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Beam Shaping of Laser Nearfield Based on Liquid Crystal Spatial Light Modulator
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2. National Key Laboratory of Science and Technology on Tunable Laser, Harbin 150080, China)

Abstract: Liquid crystal spatial licht modulator (SLM) is an effective method to improve spatial beam quality.
A shaped iterative algorithm of spatial light intensity is proposed. The spatial non-uniform of the back-stage laser
system with 50 m transmission distance is compensated in the complex high-power solid-state laser system by using
a small-aperture liquid erystal SLM of the front stage. Experimental results show that nearfield beam quality can be
improved by using SLM. After spatial beam shaping, the output nearfield modulation is 1.26:1, the fluence contrast

value is 5.1%, the soft-edge factor is 8.1% and the nearfield similarity to the target beam is 99.83%.

Key words: spatial light modulator; fluence modulation; beam quality

o D A [ RO 8 AR B 2 R RS Tl
TN RE S R ) B 5 A U K 5 R B AR
FH o 337 0 TR T 0 i 2 3 T RO 4% B9 1
AEENE =R E RO R T HOR B (B
BEHS , Nd:YAG) FY 3 5 AN X 23R MLZE S o0 1 A9 125 1
RN I A8 DR 2R 1 O ) 30 3 01 TR s ] 2
SIVEARZE o TR R DAL & R O SR AR 1R
Y B B, JCIE AT s AR AN S, BT £ T
KM RN BN ) 257 A F RN . I 7R
R UIPRBOCR G A b BT A DGR L RE

23 6] D' 56 B B I 19 75 1 mT LA 23O i s B IR Al

2017-05-06

EENBIE . B BIE R J5 kA B IR AR
S B R AN Bl 1A D' BRLXT DR AR D SR 2 R AT
BAL EAREXDCHE DR B . AR A —
TE BRI, RERE X A5 MG BRI . W e
M7 IR BORBOL R GRS E , — B ARG IRE L
e, WL RS |, Jesf onde I a2 S S 5 BN 1]
AR ROIR MRCR L 228 2% . E I Tk Bk
i s A TR, R P T 2 R A s TR 9 1 2
RIGHOC R G, RS AL B A B I R B R AR
BB R AL RS WRIE . fERIBRCR b, m] %
R AR 25 )18 ) & LU ol sl B2 S RS 2 103 3

TERRAR(1987-), J WA, TR, E RN @ DR BOE R GOE R B IE AR DT



20

32

SR R H Xt LU RE BN Y . AR
RY 5 AR DU, w] LU AT 2 RV A5 H)
PRI A8 HEA T S R .

W 23 18] % I8 il #% (spatial light modulator,
SLM) fitg % 52 30 X6) iy H0 S 4 W AH 7 R O B 285 7 4
il SLM 7E1F £ REOC R G b & A M L a0
NIF %6 I 5956 F- 0 SLM7, OMEGA-EP 3¢ & |-
1) ik S AR R i SLM®RITZE: [ LM 2 8 5 78 LIL (%)
BV SLMPAE . S R AT g R I A 2 ) D
JE T S I O ik AR R H AR SEBRERY 3 A, &
BRI T A GRS [R5 B A0 AT, SIS 0
W LR A1 Zs MDA A . 782 22 BUA O &
b R T T TGN 1 AR R S TR IR ) e S
J& PO 34 50 it R B 5 R Tk Ot
Xt O AR BT R T T 20 P

1 EI/RE

T80T ST HE AR D B A & 70 1 1Y) i 3R
i@ ' A XU 5 e SR a2k 38 42 ] SO AR W AR 37 )
FLRY o AR e BEAS A2 80 A 201 IO 98 1), TR0 Y
Prih A bt 2 K A=A A SLM S 325 [8] 3 1] Fr)
TR B4, G S [ E D, COD SR SE AN 45 i
8 2 I A 1 45 o SLM. 32 BEAD A5 — AN W v 2 R IS
PAAN AR F, RIT—1~ fi foe F1— A i o, A & 1 i
TS o S I N A Y 1T G A R RS
SBT3 6] A A B4 ], PRI 9 S T A o
ot — RSN ] G R o

B A2 DL IR AR 2 1

VR 2 (R G VAT T 245 SLM LA A AR 6 B 2478, B 25
TR 2w 2t OG5 B H B A 75 B E R A
B, SLM 15 e B AR 1 (9 R, MO8 T A
JCI S (B 3 AT o R H A ST SR 5

AR PRZE L, R L RIAR T8GR 5 5735 n,
neo SMITEL F REAS BRI 23 1 B 1), LT 5
Bebhtiz A2, W 2 s o

e ——— A — —
[ e ——— Y —— ) ———

f Y ——— Y —— ——— @ "/,9
P N — N ——
P —— R —— —
} 0
n,

T <>

B — T — T ——

B2 38 P U A D B

2N p e Gl I DRSPSk E S S
BRI TE BT , 0 ORI e 62 0] A AR AL AE IR 7R
nr

¢0=2T(n, ~n)d (1)
S, d AR ISERE (R mm) s A ASIG
KGR nm) .

TEE 2 g SN IR g B W o — > A
JE£ 0, BT e YERIAT I 2K n,(6) , 0 SN e S AL LE
IRERH

6=2(n,(0)~n)d (2)

AR B T80 h HEL 2 XU S R0, 7R R S AR TR
A o T A A 1 A 0 5 T I TR A G, HLAR
KA

6= % -2 tan_'{exp {—( V’"”V_ V. j}} (3)

P Vi ATV 5350 S AR T AT B F s (B
V)5 Vo ki R (AR V)

n,(0) S AT TR O R SC R T KRR

21 - 0052249 n sinjH (4)

n.(6) n, n,

il DA b2, AT RAAS HR A 1 v A AR AL S
B RN T B 5 B . Hh 24 SLM 2 )
VR RSSO ) i 91 7 1 e A A A A A
L A 3 s o ASPOEIRIRTT 19 5 il o 1, 7
B i 20 AL HL 7 0 R A R

E =E,cosasin(wt— kezo)}

E =E,sinasin(wt—k,z,)

(5)



3

21

KA, 0 RCHY I bk, A 90 AT 2 TR
AT 18] R K
B (5) A 15

> (E Y EE
( E, j+( — j—2 ~—cos6=E;sin’d
cos sin @ COsS X sIn

(6)
K, 8 MR Z T 20 )57 0 S e V6 Z 1B A7 22 ,
8=(k,~k,)z o
HT S TR0, R 5 O e OGRS h S BTk E o
TE TR A B4 0 5 A T — S Al 4% A6 i 7 1) 5 o P
Je S0 B SEE S GRS

I= Eé[cosz(a —B)—sin 2a sin 23 sinng (7)
o = BIN, BIAT S M Ik A4 7 I, A

I:Eg(l — sin®2a sin2§) (8)
Moo= /AW, VTR RO, A

I=E; coszg (9)

TS SLM FEA T3 BE R R B, S AW s
B S il 45 LC2002 (AT 5 P e B -1 7 , & 77 1)
558 b o T B KA e £ R /a0 Bh 2598 el 2/
532 nm. &3 G DRI CRAS AL AL

B3 s R mRCIR S 1AL

2 LWEE

VL b 1] 1R 1 28 (SLM) 1) T D B2 A1) FH Vi
it 73 BT B BB P IR R 1 DS S8 2 S
SENERE N Pl AT PO € T P e R L P 0 a1
AR T S 23, e 2 S B Y I 1) s T T o
il i FE L U B, CCD SRR T AL S 42 i i 4%
HLR A — RIITT LR SE M. SLM I F2 225442 hy

WA R DR AR e R — 80 2 T 2R, 508 in 28 e A~
WO B AR T DL SIM | A — N i

S v R FH Y B0 2R G2 MOPA 25 44 1Y) B4 3%
BERRTOR AN, B R R 450 . WO RS
FEAALFE LA i, DU R G, FMARLS, HR
Wi R AT AN P RS . Hi i FD R
O EEH BB 7 AE YA 1 053 nm , 3 ns
B, LK RE & 10 n) o Z8ad YE LT UE H Sk A B T
B, BEAE B AL 10° ) 1 2% B J5 T 4% 1) ' 18 1 25 5%
JE i 200 wl/@13 mm. 283t fin 2% &% /5 SLM
J& 235 8] 1 i — R4 6 0 AR el A T — 2
JEE R 1 1 S0 2 30 YA R R R A G
W RIS 5 ANEHR W KA G IV IR Mot &it
T ARG, G4, i aEE 100 ]GRO
@60 mm , ikt VE BE 3 ns 5P FERTESLE
WOt R H A BT, B R R G R e, HA 1
FHURL TAE , B 2 50 5 2% SLM 280 & 2% 0k
RGEMEILRET

O 72 50T 2 TR R G v 28 26 A 25 (]
SR # RS R L2002, 800%60018 % , 140+t
32 pm, RS TAET R BROCR GG
RIETTE SLM I, 2830 2 R GA% I8 , 15 i 2 R
ek b LR IR @13 mm §7 K F]| P60 mm.,
FEFEMO Y G A BB RO —
T4, SR 0.9% , HE A B AT AR B GEASET T
SRS W, R E A fe i, 8, B AL
TE NP HT oA o BURE R T A28 D60 mm, 8% 10 i
4 FEEGIAR R GG A, B 5 A% 32 3 FE O i 1 0 o
CCD I, CCD L& ()30 6 BE R 0% I B A%
Al 3o THT 1 1% 72 [ 88 e A

25 0] 58 B HE T 10 (0 25 K0 A0 P 4 T

» SLM > » CCD
PC
Ni
. ’v;,“ :

K4 0eas )5 B B A B K

T 25 RG24 SLM 5 CCD 2 4% 3 Ot
L T S (O BE R R G . A B At s 1]



22

32

JEE i SLM L B30 & 2 — a2 25 (8] 43 A, SLM
)23 1) 43 A i 1k AT I, 480 2 R O R G,
H T R G AE i 50K LR R e i AR R & B0k
(14 25 () 56 B 43 A 23 22 B2 . 72 & &R G2 H
CCD I O A 3 38 B 43 A, i et AL 4
B, AR 9 55925 16 24 SLML i i 43 i, ff CCD
A 2 A g OB R TR AT T . OB R
Gi e AR 4% 313 R 40, SLM HI CCD 22 1] & T M 14 1
() X REBERS IR T M AR

VPRI 23 A S i A nT DL R B TR 5ok 3
AN R EEAE R 7 AR08 F A K . SLM A2
T 1 375 3k Al v] AR B MR 3 , IR B K
(0 1 5 A% 2 i A K 7 R A — B A/
Gy X 38K, AR G & — B0, BIF LA AT LU 8 bit A K
JiE UG K 25 DGR 0 A o 6 R 7 A& i ad A v
(R TRORIZE B, AN 235 R G ERE S 2 43 A o

OG5 R AME B O R G ML E RS
AL FR , HRE AT O BE, 45 A B ARG A
B — ARG BE L) B, TRAS A T Y SR,
PEH MRS . TS, et REAS B H e 98
[ SN0 3 5 534 o

3 XWERETE

T 325 18] 96 TR (AP T 325 2R o 37 il
JEE G HRE T AR LR RO R B R . 5K
B Hp, S TG AR G 40 B AR 2 SR BE R ST
90% o IHCICHERE XA SO R KOEIR 1 10%
X R AR o FR T2 8] 3 A7 30T IO GBI 2% L
BEBEM , PO AR KGR Y 1%~50% 10
RSF 250K, BT CCD IO B i 1778, 3
IR S BEAT 1R 2% , BUE R /Nl R 1 25 B, o
PLIXCAMEH 10% o S o114 30 8 30 i) B2 2 Sk 0
ik b2 T 43 A B 4258 R 11 428 PR o A KA 5
HZ e, H TR

Mﬁ# (10)

X, F, HE,, o3 52 T 325 8] 53 A1 A i R
-y . T CCD UL — By
R A, s B JE SO B R0 DRI A 9
il BE 2 m I D R, A 7 i R
OGBS HE o RE SOOI has 18] 737 1)

i E RS A A B DG R B RMS i, R 53R
RH

Iy w-r.y
o="—" (11)

F‘wg

AP, o OCHUE XS LLRE s FF0 R, 205 i 723
[F1) A5 P9 55 & A 5 ) ek MY 2738 4 5 V o CCD il
TOCIERY 4200 HE 1148 A A8 R

TG AR R S P A T 37 RS AR AR E 3k 12
e O CIE Y S BADCSE R AR E o A
L Bk T AN R RCR . O T/ M RR 22
X LB AN I R R 2 4EIH— AR . IE A
LE RE SCA

g=—2 (12)

Aorp, FORSCEGAR B 5 S 2 (8] 40 A B8R i A a5 3
iy Fo AR S 3 A R i R 5 NV
& CCD S Y BE A 4250 5 L1428 Y 1 1 B0
XEFEDEEE, EHRE OGRS ) oy LG5 i
KAB Y 1% R 35065 N 1 T B o b [RGB 1) D' o
AL R 2 G BE A 5 SR KABL Y 90% 4k 5 10% 4k
XiF IO ) 5 BE 5 G BE R ST A AR . S50 H A5 B
FEAERRUER B, I O AR AR R Sea i SN

D,-D,
Su=—"%p (13)
0

A, Do TR FE K HE L BE 90% 11 FX N 14 45 14
TR BEELY 5% %0 I 1) fe KBE BT H5 DY o 4k
FE A G BE 90% 1 BN 1) 2545 25K BE H41(H 1
959% X} W Y e KB BT

TE IR LTI, WOG R Gof th i 7 an &l 5a fir
o VR HGE 37 08 B A 1.85:1, 38 i X Lk B
F_all = 36.8% . WO 508 B 4 44 Ry v W 7 43 A
Rl s, P 55 . AR T A 00 5, 4890 SLM
FERICIG i a8 T oA, 45 R an &l sh
FR o G AR BT I BE R 1.26 <1, 38 X%t
FCE R 5.1% , B3 T8 8.1% . 5250+ H Aw
EBESE AL 1y 8% - T RIS, T 45 SRR W,
BV 5 b a3 5 H bR OGBE By I 5 40 LR 3 B
99.83%.,




23

4

& 1

-30 20 -10 0 10 20 30
x/mm

(a) BT ik 11 3E )

-30 =20 -10 O 10 20 30
x/mm
(b)EIE e i

K5 BIE AR s
A

[

TESL ZRES I POE R GE T, M R RIS 2 808 = ]

SR 25 Y 3 B DG AR ) 2 AMEE T R 9
FOCR G 50 m AL BE 2 1Y 25 MR 50 3645 T
RGARPE G o A B 50 o R IE H O R
A A 1.26:1, il X IR E] 5.1% , e
NGACH TR 8.1% , 5 B AR CEE R I A E 15
#]99.83%,,

Elder L. Performance requirements for countermeasures la-

sers[J]. Proc SPIE, 2010, 7836: 783605.

Caird J. Nd: glass laser design for laser ICF fission energy
LIFE [J]. Fusion Science and Technology, 2009, 56 2 :

607-617.

Kubacki F, Weitze H, Bruns P, et al. Successful diode la-

ser material processing using application specific micro-

optical beam shaping- art. no. 682403[J]. Semiconductor

[4]

[13]

[14]

Lasers and Applications Iii, 2008, 6824: 82403-82403.
Rostohar D, Lucianetti A, Endo A, et al. HILASE project:
high intensity lasers for industrial and scientific applica-
tions[J]. International Society for Optics and Photonics,
Prague, Czech Republic, 2015: 945002.
Zhang C, Hu Y, Li J, et al. An improved multi- exposure
approach for high quality holographic femtosecond laser
patterning[J]. Appl Phys Lett, 2014, 105 22 :221104.
Jesacher A, Bernet S, Ritsch- Marte M. Combined holo-
graphic optical trapping and optical image processing us-
ing a single diffractive pattern displayed on a spatial light
modulator(J]. Opt Lett, 2014, 39 18 : 5337-5340.
Heebner J, Borden M, Miller P, et al. A programmable
beam shaping system for tailoring the profile of high flu-
ence laser beams[J]. International Society for Optics and
Photonics, Boulder, Colorado US , 2010: 78421C.
Barczys M, Bahk S-W, Spilatro M, et al. Deployment of a
spatial light modulator-based beam-shaping system on the
OMEGA EP laser|]]. International Society for Optics and
Photonics, San Francisco, California US , 2013:86020F.
Luce J. Beam shaping in the MegaJoule laser project[J]. In-
ternational Society for Optics and Photonics, San Diego,
California US ,2011:813002.
Hendriks A, Naidoo D, Roux F C, et al. The generation of
flat- top beams by complex amplitude modulation with a
phase-only spatial light modulator{]J]. Optical Engineering
Applications, 2012: 849006.
Sasaki H, Yamamoto K, Wakunami K, et al. Large size
three- dimensional video by electronic holography using
multiple spatial light modulators[J]. Scientific Reports,
2014, 4: 6177.
Soutar C, Lu K. Determination of the physical properties
of an arbitrary twisted-nematic liquid crystal cell [J]. Opt
Eng, 1994,33 8 :2704-2712.
Li S, Zhou L, Cui C, et al. Wavefront shaping by a small-
aperture deformable mirror in the front stage for high-power
laser systems [J]. Appl Sei, 2017,7 4 :379.
Wang Y, Liu Z, Yuan H, et al. A promotion of stability for
temporal compression based on SBS in an interferometric
schemelJ]. Journal of Modern Optics, 2016, 63 17 : 1734-
1740.
Li S, Wang Y, Lu Z, et al. Spatial beam shaping for high-
power frequency tripling lasers based on a liquid crystal
spatial light modulator[J]. Opt Commun, 2016, 367: 181-
185.
Li S, Wang Y, Lu Z, et al. Hundred-Joule-level, nanosec-
58



58

32

4 2 it

BT T — R T R RN B B A T
R g 12 R R T B A LA I I o D AR R
W], 2% R B BAT B B A5 5 RO DI RE AR e ) SR A
JEE oS N P AN SR, ) ) R I e i 4 L PR
AR, AT AP s oo B L FL bR . 2R A E—
BB AN ) AR A E R H A, e
[ A ) 75 1] B9 48000 L A b 4 JRRYE P A 5 R, 22 e Ak
B b ] LAAGE) =S i e FHARIO AL E S S

2003.

[10]

2005.
1. 2004 4 .

[D]. 2004.
[M].
20009.
[M]. 1994.
[D].
2007.
[M]. 2002.

Chen X Cui ZZ Bi et al. Research on low input impedance
measuring system in electrostatic field measurement[J]. ISTM/
2003 5th International Symposium on Test and Measurement
2003,1:53-56.
. [M]. 4
2006.

23

ond-pulse Nd:glass laser system with high spatiotemporal
beam quality[J]. High Power Laser Sci Eng, 2016, 4: e10.
[17] Li S, Wang Y, Lu Z, et al. High-quality near-field beam

achieved in a high- power laser based on SLM adaptive
beam-shaping system[]J]. Opt Express, 2015, 23 2 : 681-
689.

48

3 & it

T LLMDETHAR T T —Fh RGB UL
W07k, ZREBOLE IR — RO, Mt
THARCB M BT 15, A 25 1T HKHE — £k 1A Y
B AT IR S O R . R =306
SR S ARBE B O F R B bR R, AT LASE
IPRIBOT O =25 5L, 2 P B LS

[1]  Evans C Doshir. Tale of two underwater lenses|J]. SPIE
1991 1537:203-214.

[2]  Jules S J. Underwater optical imaging: status and pros-

oceanography[J|. Eurasip Journal on Advances in

14 3 :64-75.

[3] Raimondo S Silvia C. Underwater image processing:

pects

Signal Processing , 2001

state of the art of restoration and image enhancement
methods[J]. Eurasip Journal on Advances in Signal Pro-
cessing 2010: 746052.

[4] Woods AJ] Penrose J D. The development of a compact

underwater stereoscopic video cameralJ]. SPIE 1997
3012:92-95.
[J1- 2014 43 12 .
[J]. 2000 21 4 :39-46.
[M]. : 2012: 26.
Davies E R. Comuter & machine vision: theory algo-
rithms  practicalities|M]. 2013:

387-421.
Trimble G M. Area reconnaissance object relocation and
classification using cooperating autonomous underwater
vehicles[J]. SPIE 1999 3711:195-202.

[D].

,2013.

Wang C C. Nonmetric camera calibration for underwater
laser scanning system[J]. IEEE Journal of Oceanic Enging-

eering 2007 32 2 :383-399.

[J]. 2012 32 sl :s111002.



