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JÑ	Ü15\�mÍÜ��N-1ìXÚ, ïÄ	Ü15\ü-1ì·b��ªÇOr±9·b���A
:, �Ñ½ªÇ��úª. ïÄL², �ü-1ì5\�, 5\-1ì¥yÑn�·b*ª«�; uy3r-15
\^�e, �X5\§Ý�O\, 5\-1ì·b��ªÇOr�~k����� 3.5 �±þ (¦+,��-1ìª
Ç¬�úeü); �X5\1�ªÇ���O\, ü-1ì·b��ÑU?�ÚOr; uy·b��I�, =3f5\
^�eü-1ì�±����ü±Ï!V±Ï!o±Ï!8±Ï�. �V-1ì5\�, �X5\§Ý�O\, ü
-1ì·b��ªÇ?�ÚO\, ���� 3.5 �Ú 2.65 �±þ; �X5\1�ªÇ��O\, ü-1ì·b��ª
ÇO\. V-1ì5\��·b���I���uy: =3r5\^�eü-1ì�±����ü±Ï!n±Ï!
8±Ï�. ���[�Ñ
ü-15\XÚlü±Ï�ª£½�a±Ï2?\·bOª�uÐ´»±9V-15
\XÚl·b�a±Ï2?\ü±Ï�ª£½�üz��´»�.

'�c: ·b, ��, ªÇOr, �mÍÜ��N-1ì

PACS: 05.45.Jn, 05.45.Pq, 42.55.Px

1 Ú ó

·bäkéÐ�^�¯a�A5, Ù&Òäk
�ÅCzÚäkaxD(ÌA:� [1,2]. Cc5, ·
b9Ù3��Ï&��¡�A^�5�É�<�
�À. -1·b&Òäkp�ªÇÚ°�ªÌ,
��ïÄö¤'5, |^ØÓ�-1XÚ¢y·b
��Ï&®¤���ïÄ9: [3−9]. Ù¥1�"½
15\��N-1ìäkN´¢y·b-1ÑÑ
Ú´uµC�`:, ®¤�-1·b��Ï&¥1
Åu�ÅÚ�ÂÅ�ÄÀì� [10−16]. 3��Ï&
¥, êâp�DÑ´��Ø%�Eâ�I��. 
·b��Ï&¥&Ò�DÑ�Ç�ûu·b1Å
���ªÇ½�°, ¤±Jp·b1ÅªÇ´¢y
p�·b-1��Ï&���{, Ù¥5\£½
O\-1·b1Å&Ò�°�{3nØÚ¢�þ
Ñ��
�U¤J [15−20], Ù¥Ì�´éü�-1
XÚ?1·b1Å&Ò�°OrïÄ. �©Ì�?
1�mÍÜ��N-1ì·b��ªÇOrïÄ,

du�mÍÜ��N-1ìXÚ'ü�-1XÚ
k�p��ê, k�õ�(�ëê�����, Ï
däk�p���5U�. �©1��ïÄ�¡´
?1�mÍÜ��N-1ìXÚ·b��Eâï
Ä. du·bCz4ÙE,, Ù��ÛõXkS�
��A5y®Åì�uy. <�o´Ï"é��

�{5��·b. 20 V 90 c�, Ott-Grebogi-York
�{JÑ� [21], ·b���{×�uÐ [22−24]. Ù
¥-1·b��9A^ïÄ�ÉÀ, JÑ
õ«
-1·b���{, X1�"�{!1� N�
�{!5\±Ï&Ò�{±9>6±Ï6Ä�{
� [22−25]. ,, ù
ïÄÌ�´�éü�-1X
Ú?1·b��½ö$�XÚ�·b��. ¤±,
?1�mÍÜ��N-1ìp�XÚ�·bOª
���ïÄ´�~k¿Â�.

2 nØ�.

�mÍÜ��N-1ìXÚ®�2�ïÄ, Í
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Ü�¦-1¥yÑNõE,�ÄåÆG�, X©

Ú·b� [25−27]. ÍÜ��N-1ì·b�±A^
���Ï&Ú1O�¥ [6−9,25−27]. ü�mÍÜ-
1ìXÚ�ÄåÆ1��d-1�ÌÚ� ÍÜ
�§|5£ã [6−9,25−27]:

dE1
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=
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(G1 − γp)E1 +

K
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E2 cos(φ2 − φ1), (1a)

dφ1
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=

1
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βc(G1 − γp) +
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τL

E2

E1
sin(φ2 − φ1)

− ∆ω0, (1b)

dN1

dt
=

I1

q
− γe1N1 − G1VpE2

1 , (1c)

dE2

dt
=

1
2
(G2 − γp)E2 + KE1 cos(φ1 − φ2), (1d)

dφ2

dt
=

1
2
βc(G2 − γp) +

K

τL

E1

E2
sin(φ1 − φ2)

+ ∆ω0, (1e)

dN2

dt
=

I2

q
− γe2N2 − G2VpE2

2 , (1f)

Ù¥, �I “1 Ú 2” �L-1ì 1 Ú 2; E Ú φ ´
-1��ÌÚ� ; N ´16fê; ∆ω0 ´ü-
1ì�ªÇ��; �ªOÃ G = (Γvga/V )(N −
Nth)/

√
1 + E2/E2

s , vg ´-1nS1f�+�Ý,
a ´OÃ~ê, Γ = V/Vp ´Ø Ú��Ïf, V

´-1nNÈ, Vp ´-1�ªNÈ, Es ´�Ú1
f|r; Nth = nthV ´-1ß²��16fê,
nth ´§��Ý�; γp = vg(αm + αint) ´1f�
Ñ�Ç, αm ´n1f�Ñ, αint ´SÜ1f�Ñ;
τL = 2ngL/c ´13-1n� L S5£�±��
m, c ´ý�¥�1�, ng = c/vg ´+�ò�Ç; I

´°Ä>6, q ´ü >Ö; βc ´1�°OrÏf;
γe = Anr + B(N/V ) + C(N/V )2 ´16f��5
�Ñ�Ç, Anr ´�Ë�EÜ�Ç, B ´Ë�EÜÏ
f, C ´��EÜÏf; K ´1ÍÜXê.

�
¢y·b�Oª���, �O�Y´éT
XÚ?1	Ü15\. Xk-1 Em ©O5\�ü
-1ì¥, K�§| (1) ��O\	Ü15\�. Ù
¥, (1a) ªm>2O\

+
k1

τL
Em cos[φ1(t)], (2a)

Ù¥, k1 ´15\Xê. (1b) ªm>2O\

−∆ω1 −
k1

τL

Em

E1(t)
sin[φ1(t)], (2b)

Ù¥, ∆ω1 ´5\1Ú-1ì 1 1|�ª�. (1d)

ªm>2O\

+
k2

τL
Em cos[φ2(t)], (2d)

Ù¥, k2 ´15\Xê. (1e) ªm>2O\

−∆ω2 −
k2

τL

Em

E2(t)
sin[φ2(t)], (2e)

Ù¥, ∆ω2 ´5\1Ú-1ì 2 1|�ª�. ù�
d�§| (1) Ú (2) �¤
ÍÜ-1ì·bOª½
��ÄåÆXÚ. �
{ü
)Ù�n, =©Û�
eØÄ:�A:. XÃ	Ü5\, ü-1ì��
ª£½^�´:

E2
20[βc cos(φ20 − φ10) + sin(φ20 − φ10)]

+ E2
10[βc cos(φ20 − φ10)

− sin(φ20 − φ10)] = 0, (3)

Ù¥ E10,20 Ú φ10,20 ´ØÄ:. Xk	Ü5\1�,
d (1) Ú (2) ª��üÍÜ-1ìªÇ��:

∆ω =∆ω1 + βc
K

τL

E20

E10
cos(φ20 − φ10)

+
K

τL

E20

E10
sin(φ20 − φ10)

− k1

τL

Em

E10
sinφ10, (4a)

½

−∆ω =∆ω2 + βc
K

τL

E10

E20
cos(φ20 − φ10)

− K

τL

E10

E20
sin(φ20 − φ10)

− k2

τL

Em

E20
sinφ20. (4b)

du·bXÚéëêCz±9	.K�4Ù
¯a, �k	Ü15\�, ü-1ì��°OrÏ
f9ªÇ��´É�	Ü5\1�K�, Ù-1�
 9ªÇ�ò�X5\1Czu)Cz, ùÒ´
	Ü15\Jp·bªÇ�{�ÔnÅn. Ó�,
du	Ü15\, -1rÝòÉ�K�, � ∆ω1,2

±9 k1 Ú k2 u)Cz�, ·bÄåÆ1��òu
)N�Cz, -1õëê�{��·bÒk�U¢
y.

3 ü�-1ì5\(J

3.1 ---111···bbb������ªªªÇÇÇOOOrrrAAA:::

ü-1ìëþ�3L 1 ¥. ã 1 ´vk	Ü5
\�ü-1ìÑÑ�-1Å/ÚõÇªÌ, Ù¥-
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1ì 1 ·b��ªÇ´ 2.9 GHz, ,��´ 3.7 GHz.
�k	Ü15\�-1ì 1 �5\ëê� k1 = 0.2
Ú ∆ω1 = 1 GHz �, ã 2(a) Ú (c) w«-1ì 1 ·
b��ªÇ´ 10.2 GHz, ,��´ 3.9 GHz. ��
-1ì 1 3	Ü15\�, Ù·b��ªÇO\

 3.5 �±þ, -1ì 1 ·b��ªÇO\´�~
²w�, `²5\*ª�J´�~wÍ� (ã 2 (b)
�`²ù�:). ·��[ïÄ
ü-1ì·b�
�ªÇ�5\Y²�Cz�¹. ã 3 ´ü-1ì
��ªÇ�	Ü5\Y²�Cz. �±uy3r
-15\^�e, �5\rÝ�O\, 5\-1ì
·b���?�ÚOr, ,��-1ìªÇCz
�ú. ·�uy
-1ì 1 ·b*ª�n�«�:

1�«�´ k1 3 0.02—0.03 �m; 1�«�´ k1

3 0.05—0.08 �m; 1n«�´ k1 3 0.1—0.36 �
m. Ù¥, 1�«�´�X k1 �O\, -1ì 1 ª
Ç¬l 3.6 GHz ÅÚO\� 4.6 GHz, -1ì 2 ª
Ç¬l 3.4 GHz (®�u 3.7 GHz) ÅÚO\� 4.2
GHz. 1�«�´�X k1 �O\, -1ì 1 ªÇ¬
l 5.1 GHz ÅÚO\� 6.2 GHz, -1ì 2 ªÇ¬
l 4.3 GHz �úCz� 4.6 GHz. ùü�«�, ü-
1ìªÇ�X-15\Y²ÅÚO\. 1n«�´
�X k1 �O\, -1ì 1 ªÇ¬l 7.9 GHz ÅÚO
\� 13.8 GHz, -1ì 2 ªÇ¬l 4.5 GHz �ú~
� 3.5 GHz. �±uy31n«�, -1ì 1 ªÇO
r�\k�.

L 1 -1ìëþ

ëþ � ëþ �
n� L/µm 350 �Ú1f|r Es/m−3/2 1.6619 × 1011

n° w/µm 2 OÃ~ê α/cm2 2.3 × 10−16

nþ d/µm 0.15 1�°OrÏf βc 6

Ø Ú��Ïf Γ 0.29 ªÇ�� ∆ω0/GHz 1

+�ò�Ç ng 3.8 -1ß²�16f�Ý nth/cm−3 1.2 × 1018

1f�Ñ (αm + αint)/cm−1 49 5\1|r Em 0.25Es

�Ë�EÜ�Ç Anr/s−1 1.0 × 108 1ÍÜXê K 0.08

Ë�EÜÏf B/cm3·s−1 1.2 × 10−10 °Ä>6 I1/mA 25

��EÜÏf C/cm6·s−1 3.5 × 10−29 °Ä>6 I2/mA 27

ã 1 vk	Ü5\�ü-1ì�ÑÑ9õÇÌ (a), (b) -1ì 1; (c), (d) -1ì 2
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 � �
�� � � �� � � �� � � �� � � �� � � �� � � � � � � � � ��� � � �� � � �� � � �� � � � � � � � � � � � ��� � � �� � � �� � � �� � � �� � � �


  � �

  � �

� ��� ����� �
� ��� ����� � � � � � � � � � �� �� � ���  !"#$ %� &� � ���  !"#$ % ' ( )' * )

' + ) ' , )
ã 2 k	Ü15\�ü-1ì�ÑÑ9õÇÌ (a), (b) -1ì 1; (c), (d) -1ì 2

� � � � � � � � ��� �� �
� � � ���� 	 ��� 	 � � � � � 
 � � ���� �� 
� �� � � � � ��� ��

ã 3 ü-1ì��ªÇ�5\Y²�Cz (a) 1�!1�·b*ª«�; (b) ��1n·b*ª«�

� � � � � ��� �� �
−

� �
−

� �
−

�
−

����� �� ���	 
��	 
 � � � � 
�� ��� � � � � �

ã 4 ü-1ì·b��ªÇ�	Ü5\1ªÇ���Cz (a) ����«�; (b) ��K�«�
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·��'55\1ªÇ��é-1ì·b*
ª�J�K�. Ï�	Ü5\1¬é-1ì�°O
rÏfÚü-1ìªÇ���)�½�K�. ã 4
�Ñ
ü-1ì·b��ªÇCz�5\1ªÇ
���K�, Ù¥ëê k1 = 0.2, |∆ω1| l 0.05 GHz
O\� 14 GHz. ·�uy, �X�����O\,
-1ì 1 ªÇl 10.4 GHz ÅÚO\� 17 GHz. �
-1ì 2 ªÇCzk´�ú~f, ,�´¯�O\.
3K��«�, ���þ\, -1ì 1 ªÇCzk
´�ú~f, ��k�:O\, �oNþ-1ì 1
ªÇOr�J´²w�. -1ì 2 ªÇCzÄ�´
�ú~f.

3.2 ---111···bbb������

·�uy�5\1rÝ�f�, -1·b�
±�k���. ù«�¹ÚÏ~5\£���N
-1ìA5´��� [4−6]. uy��·b�«
�´ k1 ��� 0.006—0.0085 (� ∆ω1 = 1 GHz
�). � k1 = 0.006 �, ã 5 w«ü-1ì��
��ØÓ�ü±Ï�þ, �´ü-1ìªÇ£½
3 2.6 GHz þ. � k1 = 0.007 �, ��(J�´�Ó
�. � k1 = 0.008 �, ã 6 w«ü-1ì����
ØÓ�V±Ï�. � k1 = 0.0083 �, ã 7 w«ü-
1ì���ü�ØÓ�o±Ï�þ. � k1 = 0.0085
�, ã 8 w«ü-1ì���ØÓ�8±Ï�þ.
=3��«�, �X k1 �O\, -1ì¬ÅÚ�õ
±Ï�üz.

3ùp, ·��o(Ñ-1ì 1 ·b�15
\Y²O\�uÐ (ü±Ï��!õ±Ï!·b
*ª�) ´». ®uy� k1 �l 0.006 � 0.0085
�, ü-1ìU���a±Ï�; � k1 �UYO\
� 0.01 �, ü-1ìÑyÃP~��, Ù¥��ª
ÇÑ´ 2.5 GHz; � k1 �l 0.02 O\� 0.03 �, ´
1�·b*ª«�; � k1 = 0.04 �, ´õ±Ï«�;

� k1 �l 0.05 O\� 0.08 �, ´1�·b*ª«
�; � k1 = 0.09 �, ´,��õ±Ï«�; � k1 �
l 0.1 UYO\� 0.36 �, ´1n·b*ª«�.
-1ì 2 �·buÐ´»Ú-1ì 1 Ä��Ó.

� � � � � � � � � � � �� � � �� � � �� � � �� � � �� � � �
� � � � � � � � ��� � � �� � � �� � � �� � � �� � � �

� � � � � � � � � � � ��� � � �� � � �� � � �� � � � � 	
� 


� �  � � � � � � � �� ��� ��� ���� ! ""
�� ��� ���� ! ""
�� ��� ���� ! #" $  %

$ � %
$ & %

ã 5 ü-1ì����ØÓ�ü±Ï�þ (a) -1ì 1
��;,; (b) -1ì 2 ��;,; (c) -1ì 1 Ú 2 �¤�
�;,� � � � � � � ��� � � �� � � �� � � �� � � � � � � � � � � �� � � � � � � ��� � � �� � � �� � � �� � � �� � � � � 	� 
 �� �� ����� � ���� �� ����� � �� � � � � � �

ã 6 ü-1ì����ØÓ�V±Ï�þ (a) -1ì 1; (b) -1ì 2
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� � � � � � � ��� � � �� � � �� � � �� � � � � � � � � � � �� � � � � � � ��� � � �� � � �� � � �� � � �� � � �
� 	� 
 �� �� ����� � ���� �� ����� � �� � � � � � �

ã 7 ü-1ì����ØÓ�o±Ï�þ (a) -1ì 1; (b) -1ì 2

� � � � � � � �� � � �� � � �� � � �� � � � � � � � � � � ��� � � �� � � �� � � �� � � �� � � �� � � � � � � �� 	� 

� �  � � �� ��� ����� � ���� ��� ����� � ��

ã 8 ü-1ì����ØÓ�8±Ï�þ (a) -1ì 1; (b) -1ì 2

4 V-1ì5\(J

4.1 ---111···bbb������ªªªÇÇÇOOOrrrAAA:::

�	Ü1Ó�5\�ü-1ì�, ·�uy-
1ìXÚ·b*ª��«�´ k1 3 0.05 � 0.12
�m, Xã 9 ¤«. Ù¥, ëê� k1 = k2 = 0.2,
∆ω1 = 1.5 GHz, ∆ω2 = ∆ω1 − ∆ω0. �±uy�
X k1 �O\, -1ì 1 ªÇ¬l 6.1 GHz ÅÚO\
� 9.5 GHz (3.5 �), -1ì 2 ªÇ¬l 6.1 GHz Å
ÚO\� 9.8 GHz (2.65 �). =3r-15\^�
e, �5\rÝ�O\, ü-1ì·b��¬?�
ÚOr.

·�©Û5\1ªÇ��é-1ì·b*
ª � J � K �. ã 10 � Ñ 
 ü - 1 ì · b �
�ªÇ�5\1ªÇ��Cz��¹, Ù¥ë
ê� k1 = k2 = 0.1, ∆ω2 = ∆ω1 − ∆ω0, ∆ω1

l 0.05 GHz O\� 3.5 GHz. ·�uy, �X�
����O\, -1ì 1 ªÇl 8.5 GHz ÅÚO

\ � 9.5 GHz. � - 1 ì 2 ª Ç C z k ´ O \
� 8.9 GHz ,�2�ú~f, ��´l 8.6 GHz
Å Ú O \ � 9.7 GHz. 3 K � � « �, � ∆ω1

l −0.025 GHz Cz� −2 GHz, ü-1ìªÇ�
�Ñ3 8—8.7 GHz ��Cz, 3ù�«�, -1ì
·b��ªÇÑO\
.

� � � � � � � � � � � � � � � ����� �� �� ���	 
 �� � �
ã 9 ü-1ì·b��ªÇ�	Ü5\Y²�Cz, Ù
¥-1ì 1 �N�þ²£
 3 GHz
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�  �

ã 10 ü-1ì·b��ªÇ�	Ü5\1ªÇ���
Cz, Ù¥-1ì 1 �N�þ²£
 3 GHz

4.2 ---111···bbb������

·�uy�5\1rÝ�r�, -1·b�
±�k���. Ù¥��·b�«�´ k1 ��
3 0.13—0.3 �m (� ∆ω1 = 1 GHz). � k1 = 0.13
�, ã 11 w«ü-1ì����ØÓ�8±Ï

�þ. � k1 = 0.14 �, ã 12 w«ü-1ì��
��ØÓ�n±Ï�þ. �uy� k1 UYO\
� 0.153 �, ü-1ìEU����ØÓ�n±Ï
�þ. � k1 = 0.16 �, ã 13 w«ü-1ì��
��ØÓ�ü±Ï�þ, �ü-1ìªÇÑ£½
3 10.5 GHz þ. � k1 = 0.2 �, ü-1ì´ØÓ�
ü±Ï�, �ªÇ£½3 11.5 GHz. � k1 = 0.3 �,
ü-1ì´ØÓ�ü±Ï��£½3 13 GHz þ.

3ùp, ·�o(Ñ-1ì·b�5\1Y²
CzuÐ�ü±Ï��´». uy k1 �l 0.005
O\� 0.03, ü-1ìE´·b�, ÙªÇCz
3 2.6—3.9 GHz �m; � k1 = 0.04 �, ´õ±Ï«
�; � k1 �l 0.05 O\� 0.12 �, ´·b*ª«
�; �UYO\ k1 �l 0.13 � 0.3 �, ü-1Ñ?
3a±Ï«�, Ù¥� k1 > 0.16 �, ü-1ì��
���ª£½�ü±Ï�. ·�uyü-15\Ú
V-15\XÚ�5\Y²O\Ù·buÐ�´
´���. cö�¹´-1ìlü±Ï�ÅÚuÐ
�ªÇOr�·b�. �ö�¹K´-1l·b�
����õ±Ï�þ, �������ª£½�ü
±Ï�þ.

� � � � � � � �� �� � �� 	
� ���� � ���� 	
� ���� � �� � � � � � �� � � � � � � ��� � � �� � � �� � � � � � � � � � � ��� � � �� � � �� � � �
ã 11 ØÓ�8±Ï� (a) -1ì 1; (b) -1ì 2

� � � �� � � � � �� � �� 	
� ���� � ���� 	
� ���� � �� � � � � � �
� � � � � � � ��� � � �� � � �� � � �

� � � � � � � ��� � � �� � � �� � � �
ã 12 ØÓ�n±Ï� (a) -1ì 1; (b) -1ì 2
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·��ïÄ
5\1ªÇ��é-1ì�
� � ¹, Ù ¥ ë ê � k1 = k2 = 0.1, ∆ω2 =
∆ω1 − ∆ω0. � ∆ω1 = −5 GHz �, ã 14 w«ü-

1ì���ØÓ�V±Ï�þ. � ∆ω1 = −7 GHz
�, ã 15 w«ü-1ì�±���ØÓ�o±Ï
�þ.

� ��� ��� ��	
� � � ��� ��� ��	
� � � � � � � � �� � � � � � � � � � � ��� � � �� � � �� � � �� � � �
� � � � � � � � � � � � � � � ��� � � �� � � �� � � �� � � �� � � �

ã 13 ØÓ�ü±Ï� (a) -1ì 1; (b) -1ì 2�� ��� ����	 
 �� � � ��� ��� ����	 
 �� � � � � � �
� � � � � � � �� � � � � � � ��� � � �� � � �� � � �� � �  � � � �

� � � � � � � ��� � � �� � �  � � � �
ã 14 ØÓ�V±Ï� (a) -1ì 1; (b) -1ì 2

� �� � �� ��� �	
��  ���� ��� �	
��  �� � � � � � �� � � �� � � �� � � � � � � � � � � ��� � � �� � � �� � � � � � � � � � � ��� � � �� � � �� � � �
ã 15 ØÓ�o±Ï� (a) -1ì 1; (b) -1ì 2

·��o(Ñ-1ìXÚ·b�5\1ªÇ
K��Cz�üz���ü±Ï����´». u
y ∆ω1 � (Ù¥ ∆ω2 = ∆ω1 − ∆ω0) l −0.05—
−4 GHz, ü-1ì´·b�, ÙªÇCz3 8—

8.7 GHz �m; � ∆ω1 l −5 GHz � −8 GHz, ü-
1ìG�Ñ?3a±Ï«�; � ∆ω1 l −9 GHz
� 10 GHz, q´��·b*ª«�, Ù¥ü-1ì
ªÇ�O\� 1 �; � ∆ω1 Cz� −19 GHz, ü-
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1´õ±Ï; � ∆ω1 Cz� −20 GHz �, ü-1
Ñy
V±Ï. ,�V±ÏÅÚ����ü±Ï�
LÞ. � ∆ω1 l −25 GHz Cz� −30GHz, ü-1
ÑÑy�p�ª£½�ü±Ï�, Ù¥��ªÇÑ
� 5.5 GHz.

5 ( Ø

�©JÑ
	Ü15\�mÍÜ��N-1
ìXÚ. �Ñ
½ªÇ��úª; �Ñ
�5\
Y²O\�ü5\XÚlü±Ï�ª£½�a±
ÏCz��uÐ�·bOr�´²; �Ñ
V5\

5\Y²O\¦XÚl·b�a±Ï±9���
��ü±Ï�ª£½�´², ±9�Ñ
KªÇ�
�e·büz���ü±Ï�ª£½�´²; uy

ü5\�-1n�·b*ª«�, �Ñr-15
\U�~k�/Or5\-1ì�·b��; �Ñ

��·b�a±Ï�I��; ,	, �uy
V
5\�OrXÚ·b��ªÇ�I�±9��X
Ú·b�I��. �©é�mÍÜ��N-1ìp
�XÚ�·b��ªÇOrÚ���{�ïÄ, é
p�·bXÚ±9AO´ép�-1·bXÚ�
OªÚ��´�~k¿Â�, éÍÜ-1XÚ�ï
Ä�A^�äk�½�ë�d�.
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Frequency enhancement and control of chaos in two
spatial coupled semiconductor lasers using external

light injection
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Abstract
We present a novel system of oscillation frequency enhancement and control of chaos in two spatial coupled semiconductor lasers

due to external light injection. We study the characteristics of frequency enhancement and control of chaos in the system and give a
static frequency detuning formula. We find three regimes of chaotic enhancement when external light is injected into single laser, in
which, strong light injection can result effectively in frequency enhancement in the injected laser, but the frequency weakens slowly
in the other. And large detuning can result effectively in frequency enhancements in both lasers while the frequency can be enlarged
3.5 times more than the intrinsic frequency of the laser 1. Chaos-control region is found in low injection levels. In this region, lasers
can be controlled to single -cycle, dual-cycle, cycle-4, cycle-6 and other quasi-cycles. When the dual-injection is present, strong light
injection or large detuning can result effectively in frequency enhancements in both lasers while the frequency can be enlarged 3.5
or 2.65 times more than the intrinsic frequency of the laser 1 or 2. Chaos-control region is also found in large injection levels. In
this region, both lasers can be controlled to single-cycle, cycle-3, cycle-6 and other quasi-cycles. We point out in detail a path from
single-cycle to quasi-cycle to frequency enhancement of chaos when the single-injection is present. We find another reverse path from
chaos to quasi-cycle to single-cycle when the dual-injection is present.

Keywords: chaos, control, frequency enhancement, spatial coupled semiconductor lasers
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