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Abstract A model of coherent beam combination (CBC) of fiber laser with 7-channel and 37-channel is established
according to Fraunhofer diffraction theory. The far—field intensity distribution and beam quality of coherent beam
combination with different duty ratios and tilt angles are simulated. The influences of tip/tilt phase error, duty ratio
and the number of sub-beams on CBC of far field beam quality are analyzed. Simulation results show that the far
field intensity in the Airy disk decreases with increasing tilt angle, which means degraded combination effect. The
power in the bucket (PIB) of the far field decreases more rapidly with tilt angle increased in a large- scale
combination, which means that the accumulated effect of tip/tilt phase error with the number increase of sub—beams
can appear. In order to improve the efficiency of CBC, the tip/tilt phase error and piston phase error should be
controlled simultaneously.
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Fig.1 Distribution of 7 sub—beams without phase error when r/r,=1.0 (filling ratio of 0.778). (a) Near field amplitude;

(b) sub—beam phase distribution; (c) far field amplitude
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Fig.2 Distribution of 37 sub~beams without phase error when r/r,=1.0 (filling ratio of 0.755). (a) Near field amplitude;
(b) sub=beam phase distribution; (c) far field amplitude
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Fig.3 Distribution of 7 sub—beams without phase error when r/r,=1.25 (filling ratio of 0.498). (a) Near field amplitude;

(b) sub=beam phase distribution; (¢) far field amplitude
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Fig.4 Distribution of 37 sub—beams without phase error when r/ro,=1.0 (filling ratio of 0.483). (a) Near field amplitude;
(b) sub—beam phase distribution; (c) far field amplitude
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Fig.5 RPIB and BQ versus tilt without phase error amplitude in coherent beam combination of 7 sub— beams (filling ratio of 0.778).
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Fig.7 RPIB and BQ versus tilt without phase error amplitude in coherent beam combination of 37 sub=beams (filling ratio of 0.755).
(a) RPIB curve; (b) BQ curve

Il 7(a)hy G B 35 RPIB Fif 554 AF 22 i {8 1) 22 A 1 00, 4 R £ B2 DA O 3 K 3] 30 purad B, Rew DA 1T B3]
0.0211952. &l 7(b)>h & B 5 BQ Fifi {5 454 AH 22 W (i 1% 22 A0 1% 00, (904} A B2 DN 0 3 K %1 30 prad B, Q, AH N b
M 1.02027 1B 46 5] 7.008 . % L& S FE 7 A 45 0T LUFE W, A8 L 7 SO T 6 B, 37 HEAH T & B 2E AR [ 9 40
FHZE R BE T, A 0 o B 25 O Bl (AR 25 I B B GR A B R B TR T, X R B A RS
B BE T, AR R 22 %3 A BUBCR 14 5 ) 2 B — S 1 SR RN

4 RGEH RS
4.1 RFEH

BT ALAR BT M I JE LR HOE MOPA 4544, [a] i 4 i DIt 5 18] 135 28 RHBTRLAH 22 9 E 40 A Al R SE
87N o AT IOE(MO) 220 SR 23 BN 8%, 14 285 BRI AR B Ol 21 WO AR BE RS 3135 1 3 RO 27 O IE E
for N O HE B o WE EDE 2B Y AR OB B AR, B OGO R B 2 0, — IR G B AL B ROt
PN 2% (PD), 73 — W HEAT A i . SPGD B3 & A4 PD #I0 f) O 58 Fis s 7™ AR IR A% -5 AR A5 5 L
H B B R R 3 O 2T O IR LA, S B T Ol o] 9 2 MR AR 22 9 S A

phase | ! . B beam : CBC
i . ¢ amplifiers : : . i
i modulators | | P combining i output ¢
; > w fiber i beam 5 |
splitter i ’ \ actuators i sampler Qi
_— - i PN j————— ; : -
=t B == »
=
——Y ; atmc;splieric
n ............. ¢ hrenresassnnenaflesneaseuannssanect ‘ tiithiiletice
phase tip tilt photo 1
locking control detector :
a H : ;
. _[SPGDVPD |_ s
controller !

(5 8 F:F AL U B H ) HOEA T & R 5
Fig.8 Coherent beam combination based on a tiled array

4.2 BiEES

A SRR 1 AP BB RS G BT T, MGE S TR AR T e O 5. H RS AR
[ 5] 5 TG AR A R AR 0 T @R 2 S 25 AN /NBY BT S D, A1l /IN B IT S D AT AT ARLTA Ay I T 2 24 AT 1 K i Sl X
A A Wt 728 90 T 1) AR T 57 A SRy R 2% SRR AT 22 RIS 1) g 22 1) 428 1 33 Rt AT LA 58 O B O RO B 1Y
A, DT R 320 1 n] S B AR e bR oK i R iR AR . aniEl 8 BT, A A SPGD B vE AHA IR I 2% 5 A S ok
L1 U5 B R 25— R I A 2 FIUR AR 22 HE AT [R) IR TE 9K F5 L AR B AR o LR A AT A R

K9 JE 5L T & 1Y 37 BEOCEFWOLA T & B 45 R . 37 B BOG /S B HES (Bl 4 B k) I S B

1102003-5



L G-
4 0.483, FHH AN KR r=2 em, FHH K G LR KA ro=1.6, B HOE R AT L2 K 1.5 cm. & 9(a) N FF 34 4 51
AL A3 A, URHAH 22 0 30 prad, B 9(b) N FF L 0B EE, Q, o4 11.4649, Rew >4 0.0118709, K] 9(c) >4 {1 8 HH 2K
R, 004 739079, Reuw 4 0.0285657 , & 9(d) A Bl Al A IE ML, QK 1.24915, R M 15
P {7 L 45 JE 0 R A e AR 22 1Y 28 40 v, 0 200 [ Bt 45 ) G S T8 %) 105 ZE A 22 5 R 22 A R AR T
AR

Yy /cm

-20 -10 0 10 20 30 -0.05 0 005 0.10
x /cm 2 /mm

1.3X10¢
1.1X10¢

100000

-0.05 0 005 0.10 -0.06 0 0.05 0.10
X /mm 2 /mm

B9 37 B CLTWOCAR T4 1M A5 R B o (a) JFERARAL S35 (b) JFERICHR 53 s () ALBIUAR; (d) BIAR T A2 1E 4 0

Fig.9 Simulation results of coherent beam combination of 37 fiber laser beams. (a) Distribution of phase in open loop; (b) distribution of

light intensity in open loop; (c) only phase locking; (d) locking of phase and tip/tilt phase error

5 4 1

AR T 9 16 27 OR AR T 2 BB , 5 LA T 5 2 He A4 22 W38 S 25 4 A R o A 1
3 5 il ek 5 T BE RO SO O T BN . S AR T SPGD BB 45 MOPA 25 M 6 2F U6 A T4 i 2 55 b xf
AR 22 (R Pt 07 ZLG5 SR 22 R, B 2 T SH 011 90 50 2 2 0 S0 1 8 0 52 0 000 — 5 1) LAk
B0 TR AR AR 5 K 90 S 7 O AR T T 280 SR L 2 ZB ) B 42 S S0 22 3G JE RS AT 22

2 F X M

1 J Nilsson, D N Payne. High—power fiber lasers[J]. Science, 2011, 332(6032): 921-922.

2 Cesar Jauregui, Jens Limpert, Andreas Tiinnermann. High—power fibre lasers[J]. Nature Photonics, 2013, 7(11): 861-867.

3 Jay Marmo, Injeyan Hagop, Komine Hiroshi, et al.. Joint high power solid state laser program advancements at northrop grumman[C].
SPIE, 2009, 7195: 719507.

4 Wang Xiaolin, Tao Rumao, Zhang Hanwei, et al.. 1 kilowatt single—end pumped all-fiber laser oscillator with good beam quality and
high stability[J]. Chinese J Lasers, 2014, 41(11): 1105001.
TN, B s, s, AL 1 kW LRSS DB BT R R E M e R A OB R AR 0], T RO, 2014, 41(11): 1105001

5 He Bing, Zhou Jun, Liu Houkang, et al.. Study on characteristics of passive coherent beam combination with all-optical feedback loop
[J]. Chinese J Lasers, 2013, 40(6): 0601001.
fal L=, B A XEEE, L2 A WIS T A R E R TS, B O, 2013, 40(6): 0601001,

6 S J Augst, T Y Fan, A Sanchez. Coherent beam combining and phase noise measurements of ytterbium fiber amplifiers|J]. Opt Lett, 2004,
29(5): 474-476.

7 Huang Zhimeng, Luo Yongquan, Zhang Dayong, et al.. Active phase control in laser coherent combination based on liquid crystal optical
modulator[J]. Chinese J Lasers, 2010, 37(7): 1713-1716.
BORGE, ROk A, SRR ES, A TR IR 8 A SO AR T & LR SR DL D], R ELEOK, 2010, 37 (7): 1713-1716.

8 Z M Huang, D Y Zhan, Y Q Luo, et al.. A new configuration for phase control in laser coherent combination utilizing liquid crystal optical
modulator[J]. Appl Phys B, 2010, 101(3): 559-563.

1102003-6



A R S
9 Z M Huang, C L Liu, J F Li, et al.. Numerical analysis of coherent combination for fiber lasers and application to beam steering[J]. Laser

Physics, 2012, 22(8): 1347-1352.

10 Huang Zhimeng, Luo Yongquan, Zhang Dayong, et al.. Transformation characteristic of phase and polarization in laser coherent combination
[J]. Chinese J Lasers, 2010, 37(S1): 172-176.
B 52, Bk Ax, SRR TR, AF L WO T A P AR A2 5 i AR S AR AR ARPE (D). TP RO, 2010, 37(S1): 172-176.

11 € X Yu, S J Augst, S M Redmond, et al.. Coherent combining of a 4 kW, eight—elementfiber amplifier array[J]. Opt Lett, 2011, 36(14):
2686-2688.

12 Z Huang, X Tang, D Zhang, et al.. Coherent beam combination of ten fiber arrays via stochastic parallel gradient descent algorithm[]].
J Opt Technol, 2015, 82(1): 16-20.

13 Huang Zhimeng, Tang Xuan, Liu Cangli, et al.. Stochastic parallel gradient descent algorithm with a variable gain coefficient and its
application in coherent beam combining[J]. Chinese J Lasers, 2015, 42(4): 0402004.
WSk, X, S5 AR K38 AL ITAT R T BRI S A T A B B D). T O, 2015, 42(4): 0402004,

14 Mu Jie, Jing Feng, Wang Xiao, et al.. Error control of piston and tilt based on SPGD in coherent beam combination[J]. Chinese J Lasers,
2014, 41(6): 0602002.
B AL RO, B, T AT T SPGD BE B 1R 25 FURHE 22 B [I]. h B, 2014, 41 (6): 0602002.

15 Zhimeng Huang, Cangli Liu, Jianfeng Li, et al.. A high—speed high—efficiency phase controller for coherent beam combining based on
SPGD algorithm[J]. Quantum Electronics, 2014, 44(4): 301-305.

16 A Flores, T M Shay, C A Lu, et al.. Coherent beam combining of fiber amplifiers in a kW regime [C]. CLEO, 2011: CFE3.

17 V Jolivet, P Bourdon, B Bennai, et al.. Beam shaping of single-mode andmultimode fiber amplifiers array for propagation through
atmosphere turbulence[]]. IEEE J Sel Top Quantum Electron, 2009, 15(2): 257-268.

18 Yanxing Ma, Pu Zhou, Xiaolin Wang, et al.. Coherent beam combination with single frequency dithering technique[J]. Opt Lett, 2010,
35(9): 1308-1310.

19 Xuan Tang, Zhimeng Huang, Dayong Zhang, et al.. An active phase locking of multiple fiber channels via square wave dithering algorithm
[J]. Opt Commun, 2014, 321: 198-204.

20 Zhimeng Huang, Xuan Tang, Xiaojun Wang, et al.. Phase locking of slab laser amplifiers via square wave dithering algorithm[J]. Appl
Opt, 2014, 53(10): 2163-2169.

21 Jamie Harriman, Steve Serati, Jay Stockley, et al.. Comparison of transmissive and reflective spatial light{C]. SPIE, 2005, 5930: 59302D.

22 Zhang Xiaoxin, Dan Youquan, Zhang Bin. Spreading of partially coherent flat—topped beams propagating along a slant path in turbulent
atmosphere[]J]. Acta Optica Sinica, 2012, 32(12): 1201001.
TR, ARG A, 5K MW i i AT RVRR AL S A0 A T OGO R[], J6a% 244k, 2012, 32(12): 1201001.

EEERE: £ &

1102003-7



