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Fig. 1. Schematic illustration of multilayer dielectric

grating.
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Fig. 2. Optical path difference on the top surface of
grating.
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Fig. 3. Optical path difference inside grating.

FRYEHT 8 B 1 sin @ = nsine, YA AE B 56
eI AR A, TR

( !

0, wud< ‘

cos B < (p+c)d,

2h 2nh
cosa cose’

Ay =

3)
2
L cos 3
ey (1) 2R (3) X, WIS 32 E A BB S IN
BIEFREZE Avoral N

Atotal == Ao + Ag- (4)

(n+e)d< < (p+1)d,

054205-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3k Acta Phys. Sin.

Vol. 65, No. 5 (2016) 054205

2.3 EEFHERER MDG SIANRAEE

SEHIHE ] 4% T FE AR TE N TR 2 RO
VR BB KR 22 Ah, MR 5 25 7] SR F 4 50 b
WU AR, TS 0 AR R 22

Ah,, = Ah -random (—1,1), (5)
U5 pu AMHEIR AT 2R
hy, = ho + Ahy, (6)

Forp ho NTCIRZ I HIRETR.

AU, B o 2 L R RIRZ O A, YoMl &
3 PR ZE R I STRENL 0 AR R U565 0 D o
THARZEN

Ac, = Ac-random (—1,1), (7)
VU5 pu AMRE R 5 B EE AT 2ROR A
cu = co + Acy, (8)

Horp co NTIRZER 1 S 2= L.
RO [EHIE IR 220 MDG V5 N 351 Nt

.'E/

cos 3

cose’

0, pd< < (p+cu)d,

2h,,
COS «v

Ay =

(u+eu)d < chﬂ < (u+1)d,
T ey (1) A (9) 2R, TSR R IR R 2 MDG
NIRRT AL A

Atotal = Ao + Agu-

(10)

3 AREERRAGH N EIRL

A A R B 00T B 4 BER, 1S %
TR A I AR 33 55 o AE N S T s R
PRV, WOERES (laser array, LA) A1 5 G
53 AVRL T AR i B A JE AR T OGRS A [R] F
ToR M FOUREA AR, AEAE R & T
JeUE R T O R4S i 1 AR 6 Dy B A TR T A
FIOEIR, NS 32 ZA BUBDCHE L. o R Gl
WX e BA AR K A F S A A A
AHED A B i th 1 — SO, 2 4 AR & 55 Ja
AR S D 25 i HARFFEF RO s &, b &

TR G T3 RE AR S AR 1 O U P LE Ao
B RRHE.

LA g
“« f < f MDG
ST
mApI :
o |
A_m :<
3,
4\4, %’,g%\%
/14

7

B4 JelikERARGREE
Fig. 4. Schematic illustration of spectral beam com-
bining system.
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Fig. 6. (color online) Intensity distribution at different
propagation distance: (a) Without combining system;

(b) with combining system.
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Fig. 8. (color online) Effect of groove depth on com-
bined beam: (a) Variation of intensity distribution
with groove depth; (b) variation of intensity maximum

with groove depth.
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Fig. 9. (color online) Effect of duty cycle on combined
beam: (a) Variation of intensity distribution with duty
cycle; (b) variation of intensity maximum with duty

cycle.
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tion with incidence angle; (b) variation of intensity
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Fig. 11. (color online) Effect of groove depth error on combined beam: (a) Variation of intensity distribution

with groove depth error; (b) variation of square of diameters with groove depth error.
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Fig. 12. (color online) Effect of duty cycle error on combined beam: (a) Variation of intensity distribution

with duty cycle error; (b) variation of square of diameters with duty cycle error.
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Table 2. Comparison of beam qualities for different

duty cycle error.

ho = 450 nm, cog = 0.55, Ah =0

Ac 0 +0.02 +0.04 +0.08 +£0.10 +£0.12 =£0.14

M2 1.00 1.05 1.17 1.55 1.92 2.13 2.65
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Table 3. Comparison of beam qualities for different

groove depth error and different duty cycle error.

ho = 450 nm, ¢g = 0.55

Ah/nm 0 +10 +£30 £60 £70 80 £100
Ac 0 =£0.02 +0.04 £0.08 +0.10 £0.12 =+0.14
M? 1.00 1.06 130 1.78 2.16 2.57 2.89
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(color online) combined effects of groove depth error and duty cycle error on combined beam:

(a) Variation of intensity distribution with groove depth error and duty cycle error; (b) variation of square

of diameters with groove depth error and duty cycle error.
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Abstract

Aiming at the application of multilayer dielectric gratings (MDGs) in spectral beam combining (SBC) systems,
a theoretical model of rectangular MDGs is built up and a beam propagation model of SBC systems based on the
rectangular MDGs is further developed. The phase modulation introduced by the rectangular MDG is composed of the
optical path difference on the top surface of reliefs and that of the relief structure itself, and is affected by the MDG
parameters such as the grating groove depth, the grating duty cycle, the incidence angle of the central beam, etc. By
the diffraction integral method and the principle of incoherent superposition, the intensity distribution of the combined
beam of the SBC system based on the rectangular MDGs is numerically calculated and analyzed. Additionally, the beam
quality of the combined beam is also obtained by the intensity second-order moments method, and the effects of the
MDG parameters such as the groove depth, the duty cycle, the incidence angle of the central beam, and the fabrication
errors of the MDG on the characteristics of the combined beam of the SBC systems are simulated and discussed in
detail. The simulation results show that the beam quality of the combined beam after passing through the SBC systems
is significantly better than that of the laser array. Since the quality of the combined beam is almost the same as that
of an individual laser beam, for a SBC system without fabrication error, changing the groove depth, the duty cycle of
the rectangular MDG or the incidence angle of the central beam does not affect the beam quality while it has obvious
influence on the energy of the combined beam. This is mainly because the diffraction efficiency of the rectangular MDG
depends on both the parameters of the MDG and the incidence angle of the central beam. However, fabrication error of
MDG is unavoidable, and the fabrication error has a significant effect on both the beam quality and the energy of the
combined beam. Compared with the effect generated by the groove depth error on beam quality, the influence introduced
by the duty cycle error is more obvious. It is worth mentioning that the theoretical model of the SBC system based on
the rectangular MDG can be applied to some other high-power laser systems due to its advantages such as low absorption

and high damage threshold.
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