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Abstract: By jointly solving the two-center material equations and the coupled-wave equations, a
dynamic model to study the nonvolatile hologram realized by the two-color recording scheme
(UV-light for sensitizing and He-Ne laser for recording) in doubly doped LiNbO; crystals is set up.
The aim is to study the effects of the microscopic optical parameters of the deep and shallow doping
centers on the saturation and fixed diffraction efficiencies. These parameters include the photo-
excitation coefficients of deep and shallow centers for sensitizing-light, the photo-excitation
coefficient of shallow center for recording light, and the electron recombination coefficients of deep
and shallow centers. Numerical solutions show that, for the nonvolatile holographic storage in
doubly doped LiNbO, crystals. in order to obtain high fixed diffraction efficiency, one should select
the shallow center with large electron recombination coefficient, with high photo-excitation
coefficient for recording light and with low photo-excitation coefficient for sensitizing-light; and
select the deep center with high photo-excitation coefficient for sensitizing-light and with optimal
electron recombination coefficient.
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Table 1 Description of the parameters used in the equations

Notation Description Value
715/ (m/V) Electro-optic coefficient of 633nm light 1.09x10 "
€ Dielectric coefficient 28
n/(m*/Vs) Electron mobility in the conduction band 7.4X10°°
N, Refractive index for ordinarily polarized 633 nm light 2.286
d /m Thickness of crystal 5X10°*
6/ Incident angle inside the crystal 6.5
K /m™! Spatial frequency of interference pattern 5.14X10°
Np/m™* Concentration of deep center 3.9X10%
Ns/m™* Concentration of shallow center 2.6X10%
N (0) /m™* Initial electron concentration of deep center 2.1X10*
Ng (0) /m™* Initial electron concentration of shallow center 2.3X10%
I/ (W/m*) Initial intensity of UV light 200
I, /(W/m*) Initial total intensity of red light 5000
kp./(m?* /V) Photovoltaic coefficient of deep center for UV light —1.1X10 %
ks../(m®/ V) Photovoltaic coefficient of shallow center for red light —7X10 *
ks.ii/(m’ /V) Photovoltaic coefficient of shallow center for UV light —1.4X10 %
7o/ (m?/s) Electron recombination coefficient of deep center 2.4X107°"0
¥s/(m?/s) Electron recombination coefficient of shallow center 1.65X10
Sp.u/(m*/]) Photo-excitation coefficient of deep center for UV light 3.6X107°
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Notation Description Value
Ss.u/(m* /] Photo-excitation coefficient of shallow center for UV light 3.8X10°°
Ss../(m? /D) Photo-excitation coefficient of shallow center for red light 3.3X10°°¢
N. Electron concentration of conduction band variable
m Light modulation depth of red light variable
E./(V/m) Space-charge field variable
7 Diffraction efficiency variable
/(™ Spatial phase shift variable
n Amplitude of refractive-index grating variable
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Fig.1 Energy-band diagram for doubly doped LiNbO;

crystals. CB and VB, conduction band and valance
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Fig. 2 Variations of (a) saturation diffraction efficiency, and (b) fixed diffraction efficiency with the photo-excitation

coefficients of deep and shallow centers for UV-light S and Ss. i



71 a5 5%

X5 2% LiNbO, S 2 2 ik X i 5 280 36 4 5 il

945

B3 iy T 4t A R [ A A AR B TR PO
B R G RE o Mys 2L, 1B 3 R A0l
TR FRE ys BRI R [ AT S RO . IR
Hb L TR A R o BOR AR AT AR N H]
UL AETC 3 B B Bk 6 F 1 B 1 oL L R HE R
FOLTE B I 8] A A A8 104 12 B A5 1 A8 AT H
T CHOR B 4 s 8] HL A7 ) (9 B0 . 7R FRLZTOE
(e R Y N LR VAR -2 B I DN o A
UL/ L B BT AT D 2l TR
MR G O A T OEM S DLEIR L
DRI AT 50 1) 1] A R - DG A S8 R 2 1 2 SE 2l

=100 ’ (a)Saturation

% 80 "“""

: OO

Q

5 60 '

=

2 40

£

53; 20 .

Gt

a 2 9N

" A1045 fs) 6 /O'J‘\§

*‘o

F— AR AR AR TOUME. B 3 Ch) AL 45 %
Vs o 18] AT BOCRAFTE IR ALY vo. FATIE K BL. A0
Ryo ARR R B T8 10 BAFAE TR P LK
b AR T2 5 e Bl s & b O
PTE BT 5058 B4 R 1 Gl fie 2 22 3 1 TR % B TR
L B TG L B s IR oo ARV R T
BeAAAE TR b AR LR O Pl 3 T AR 95 Y
TRUFHL P B An 1 3 Cad JF s ] AR 7E 42 B L i B
PR O TEEERIIRP O L. 2T K
P ¥ 5 5 o L 5 G e 28 R o P 44 1 DR ]
SE Y HL TG 85

n efficiency n/%

Diffractio

Fig. 3 Variations of (a) saturation diffraction efficiency, and (b) fixed diffraction efficiency with the electron

recombination coefficients of deep and shallow centers yp, and ys
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