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Diffraction Characteristics Analysis of Ultra-Short Pulsed Gaussian
Laser Beam by Reflecting Volume Grating

Zheng Guangwei®* Tan Jichun® He Yanlan® Liu Li' Wang Xiaodong'
Wang Xiao' Zheng Haobin’
' College of Optoelectronic Science and Engineering . National University of Defense Technology
Changsha , Hunan 410073, China
2 Telecommumnication Engineering Institute of Air Force Engineering University . Xi'an, Shaanxi 710077, China
* College of Science, National University of Defense Technology . Changsha , Hunan 410073, China

' Research Center of Laser Fusion , Chinese Academy of Engineering Physics, Mianyang, Sichuan 621900, China

Abstract Based on the discrete Fourier transform and Kogelnik’s one-dimensional coupled-wave theory, the
characteristics of the laser beam with arbitrary shapes in both temporal and spatial domains diffracted by reflecting
volume grating are analyzed. The intensity distributions of the diffractive laser beam in both temporal and spatial
domain are formulated. The diffraction performances of the ultra-short pulsed Gaussian laser beam by reflecting
volume grating are specifically simulated. The results show that by increasing the grating’ s refractive index
modulation or selecting the appropriate grating’s period, the angular spectrum and light spectrum of diffractive
bandwidth can be broadened; through enlarging the grating’s thickness, its high diffraction efficiency can be
achieved. And in this situation, when the central vector of the ultra-short pulsed Gaussian laser beam satisfies the
grating’s Bragg condition, the intensity distributions of the diffractive laser beam both in temporal domain and spatial
domain are similar to those of the input laser beam, and the diffraction efficiency is greater than 95% . And the
results are instructive for the low-pass spatial filtering of ultra-short pulsed Gaussian laser beam diffracted by
reflecting volume grating.
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Fig. 1 Schematic of ultra-short pulsed Gaussian laser

beam propagating into reflecting volume grating

in spatial domain
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Table 1 Parameters in the simulation

Parameter Value
Ao /nm 1053
wy /pm 20
AT /fs 100

N 2X10°
E,/(W/cm?*)"?° 1
7, 1. 480
M, .M, 800

D,,D,/pm 400
T /ps 20
f/em 50

4.1 (TSP REVE (=R T RE I 5T R H E

MEL
B2 25 S RO MEE I O 0. 40 pm., JR

40 pofhf, TG I L2

R I B ARG R
N 2 W LU M 2 6 ) R /N L AT

SR | 23 B 5 0 A1 AR S DG TR R A e B I

23 SO0 5 53 A B AN 3 St



3264 ot 2

o 1l 29 %

Ik SR S ) v A T DL SO T T I o A
RE & 25 1o R I AT S 5 AT 24 A I R AS T 8 K
AT 5 56 AR 1 I s Bk 5 43 A B 2 I T A SR R
B 23 3800 A S EE A A X 5 4 £ 3 LA B O 3 1
TET U 0 ELA A v P AT S 203, T oy AL 0. 01 3840
# 0. 05 BF AT BRI 30%0HE ) 95% ., (DR
WAE W v, TESITHE M EE BCE B 1 B
& om,yp FEIT ST R ] B2 AN AR AL, PRI (7) 2L (8) 2
JIT 227 0 Qi 5 Fp O I8 2K 1) S T I8 23 o O A K v 1Y

1.0

& 0.01
0.9 A n'=0.03
CGE\ 0.8 ¢ “\.‘ .......... nl=(),()5
/ % —— input laser
£ 07 beam
% 0.6
~ 05
S 04
5 0.3
~ 0.2
0.1 o
0 B N
-300 200 300

t /fs
q

SLARME LA R A 80 . P 2. (h) s SO AR i Dl i
L A A AR A Y TR BRI R D IR 0 A B ik 5 4%
Fi I B AR LS AT 56 2R 1 G A B AR (7D
A IR 7 B9 AR 0 4% 338 o O 45— A 3 o B R
FORH 25+ D LM R A 55 D TR 8 I 2 Je 00 A e 3 B
RSO0 AT S OL R 28 OB sk a0 A . NIk 1
A7 S50 ) P S S5 R A AR 2 Ml e RS Ik i 30
SR IR RO A BE DG TR e » T BCHT S R A ) 2
B 1 el

—
(=]

e [N ) R i\ R n,=0.01
E 09 ® A\ 7,=0.03
< 08f P\ e 7L1=0.05
= 07 —— input laser
i/ g beam
< 0.6
<. 05
% 04
8 03
; 0.2
:’H 0(1) = i =
-100 -60 -20 20 60 100

a” orx’  /um

P2 AT 5 e TR IR 3 () 25 38k Cb) S 3 2 A B S A 4 S5 5 981 56 2 9 78 f O &

Fig. 2 Intensity distribution of the diffractive laser beam with the change of the refractive index modulation in temporal

(a) and spatial domain (b), respectively
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Fig. 3 Intensity distribution of the diffractive laser beam with the change of period in temporal

(a) and spatial domain (b), respectively
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Fig. 4 Intensity distribution of the diffractive laser beam with the change of grating’s thickness in temporal

(a) and spatial domain (b), respectively
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