%38 5 TH H S Vol. 38, No. 7
2011 4£ 7 A CHINESE JOURNAL OF LASERS July, 2011

155 25y LI 5 R A A U 4 5 2 WOK:
PRI F A A R DA SO A T USRI P B S AN T T AT A
B BRI B S I BOR TN R AR OB MO R AT AT R 2 R B . A 3E DG
A 2 T 5 A i A 0 O 2 28 S 4 T S 1 B
BT HZ — 38 Z 5™ . SRS 5 B iE b
SR HE T4 1E F bR » T S B 19 85 A 806 2 58 1
Ji13% 438 % 9 Ak 4 1 H bR, Vorontsov 474 4t

b B O SR AR T O R S AR G B AR BB UL
A4 H R FE A AT O B AR R BF Y A R
[ N AMITSE N BT B T R A & R W 5 . BRI
(9 A9F 72 L a6 P T X SO A O i 1 A A A

L PO B 1 32 )%
BURIE AR DR 5

Bk SEE 0K 8 & Sx& B AT AEg

A
C(E BB BAR R B 5 LR B . Wi KU 410073)

E O FARLE BB CTIL) S BOEKES A & BB SR TT B T e 55cR b s . A4 17 BARTE [l B A & 1 B
JEETWOLIE F ) S A S5 F A Bl vk (9 JEAC JUHR . R T T R D RO AT OR A L M AR S A AR SR AT B P S
5 LI PR AR AR AL ST P10 WEROB LT HOR & 19 B BR AE [ 8 B 38 R AR AL BE . SE R A R R AR AE ]
3 R AR D16 2 2R G E 8 A A T DI 2T OB AR A IR 7 L S B R 510 D16 SRR AR 7 B OB BE RS L BE T 4R B 7300
REIE OGO DCLT O AR s HARTE [ 3 s P ik 5 338 BB B R

hE SRS TN248.1 XHkERIRED A doi: 10.3788/CJL201138.0702012

Study of Target-in-the-Loop Fiber Laser Array Adaptive
Phase-Locking Technique

Tao Rumao Ma Yanxing Dong Xiaolin Si Lei Zou Yongchao Zhou Pu Liu Zejin
(College of Optoelectronics Science and Engineering, National University of Defense Technology

Changsha , Hunan 410073, China)

Abstract The target-in-the-loop (TIL) fiber laser array adaptive phase-locking technique is studied theoretically and
experimentally. The system configurations of TIL adaptive phase-locked fiber laser array and the fundamental theory
for single-dithering algorithm are introduced. The performance of TIL adaptive phase-locked fiber laser array under
high-power laser is studied. Two high-power fiber amplifiers are set up and the adaptive phase-locking of two 10-W-
level fiber amplifiers is accomplished by implementing single-dithering algorithm on a signal processor. The
experimental results demonstrate that the optical phase noise for each beam channel can be effectively controlled by
the TIL adaptive optics system and the fringe contrast is increased to 73% .
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Fig. 1 Scheme of a TIL adaptive phase-locked fiber laser array
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Fig. 2 Configuration of two fiber amplifiers target-in-the-loop adaptive phase-locking system
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Fig.3 4 W experimental results. (a) Open loop long-exposure pattern; (b) close loop long-exposure pattern

Pixel /(20 pm)

50 100 150 200 250 300 350 400 450
Pixel /(20 pm)

Pixel /(20 pm)

50 100 150 200 250 300 350 400 450
Pixel /(20 pm)

P4 20 WL R . (a) JRIRIT IR BEGEREEIAR , (b) PAT 2R I - 4 088 D' ' B 1] A

Fig. 4 20 W experimental results. (a) open loop long-exposure pattern, (b) close loop long-exposure pattern

0702012-3



H |

# ot

P25 25 IO HOR A% i R DR #1110 W, BT
IR F20 WHT, SEI g5 e niEl 4 pron . IR, Ot
BEXT L BE Ol 12 % 5 P R4 i i, SEBERR JE BEXT H
B 73% ., AT UL H BRAE ] B 3E A 4 A
Xof B 1R ) SR PO K R AT A R AV D

4 4 g7

ST 20 W GOREF R A8 1) H AR ALE ] % A S
NIRRT . SEER B ST R WL H bR ALE [l i P B 4
S5 K6 RE % A 0SS B I A 6 AR B A 6 B R L X
FEH I R R A 20 WK BOE R 5. 4 & 5 3
Ja VR B bR B CBEXT L EE N 1204 w5 #] 7300, 2
A P v T 2RO R 5 2 B BRI L X T R
WRGEWHFE L ERAAG —ENSHEEL., B£
S H L Ty Y H AR AE R B 3 D B G R G
SE WS AEAE AT ALFER T ARY R H AR 5% .

& X X #
1J. R. Leger, J. Nilsson, J. P. Huignard et al.. Laser beam
combining and fiber laser systems [J]. IEEE J. Sel. Top.
Quantum Electron. , 2009, 15(2) :237~240
2 Zhou Pu, Liu Zejin, Xu Xiaojun et al.. Propagation performance
of adaptive phase-locked fiber laser array in turbulent atmosphere
[J]). Chinese J. Lasers, 2009, 36(6):1442~1447
JA RN XU VR SE. I I BURE OG £T SO M B 1 3 i R
SAGHTERELT]. P R Bk, 2009, 36(6):1442~1447
Zhou Pu, Liu Zejin, Wang Xiaolin et al.. Theoretical and

38}

experimental investigation on coherent beam combining of fiber
lasers using SPGD algorithm [J]. Acta Optica Sinica, 2009, 29
(8):2232~2237

JE kb R /AR S BEHLIFAT BT RS T OB
JCHET A R e 5 s OFsE ()], b F F R, 2009, 29(8):
2232~2237

Wang Xiaolin, Zhou Pu, Ma Yanxing et al.. Phase control of

S

coherent fiber laser array using stochastic parallel gradient
descent algorithm and its application [ J]. Acta Optica Sinica ,
2010, 30(10) :2874~2878

FEMGE AN AR . SPGD S G AR OG- RE S G
sl R ], R 4R, 2010, 30(10) :2874~2878

T. Y. Fan. Laser beam combining for high-power, high-radiance
sources [J]. IEEE J. Sel. Top. Quantum Electron. , 2005, 11
(3):567~577

T. M. Shay, J. T. Baker, A. D. Sanchez et al.. High-power
phase locking of a fiber amplifier array[ C]. SPIE, 2009, 7195:
71951M

7 B. He, Q. H. Lou, J. Zhou et al.. High power coherent beam
combination from two fiber lasers [J]. Opt. Express, 2006, 14
(7).:2721~2726

Chen Zilun, Hou Jing, Zhou Pu et al.. Mutual injection locking
of two individual fiber lasers [J]. Acta Physica Sinica, 2007, 56
(12):7046~7050

MRy e @8 A & AR EOR R R E AR T
MR AR, 2007, 56(12):7046~7050

Wang Jianming, Duan Kailiang, Wang Yishan. Experimental

w

o

oo

©

study of coherent beam combining of two fiber lasers [J]. Acta
Physica Sinica ., 2008, 57(9) :5627~5631

T BIF AR, Azl PG AR O A T A RN S5 5 B 5
[J]. ##33R, 2008, 57(9):5627~5631

10 Q. Peng, Y. Zhou, Y. Chenet al.. Phase locking of fibre lasers
by self-imaging resonator [ J]. Electron. Lett., 2005, 41(4).
171~173

11 Cheng Yong, Liu Yang, Xu Lixin e al.. Mutual-injection phase-
locking fiber laser with corner-cube cavity [ J]. Chinese J.
Lasers, 2009, 36(1).77~81
OB WELURLR A AR B AR EOk s T .
P gk, 2009, 36(1).77~81

12 X. J. Jia, F. N. Liu, S. G. Fuet al.. Realization of an efficient
coherent combination via Michelson cavity [J]. Chin. Phys. .
2007, 16(10) :2993~2997

13 P. Zhou, Z. J. Liu, X. L. Wang e al.. Coherent beam
combining of fiber amplifiers using stochastic parallel gradient
descent algorithm and its application [J]. IEEE J. Sel. Top.
Quantum Electron. , 2009, 15(2) ;248~256

14 L. Liu, M. A. Vorontsov, E. Polnau e al.. Adaptive phase-
locked fiber array with wavefront phase tip-tilt compensation
using piezoelectric fiber positioners [C]. SPIE, 2007, 6708:
67080K

15 J. E. Kansky, C. X. Yu, D. V. Murphy e al.. Beam control of
a 2D polarization maintaining fiber optic phased array with high-
fiber count [CJ. SPIE, 2006, 6306:63060G

16 X. X. Chu, Z. J. Liu, Y. Wu. Propagation of a general multi-
Gaussian beam in turburlent atmosphere in a slant path [J]. J.
Opt. Soc. Am. A, 2008, 25(1):74~79

17 Y. Cai, Y. Chen, H. T. Eyyubogluet al.. Propagation of laser
array beams in a turbulent atmosphere [J]. Appl. Phys. B,
2007, 88(3):467~475

18 Zhou Pu, Xu Xiaojun, Liu Zejinet al. . Propagation of coherently
combined beam in turbulent atmosphere [J]. Acta Optica Sinica ,
2008, 28(11):2051~2056
JAOAN A VR4 S AR T A RO TR i K 1
[J1. 254, 2008, 28(11):2051~2056

19 Pu Zhou, Zilun Chen, Xiaolin Wang et al.. Tolerance on tilt
error for coherent combining of fiber lasers [J]. Chin. Opt.
Lett. , 2009, 7(1):39~42

P. Piatrous M. Roggemann. Beaconless stochastic parallel

2

(=)

gradient descent laser beam control; numerical experiments [ ]].
Appl. Opt. 2007, 46(27) :6831~ 6842

21 M. A. Vorontsov, V. Kolosov. Target-in-the-loop beam
control; basic considerations for analysis and wave-front sensing
[J]. J. Opt. Soc. Am. A, 2005, 22(1):126~141

22 M. A. Vorontsov, G. W. Carhart, M. Chen et al.. Adaptive
optics based on analog parallel stochastic optimization: analysis
and experimental demonstration [J]. J. Opt. Soc. Am. A,
2000, 17(8):1440~1453

23 T. Weyrauch, M. A. Vorontsov, T. G.

Microscale adaptive optics: wave-front control with a p-mirror

Bifano e al..

array and a VLSI stochastic gradient descent controller [ J].
Appl. Opt., 2001, 40(24) .4243~4253

24 T. Weyrauch, M. A. Vorontsov. Atmospheric compensation
with a speckle beacon in strong scintillation conditions: directed
energy and laser communication applications [J]. Appl. Opt. ,
2005, 44(30):6388~6401

25 M. A. Vorontsov, G. W. Carhart. Adaptive phase distortion
correction in strong speckle-modulation conditions [ J]. Optz.
Lett. ., 2002, 27(24) :2155~2157

26 T. R. O’ Meara. The multidither principle in adaptive optics
[J1. J. Opt. Soc. Am., 1977, 67(3):306~315

27 Y. Ma, P. Zhou, X. Wanget al.. Coherent beam combination of
MOPA with single frequency dithering technique [ ]J]. Opt.
Lett. . 2010, 35(9):1308~1310

0702012-4



