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g1ï�
Äu� Er 1n�¦-1ì�1ÆªÇÎ¿¢y
EªÇ fr &ÒÚ1Å�ä £ªÇ (Carrier-

envelope offset, fo) &Ò�°�£½, £½�� fr &ÒÚ fo &Ò�ªÇËÄþ�IO �©O� 0.515 mHz Ú 93.13

mHz.
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1 Ú ó

2002 c5, 1¨¤�ISOþ�ÆïÄ�#9
: [1−3], Äue�f½ülf�;�1¨kdå�
� 10−18 þ?�ªÇO(Ý. 3Ø��ò5, 1¨
ék�U����f¨¤�#��mªÇÄO. X
J¦^1¨5#½Â “¦”, òé�¥¥(½ X
Ú!<a&¢�»ÚÔnÆ5ÆïÄ�+��)
4����K�. �¦1ÆªÇÎ��ë��Åª
ÇIOÚ1ÆªÇIO�xù, ´1¨ïÄÚA^
���!.

Cc5, �áóÀEâÚ1n�EEâ���
uÐ�Ä
Äu1n�¦-1ì�1ÆªÇÎ�
×�uÐ. 1n�¦1ÆªÇÎ3�½§ÝþkÅ
Ú��v���¦1ÆªÇÎ�ª³. 1n�¦1
ÆªÇÎlÅ�þ�±©�Äu� Er 1n�¦-
1ì�Å�3 1.5 µm NC�1ÆªÇÎ [4] ÚÄu
� Yb 1n�¦-1ì�Å�3 1 µm NC�1Æ
ªÇÎ [5]. lA^�Ýù, du+�f1¨ÚWl
f1¨�ªÇÑ3��1�, Ïd��1�S�1
ÆªÇÎ�ïÄ�UáÚ�ïó�ö�,�.

éupEªÇ�1ÆªÇÎ,Ø=U÷vª

Çÿþ�I�, ��±)ûU©*ÿ¥�p°ÝÀ
��Ý½I¯K. �C���(Jw«, � Er 1n
1ÆªÇÎ�EªÇ®�� 300 MHz[6]!� Yb

1n-1ì�EªÇ�®�� 200 MHz[7]. ?�
ÚJp1n�¦-1ì�EªÇ�ó�áÚ

�.�'5, w«
?�ÚuÐ��U.

3ïÄ´�þ, äk�p½5��1n1Æ
ªÇÎ7,���©áª1n1ÆªÇÎ. �1n
1ÆªÇÎduäk½5p!NÈ�|!N!
{ü!¤�$í!���B!´u�o�Ãõ`
:É�<��2��à. AO´éu 1.5 µm Ï
&Å�ã�� Er 1n1ÆªÇÎ, Ø=3DÑÚ
��þäkIO�¬, ���´ÏLéÙ�ª�
±��v���¦1ÆªÇÎ. l��w, nÜ

NÈ�!õÑ$!d�$±9�«`û1Æ5U
�1n1ÆªÇÎ´1ÆªÇÎuÐ�7,ª³.

I S 1 Æ ª Ç Î � ï Ä åÚu 2000 c c
� [8−10], Ì��7v���¦1ÆªÇÎ9Ù
ü�EâÐm. IS1n1ÆªÇÎ�ïÄCAc
5ffåÚ [11−14], 8cÿ�k��gCï��1
n1ÆªÇÎ���.

�©·�ò�[0�gÌï��Äu� Er 1
n�¦-1ì�1ÆªÇÎÚéÙ�°�£½ó
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�.æ^EªÇ� 128 MHz �� Er 1n�¦-
1ì, ÏLü?��!�ª§*ÌÚûª&ÿXÚ,

3&ÿ� 40 dB &D' fo &Ò�Ä:þ, ¢yé
-1ì fo &Ò�£½; ÏLé-1ìn�Ú§Ý
��, æ^n��"��{¢yé-1ì fr &Ò
�£½.

2 ¢�C�

Äu� Er 1n�¦-1ì�1ÆªÇÎX
ã 1 ¤«. ��1ÆªÇÎ�)1ÆÚ>ÆüÜ©.

1ÆÜ©�)� Er 1n�¦��ì (Xã 1 ¥ A

Ü©¤«)!� Er 1n�¦��ì (Xã 1 ¥ BÜ
©¤«)!p��51n*Ì (Xã 1 ¥ CÜ©¤
«) Úü: f -2f XÚ (Xã 1 ¥ DÜ©¤«), ^u
¢yé-1ìEªÇ fr Ú1Å�ä £ªÇ fo

�&ÿ. >ÆÜ©�õU´|^&ÿ¼��1Æ&
Ò�ë�ªÇ'�¢yé-1ìEªÇ&ÒÚ
1Å�ä £ªÇ&Ò�£½.

3� Er 1n�¦��ì¥, ·�æ^��5
 �^=£��ª. 980 nm ���NÄ$1²
L 980 nm/1550 nmÅ©E^ì� WDM ÍÜ?\
�Ý� 40 cm �� Er OÃ1n�)-1. OÃ1
n3 1530 nm ?�áÂÇ� 110 dB/m. 1nO�
ì Col1, Col2 ¤éÑy, ÙÍÜ�Ç�� 85%. 1
Æ�lì ISO �þÝ� 4 mm ��.�m1�l
ì, ^u�y
nS-11´�ü�5. 1nO�
ì�m��m1´dü�o©��Å¡!���
©��Å¡±9�� �©1¡ PBS �¤, ^u
¢y1n¥��5 �^=£�Ú� 1�ÑÑ.

3 600 mW Ä$e, ·���
²þõÇ� 60 mW

�£�-1ÑÑ.

ã 1 Äu� Er 1n�¦-1ì�1ÆªÇÎXÚ. Ù¥: WDM � 980 nm/1550 nmÅ©E^ì�, Col1—Col6 �1nO�ì,

PBS � �©1¡, ISO ��m�lì, λ/4 �o©��Å¡, λ/2 ��©��Å¡§M1—M5 �²¡��º, F1, F2 �à�ß
º, MO:PPLN ��ª¬N, APD � InGaAs È�1>&ÿì, PD1 Ú PD2 � InGaAs 1>&ÿì, PZT �Ø> £ì

l��ìÑ5��¦-1óÀ, ²1nO�
ì!1n�lìÚ�©n©åì�©¤n´, z
´õÇ�� 7 mW, Ù¥1�´1?\1>�4

+ PD1 &ÿ-1ì�EªÇ, ^u�YEª
Ç£½I�; 1�´1?\1>&ÿì PD2 &ÿ
óÀS��EªÇ, ÏLOêìæ8?1�Yê
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â?n; 1n´1?\ü?��XÚ. ü?��þ
æ^üà��Ä$. ü?��ì¥æ^�� Er O
Ã1n��Ý©O� 38 cm Ú 45 cm, 3 1530 nm

?�áÂÇþ� 80 dB/m. 1n´²L�?��ì,

3 700 mW �Ä$õÇeU
�� 210 mW �Ñ
Ñ; d�2²L�?��ì, 3 700 mW �Ä$õ
Çe�±�� 315 mW �ÑÑ.

²Lü?��Ø ��óÀÏL�Ý� 30 cm

�p��51n?1�ª§*Ì. p��51n�
k���5Xê� 10.6 W−1·km−1, 3 1550 nm ?
�ÚÑ� 1.74 ps/(nm·km), 3 1550 nm ?�ÚÑ�
Ç� 0.01 ps/(nm2·km). 3��ìÚp��51n
�m, ·�æ^�é�©��Å¡Úo©��Å¡
|Ü^uUC?\p��51n¥-1� ��
�, ±�y�ª§1Ì��). Ó�, �
�B1n
�½ÚÚÑÖ�, ·�3p��51n�Å�
�
�äk 10 cm KÚÑü�1n�n�1nO�ì.

ÏLc[`z��ìÚ��ì�m1n�
Ý!��ìÚp��5�m�1n�Ý!��
ì�Ä$õÇ!��ìÚp��51n�m�Å
¡|Ü, 3ü?��ìÄ$õÇ©O� 395 mW

Ú 700 mW �^�e�±3 1100—2200 nm ��
�S¼��ª§1ÌÑÑ.

ã 2 ªÌ¤P¹� 40 dB &D' fo &Ò (Ù¥©EÇ�
°� 300 kHz)

�ª§1Ì?\ü: f -2f XÚ&ÿ fo &Ò.

·�æ^��ª¬N MO: PPLN �÷/1»(
�, ÙìCÏ�� 21—35 µm, �±¢yé 1610—

2340 nm �mëY�NÅ���ª, ¬Nc�©O
æ^á�åßºà�Ú1´O�, l1��ßºÑ
��1²L 1100 nm Ä�ÈÅì�?\ InGaAs È
�1>&ÿì. l&ÿìÑ5�&ÒÏL�� 50

MHz �$ÏÈÅì?\ªÌ¤¥iÿ fo &Ò.

3 300 kHz ©EÇ�°�^�e, ·�¼�
 40

dB &D'� fo &Ò, Xã 2 ¤«. du3?\ªÌ
¤c·�æ^
�� 50 MHz �$ÏÈÅì, Ïd
ªÌ¤þw«�n�&Òl��m©O� −fo, 0

Ú fo.

3 ªÇ£½

1ÆªÇÎÌ�´ÏL���¦-1ì�ü
�ëê, =EªÇ fr Ú1Å�ä £ªÇ fo 5
¢y. fr &Ò���ÏL��-1ì�n�5¢
y, fo &Ò����±ÏL��cº:�àº 
£, ��±ÏL��Ä$1�1r5¢y. 31n
1ÆªÇÎ¥, du1n-1ìSÜvkcºé
Ö�ÚÑ, ÏdI�ÏL��Ä$1�õÇ5¢y
é fo &Ò���.

3.1 EEEªªªÇÇÇ���������999°°°���£££½½½

éu��1n/ª�/n�EªÇ��,

�«�{´òÙ¥���1nO�º�uØ>>
b (PZT) ½� £²�þ. ù«�{�±¢yé-
1ìEªÇ������, �du PZT þK1
��, ¬K� PZT ��AªÇÚpÑ�°, ,	1
nO�ì��NN´¦1´��, ù
ÑØ|u
EªÇ�°�£½. ,	�«�ª´ò-1ìS
�1nÅu PZT þ, du1n���þ��, ~�

 PZT �K1, ¦ PZT �±�±�p��AªÇ
Ú·��N!��. ·�3¢�¥æ^ PZT .�1
n��{5��1n-1ì�EªÇ.

3-1ì¥ØÓ1nì��nÅ��æ^9
�+?1
�o. �Ä�-1ì¥���1n�O
Ã1n, Ó�;m9�+�K�, ·�ÀJòOÃ
1nÅu PZT þ5��1n���, l¢yé-
1ìEªÇ���. �
O\ PZT ü >Øe1
n���þ, ·�òOÃ1n�òü�?1Åë,

ù�3�Ó�>Øe1n���þòO�ü�, �
O�
-1ì�EªÇ�N!��. 3Åë1n
�L§¥,7L¦1nÅ(:�m�1n�± ;
G�, ÄK¬��~�1n�����. éuE
ªÇ� 128 MHz �-1ì, -1ìXÚ¥� PZT

3��°Ä>Ø 100 V �^�e, ªÇN!���
� 900 Hz.
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-1ìgd$=�, §Ýé-1ìEªÇK
�é�. 3��ì.���§�, -1ìEªÇ
3 3 kHz ���S¤£��. ¦+¢�¿�NXÚ
ëY$=¿�±ð§, ��X¼�§Ý�UC, -
1ìg��§Ý�����, ù�:l-1ìE
ªÇ���miÿ¥éN´*ÿ. �
¢y-1
ì fr &Ò���m£½,7L¦-1ìEªÇ�
¤£3 PZT �pÑ���S. �d·�é��ì�
.�?1°�§Ý��, §Ý���°Ý3 0.1 ◦C

��S.æ^§��, ¦+-1ìEªÇE�X
¿S�§Ý¼�Cz, �o�¤£þ%d��§
�� 2088.2 Hz  ���§�� 807.6 Hz.

ã 3 EªÇ fr &Ò�£½�, ��ì.�§�éEª
Ç fr �K�

ã 4 EªÇ fr &Ò£½��ªÇCz

3.��§�Ä:þ, ·�|^��ìÑÑ�
�´1ÏL1>&ÿì PD1 &ÿ-1ì�Eª
Ç fr &Ò, ¦^ 1 GHz �ÏÈÅì, �ÑÙ¥� 7

�ª&Ò, �£½��¨þ�$D(ªÇnÜì�
)�ªÇ� 899010365 Hz �&Ò?1��, �)Ø
�&Ò. òdØ�&ÒÏL$ÏÈÅì�x\pÑ
XÚ, ��ÑÑ� PZT pØ°Äì, ÏL���¦
-1ìSÜ PZT �� 5��n��Cz, l¢
yEªÇ fr �£½. ã 4 �Ñ
 25 h ëY£½
��EªÇ�¤£, Ù¥æ��m� 1 s. £½�

EªÇ�²þ�� 128430052.143 Hz,IO �
� 0.515 mHz.

3.2 111ÅÅÅ���äää   £££ªªªÇÇÇ fo &&&ÒÒÒ���������999
°°°���£££½½½

�v���¦1ÆªÇÎ�', 1n1ÆªÇ
Î���`:3u½Ýp. ù�:3 f0 &Òþ
U
��éÐ�Ny. 31n1ÆªÇÎ¥, du
�m1´�~�, AO´*ÌXÚæ^�p��5
1n�±���ì�1n��Å�, ù¦ fo &Ò
ªÇ�¤£þ��~�, Xã 5 ¤«. lã 5 ¥�
±wÑ, fo &Ò3�£½�^�eªÇ¤£þz�
��kê MHz, ù²w�uv���¦1ÆªÇ
Î¥ fo &Ò�ªÇ¤£þ. �31n1ÆªÇ
Î¥ fo &Ò�ªÇ¤£¿vk�5&D'�ü$,

ùéu fo &Ò�ªÇ£½�©k|.

ã 5 1Å�) £ªÇ fo &Ò£½c�ªÇCz

ã 6 1Å�) £ªÇ fo &ÒªÇ�Ä$1>6�Cz

·�ÏL����ìÄ$1�>65¢y
é fo &Ò�ªÇ£½. ¢�ÿ�-1ì¥ fo &Ò
�ªÇ�Ä$1>6�CzXã 6 ¤«. fo &Ò�
ªÇ��Ä$>6�O\¥y�5Cz�L§. ²
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�5[Ü, Ä$>6zO\ 1 mA, fo &Ò�ªÇC
z 1 MHz.

ã 7 1Å�) £ªÇ f0 &Ò£½��ªÇCz

3 fo &Ò£½c, kÏLN!-1ìÄ$>
6, ò fo &Ò�ªÇ�N!�ë�ªÇ 25 MHz N
C. APD ÑÑ&Ò²L$ÏÈÅì�©¤ü´. �
´x�Oêì¥, P¹ fo &Ò�£½G�, ,�´
êi�ª/���ì£���£½��¨þ�$D
(ªÇnÜì�)�ªÇ� 25 MHz �ë�&Ò?
1��, �)Ø�&Ò, 2òdØ�&Òx\pÑ
XÚ, �"�-1ìÄ$>6�N!à�, ÏL
��-1ìnS�Ä$1õÇ¢yò fo £½�ë
�&Òþ. ã 7 �Ñ
£½�1Å�ä £ªÇ�
¤£, Ù¥æ��m� 1 s. £½�1Å�ä £ª

Ç�²þ�� 25 MHz,IO �� 93.13 mHz.

4 ( Ø

�©0�
Äu� Er 1n�¦1ÆªÇÎ�
ï�ó�. ¢�þæ^EªÇ� 128 MHz �� Er

1n�¦-1ì, ÏLü?üà��Ä$ò��ì
�ÑÑõÇ��� 315 mW, ÏLóÀØ �?\
p��51n*Ì¢y
 1100—2200 nm ��S
��ª§�ÑÑ,¿?�Ú|^ü: f -2f XÚ, Ï
Lëê`z&ÿ�
 40 dB &C'� fo �ÑÑ.

ÏLé-1ì.��§Ý��¿æ^n��
"¢yé-1ìEªÇ�£½, 3 25 h �ëY£
½�mS, EªÇ fr �²þ�� 128430052.143

Hz, IO �� 0.515 mHz. ÏLé��ìÄ$1
>6��"��¢y1Å�ä £ªÇ fo �£½,

3 20 h �£½�mS, f0 �²þ�� 25 MHz, I
O �� 93.13 mHz.

� Er 1n�¦-1ì¥EªÇ fr Ú1Å�
ä £ª£ªÇ fo �°�£½I�XÄu� Er 1
n�¦-1ì��¦1ÆªÇÎ�ï�¤õ. TC
��·I1ÆýéªÇ�ÿþ!�ÅªÇIOÚ
1ÆªÇIO�O(ë�!1ÆªÇIO�É/
'éJø
���Ãã.
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Precise frequency control of an Er-doped fiber comb∗
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Abstract

The repetition rate and the carrier-envolope offset frequency of a home-made Er-doped fiber comb are precisely phase-locked.

The residual fluctuations of the stabilized repetition rate and the carrier-envolope offset frequency are 0.515 mHz and 93.13 mHz

respectively
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