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�©éÄu15\��N-1ì�ü±ÏÄåÆ��)1f�Å¿|^1�"Ø Ù�°?1
¢�ïÄ.

ïÄ(JL²: ÏL·�N!5\ëê, UéT�{�)�1f�ÅªÇ3ê� GHz ��S?1ëY!���
/N!; ÏLÚ\1�"¿°[N!�"rÝ, 1f�Å��°U
l 40—100 MHz ����Ø �ü�êþ?
� 300—900 kHz ��; �"�Ýé1f�Å��°A�vkK�, ���"�Ý°[Cz�, 1f�ÅªÇ¬Ñy
�½��S�±Ï5¤£.
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1 Ú ó

20 ­V 80 c�±5, 15\��N-1ì�
��5ÄåÆduÙE,�ÔnÅn±9d3�
EâA^
É�
<��2�'5 [1−4]. 315
\��N-1ìXÚ¥, ÏLN!5\õÇÚª
Ç��, -1ìò$13�X��)­½�5\£
½�!±Ï���Ú·b��ØÓ�ÄåÆG�.
ù
E,�ÄåÆG��±A^uØÓ�Eâ+
�, X�°Or [5−7]!}òØ  [8]!1f�ÅA
^ [9,10]!·bÓÚ9Ï& [11−13] ±9°�Å/�
) [14] �.

�c, �«#,�U
ò1nÏ&ÚÃ�Ï&
Eâ�{(Ü�11Ã� (radio-over-riber, RoF) E
â [15,16] Åì¤�<�ïÄ�9:��. RoF XÚ
$^1n��¥%Õ�ÄÕ�m�DÑó´, ��
|^11Å5DÑpª�ª&Ò. &Ò�N�!�
�!���E,�&Ò?nÑ8¥3¥%Õ, ÄÕ

=¢y{ü�1>=�ÚÃ�&Ò�u�. ù«�
ª¦XÚäk
�
ÕA�`³, XU
¢y�å
l$�Ñ!$ÚÑDÑ, XÚM��O�\{z,
XÚ�NÈ!­þ±9¤�þ��ü$, &ÒØÉ
>^Z6, &ÒDÑ�Ç��Jp��. Ïd, RoF
XÚ®Åì¤��5p�°�Ã�Ï&�uÐ�
�, 
1f�Å��)´ RoF XÚ¥����~­
��'�Eâ. 3L���õc¥, <�JÑ
é
õÄu��N-1ì�1)�Å�{, X��N�
{ [17]!1	�{ [18]!1£��{ [19]!góÄÚ
£�-1ì [20]!V�-1ì [21] �. ¦+§��g
Ñäk�
`³, �Ó�Øv�?�'�âÑ, X
�N!����, ½­½5��, ½I�E,![
B�>f����9Ï�� [22].

Cc5, �«#,�Äu15\��N-1
ìü±Ï (period-one, P1) ÄåÆ��1f�Å�
)EâÚå
<��'5 [23,24]. 3·��15\
^�e, -1ìò$13ü±Ï���, duT�
���Ãõ`:
¦Ù¤��«�#�p�1f
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�Å
. Äk, dT�{�)��ÅªÇU
?
1���!ëYN!, 8c*	���pªÇ�
� 100 GHz[25]. Ùg, d P1 ��)��ÅªÇéN
´ÏL5\£½!�Å£½!� £½� [26] �{
?1­½. d	, P1 �ÑÑ�1Ìw«ÑCü>�
�A5, ùk|u�Ø RoF XÚ¥du1nÚÑÚ
\�õÇ¨v [27]. ¿�duT�{Äu��N-
1ì���5ÄåÆ, áu�«�1�)1f�Å
��{, ÏdØI��	�![B�>f��, ù
�k|u{zXÚ(�±9ü$XÚ¤�.

¦+Äu15\��N-1ìü±ÏÄåÆ
��1f�Å�)Eâäk±þ�Ãõ`:, �´
Ï~^�e¤�)�1f�Å�°�é�° (�
� 40—100 MHz), ùò3�½§Ýþ��Ù3Ä
�°�Å+��A^. �d, <�JÑ
�
�°
Ø ��{, X1>�" [23]!V£½ [28]!1£�
� [29]!1	�{ [30] �. ,
, ù
�{ÑI��
�	Ü��Å
Úp�1>=�ì, ùÓ�O\

XÚ�E,§ÝÚ¤�.

��N-1ì315\!1�"��Ó�^
e¼��°��Å&Ò®k�� [31], Ù�n´Ï
L�r�1�"¦-1ìó�3·b�, (Ü15
\��°Or�Al
¼��°���Å&Ò. 

3�©¥, ·�KÄu��N-1ì3�f�5\
rÝe¥y� P1 G��)Ä��Å&Ò, ¿ÏL
1�"é�Å&Ò��°?1�1Ø . ÏL·�
N!5\rÝÚªÇ��, d P1 ��)�1f�
ÅªÇU
 10—100 GHz ���SëY/N!. Ï
LÚ\1�"¿°[/N!�"rÝ�, 1f�Å
�°U
l 40—100 MHz ����Ø �ü�ê

þ?� 300—900 kHz ���. duT�Y3��
L§¥þæ^�1�{, ØI��	�[B�>f
��, Ï
U
k�ü$XÚ�¤�9ÙE,§Ý,
´�«�~äkA^då�p�þ1f�Å�)
�{.

2 ¢�C�

Äu15\��N-1ì�)1f�Å�
¢�C�Xã 1 ¤«. Ù¥¦^���N-1
ì (SL) �üp�©Ù�" (DFB) -1ì, ÙK�
>6�� 12 mA, µþ��ªÇ�� 5.2 GHz. ¢
�¥, |^��p°Ý!$D(��N-1ì�
�ì (ILX-Lightwave LDC-3724B) ò SL �§Ý­
½3 17.24 ◦C, ¿òÙ �>6��3 26.08 mA,
d�ÿ� SL �-�Å�� 1547.82 nm. TLS �
� N � - 1 ì (Ando AQ4321A), Ù Å � N ! �
�� 1480—1580 nm, °Ý� ±0.01 nm. ÏL�
� TLS �ÑÑrÝ±9Å��±N!15\�
rÝÚªÇ��¦ SL $13 P1 �. TLS ÑÑ
�1Äk²L��OÃ� 25 dB ���1n��
ì EDFA(Corning PureGainTM 2500C) ?1��, ,
�ÏL���N1P~ì (VA) 5\� SL ¥. Ù
¥, 1nÍÜì FC1(©1'� 20:80) òÑÑ1©
�üÜ©: Ù¥ 20%�Uþ?\1õÇO, duõ
ÇO&ÿõÇ��õÇ Pin � SL �5\1õÇä
k�½�'~'X, Ïd3�©¥·�æ^ Pin £
ã5\1õÇ���; , 80%�Uþd���¥¡
º L1 òÙÍÜ��m, ¿�ª5\� SL ¥. SL �
ÑÑ1ÏL©åºBS2Ú BS1 ß��, ²�¥¡º

TLS

OSASL

ESA

power meter

EDFA VA FC1 L1 OI1

M1

BS2 BS1

OI2 L2 FC2

PD

NDF

M2

20

80

20

80

Pin

A

ã 1 ¢�XÚ(�ã (TLS ��N�-1ì; SL �-1ì; EDFA ���1n��ì; VA ��N1P~ì; FC1,
FC2 �1nÍÍÜì; L1, L2 ��¥¡ßº; OI1, OI2 ��m1�lì; M1, M2 ���º; BS1, BS2 �©åì; NDF
�¥5�ÝP~ì; PD �p�1>=�ì; OSA �1Ì©Û¤; ESA �ªÌ©Û¤; Power Meter �1õÇO)
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L2 Í Ü ? 1 n, 2 d 1 n Í Ü ì FC2(© 1 '
� 20:80) ©�üÜ©, �Ü© 20%�1��?\
��Å���� 600—1750 nm �°Ý� 0.01 nm
�1Ì©Û¤ OSA (Ando AQ6317C) éÙ1Ì?
1&ÿ, ,�Ü© 80%�1d���°� 12 GHz
�p�1>=�ì (PD, New Focus 1544-B) =�¤
>&Ò, 2d��ªÇ��� 9 kHz � 26.5 GHz
�ªÌ©Û¤ ESA(Agilent E4407B) éÙªÌ?1
©Û (éu�Ñ 26.5 GHz �ªÇ, KÏLé1Ì¤
¤ÿ��1Ì?1©Û��). ¢�XÚ¥1�l
ì OI1 Ú OI2 ©O�y1l TLS � SL �ü�5
\±9�l1nà¡��£ SL �1. 1�"d�
�º M2 ÏL©åº BS2 Ú\, �"rÝÚ�"�
Ý©Od��¥5�ÝP~ì NDF Ú��wÄ�
;¦Ùc�wÄ5?1��.

3 ¢�(J

3.1 111fff���ÅÅÅ������)))

Äk��3vk1�"��¹e, Äu15\
��N-1ì� P1 ��)�1f�ÅªÇ�15
\ëê�Cz. ã 2 �15\��N-1ì��

��5ÄåÆ��üzL§. Ù¥���1Ì, Ù
î�I�ªÇ �, ¥:� SL gd$1��ªÇ;
m��ªÌ. ã¥ fc �n��ªÇ, fin �ªÇ�
�, f0 �1f�ÅªÇ, ã 2(d) ¥�:�L« SL
gd$1��1Ì. 3¢�¥, TLS Ú SL �m�
ªÇ���½� fin = 5 GHz, 
15\õÇd�
NP~ì VA ?1N!. lã¥�±wÑ, �X5
\õÇ�O\, SL ò$13ØÓ�ÄåÆ�. �5
\õÇ� Pin = 0.32 µW � (Xã 2(a) ¤«), d�
�ÑÑªÇ�5\1ªÇ� SL gd$1ªÇ�
�, = f0 = fin = 5 GHz, -1ì$13oÅ·ªG
�; �X5\õÇ�O\, duOÃ�Ú�A, d�
1OÃ¬~�
0�ò�Ç¬O\, d��n��
ªÇ¬u)ù£. Xã 2(b-1) ¤«, �5\õÇO
�� Pin = 18.86 µW �, fc u)ù£, Ïdã 2(b-
2) w«Ù1f�ÅªÇO�� f0 = 9.2 GHz. l
1Ì¥�±wÑ, d��-1ìó�3��V>
� P1 �e, ÙA�´��ªÇ fc = fin − f0, �
ü�>�äk�Ó�rÝ; �5\õÇ?�ÚO�
� Pin = 181.61 µW �, Xã 2(c-1) ¤«, fc UYù
£, d��1f�ÅªÇO��
 f0 = 15.5 GHz,
�-1ìó�3��ü>� P1 �e, =1Ì¥ü
�Ì¸� fc = fin − f0 Úfin, §�'���>�r

ã 2 ªÇ�� fin = 5 GHz!ØÓ15\õÇ Pin e, SL ÑÑ�1Ì9ªÌã (���1Ìã, m��ªÌã)
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Ý�
� 15 dB. 
ù«äkü>�A��1f�
Å�´ RoF XÚ¥¤I���Å
. l±þA�ã
�±wÑ, �X5\õÇ�O\, ��ªÇØäu
)ù£, l
¦1f�ÅªÇØäO\. �5\1
õÇ�� Pin = 1.7 mW �, Xã 2(d) ¤«, d��
5\1õÇ�r±�u¦ SL ó�3��5\£½
G�e, =ÑÑ��­�1�ªÇ� fin.

ã 3 � 3 Ø Ó � ª Ç � � e, 1 f � Å ª
Ç (= P1 ��ªÇ) �5\õÇ�Cz5Æ. l
ã¥�±wÑ, 3ØÓ�ªÇ��e, �ÅªÇò
�5\õÇ�O�
O�, ����?\Ù¦�E
,ÄåÆ�. ���ªÇ��òk|u¼����
�ÅªÇ, �Ó��I����15\õÇâU¦
-1ìó�3 P1 �. Äu�¢�¥���^�, 3
¢�¥*	���Å�pªÇ�� 100 GHz ±þ,

ù�©z [22] ���(J�Ó.

ã 3 ØÓ�ªÇ��e, 1f�ÅªÇ�5\1õÇ�
Cz

3.2 111fff���ÅÅÅ������°°°ÄÄÄzzz

du�õê�A^+�Ñ�¦�Åäk�Ä
��°, 
d P1 ��)�1f�Å�°�é�°,
�� 40—100 MHz. e¡·�òÏLÚ\1�"é
1f�Å?1�1��°Ø . Xã 1 ¥¤«, ·
�ÏL��¥5�ÝP~ì NDF Ú��wÄ�;
5©O���"rÝÚ�"n�, �©Û�"ëþ
é1f�Å�°�K�. �Ä�¢�¥¤¼��ª
Ì­�äkØ5K�åÏ, ÏdéuÙ�°�£ã
ØUæ^DÚ�ÃX�p�°½ 3 dB �°�£ã
�{. 3�©¥, ·�æ^õÇÌ¥õÇ©Ù�I
O �5£ã1f�Å�° ∆f [23], ÙO�úª�

∆f =
[〈

ν2
〉
− 〈ν〉2

]1/2

, (1)

ª¥ ν L«ªÇ, 


〈νp〉 =

∫ ∞
−∞ νpP (ν)2 dν∫ ∞

−∞ P (ν) dν
, (p = 1, 2), (2)

Ù¥, P (ν) L«-1ìÑÑ�õÇ©Ù. �"rÝ
½Â�ã 1 ¥�"£ A :?�1õÇ� SL ÑÑ1
õÇ�'�, Ù��ÏLõÇ&Þÿþ� ��1
õÇ±9é NDF ��Ýß1Ç�I½5¼�.

ã 4 � Ø Ó � " r Ý e � � N - 1 ì Ñ
Ñ � õ Ç Ì © Ù, ÿ Á ¥ ª Ì © Û ¤ � RBW
Ú VBW þ��3 300 kHz. ¢�¥, 	n�Ý�
½� 38.25 cm. �5\õÇ� Pin = 74.66 µW, ª
Ç��� fin = 2.75 GHz �, d�� P1 ��ª
Ç� f0 = 7.93 GHz, ã¥�î�IL«±dªÇ
�¥%��éªÇ. Xã 4(a) ¤«, �vk1�
"= kf = 0 �, SL $13 P1 ��Ù1f�Åª
Ç� f0 = 7.93 GHz, Ù�°�� 28.35 MHz. �
�"rÝO�� kf = 0.015 �, Ù1f�Å�°
�²w/Ø � 2.77 MHz, Xã 4(b) ¤«. 
3
ã 4(c) ¥, �"rÝ�N!� kf = 0.018, �Å�
°�Ø � 976.83 kHz. ã 4(d) ¤«���"rÝ
� kf = 0.047 �, �Å�°�?�ÚØ � 655.58
kHz. ¢�(J�L², �k��"rÝv
��3
é���SCz�, âU¼��Ð��°Äz�J,
Ï��é�r��"rÝò¦-1ì SL �ÑÑ?
\E,ÄåÆG�.

l±þ¢�(J¥�±wÑ, �1�"rÝ3
������SÅìO�L§¥, 1f�Å��°
U
²w/�Ø �ü�êþ?. 3�¢�¥, �
*	���Ä�°� 295.42 kHz. �)ù«y��
�Ï�±)º�: �Ú\1�"�, XÚ�E,5
?�Ú\r, ÙÑÑòw«Ñ�E,�ÄåÆA5,

1�"3Ù¥�´å�
ÈÅ±9ò SL ÑÑ£
½31f�ÅªÇ��^. duù«�{Äu��
N-1ì���5ÄåÆ, ´�1�Ä�°1f�
Å�)�{, Ïd§´�«�#�äk2�A^c
µ�1)�Å�{.

d	, ·��éØÓ5\õÇe1�"é1
f�Å�°�K�?1
ïÄ, (JXã 5 ¤«.
ã¥(ÒÚ��©OL«1�"rÝ� kf = 0
Ú kf = 0.013 �¹e��Å�°. lã¥�±�ß
/wÑ, 1�"U
²w/~��Å�°.
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ã 4 3 fin = 2.75 GHz, Pin = 74.66 µW �5\^�e, �Å�°��"rÝ�Cz

ã 5 3ØÓ5\õÇe, 1�"é�Å�°�Ø �J

ã 6 �1�"éuØÓªÇ��Å�°�Ø
 �J. lã¥�±wÑ, ��"rÝ3 kf < 0.018
����, �Å�°U
���§Ý/Ø , 

3 kf > 0.018 ����, �°Ø �A�é�f.
d	, éu�$ªÇ�1f�Å, Ù�°Ø �A
'�pªÇ�1f�Å�r.

,	, ¢�(J�L²1�"�Ýé�Å�°

A�vkK�. ��"�Ý3��é���S (f
�þ?) Cz�, 1f�ÅªÇ¬u)�����
S�±Ï5Cz�Ù�°A�vkCz. Ñyù
«y���U�Ï´, ��"�ÝCz�, �"1
� �u)��±Ï5Cz, l
�ÙÈÅ9£½
� P1 ��ªÇ��Au)��±Ï5Cz, ��
"�ÝCz�Å���ê��, P1 ��ªÇfÐC
z��±Ï�q£�m©��ê�.

ã 6 31f�ÅªÇe, �Å�°��"rÝ�Cz
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4 ( Ø

¢�ïÄ
Äu15\��N-1ì P1 ��
)1f�Å±9Ù�°Äz�A. ïÄ(JL²:
ÏLN!15\^�, dT�{�)�1f�Å
ªÇ�±�~�B/�ëY!���N!. 3Ú
\1�"�, ÏLN!�"rÝ, 1f�Å��°
�±l 40—100 MHz ����Ø �ü�êþ?

� 300—900 kHz ���. d	, ·����
1�
"éØÓ5\õÇ±9ØÓªÇe��°Äz�
J. duù´�«�#�|^�1�{�)�Å�
Eâ, ØI�E,![B�	Ü>f��, Ïdä
k�~2,�A^cµ. e�Ú�ó�F"U
é
Ù?1�\�\�nØÚ¢�ïÄ, ±Ï¼��\
­½!�°�Ä�1f�Å.
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Generation of photonic microwave based on the
period-one oscillation of an optically injected
semiconductor lasers and all-optical linewidth

narrowing∗
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Abstract

Based on the single period dynamics of optically injected semiconductor laser, the generation of photonic microwave and its

linewidth narrowing effect by introducing optical feedback are experimentally demonstrated. The experimental results show that

the photonic microwave frequency can be continuously and widely tuned in a range of several ten GHz by adjusting the injection

parameters. By introducing an optical feedback and properly adjusting the feedback strength, the photonic microwave linewidth is

reduced by about two orders of magnitude from a range of 40–100 MHz to a range of 300–900 kHz. The influence of optical feedback

length on the microwave linewidth is not obvious except that the photonic microwave frequency exhibits an periodical variation in a

small range when the feedback length is finely varied in a small range.

Keywords: nonlinear dynamics of semiconductor lasers, period-one, photonic microwave, linewidth
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