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Äu�Ñ$�.nØïá
 LiNbO3 ¬N¶-1Ï�f���üzÄåÆ�§, ^k��©�{¦)uy,
LiNbO3 ¬N¥²!V¶-1Ï�f�3��g =, ¿�1�f/GC�äkØé¡5,  =���­��Çý
é�C�,  =����­��Çýé�C�. ©ÛïÄL²K�Ùg =ÝÚ/C�Ï��)ÉÌßÝ NA, VË
�rÝ Id Ú	\>| E0 . Ù¦^�ØC��¹e NA ��, ²�f�g =Ý�/C��, V�f�g =Ý�
/C�
��; éu Id , §é²V�f�K�´�Ó�, Id ��, ¬Npp�Ñ��m>Ö|�N´���Ú, �&
Ò1¥%1r�VË�rÝ�'� 10−1 �Ã�Úy��); �X E0 ê��O�, ²�f�g =ÝÚ/C~�,

V�f�g =ÝÚ/C�
O�.

'�c: ²!V¶-1Ï�f, g =, /C

PACS: 02.30.−f, 02.60.Cb

1 Ú ó

1òC�m1�f´��1òCá��gà
��A�1å�û�uÑ�^�²ï�, 30�S
Ãû��cDÂ�1å. 1òC�A´>1á�3
1|�Ëìe, ò�Ç�1r��m©Ù
Cz�
y�. ØÓu3põÇ-1|�^e���51Æ
�A, 1òC�A´�Û��A. ^Î�þ?�-
1ì�1òC¬N, �¬�)²w�1�ò�ÇC
z. du1òC�m�f38¤1Æ!1&E?
n±91Ï&�+�k2,�A^cµ, §�5�
¤�<�'5��:. 20 ­V 60 c�, ��¢�
¿uy1òC�A [1], Úå
�ï<
�4�,
�ÚÊH­À. 1992 c, Segev �< [2] ýó31ò
Cá�¥�"/¤1�f, ¿¡��1òC�m�
f. C 20 c5, 1òC�m�f��´IS	ï
Ä���9:¯K. nØïÄÚ¢�y¢, 31ò
Cá�¥�±�3o«Ä��m1�f: O­��
f [1−4]!¶-�f [5−10]!1Ï�f [11−14] Ú¶

-1Ï�f.
2005 c, Chauvet ïÄ�|ÏLnØ�¢�

ü�¡y¢
3\k	\>Ø� LiNbO3 ¬N
¥ [15], ²¶-�f¬u)é��g =�A, p
� 300 µm. 2008 c, Zhang �<ïÄ
 LiNbO3 ¬
N¥V¶-�f�g = [16], ¿uyV�f�u
)�ý =�g =y�, �vk�ÑK�V�
fg =�Ï�, 
 LiNbO3 ¬N¥V¶-1Ï
�fg =��)^�9Ù��53¢SA^¥
�~­�. ¤±�©3±þü��|�Ä:þ|
^ê�O���{ïÄ
K�²V¶-1Ï�f
3 LiNbO3 ¬N¥u)g =�Ï�, AOïÄ

'u1�fØé¡�y�, ¿é*	��y�?1
©Û. ù�ïÄòk|u?�Ú©Û LiNbO3 ¬N
¥¶-1Ï�f�DÂ5Æ.

2 nØÄ:

1 ò C á � ¥ d 1 ) 1 6 f � � ) ! [
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£!Ð¼L§
ïáå5��m>Ö|�±Ï
L Kukhtarev � [17] ��Ñ$�.5£ã, �©æ
^¤k�Ì,�ÓâÓ���U?��¹, =üU
?�..

3���¹e,
∂N+

D

∂t
= (sI + β)(ND − N+

D ) − γN+
D n,

ρ =
∂

∂x
(εE),

∂J

∂x
+

∂ρ

∂t
= 0,

ρ = q(N+
D − NA − n),

J = qµnE + µkBT
∂n

∂x
+Kph(ND − N+

D )I, (1)

ª¥ ND, N+
D , NA Ú n ©O��ÌßÝ, >l��

ÌßÝ, ÉÌßÝÚgd>f�ßÝ, β Ú s ©O
�9-uXêÚ1-uXê, I �\�1r, γ �E
ÜXê, ε �0��ýé0>~ê, ρ Ú J ©O�
>Ö�ÝÚ>6�Ý, q Ú µ ©O��>ÖÚ>f
�[£Ç, kB �Å�[ù~ê, T �§Ý, Kph �
1Ï~ê.

�\�1rØ´ér, LiNbO3 ¬N�,ßÝ
é$�, �±æ^©z [15] ¥��{¦��m>Ö
|'u�m� �©�§

ε
∂E

∂t
= −qµA (I + Id)

[
1 + B

∂E

∂x

]−1

E

−µkBTA

[
1 + B

∂E

∂x

]−1
∂I

∂x

−Kph (ND − NA) I + D, (2)

Ù¥, A = s(ND − NA)/(γNA), B = ε/(qNA), D

�È©~ê, §���Xe [16]: �¬Np�3²
�f�, D = qµAIdE0; �¬Np�3V�f�,
D = qµA(I∞ + Id)E0 + Kph(ND − NA)I∞, I∞ ´
¬N>.?�1r.

b�¬N�¬¶��� x ¶Ó�, DÂ1å
� e 1, ÷ z ¶��\�, �â (2) ª�O�Ñ
�m>Ö|�©Ù, 2d Pockler �A?�Ú�
� ò � Ç � C z þ ∆ne(E) = −1/2 n3

ereE, Ù
¥ re = r33 , ´�~>1Xê, l
�Ñò�Ç
��m©Ù ne = ne(0)+∆ne(E), �ª��1�f
���üz�§.

3 ê�©Û

©z [16] �ÑV�fg =�, �m>Ö|�
3�ýu) =, ù`²�m>Ö|u)
Øé¡

Cz. �´��ù«Øé¡Cz�Ï�¿vk�Ñ.
�©é���m>Ö|Øé¡Cz�Ï�?1

©Û?Ø. ©z [15] ¥�Ñ, �ÌßÝ ND é�m
>Ö|�K��±�ÑØO, 
ÉÌßÝ NA é�
m>Ö|�K�%é�, ¤±�©3¬N�,ßÝ
�¡�?Ø
 NA é�m>Ö|�K�. ·�ÏL
O�, uy3�y\�&Ò1¥%rÝ I0 ØC��
¹e, VË�1rÝ Id é�m>Ö|�k�½�
K�. du	\>| E0 ����¬��K���
m>Ö|�©Ù, �©�¬©Û E0 é�m>Ö|
�K�.

LiNbO3 ¬ N � V 0 > � A � m � Td =
εγNA/[qµsId(ND − NA)], ½Â t0 = 2TdId/I∞ �
ë��m [15], t0 �/¤pd­��m1�f¤I
��mk', ¤±q¡�O­��m. �©ëê�
þ�Xe:

ε = 32 × 8.85 × 10−14 C2

N · cm
,

T = 293K,

µ = 0.1cm2 · V−1 · s−1,

Kph = 7 × 10−28cm3 · V−1,

γ = 1.0 × 10−9cm3 · s−1,

s = 0.62cm2 · J−1,

q = 1.6 × 10−19C.

ÏLO��ÉÌßÝ NA = 1 × 1015cm−3 �, 1)
Ï�|� Ep = KphγNA/(qµs) ≈ 0.07 V/cm, d�
�*Ñ|�'�eØU�Ñ, 1�f�g =y�
Ò¬�*	�. �©�ïÄ¶-1Ï�f, 7L¦
	\>| E0 �1Ï| Ep ����, 
ØU�©
z [16] ¥@� E0 ��� 50 kV/cm 
�Ñ1Ï|.
¤±�©O�Ñ��þ�'��©z¥��� 3
� 4 �êþ?, �ù¿ØK�éy��©Û.

3.1 ���ÏÏÏ���ééé111���fffggg   ===���KKK���

3.1.1 ÉÌßÝ NA é1�fg =�K�
ã 1(a), (b) ��p�°Ý FWHM=10 µm �²

�f3¬N¤/¤��m>Ö| E ��m©Ù
­�. ã 1(a), (b) ©OéAu NA = 1 × 1015cm−3

Ú NA = 3 × 1015cm−3, 	\>| E0 = 0.01 V/cm,
b� E0 ���, Ù���¬N1¶���Ó.

ã 1(a) ¥J�´O­��m, lã¥�±wÑ
¬N¥p�Ñ��m>Ö|�����X�m�
O\� x ¶�K¶�� £, =²�fu)
g 
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=. ÏLã 1(a), (b) üÌã�'��±wÑ, ã 1(a)
¥ NA ��, �m>Ö|� =Ý%��, ù`²
�½��S, ¬N¥�ÉÌßÝ NA ��, ²�f
�g =y��²w.

ù
y��±)ºXe: Äk, ��m���
½��, ¬N¥�ÉÌßÝÏ�k�
��Ñ�
¦, ¤±�m>Ö|d��Ø¬2O�, 
´ªu
�Ú. b�3�½�¬Nëê��¹e, 1Ï|�
	\>|�����, ¿����Ó, üö�\�
o>| E0 + Ep ���¬N¬¶���Ó, ù�

3¬N¥/¤�´²�f [18], 
*Ñ����
' E0 + Ep � 1 � 2 �êþ?, ¤±� NA ���,
E0 + Ep ��Ò��, *Ñ���^Ò�²w, ²�
f�g =ÝÒ��. ÏLO��Ñ, � NA O�
��½§Ý�, E0 + Ep ���é*Ñ�é�, �ö
�±�Ñ, l
*	Ø�²�f�g =. � NA

���½§Ý�, E0 + Ep ���ûu E0 ���,
e E0 ��u*Ñ�, K*	Ø�²�f�g =,
e E0 �*Ñ���, KE�*	�²�f�g 
=y�.

ã 1 (a), (b) � FWHM=10 µm �, ²¶-1Ï�f3ØÓ NA ��¬N¥p���m>Ö| E �Cz­� (ã¥�J�
éA���´ t = t0, ^u =ë�, J�þ��¢�lþ�e©OéA���� 1/16t0 Ú 1/4t0 , e��¢�éA��
��g�O, ëê�g� Im/Id = 10−1, µ = 0.1 cm2 · V−1 · s−1, T = 293 K, ND = 1.1NA, γ = 1.0 × 10−9cm3 · s−1,
Kph = 7 × 10−28cm3 · V−1, E0 = 0.01 V/cm, Im = 0.1 W); (c), (d) � FWHM=10 µm �, V¶-1Ï�f3ØÓ NA ��¬
N¥p���m>Ö| E �Cz­� (ã¥�J�éA���´ t = t0, ^u =ë�, J�e��¢�le�þ©OéA�
��� 1/16t0 Ú 1/4t0, þ��¢�éA����g�O, ëê�²¶-1Ï�f�Ó)

éu¶-1Ï�f, ��UC	\>|�4
5, Ò�¦¬Np��f3²V�m=�. Ïd
3 é V � f g   = � © Û �, · � ò E0 � �
� −0.3 V/cm, ã 1(c) Ú (d) ©OéA NA = 1 ×
1015cm−3 Ú NA = 3× 1015cm−3, ¿�Ù¦ëê�
Ó��­�. lã¥�±wÑ NA = 1 × 1015 cm−3

�V�f�g =Ý��u NA = 3 × 1015 cm−3

�V�f�g =Ý, ù`²éuV�f
ó,
� NA ���, Ùg =Ý��. �Ï©ÛÚ²�

f�q.

3.1.2 Id é1�fg =�K�
ã 2 (a), (b) �Ù¦ëê�ØC, À� t = 16t0,

NA = 1 × 1015 cm−3, ²V�f�	\>|�©O
� 0.01 V/cm Ú −0.3 V/cm ��Ñ�1�f3¬N
¥p�Ñ��m>Ö|3ØÓ Id ���­�.

lã 2 �±wÑ Im/Id � 10 �, ²�fÚV
�f3¬N¥p���m>Ö|kg =y�, ¿
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�þ?u�~��wG�, � Im/Id � 100 ½��
�, �m>Ö|�.Ü (½ºÜ) C¤².�/G,
=�m>Ö|���Ú. ù`² Id ��, �m>Ö
|�N´���Ú. Ñyù�y���Ï´, �V
Ë�rÝ���, do1r (&Ò1�VË�1o
Ú) �)�-u16fêé�, ��
�m>Ö|
�4�, ���m>Ö|Ñyã¥�/G.

ã 2 3ØÓ Id ���¹e, FWHM � 10 µm �²!V¶
-1Ï�f3¬N¥p���m>Ö| E �Cz­� (ëê
�g� NA = 1 × 1015cm−3, µ = 0.1cm2 · V−1 · s−1,
T = 293K, ND = 1.1NA, γ = 1.0 × 10−9cm3 · s−1,
Kph = 7 × 10−28cm3 · V−1, Im = 0.1W, t = 16t0) (a)
E0 = 0.01 V/cm(²); (b) E0 = −0.3 V/cm(V)

3.1.3 E0 é1�fg =�K�
ã 3 � 3 � y Ù ¦ ^ � Ø C � � ¹ e, U

C E0 ���Ú���, ²�f� =�¹. E0

��©O� −0.05 V/cm, −0.03 V/cm, −0.01 V/cm,
0.01 V/cm, 0.03 V/cm, 0.05 V/cm(�©'u E0 ��
���´�Ùê�, Ø´ýé�, ÙÎÒL«��).

lã 3(a) �±wÑ, E0 ��, ²�f�g =
ÝÒ��. �
3¬N¥/¤²�f, E0 + Ep ��

�7L�¬N¬¶����Ó, = E0 + Ep > 0, Ù
¥ Ep ������¬¶��Ó� ( Ep > 0), Ïd
3�½��SUC E0 ���½��, þ�3¬N
¥/¤²�f. ÏLO�, � E0 � −0.05 V/cm �,
�±/¤²�f, �d�²�f�g =Ý��,
ù´Ï�� E0 + Ep ��é��, *Ñ����é
��, ²�f�g =Òé²w, �X E0 ���O
�, *Ñ����é~�, ²�f�g =ÒØ²
w. ,��¡, E0 ��O�, ¬N¥��m>Ö|
égd>f�¬N¬¶���[£�^�¬Or,
l
¦Ï*Ñ�A
����¬¶����g 
=1�É�{6, ²�f�g =ÝÒ¬C�.

ã 3 3 Ø Ó E0 �, FWHM � 10 µm � ² ! V ¶ - 1
Ï�f3¬N¥p���m>Ö| E �Cz­� (ëê
�g� NA = 1 × 1015cm−3, µ = 0.1cm2 · V−1 · s−1,
T = 293 K, ND = 1.1NA, γ = 1.0 × 10−9cm3 · s−1,
Kph = 7 × 10−28cm3 · V−1, Im/Id = 10−1, Im = 0.1 W,
t = 16t0) (a) ²; (b) V

V�f�©Û�{Ú²�f��, Äk�/¤
V�f, 7L�¦ E0 + Ep < 0, du Ep ���
©ª�¬¶Ó� (Ep > 0), Ïd E0 �U´Kê,
= E0 �¬¶��. lã 3(b) �±wÑ, � E0 ©O
��� −0.5 V/cm, −0.3 V/cm Ú −0.1 V/cm �, V
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�fg =���¬N¬¶��. �²�fØÓ,
�X E0 �O�, E0 + Ep ����� (�ýé��
�), *Ñ����é��, V�f�g =ÝÒC
�. 
 E0 ��, ¬N¥��m>Ö|égd>fÄ
¬N¬¶���[£�^�r, �Ø|uÏ*Ñ�
A
���V�f�¬¶���g =1�, V�
f�g =ÝÒ��.

3.2 ���ÏÏÏ���ééé111���fff///CCC���KKK���

ÏL*	±þ 3 �ã, �±uy��g =�
u), 1�f�Ì©Ù­�3 =����Çýé
���mÅìC�, �����Çýé���mÅ
ìC�, �mØ2é¡, ��m���½��, �m
>Ö|ªu­½. ÏLã 1 (a), (b) üÌã�'�
�±wÑ, ã 1(a) ¥ NA ��, �m>Ö|�/C
%��, ù`²�½��S, ¬N¥�ÉÌßÝ NA

��, ²�f�/C�²w. lã 1(c) Ú (d) ¥�
±wÑ NA = 1 × 1015cm−3 �V�f�/C��
u NA = 3 × 1015cm−3 ��/C, ¿�V�f�m
ý­��Çýé��u�ý­��Çýé�, ¿Ø
�©z [16] ¥¤ãV�f�3�ýu) =, 

´üýÑk�½� £. ù`²éuV�f
ó,
� NA ���, Ù/C��. lã 3(a) ¥�±wÑ,
E0 ��, ²�f�/C¬��, ã 3(b) ¥w«, E0

��, V�f�/C�
��.
�©@�ù«/C��Ïkü«)º: Ù�

´, 1�f3DÂ�L§¥, 1r�r�/�, ò�
Ç�UCþ ∆n(²�f� ∆n ��) ��, 1å3
ùÜ©�DÂ�ÝÒ��, ¦1åÅ¡u)ÆC,
�ª¦�1r���/�, 1å�/G�kb, =
�Ç��. ù«y�=�gà��A. ã 1(a), (b) ¥

du²�fÏg =�A¦¥%�¬¶K�� 
£, ��¬¶K���1r'����, dgà�
�A¦K���1å�Çýé���, �����
Çýé���, u´Ñy
ã 1(a), (b) ¥�­�/
G. éuV�f�/C©Û�´��. Ù�´, d�
6{�nØO��±��, �1�f3u)g =
�Ó�, Ù�mªÇ¬�DÂålu)�5£Ä,
ù��¬��1�fu)/C.

�uVË�rÝ Id é1�f/C�K�3þ
�!®²©Û, d?Ø2Kã.

4 ( Ø

�©O�Ú©ÛÑ²!V¶-1Ï�f3\
k	\>|� LiNbO3 ¬N¥u)
g =�A,
²�f�¬N¬¶��� =, V�f�¬¶��
 =. 3u) =�Ó�, ²V�f3¬N¥p�
��m>Ö|�/G�u)
Cz, ²�fp��
>Ö|­���f =�� (¬¶���) �Ü©
�Çýé�C�, =TÜ©1åC�kb, ���
Ü©��Çýé��, =TÜ©1åªu²", 

V�f/G­��Cz5Æ�²�f�Ó.

K�²V¶-1Ï�fu)g =�AÚ/
C�n�Ì�Ï��: ¬NÉÌßÝ NA, VË�r
Ý Id Ú	\>| E0. 3Ù¦^�ØC��¹e,
NA ��, ²�f�g =ÝÚ/C��, V�f
�g =ÝÚ/C��; Id ��, 1å3¬N¥p
�Ñ��m>Ö|�N´���Ú, ��1�fu
)ºÜ (²�f) ½.Ü (V�f) É����/C;
E0 ��, ²¶-1Ï�f�g =ÝÚ/Cò¬
��, V�f�g =ÝÚ/Cò��.
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Temporal evolution and controllable factors for
self-deflection of screening photovoltaic

solitons in LiNbO3 crystal∗
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Abstract
According to the band transport model theory, we establish the temporal evolution for dynamic equations concerning screening

photovoltaic solitons in LiNbO3 crystal in this paper. By using the finite difference method , we find that there exist large self-deflection
bright and dark screening photovoltaic solitons in LiNbO3 crystal, where the shape of the solitons becomes asymmetry ic with the
increase of time. In addition, the absolute value of slope of the curve in deflection direction turns larger, while it tends to be smaller
in the opposite direction as time increases. On the other hand, analysis shows that the factors related to the degree of self-deflection
and deformation include acceptor concentration NA, dark radiation Id and applied electric field E0. When NA rises, the self-deflection
degree and the deformation of bright soliton become smaller and the counterpart of dark soliton has opposite tendency while Id and
E0 keep invariant. Moreover, for the bright and dark solitons, the space charge field induced in crystals is easier to reach saturation
as Id diminishes and there is no saturation phenomenon in both cases when the ratio between center light intensity and dark radiation
intensity is 10−1. With the E0 increases, the bright soliton self-deflection degree and deformation decrease, while the dark soliton
self-deflection degree and deformation increase.

Keywords: bright and dark screening photovoltaic solitons, self-deflection, deformation
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