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Abstract The research progress and development status of spectral beam combining (SBC) using high-power fiber
lasers is reviewed briefly, and a detailed introduction to the external factors that affect the beam quality is made.
The influences of components in the SBC system and the linewidth broadening of the sub-light source array are
mainly considered in the evaluation of beam quality. The summary of the existing theories and experimental results
as well as the groundbreaking works for improving the beam quality of SBC in Shanghai Institute of Optics and Fine
Mechanics, Chinese Academy of Sciences, is helpful to optimize the design of the built-in parameters of SBC and
thus the further development of high-brightness SBC techniques is promoted.
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Fig. 11 Far-field intensity distributions of combined beam and single beam under different power densities. (a) No

deformation; (b) irradiation power 1 kW.cm ™ *
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D' W A iy 7L A R 5 T 20 AR Sk 3 A ' Bl AR W A Xof
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MLD 417 5 6 H ) 320 5 2 A S W A [ 2 B0 80 5
VR A0 T8 AS 25 77 A B kA A% o L RS T 5 00 T Ok 2
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PAb B B 2R (SIO, HIO, ) F3E A R $48) BE 2
Boan R 1 Fros. fERRE R E MO dE T
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(@) Temperature /C
[1180
160
140
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; (c) irradiation power 2 kW.cm™

2 —2 [22]

; (d) irradiation power 3 kW.cm

B 3K B PP bR A B A R 4 A Sy o A
L5 BRSO G 3 B 43 AR AH ) L FE 6 A P O i A AT B
TR B R F) 191.9 °C, B 12(b) X 7%
i TR 1 < 5 5 == 0 o TR (1 2. A A o
() Ay v B 80, I R B 34 139.35 nm,
F 1 MLD RS HIER R i #4325 5
Table 1  Thermophysical parameters of MLLD

grating materials

. Fused

Parameter Si0, HfO, -
silica
Density /(kg * m*) 2100 10300 2200

Specific heat /(J « kg ' « K™") 722 146 670
Heat conductivity /(W em ™' « K™') 7.6 0.647 1.4
Thermal expansion /(107 ° K™!) 0.5 5.8 0.55
Young's modulus /GPa 73.1 170 72
Poisson's ratio 0.17 0.27  0.17

Deformation /nm

(®)

120
100
80
60
40
20

2
Yy Lx 0

B 12 SFHUREE R 3.6 kW « em * Y EOER RS MLD A7 56 284k . (o) Fe IR BE 40 47 s (b) B AR 4 #i

Fig. 12 Change on MLD grating surface after laser irradiation with average power density of 3.6 kW.cm™ *.

2

(a) Surface temperature distribution; (b) thermal deformation distribution
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Fig. 13 Results of MLD gratings under different deformation heights. (a) Near-field phase modulation;

(b) far-field intensity distributions

22 MLD A7 S e A 7] 14 fe ROB A% i B2 F 19 & A
WOL Y G B i
Table 2 Beam quality of combined beam for MLD gratings

with different maximum deformation heights

Deformation height A /nm 0 50 100 150

Beam quality M* 1.00 1.48 2.66 3.82
3.3.2 EHBAHR

HCEFFOGASAE = R T 2 B R
ML, X FEOCR T EIRMA, T IHBRX —#m,
58 5 HE O M A I A X A B BT 1) 5 e R FH il
B NI I S 4 B 1 7 RO S, A A
R LI AN [7) Ty %% B O b 2% 1Y TR AR Ak, [ s
I A0 1 21 A0 IR ASC S B W Y A 2% o ) I A
b, #5858 WS 1O B B AR 7R 2 W DT &
K14 FioR . K He-Ne 306 2% 78 0 3 008 5 L H
DA SEZ B W 00 AN ) T 56 380 4 TR D' b T A T T AR
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HAZYE T R B 4 4 0 A1 3.6 kW » cm * 45
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X Y 5 A SO DARE B8, ) P A B v 4
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Fig. 14 Experimental setup for thermal deformation detection of MLD grating
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P15 S [ S 5 2 I O i R Y T 9 2R S0 R

Fig. 15 Interference fringe patterns under laser irradiation with different power densities

B 16 ANFE TR B HOCHE BT A sRE . () 05(b) 3.6 kW « cm ™ ?

Fig. 16 Far-field intensity distributions under laser irradiation with different power densities. (a) 0; (b) 3.6 kW.cm™
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Fig. 17 Far-field intensity distributions of combined beam when incident lasers with different linewidths

diffracted by MLD grating. (a) 0.07 nm; (b) 0.15 nm; (¢) 0.19 nm; (d) 0.25 nm; (e) 0.30 nm; (f) 0.41 nm
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