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Influences of Geometry Parameter on the Bragg Diffraction by
Volume Gratings of a Pulsed Gaussian Beam

YAN Ai-min, LIU De-an, ZHOU Yu, LUAN Zhu, LIU Li-ren

(Information Optics Laboratory, Shanghai Institute of Optics and Fine Mechanics ,
The Chinese Academy of Sciences, Shanghai 201800, China)

Abstract The diffraction properties of a volume grating for a pulsed laser beam with Gaussian-profile both in time
and space domain are studied, using two-dimensional (2D) coupled-wave theory. Analytical expressions for the
spatial and spectral profiles of the transmitted and diffracted beams are obtained. The influences of geometry
parameter on the Bragg diffraction properties and the diffraction efficiency of the pulsed Gaussian beam are
discussed. It is shown that the Bragg selectivity bandwidth and the diffraction bandwidth of volume gratings are
broadened when geometry parameter g increases. The diffraction efficiency increases when pulse duration increases

and trends to a saturated value, the smaller the geometry parameter g is, the slower the saturating velocity is, and

the larger the saturation value is.
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Fig.1 Configuration of volume gratings
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Fig. 2 Normalized diffraction efficiency as a function

of £ with different geometry parameter g
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Fig. 3 Spatial and spectral intensity profiles of the

diffracted beam at different geometry parameter g
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Fig. 4 Three-dimensional plot of the diffraction efficiency

as a function of ¥, (0,5x) and geometry parameter g(0,6)

Diffracted efficiency

B 5 SR EMESHWSE ¢(0,6) MASHKH
FEBE 7 (0,500 fs) KyAS fk il £k
Fig. 5 Three-dimensional (3D) plot of the diffraction
efficiency as a function of geometry parameter

g (0, 6) and 7 (0,500 fs)



114 EZR % G505 8 X ks 5765 A6 AL 15 50 4 v i & 1521

4 4 ®

WL T 4528 g R ik o v 3 Y6 SR A LA A3 54
FEPERR N . S5 R B, K iR 3T Ot SRS A6
I, A A 2 B X S O RO 2 T AR B 55 B2 O
AR . A S K ol i 1) 58 B — 52 I, 40t
AR B A BB HT T8 FATT S O RO SEREOE MM M S B
VI 8 AT 4 K 5 A S 280 4R B R A S K v e 1 BE 2 Y
ORI K, T2 E, eSS B B, &
360 00 0 3 B AR, AR BOR . PRI, A3 OB
WSS A Bk o i 18] 58 B S 2 8, AT IR B
(7 7 50 2R B A AN R R oy AT A O . & it
] AR P TR A K b v BT 0 TR R A Ak B G BF 5T
o T WF T TRAS O ik b 7 JE 30 1 9 O 5 B AL R
Rl — R E L.

2 % X W

1 S. D. Wu, T. K. Gaylord, E. N. Glytsis & al.. Angular

sensitivities of volume gratings for substrate-mode optical
interconnects [J]. Appl. Opt., 2005, 44(21) :4447~4453

H. Kogelnik. Coupled wave theory for thick hologram gratings
[J]. Bell Syst. Technol. J., 1969, 48(9):2909~2947

M. G. Moharam, T. K. Gaylord, R. Magnusson. Bragg
diffraction of finite beams by thick gratings [J]. J. Opz. Soc.
Am. , 1980, 70(3) :300~304

P. Boffi, J. Osmond, D. Piccinin ez al.. Diffraction of optical
communication Gaussian beams by volume gratings: comparison
of simulations and experimental results [J]. Appl. Opr. , 2004,
43(19) .3854~3865

R. S. Chu, J. A. Kong. Diffraction of optical beams with
arbitrary profiles by a periodically modulated layer [J]. J. Opt.
Soc. Am., 1980, 70(1):1~6

X. Yan, B. Yang, B. Yu. Diffraction study of photorefractive
hologram under ultrashort pulse readout [J]. Optik, 2004, 115
(11):512~516

Y. Ding, D. D. Nolte, Z. Zheng et al.. Bandwidth study of
volume holography in photorefractive InP : Fe for femtosecond
pulse readout at 1. 5 pm [J]. J. Opt. Soc. Am. B, 1998, 15
(11):2763~2768

Tyn Myint-U. Partial Differential Equations of Mathematical
Physics [M]. New York: American Elsevier Pub. Co., 1973.
62~68

D. S. Smith, H. D. Riccius, R. P. Edwin. Refractive indices of
lithium niobate [J]. Opt. Commun. , 1976, 17(3) :332~335



