H 15 &
GURE ORI LU ik 3 94. 3% F192. 2% , &
AL I BRI (L 3) .

K6 e RiEDEA . (a) CCD B ke L ; (b) i b DL HOE 8 A

Fig. 6 Circlular output beam in experiment. (a) Output beam received by CCD; (b) intensity distribution
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Fig. 7 Rectangle output beam in experiment. (a) Output beam received by CCD; (b) intensity distribution
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Table 3 Results of laser beam shaping using LC2002

Energy conversion

Parameter 0 e n

efficiency
Circular beam /% 2.8 2.3 92.8 94.3
Rectangle beam /% 4.3 4.6 90.4 92.2
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