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Fig.l System structure of CBC system where beams are sampled

individually
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Fig.2 System structure of SPGD-based CBC system where beams are

sampled simultaneously
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Fig.3 System structure of multi-dithering-based CBC system where

beams are sampled simultaneously
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Tab.1 Control procedure for simultaneous sampling CBC based on multi-dithering

Require: Parameters f;, §;, K, 7, T, y, 0, and F are defined for given CBC system

1:  for step =1 to c do

2: get current time: ¢ = step/F

3: apply phase modulation: ¢(¢) + f;sin(27fit)

4: get and store PD signals /(f) and O(¢) by Eq.(2)

5: if #/T = integer then

6: demodulate phase error signal Si() using /(¢) by Eq.(3)

7: demodulate and store polarization error signal S'() using O(¢) by Eq.(3)
8: update phase: ¢(1) «<¢x(#) + KSi()

9: end if

10:  if#/(7/3) = integer (m) then

11: if (m modulo 3) = 1 then

12: generate and store random perturbation (dd,, dd,, dds, dd,), with a variance ¢*
13: apply positive perturbation (J,, d,, 3, d4); + (ddy, dd,, dds, ddy);

14: get metric function after perturbation J,; = S(¢)

15: else if (m modulo 3) =2 then

16: apply negative perturbation (d;, d,, d3, d4) — (dd}, dd,, dds, ddy),

17: get metric function after perturbation J_; = S',()

18: else

19: calculate metric change: AJ, = (J. — J_)/(Jox + 1)

20: update PC voltages: (6, 65, 93, 4 < (81, 6, I3, O4) + YAJ(AS,, dJ,, dJ5, ddy) /0"
21: end if

22: end if

23: end for

3 HEME
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ST e, G5 E ULy 7w oy AR R D5 19, [F

i} & AR HE (Polarization ratio) A y J ) i 41 D't i &
Br DAOG SR . YOG m IR S8 T y 4k
PrAR T, e L BB T T 1, RRZ BT T 0. 45
TR (1064 nm), FRIE . A ] 58 B2 53 A3 AH ], (4]

20240380-5



ISk A2

% 12 47

www.irla.cn

B AR A A1 EE R BE LA

2 BL Sl vk 0 U A% R 5 R IR 1 MHz, [ R
1 MHz, Rl N 5% 30 1E & X6 WA 1~N MHz, 3 il 7 5
R 0.1 rad, BLUA3 B AR 1 s, AHAS 222 0 $01 7 R
1 MHz. i dRFa 60 v 9 SPGD Bk % FH WL $e3h 1 7
3, AT R N 3.33 kHz (A4 0.3 ms, 405 IE [ 3
sh ., s L R =)

g mPEAEESIROR, B T EAX () s
BECRAN, & SO (B 1)) S R GE AT R AR
BN IR 95% Bk ARUCE GEACm aD), DAPPA 5
BWSGERE . 7 LR SBORAE T, XHLF I

AT T 4. 8. 16 BEAR TG B O ELAF ST, AT X
B AR ) B3k 0 6 B e i
3.2 LRI ENRE

6 SR S BUORE B A, 4% 2 OR F R
SPGD F ik #EAT 4, HAR LS y. o 530011 H 0.6,
0.05 (&t SHEE WAL WIUE). 4. 8. 16 B
HA5RANE 4 Fs, LS T 100 KORRIHI IR
BT MRCRAR LT 4R, 21 AR 3% 100 Yoga il (11 25 il
L. ANFBE. REVIERET, Sk RIS S i
KRB, A BB KT 99%, FHIY SOt a] /N T 3 ms
(10 25, YAC S5 B AN Bl % A5 b

1.0 1.0
0.8} & 0.8
= 0.6 = 0.6
2 = g
Q il Q
=041 |L) = 0.4
58] m
0.2 0.2
0 0 ©
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10

Time/ms

Time/ms

Time/ms

P 4 SEATMSLIBHEAR TG Y 100 ROTEER . (a) 4 15 (b) 8 1 (c) 16 B

Fig.4 100 simulation results of CBC where beams are sampled individually. (a) 4 channels; (b) 8 channels; (c) 16 channels
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Fig.5 100 simulation results of SPGD-based CBC where beams are sampled simultaneously. (a) 4 channels; (b) 8 channels; (c) 16 channels
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Fig.6 Relationship between error signal and polarization ratio. (a) Polarization ratios of beams and (b) Polarization signals when polarization does not

change. (c) Polarization ratios of beams and (d) Polarization signals when polarization changes dynamically
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Active polarization-phase control in fiber laser coherent beam

combining (invited)

ZHOU Hongbing'?, TAO Rumao'’, XIN Xiong', ZHANG Haoyu', LIU Chenxu', WANG Xinyu', SHU
Qiang', CHU Qiuhui', LIN Honghuan', WANG Jianjun', YAN Lixin*, JING Feng'

(1. Laser Fusion Research Center, China Academy of Engineering Physics, Mianyang 621900, China;

2. Department of Engineering Physics, Tsinghua University, Beijing 100084, China)

Abstract:
Objective

Coherent beam combining (CBC) can improve laser brightness while maintaining beam quality,

which is one of the most promising techniques to break through the power limitation of a single fiber laser. CBC

requires high-purity linearly-polarized lasers, which are usually obtained from all-polarization-maintained fiber

lasers. Unfortunately, nonlinear effect thresholds of all-polarization-maintained fiber lasers are lower than that of

non-polarization-maintained ones, and the system cost is higher. Non-polarization-maintained fiber laser system

with active polarization control technology is one of the alternatives for achieving linearly-polarized laser sources.
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However, there is little research on the theory of active polarization-phase control, and no comprehensive analysis
of different control schemes has been reported. In this paper, active polarization-phase control of multi-channel
CBC system with different control schemes is modeled. The convergence and feasibility of the control schemes
are verified, and the channel scalabilities as well as the effect of extra residual phase and dynamic noise on

combining efficiency have been studied.

Methods Based on the structure of filled-aperture CBC, active polarization-phase control model is constructed,
where phase control adopts multi-dithering method while the polarization control adopts SPGD algorithm to
ensure fair comparison. According to the sampling scheme of laser beams, the polarization-phase control schemes
is divided into individual sampling and simultaneous sampling categories. The latter ones are further divided into
SPGD-based schemes and multi-dithering-based schemes. CBC performance based on the above three kinds of
control schemes has been simulated with their convergence and feasibility being verified. The channel
scalabilities of different schemes are compared, and the effect of the extra residual phase on combining efficiency
of simultaneous sampling schemes is analyzed. Moreover, dynamic noise is modeled with emphasis on either low-
frequency or high-frequency contributions, and the impact of both dynamic polarization and phase noise is

simulated and analyzed.

Results and Discussions The control scheme of individual sampling had good channel scalability, and could
converge in an average of 9 steps as shown in Fig.4. The control scheme of simultaneous sampling of beams
based on SPGD algorithm was relatively insensitive to extra residual phase, where efficiency loss caused by extra
residual phase of 0.1 rad was about 7% as illustrated in Fig.9(b), but the number of convergent steps was about
4.5 times of the number of channels as listed in Tab.2. The control scheme of simultaneous sampling of beams
based on multi-dithering method had the fastest convergence speed (less than 7 steps for different channel
numbers), but its combining performance was greatly affected by residual phase as shown in Fig.9(a). Fortunately,
efficiency loss caused by extra residual phase could be reduced by increasing the amplitude of reference laser, and
combining efficiency loss of < 5% could be achieved when the amplitude of reference laser was increased to be
greater than 10 times of the sampled combined beam as suggested by Fig.9(c). The behaviors In dynamic
perturbations were exhibited in Fig.12, indicating that the scheme of individual sampling of beams performed
best, while the control scheme of simultaneous sampling of beams based on multi-dithering method showed
advantage in the case of slow-varying polarization noise, but it performed worse than others when high frequency

perturbations were inevitable.

Conclusions The convergence speed, channel scalability and sensitivity to residual phase of different active
polarization-phase control schemes are investigated numerically. When the number of channels is small and the
system complexity is low, the control scheme of individual sampling of beams can be adopted. When the
requirement of polarization bandwidth is low, the control scheme of simultaneous sampling of beams based on
SPGD algorithm is more suitable, which has the simplest structure. For large-scale CBC systems, the control
scheme of simultaneous sampling of beams based on multi-dithering method has great potential, but the accuracy
of polarization error signal should be improved to be robust with dynamic perturbations, which deserves further

research.
Key words: fiber laser;  polarization control; ~ multi-dithering;  coherent beam combining

Funding projects: National Natural Science Foundation of China (62205317)

20240380-15



	0 引　言
	1 偏振-相位主动控制技术简介
	1.1 光束独立取样
	1.2 光束同时取样

	2 理论模型
	2.1 相干合成模型
	2.2 相位控制模型
	2.3 偏振控制模型
	2.3.1 SPGD算法
	2.3.2 多抖动法

	2.4 模型小结

	3 数值仿真
	3.1 仿真参数
	3.2 光束独立取样
	3.3 光束同时取样
	3.4 控制方法对比

	4 结　论
	参考文献

