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Äu±Ï54z���¬N��5>1�AÍÜÅnØ, ê�ïÄ
>1N�é	Ü1�"R�nL¡u�
-1ì (VCSEL) ÑÑ¥þ·b ���ö�. ïÄ(JL², VCSEL ÑÑ� �Ý�X>1¬N��Ý½�\u
>1¬N�	>|rÝ¤±Ï5=�, ���½��\	>|rÝÚ¬N��Ý, -1ì�ØÓëêeÚåÐ©·
b ��Ñ�±=��Ù¦?¿·b ��. AO´ÜnÀJ�½��\	>|rÝ½¬N�Ý, VCSEL ÑÑ�
?¿·b ���±=�������ü�5·b �� (x̂ Ú ŷ  �), =ü�5·b ���UþU
��­½
Ú��þï.

'�c: 	Ü1�" VCSEL, ¥þ·b �, �5>1�A, 4z���¬N

PACS: 42.25.Ja, 42.50.Md, 42.60.Mi,42.65.Sf

1 Ú ó

Äu	Ü1�"��N-1ì�·b��Ï
&XÚ(�{ü, U
�)p�Ú°ª�·b1Å,

��5p, ¤±§Úå
<�2��ïÄ [1−4]. 8
c, Äu1�"��N-1ì�·b��Ï&?�
Ú�pÝ8¤zEâ��uÐ, <�'5��:�
=£�Äu1�"��N-1ì�1·b��Å
©E^Ï&XÚ�ïÄ [5,6]. 3Å©E^Ï&XÚ
¥, 1
õæ^�.��N-1ì, ±|u8¤. R
�nL¡u�-1ì (VCSEL), ���.��N-
1ì��, '>�u���N-1ì (EESL) k�
õ`:, 'X$K�>6!üp�ÑÑ!��N�
�°!�/1åÑÑ
N´�1nÍÜ!N´8
¤/¤-1
� [7,8]. �´éu EESL 
ó, du
§�-1n(���é¡5��ÙOÃ0�´é
r���É5, ¤±§ÑÑ��5 �î>� (TE)

�£½3���½�¶þ. �'�e, VCSEL �-

1n(��þ¡��/, Ù!¡�Î/�OÃ0
�kéf���É5, ù��
î^� (T È) �
�). 1995 c, Miguel 9ÙÜ�öJÑ
oU?þ
f²� VCSEL �nØ�. [7], {¡�g^���
. (SFM), T�.O(£ã
 VCSEL ÑÑ� �
A5. TnØ�.�Ñ
 VCSEL ÑÑ� ��û
uXeü��¡ [7,8]: Äk,  ����5�N
Ø
Ó1f�[����ÄåÆ1�; ,��¡, -1
n�¬N��É5!(��!¡5ÚÅ��A�
�
 ���÷X-1n�k
«�î�¡�?
��� (R�u-1u���), ½ö`k��u3
��Ä¥�IXe x̂ Ú ŷ �?��� (�ü���
Ä¥ ex = x̂, ey = ŷ), e ���`k��u x̂ �
�� x̂  �, 
 ���`k��u ŷ ��� ŷ  
�, ,	 ���`k��u x̂ Ú ŷ �Ü¤���
·Ü � (Ó��) x̂, ŷ  �, =ý� �½� 
�). 
 VCSEL ÑÑÄ�1�é ��~¯a, ¤
± VCSEL q{¡�¥þ-1ì.
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É�5g	Ü1�" VCSEL ké´L���
5ÄåÆ1�, éN´�)p�·b, �(�{ü,

¤±1�" VCSEL ¤�1·b��Å©E^Ï&
XÚ¥�n�·b1
��, §� �=�A5Ú
·bÄåÆ1�Cc53¢�ÚnØþ��þï
Ä [7−15]. ù
ïÄ(JL², � �>6�CK
�>6�, 1�" VCSEL ÑÑ·b �Ýé-1
ëê (X �>6Ú1�"5\þ) �~¯a, =�
�� �>6Ú1�"5\þ�6ÄÑ¬��ü
·b ��Uþ�)-�¿�, Úåü·b ��
mØä��p=�, l
�� VCSEL ÑÑ·b 
��Ø­½5. 3 VCSEL 1·b��Ï&Å©E
^XÚ¥ [16−24], �
¦XÚ(�{ü, Ï~|^
ü·b ��1Å. �
;�ü�·b ��mu
)G6­¥Ú(�\�&Ò�¡E�þ, ù�¦-
1ì�ü ���mk­½�=��z�� �
��Uþ����þï. �âù
�¦, ·�3k
c�ó�¥JÑ
ü« ����Y. �«´ÏL
ÀJ �>65\þÚ1�"þ�'�5��-
1ì� �� [18], ïÄuy, � �>6��uK
�>6�1�"þÚ �>65\þké��'
��, ü� ���m�=�3���SÅÄ, Ù
Uþ��Cq�þï. ,�«´ÏLUC�"1
� �Ý5ö�-1ìÑÑ �� [10], 3ù��
Y¥, ÜnÀJ�"1� �Ý�±¦-1ìÑÑ
�­½�5 �� (x ½ y  ��), �Ã{¦ü 
���m�Uþ��­½�þï. 3�©¥, ·�
JÑ�«k�Ú­½� ����Y, =|^>1
N�5ö� VCSEL �¥þ·b �. 3d�Y¥,

��6	>|�\u>1¬N�, ÏL>|rÝ½
¬N�Ý5­½ü·b ��m�Uþ��, l

¦ VCSEL ÑÑ¢yUþ��þïÚ­½�ü �
�. 
>1N�´ÏL>1¬N��5>1�A5
¢y. DÚ��5>1�A~æ^ò�Çý¥n
Ø, ,
, éu-1·bóÀ1Å
ó, ��TnØ
A^�'�Ú½��, ÙIOzC��~(J±�
J±¢y. 2001 c, ��ò�Çý¥nØ��5>
1�AÍÜÅnØ�JÑ [25], TnØ@��5>
1�A´�«����56Ä, U
)º-1óÀ
3?¿�\>|e÷X?¿>1¬NDÑ���
5>1�A�A5. 
���¬N�@�´�Ð
�>1á���, §kéÐ��5>1�AA5,


DÚ�¬G���¬N3�5>1�A¥�U

æ^Vò�� ��Eâ, 3ó§þ¢yå5��
(J, �A�°�Ä, ØU|^���¬N>1X
êÚß²Å���. �'�e, O� ����¬
�±Ï54z���¬N (PPLN) �±�Ñ±þ"
: [26,27]. Äuù
�Ä, �â PPLN ��5>1�
AÍÜÅnØ [28], ·�ê�ïÄ
>1N�é	
Ü1�" VCSEL ÑÑ�¥þ·b ��ö�.

2 ¢�C�ÚnØ�.

ã¬¤«� PPLN �>1N�é	Ü1�
" VCSEL ÑÑ·b ����¢�C�«¿ã.

ã¥�1�lì IS1 �
;�1l PPLN ��à¡
�"£ VCSEL, IS2 �
;�DÑ� �©åì�
1�"£ PPLN. �Å¡ 1 ^5(�ÏL� �©
åì NPBS1 1� x̂  �1, �Å¡ 2 ^5(�Ï
L� �©åì NPBS2 1� ŷ  �1, õÇÿþ
¤ 1, 2 ©O^5ÿþ x̂ Ú ŷ  �1�Uþ, 1Ì©
Û¤ 1, 2 ©O^5ÿþ x̂ Ú ŷ  �1�õÇªÌ
©Ù. 5gu	n²¡º1�"� VCSEL 3 �
>6��^e�)�pR���p=�� x̂ Ú ŷ

 �1·b, duù
·b �1é �>6Ú	
Ü1�"þ�~¯a, 3¢S¥éJ��, �
(
�1·b��Ï&XÚ¥k­½�·b1Å, ·�
|^ PPLN ��5>1�Aéù
Ø­½� �
·b?1?�Ú��, =l VCSEL ÑÑ�ü �
1·b©O÷ PPLN � x Ú y ¶ (1¶) DÑ, 3�
\	>|��^e, x̂ Ú ŷ  �1�Uþ­#©�,

=�)#� �, ±��ü �·b1Å­½Úù
üö�m�Uþ��. PPLN ÑÑ#� �ÏL 
�©åì�©)¤#� x̂ Ú ŷ ·b �11Å.

b�ã¥ VCSEL ÑÑ� �1�3	n¥Ì
��g (f�"), �â Lang-Kobayashi Cq, 3 
�>6�^e, ��Ó51�"5\ VCSEL ��
Ç�§�?�� SFM �. [7,8], =3�m^Ä�I
NXe, Ù�Ç�§|�

dA±(t)
dt

= Γg(1 + ia)[N±(t) − N0]A±(t)

−kA±(t) − ikaA±(t)

−(γa + iγb)A∓(t)

+kfA±(t − τ) exp(−iω0τ), (1)

dN±(t)
dt

=
I

2eV
− γ eN±(t)
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−2g[N±(t) − N0]

×|A±(t)|2 − γJ

[
N±(t) − N∓(t)

]
, (2)

ª¥, eI + Ú − ©OL«�!m^; A±(t) �
�!m^ �úC�Ì; N±(t) ©OL«þ^!e
^16f�Ý; k = 1/(2τp), τp �1fÆ·, g ��
©á�OÃ; N0 �z�g^���ß²16f�

Ý; a ´�°OrÏf; Γ �k
����Ïf; γa,

γb ©O���É51|�Ì�Ñ�ÇÚk
0�
�5Vò��A; I �5\>6; e �ü >Ö; V

�-1k
�NÈ; γe ��Ë�16fµþ���
Ç; γJ g^�=�Ç; V �-1ìk
«NÈ; kf

©O��"Xê; ω0 � VCSEL �¥%ªÇ; τ �	
Ü1�"ò´�m.

ã 1 PPLN �>1N�é	Ü1�" VCSEL ÑÑ·b ����¢�C�«¿ã

Ú\8�zCþ

E±(t) =
√

g

γe
A±(t), (3)

N(t) = Γ
g

k

(N+(t) + N−(t)
2

− N0

)
, (4)

n(t) = Γ
g

k

N+(t) − N−(t)
2

, (5)

Äu��Ä¥�INX, ò�!m^� ��=z
��p��z�5 ��, = x Ú y  ��

Ex(t) =
E+(t) + E−(t)√

2
,

Ey = −i
E+(t) − E−(t)√

2
, (6)

r�§ (3) � (6) �\ (1) Ú (2) ª��

d

 Ex(t)

Ey(t)


dt

=



k
[
(1 + ia)(N(t) − 1)

−(γa + iγp)
]

k
[
(1 + ia)(N(t) − 1)

+(γa + iγp)
]



×

 Ex(t)

Ey(t)

 + kfJ

 Ex(t − τ)

Ey(t − τ)


× exp(−iω0τ)

+


[
βsp

N(t) + n(t)
2

]1/2

−i
[
βsp

N(t) + n(t)
2

]1/2

 ξ1

+


[
βsp

N(t) − n(t)
2

]1/2

i
[
βsp

N(t) − n(t)
2

]1/2

 ξ2, (7)

dN(t)
dt

= −γe

[
N(t) − µ + N(t)

(
|Ex(t)|2

+|Ey(t)|2
)

+ in(t)

×(EyE∗
x − ExE∗

y)
]
, (8)

dn(t)
dt

= −γsn(t) − γe

[
n(t)

(
|Ex|2 + |Ey|2

)
+iN(t)

(
EyE∗

x − ExE∗
y

)]
, (9)

ª ¥ e I x Ú y � � ´ x Ú y   � �, γs =

γe + 2γJ; µ = (Γg/k) × [I/(2eV γe) − N0); µ �
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8�z� �>6, �-1ì$13K�>6�,

Ù�� 1; βsp �guË��Ç; ξ1,2 þ�xD(,

Ù²þ�� 0, ��� 1, �´§é �=��K
�é� [12]. �Bu?Ø, Ïd3e¡�ê��
[¥ò�Ñ.

4 VCSEL ÑÑ� x̂ Ú ŷ  ��� ���©
O÷ PPLN ¬N� x Ú y ¶ (1¶), =��¬N¥
� o 1Ú e 1�Ð©Ñ\. -1ìÑÑ ���1
r I �Ù�Ì E �'X�±L«�

Ix,y =
~ω0V |Ex,y(t)|2

2TLS
, (10)

ª¥, ~ � Planck ~ê; TL = 2ngc/LV �13-1
nS5£�±��m, LV �-1n��Ý; S �-
1ìÑÑ�ü �1�1�k�¡È. 
 o 1Ú e

13¬N¥�1r�±L«�

Ix,y(t, x) =
ncε0

2
|ux,y(t, x)|2, (11)

ª¥ ux,y(t, r) ©OL«¬N¥� o 1Ú e 1��
Ì, d�§ (10) Ú (11), ·�¼� o 1Ú e 1�Ð
©�ÌXe:

ux,y(t, 0) =
√

2~ω0V

STLcε0n1
Ex,y(t). (12)

ü �13¬N¥DÑ�, o�1|�L«�

u(t, x) = ux(t, x) exp(iβxx − iω0t)

+uy(t, x) exp(iβyy − iω0t)

+c.c, (13)

ª¥ βx = 2πcn1/ω0 Ú βy = 2πcn2/ω0 ´ü·b
 �11Å3¥%ªÇ?�Å¥, n1 Ú n2 ©O
� x̂  �� (e 1) ÚÚ ŷ  �� (o 1) 3¬N
DÑ��ò�Ç; c.c �� �Ý�. - ux(t, x) =

aux(t, x), uy(t, x) = buy(t, x), a Ú b ©O� x̂

Ú ŷ  ���ü ¥þ. d	, -�\u¬N�	
>| E0 = cE0, c ��\	>|�ü �þ. du
� ��==�5>1�A��Ä, 
Ù¦���
�5�~�f±���Ñ, aq©z [25,28], 3²
¡ÅCqe, ·�l Maxwell �§|�±��ü 
��3 PPLN ¬NDÑ���5>1�AÍÜÅ
�§Xe:

dux(t, x)
dx

= −id1(x)uy(t, x) exp(i∆kx)

−id2(x)ux(t, x), (14)
duy(t, x)

dx
= −id3(x)uy(t, x) exp(i∆kx)

−id4(x)ux(t, x), (15)

Ù¥

d1(x) =
k0

2n1
reff1E0f(x),

d2(x) =
k0

2n1
reff3E0f(x), (16a)

d3 =
k0

2n2
reff1E0f(x),

d4 =
k0

2n2
reff3E0G0, (16b)

¿ � ¥ % ª Ç ? � �   � � ∆k = βx − βy;

reffj (j = 1, 2, 3) �k�>1Xê [29]. du PPLN

���±Ï51Æ�¬�, (�¼ê f(x) �±

Ðm� Fourier ?ê f(x) =
∞∑

m=−∞
fm exp(iKmx),

Ù¥ Km = 2πm/Λ ´¬N� m ���¥, fm

��A� Fourier Xê, Λ �1Æ�¬��4z
± Ï. � m = 0, fm = 2D − 1; � m 6= 0 �,

fm = [1− cos(2πmD)+ i sin(2πmD)]/(iπm). y3
·��Ä¬N�����¥ (m = 1)K1 �ü �
��� �� ∆k �C, Ó��Ñ@
du� �
�é>1�A�zØ���, ù�·��±���
§ (14) Ú (15) �)Û)Xe:

ux(t, L) = ρx(t, L) exp(iβ0L)

× exp[iφx(t, L)], (17a)

uy(t, L) = ρy(t, L) exp[i(β0 − ∆k)L]

× exp[iφy(t, L)], (17b)

Ù¥

ρx(t, L) =
{

u2
x(t, 0) cos2(µL)

+
[γux(t, 0) − d1uy(t, 0)

µ

]2

× sin2(µL)
}1/2

, (18a)

φx(t, L) = tan−1
[γux(t, 0) − d1uy(t, 0)

µux(t, 0)

× tan(µL)
]
, (18b)

ρy(t, L) =
{

u2
y(t, 0) cos2(µL)

+
[γuy(t, 0) + d3ux(t, 0)

µ

]2

× sin2(µL)
}1/2

, (18c)
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φy(t, L) = tan−1
[−γuy(t, 0) − d3uy(t, 0)

µuy(t, 0)

× tan(µL)
]
, (18d)

¿�k

β0 =
∆k′ − d2 − d4

2
, (19a)

µ =

√
(∆k′ + d2 − d4)2 + 4d1d3

2
, (19b)

γ =
d4 − d2 − ∆k′

2
, (19c)

d1 =
k0

2n1
reff1E0f1, d3 =

k0

2n2
reff1E0f−1, (19d)

d2 =
k0

2n1
reff3E0f0, d4 =

k0

2n2
reff3E0f0, (19e)

ª¥k�>1Xê reff1 =
∑
j,k,l

(εjjεk)(ajrjklbkcl),

reff2 =
∑
j,k,l

(εjjεk)(ajrjklakcl) Ú reff3 =∑
j,k,l

(εjjεk)(bjrjklbkcl) (j, k, l = 1, 2, 3, ± e �

Ó)[25], ùp εjj = n2
jj Ú εkk = n2

kk �¬N�é
�z>0�Üþ�; "� Fourier Xê G0 = 2D−1;

�!K�� Fourier Xê G±1 = [1 − cos(±2πD) +

i sin(±2πD)]/(±iπ); E0 ��\u¬N�	>|;

∆k = βx − βy + K1 ≈ 0, D = l+/(l+ + l−), Ù
¥ l+ Ú l− ©O� PPLN ¬N¥��ÆÚKÆ�
Ý; k0 = 2πC/ω0 �-1óÀ3ý�¥DÑ��

Å¥, C �13ý�¥�DÂ�Ý; L � PPLN ¬
N�Ý; rjkl � PPLN ¬N�>1Üþ� [29]; d
u PPLN �ü¶¬N, §k a = (sin ϕ,− cos ϕ, 0),

b = (− cos θ cos ϕ,− cos θ sinϕ, sin θ), θ �4z�,

ϕ �� �. d	, ��\	>|÷¬N� y ¶�
��, Ùü ¥þ c = (0, 1, 0).

3 (J�?Ø

�
O(£ã13 PPLN ¬NDÑ�� �
ÝCz,  �Ý½ÂXe:

FP =
〈Ix(t, L)〉 − 〈Iy(t, L)〉
〈Ix(t, L)〉 + 〈Iy(t, L)〉

, (20)

ª¥ 〈 〉 L«�²þ�, FP 0u −1 Ú 1 �m,

FP = −1 ¿�X-1ìÑÑ� ŷ  �; FP = 1

� x̂  �; FP = 0 �� �; −1 < FP < 0 �
m^ý� �, 
 0 < FP < 1 ��^ý� 
�. � PPLN ¬N�Ý L = 0 �, FP �¬N�Ð
©Ñ\ �Ý, =-1ìÑÑ �Ý. ·�Äk
|^o� Runge-Kutta �{é-1ì��Ç�§
| (7)—(9) ?1ê�), 3ê�O�¥¤^�ëê
�XL 1 ¤«, Ù¥ n1 Ú n2 5
u���¬N
� Shellmeier ò�Çúª [29], µ, kf , E0 Ú L �g
d?Øëê.

L 1 XÚëê

ëê � ëê �

�°OrÏf a 3 -1ìk
��NÈ V 384.85 µm3

16fÆ· τp 1.7 ps ¥%Å� λ0 850 nm

γs 50 GHz ¬N�4z� θ π/2

�Ë�16f¶þ���Ç γs 1 GHz ¬N�� � ϕ 0

��É51|�Ì�Ñ�Ç γa −0.1 GHz ¬N�§Ý F 293 K

k
0��5Vò��A γb 6 GHz ¬N4z±Ï Λ 5.8 × 105 m−1

k
����Ïf Γ 0.5 ¬N��Æ�Ý l+ 5.41 µm

	Ü1�"ò´�m τ 2 ns ¬N��Æ�Ý l− 5.41 µm

-1ìÑÑ1�k�¡È S 38.485 µm2 Ó�' D 0.5

-1n� LV 10 µm o 1ò�Ç n1 2.24

-1ìk
�k�ò�Ç ng 3.6 e 1ò�Ç n2 2.17

ã 2 ©O�Ñ
� L = 0 ½ E0 = 0 �,  �
Ý FP �X �>6 µ Ú�"Xê kf �'X­�
ã. Ù¥;, (a) L«� kf = 2 GHz � FP � µ

�'X­�. ;, (b) w«
� µ = 1.1 �, FP �
X kf O���Cz;,. lã 2(a) �±wÑ, � µ

l 1 O�� 1.2 � FP d 0.8 ��P~� −1, � µ

?�Úl 1.2 O�� 1.5 �, FP 0u −1 Ú 0.5

�m�Ã5K�ÅÄ. lã 2(b) ?�ÚwÑ, �
X kf d 1 GHz O�� 1.3 GHz �, FP d 0.9 ~�
� −0.9, ,
� kf d 1.3 GHz ?�ÚO� 2.2 GHz

�, FP 30u −0.9 Ú 0.9 �m�Ã5K��. l
ã 2 �©Û(JL², VCSEL ÑÑ �Ý�~Ø
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­½�é µ Ú kf �Cz�~¯a, µ Ú kf ���
CzÑUÚå-1ìÑÑü�5 ���mØä
/�p=�. e¡·�?�Ú�ãÏL PPLN ¬N
�>1N�éü ���m�p=����.

ã 2 � L = 0 ½ E0 = 0 �,  �Ý FP � �>6 µ

Ú�"Xê kf �'X­�ã (a) kf = 2 GHz, FP ∝ µ;

(b) µ = 1.1, FP ∝ kf

ã 3 �Ñ
� E0 = 500 V/mm Ú kf = 2 GHz

�, 3ØÓ µ �^�e, FP � PPLN ¬N��Ý
�'X­�. lã¥�±wÑ, 3 L = 0 mm ?Ú
ØÓ� �>6�¹e, =¬N�Ð©Ñ\ �
��^ý� �!m^ý� �!� �!ŷ  
�, ù
 ��X PPLN ¬N L ¤±Ï5=�. ~
X, 3��±ÏS, ÏLUC¬N�Ý, Ð©��^
 ��±�g=��� �!m^ �, ��£�
�5��^ �; Ð©� �1ØÉ¬N�Ý�K

ã 3 � E0 = 500 V/mm, kf = 2 GHz �, 3ØÓ� µ

�¹e, FP � PPLN ¬N�Ý�'X­�ã

ã 4 � E0 = 500 V/mm, µ = 1.1 �, ØÓ�"ëþ
e, FP � PPLN ¬N�Ý�'X­�ã

ã 5 � L = 10 mm, kf = 2 GHz �, 3ØÓ� �>
6�¹e, FP � E0 'X­�ã

�
Ä��±ØC. ã¯?�Ú�Ñ
�éØÓ
��"Xê, FP � L �'X­�. lã 4 ¥�±
*	�, 3�\	>|�^e, ØÓ�"XêÚå
�ØÓ� ��� L �¤±Ï5Cz, PPLN ¬
N�Ý���Ð© ���UC§Ý�ã®�q.
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ã 6 � L = 10 mm, µ = 1.1, ØÓ��"Xê�¹e,

FP � E0 �'X­�ã

lã 3 Úã 4 �±*	�, �½�¬N�Ý�±4
ØÓ�Ð© �Ñ�±=��� �1, ±�ü 
�1·b1ÅUþ��þï. ã°Úã±©O�Ñ

� L = 10 mm �, �éØÓ� �>6Ú�"
Xê, FP � E0 �'X­�. lù
ã¥�±wÑ,

3 E0 = 0 kV/mm ?, ØÓ� �>6½ØÓ��
"5\ÚåØÓ� �, 3
ù
 ��X�\	
>|�Or
u)±Ï5=�, Ù=��/�¬N
�ÝÚå �=��/�q.

3ã 7 ¥, ·��Ñ
� L = 10 mm, kf =

2 GHz �, � é Ø Ó � µ Ú E0, ü   � � �
· b ; , � � m � ü C (ã �) Ú � A � ª Ì
© Ù ­ � (ã m), ã ¥ ª Ì r Ý Sx,y(ω,L) =

ε0cn|ux,y(ω,L)|2/4π. lã¥�±wÑ, � E0 = 0,

� µ = 1.16 �, x̂  ��Ú ŷ  ���m�pØ
ä/=�, � ŷ  ��ÓÌ�, ¬NÑÑ�m^ý
� �. éu µ = 1.24, x̂  ��ÓÌ�, ÑÑ�
�^ý� �, 
 µ �� 1.32 �, ŷ  ����Ó
Ì�, ÑÑ� ŷ  ��. 
 E0 �� 77.8 V/mm �,

±þn� �>6Úå�ü �rÝ��mCz
�·b;,��­Ü, �A�ªÌ©Ù­���
�­Ü. ù¿�XØÓ �3 E0 = 77.8 V/mm ?
Ñ=������� x̂ Ú ŷ �5 �� (=� 
�). ã 8 ?�Ú�Ñ
� L = 10 mm, µ = 1.1 ,

3ØÓ kf Ú E0 ^�e, ü �·b;,��m
üC (ã�) Ú�A�ªÌ©Ù­� (ãm). �ã 7

aq, � E0 = 0 �, n�ØÓ kf ÚåØÓ� �,


 E0 �� 77.8 V/mm �, ùn�ØÓ �Ñ=�
¤� �.

ã 7 � L = 10 mm, kf = 2 GHz , ØÓ µ Ú E0 ^�e, VCSEL ÑÑ� �·b�müC (ã�) ÚéA�ªÌ©Ù (ãm).

(a1, a2) E0 = 0 V/mm, µ = 1.16; (b1, b2)E0 = 0 V/mm, µ = 1.24; (c1, c2)E0 = 0 V/mm, µ = 1.32; (d1, d2) E0 = 77.8 V/mm,

µ = 1.16, 1.24, 1.32.
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ã 8 � L = 10 mm, µ = 1.1, 3ØÓ kf Ú E0 ^�e, VCSEL ÑÑ� �·b��müC (ã�) ÚéA�ªÌ©Ù (ã
m). (a1, a2)E0 = 0 V/mm, kf = 1.3 GHz; (b1, b2) E0 = 0 V/mm, kf = 1.6 GHz; (c1, c2) E0 = 0 V/mm, kf = 2.4 GHz; (d1, d2)

E0 = 77.8 V/mm, kf = 1.3, 1.6, 2.4 GHz

±þ©Û(JL², |^ PPLN ��5>1�
A, ÏLN!	>|rÝÚ¬N�ÝU
k���
-1ìÑÑ�·b1Å� �Ý, =�±��ü�
5 ���m�Uþ��. AO´, ÏLN!�½
^\	>|rÝ½¬N�Ý, VCSEL ÑÑ?¿ü
�5 ��Ñ�±=�Uþþï� x̂ Ú ŷ �5 
��.

4 ( Ø

·�|^O� �� PPLN ¬N��5>1
�A, ¢y
�\	>|½¬N�Ýé	Ü1�
" VCSEL ÑÑ·b1Å� ��=����. ê
�ïÄ(JL², �-1ìÑÑ·b1ÅÏL�\
	>|� PPLN ¬N�, §� �Ý�X�\	>
|\r½¬N�ÝO�¤±Ï5=�, =3��±

ÏS, §�Ð©�½m^ý� � → � � → m
½�^ý� � → �5��½m^ý� �. d
	, ���½�\	>|rÝ½¬N�Ý, -1ì
ÑÑ�?¿ �Ñ�±=�¤Uþþï� x̂ Ú ŷ

�5 ��, =� �. �>1¬N��1Æ �
ì¦^�, ù
ïÄ(J���
-1ì�>1N
��� �¢�JønØ|±. ,	, 31·b�
�Å©E^Ï&XÚ¥, |^>1¬N�>1N�
é ��ö�A5, �±�O·b1Å�&�·b
1Å��ìÚ1·b1Åm'Ú&�·b1Å�
Uþþïì. >1¬N��	ÜN�ì¦^�, �
©�Ñ�ïÄ(J3`z\�&ÒÌÝÚ� N
��Y�¡äk�½����^.

�ö©%a�"v<JÑ�ÜnzïÆ, ¦�©ó�

�é�õ.
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Abstract

Based on the wave coupling theory of linear electrooptic effect in quasi-phase-matched periodical poled LiNbO3 (PPLN), the

control of the vector chaotic polarization of VCSEL output with external optical feedback by electro-optic modulation is numerically

investigated. The investigation results show the polarization state of VCSEL output switching periodically with the applied external

electronic field or the length of the crystal. The original chaotic polarized state of its output caused by different parameters of VCSEL

can be converted into the other arbitrary chaotic polarized state. In particular, by controlling a certain applied external electronic field or

the length of the crystal, any chaotic polarization model of VCSEL output can be converted into two complete identical linear chaotic

polarization models (x̂ and ŷ polarizations). In the case, the energies of two linear chaotic polarization models can steadily realize

balanced status.
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