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Fig. 1. Schematic of grating splitting and combining: (a)
Grating splitting; (b) grating combining.
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Fig. 2. (color online) Schematic of single-grating based
SBC system.
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Fig. 3. Anamorphic magnification.
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Fig. 4. (a) M? versus the beam radius with A =
1040 nm and A = 575 nm; (b) M? versus laser

linewidth with beam radius of 3 mm.
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Fig. 5. Laser bandwidth versus beam radius in the

single-grating SBC system.
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INGT A B NE GLITH A Ba NE G2 AT M. 6t
GLATHYCR AT A B I G2 NI A Bme, TR
T AT (W 7), A
Bm2 = Pm. (B1)
FRE G1 G2, #2772

G1l: sina+sinfBm = A/A4A,
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G2: sinfm +sinfa = A/ A.
ESCRIDERE ORI JE NG5S W FAT, B
o = Ba. (B3)

F B R GLJE, FF2 G2 M= T 19 G1 A
4. AL, XOCHMRTS A& 7 AR U A2 4L, T
Fe e HEJORAE @ 77 1R B RIAR B, SEIRAME G1 A4 B il
G2 7E & J7 [ R S AR B AE T8 70 — B 2 R AT
Ja JU R AL (A 7)), HAfTEE QN

w €OS Bm
Q1 = ——,
cos o

FI—HRAY RIEHOGEE B AN 2 GL AT =R T S i R H
FRIE AbOma, RHE] G2, BT R HURA & 9™ DGR «
jﬁ‘r‘ﬂﬂ‘]%ﬁ AQmQ y‘j

A~(2m2 =

(B2)

(B4)

L AN
€0 fBm €08 Bm " 9 Acos Bm’
HHr Loyl G1 2 G2 EERS. 1E61E & iR, A AE40
PR K A AN, SO0 GL AT 5 4% i B1) G2 R T AH A8
(B 7 FR), L DA AE -
L L oA
m ' €08 Pm A cos Bm

o

Oma = (B5)

D
= COS B,
cos

L DA cos? Bm
COS Bm
K DA A M G EE R 6X = Agr — An,
6Bm1 A Anpr M N, SEHRATH 2 72, R (B4)—(B6) 5,
R E e G2 Rk rE AR5

Pm2 = 2m1 + Ao

O cos (BG)

_ wcos Bm AN « DAcos? Bm
T cosa 2/ cos Pm O cos o
_ wcosPBm | AXD cos fim
T cosa + 26Acosa (BT)
FIH (B7) 3R (B3) R, L6 G2 7515 iIE s s 58 A
0— 22 cos [ wcos Bm  AAXDcosfm | cosa
~ co8Bm COos « 20\ cos a COS m
AND
BAT LR 2 Ji 1 M2 TN
26 wb; 6
M2 — _ i
v WO:EHOm Wozx 901‘ wgi
AND
__wbi (w T )@
wozbox wb;
a2 DAX
- M2, [1 + T‘m]' (B9)

RS REAE T E AN = 05— K, DOGHHT S
TR A 5N SR B A A X2 RN AT A R
BN

2 =02y =
2cosﬁm

LM RGEE AR 20 = wh, WA 6 = 0; oL

w €oS Pm

cosa/cos fm = w, (B10)
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Abstract

Owing to damage, thermal issues, and nonlinear optical effects, the output power of fiber laser has been proven
to be limited. Beam combining techniques are the attractive solutions in order to achieve high-power high-brightness
fiber laser output. Designing such a high-power laser system relies on coherent and incoherent combination of radiation
from multiple laser channels into a single beam with enhanced brightness. Spectral beam combination is a promising
alternative way that allows each array to be overlapped in near- and far-field without spatial interference, thus relaxing the
requirements for linewidth controlling and phase locking of individual array and practically allowing power and brightness
to be scaled with the potential to combine a large number of channels. Spectral beam combination implementations can
be divided into two subsets: serial and parallel, based on the combining elements. For scaling high power, we pursue
spectral beam combining with parallel subsets as an alternative to other beam combination implementation. In the
spectral beam combining system based on multi-layer dielectric grating, the combined beam suffers the degradation in
beam quality, which is caused by the optical dispersion, and also by the random error due to the misalignment of arrays
or the thermal-optic effect of grating in the experimental system. In this paper, we strictly derive the equation of M?
variation caused by the optical dispersion in both single-grating structure and dual-grating structure. And also, we
discuss how the laser linewidth, beam size, spectral separation of two adjacent channels, distance between two adjacent
channels and the period of grating influence the desired beam quality in detail, separately, in the single-grating structure
and the dual-grating structure. The results show that with the value of M? fixed, the finite beam size gives rise to a
laser bandwidth decreasing in single-grating structure combination, whereas the beam size induces a laser bandwidth to
increase in dual-grating structure combination. If M? < 1.2, the laser bandwidth of dual-grating system can be over

several sub-nanometers, rather than several tens of pm as in the single grating design.

Keywords: spectral beam combining, fiber laser, multi-layer dielectric diffraction grating, beam quality
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