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|^1n�¦1ªÎÚ	n�N���N-1ì, ïá
�@Vª He-Ne -1ìªÇÿþXÚ. À^�¨��
XÚ�ªÇÄO, ÏLò	n��N-1£½�1ªÎ¦�ÙªÇ�
��¨, 2|^	n�N���N-1�V
ª He-Ne -1ìÑÑ��� �-1ûª, Ó�ÿþü´�� �-1ªÇ. ò�N���N-1ì£½�1ªÎ
1 1894449 �Î¸, ÙýéªÇ� 473612190000.0 ± 2.7 kHz, �éØ(½Ý� 5.7× 10−12. éû¬Vª He-Ne -1
ì?1ªÇÿþ¢�, Vª He-Ne -1ìY²�� �-1ªÇþ�� 473612229934 kHz, ç��� �-1ªÇ
þ�� 473612232111 kHz, ²þ�m� 1024 s ��é Allan IO�� 5.2 × 10−11, ª�þ�� 2.177 MHz, IO 
�� 2 kHz.

'�c: ÿþ, -1ªÇ, 1ªÎ, Vª-1

PACS: 06.20.−f, 06.30.Ft, 42.62.Eh, 42.60.−v

1 Ú ó

Vª-1Z�¤äkÿþ°Ýp!ÿþ�Ý
¯Ú�¸·Aår�A:, Ù3°� £²�½ 
�ó�+�kXØ�O���^ [1]. Vª-1ì´
Vª-1Z�¤�Ø%��, ÙÑÑ-1�)äk
�½ªÇ��ü��� ��-1, ÙÅ���ÿ
þ�Ä:ºÝ. duVª-1Z�¤�ÿþ(J�
Vª-1ì�Å���éX, ¤±Vª-1ì�ý
éªÇ9ÙªÇ­½Ýû½
Z�¤�ÿþ°(
Ý. �¢yB�þ?�ÿþ°(Ý, Vª-1ìÑ
Ñ-1�ýéªÇI°(� 10 MHz, 1 h ªÇ�é
­½ÝI�� 1 × 10−9, 31��,
p°Ý�B
\ó+�$�I��p��é­½5. ¤±, 3V
ª-1ìï�L§¥, IéÙýéªÇ9­½Ý?
1°(ÿþ.

127I2 áÂ­ª He-Ne -1´ISOþ�
¬
í��¢��½Â� 12 «­ª-1Ì���, Ù
ªÇ�éØ(½Ý� 2.1 × 10−11[2]. He-Ne -1ì

ªÇÿþÏ~´ÏL� 127I2 áÂ­ª He-Ne -1
ìûª¼�, �´ 127I2 áÂ­ª He-Ne -1ìé
§ÝÚ�Ä�D(�~¯a, TXÚéÿþ�¸k
X���¦. �¦1ªÎ [3−5]({¡ “1ªÎ”) �Ñ
y)û
1ÆªÇ��°�ÿþ�¯K, ¦�-1
ªÇÿþ(J����
�äk�p°(Ý��
mªÇÄO. 1ªÎ��ïá
�ÅªÇÄO�1
ÅªÇ�éX, £½��ÅªÇÄO�1ªÎ�'
yk­½-1äk�p�ªÇ­½Ý, �Ù1Ì�
��CX���Cù	«�, 1ªÎk"¤���
yk­ª-1�e��1ªÄO [6−9]. �X1n�
¦£�-1ì�uÐ, 1n1ªÎ [10−12] ®²¢y
û¬z, �'DÚ�v - 7��1ªÎ [13] Ùäk
d�$í!(�;nÚ­½5Ð�`³. ¦+1ª
Î31ÆªÇÿþ�¡äkwÍ`³, �´duV
ª He-Ne -1��� �A5, XJ��|^1ª
ÎéÙªÇ?1ÿþ¬4�/O\XÚJÝ.
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�@Äuû¬1n�¦1ªÎ
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£½�1ªÎ, 2|^ ECDL �Vª He-Ne -1?
1ûª±¢yéü´�� �-1ªÇ�Ó�p
&D'ÿþ. ïá
ò ECDL £½�?¿1ªÎÎ
¸�gÄ��XÚ, £½�� ECDL äk�1ªÎ
�Ó�ªÇ­½Ý. |^ ECDL �ýéªÇÚûª
ªÇ, O���
Vª He-Ne -1ì�ýéªÇþ
�9ÙªÇ­½Ý, ¿µ�
Vªª�þ�9ÙI
O �. À^�¨��XÚªÇÄO, ªÇÿþ(
Jäk��
5.

2 ECDL £½�1ªÎ

�¦1ªÎ´ò�¦£�-1�­EªÇ (fr)

Ú �ªÇ (fo) ©O£½��ÅªÇÄO, l
3
��þ¼��X��m���¦óÀ, 3ª�þ¼
��X��m��1ªÎ¸ [3,4]. éu1 N �1Î
¸, ÙªÇ�L«�

fN = N × fr ± fo, (1)

Ù¥, fo �ÎÒd1ªÎXÚ�ªÇ£½ëêû
½. Ïd, éu?¿ 1 �1Î¸, ��À� 1 �­ª
-1Ì�, ÙªÇ��
��ÅªÇÄO. æ^ 
ª£½�ª�ò ECDL £½�?¿1ªÎÎ¸, �
¼�äk�ÓªÇ­½Ý�ëYÅ-1.

ã 1 � ECDL £½�1ªÎ¢�XÚã. Ä
u Littman (�� ECDL (New Focus, TLB6904) ¥
%Å�� 632.991 nm, ªÇ�N���� 120 GHz,

ÑÑ-1²1�lìÚ1nO�ì�?\� 1
n, ² 1 × 3 � 1nÍÜì�©� 3 ´, Ù¥ 1

´õÇ�� 0.2 mW ?\Å�O, , 2 ´õÇ��
� 0.8 mW ©O^u�1ªÎÚVª He-Ne -1
?1ûª. 1n1ªÎ (Menlo System, FC1500-250)

ÑÑ��¦-1¥%Å�� 1560 nm, óÀ°Ý�
u 100 fs, ²��1n��ì��¦-1¥%Å�
� 1266 nm, 2²±Ï54z���¬N�ª��
¦-1¥%Å�� 633 nm, 1Ì°Ý 3 nm, õÇ
�� 3 mW. �Jp ECDL �1ªÎûª&Ò�&
D', æ^ 1/2 Å¡Ú �©1á�N|¤�Ü1
1´, ^= 1/2 Å¡����UC ECDL Ú1ªÎ
^uûª�1õÇ. ECDL �1ªÎÜ1�2d1
» (1700 �/mm) ?1Î¸ÈÅ, ²²¡��º��
�, ECDL -19�ÙªÇ���1ªÎÎ¸\�
�È�1>�4+, ¼��ûª&Ò (fb) &D'�

� 30 dB. ECDL �1ªÎûª&Ò²��ÚÈÅ
?n�� 20 MHz ªÇnÜì&Ò���/¤Ø
�&Ò, TØ�&Ò²'~È© (PI) ��ì��"
� ECDL -1�>6N�à, l
¢y
 ECDL �
1ªÎÎ¸�m � 20 MHz �ªÇ£½.

ã 1 ECDL £½�1ªÎ¢�XÚã FI �1�lì;

C �1nO�ì; Coupler � 1 × 3 � 1nÍÜì; HWP

� 1/2 Å¡; PBS � �©1á�N; G �1»; M �²¡�
�º; APD �È�1>�4+

ÏL>6N��ªò ECDL £½�1ªÎ, É
�u>6N�¤���-1ªÇ��, T�{¤�
��ªÇ¤£��k�. �
�Ø ECDL ªÇ�Ï
¤£¤����£, ïá
gÄÖ� ECDL Ø>>
b>Ø���XÚ. Xã 1 ¤«, O�Å�� ECDL

�ó�>6ÚØ>>b>Ø, ¿Ó�iÿ PI ��
ì�"� ECDL ^u>6N��>Ø&Ò. � PI

��ìÑÑ>Ø�L ±3 V �, d^���gÄN
�Ø>>bó�>Ø ±0.1 V, ¦� PI ��ìÑÑ
>Ø�£� ±1 V. dd, ò>6N��áÏªÇ£
½�Ø>>b��ÏªÇ¤£Ö���Ü, ¢y

 ECDL é?¿1ªÎÎ¸��ÏªÇ£½.

� X Ú ¥ � 1 ª Î fr £ ½ � 250 MHz, fo

£ ½ � 20 MHz, � ª Ç Ä O d � ¨ (Symmetri-

com, 8040C) Jø, Ù²þ�m 1 s ��é­½Ý
� 2.4 × 10−12. ò ECDL £½�1ªÎ�, ECDL

�ýéªÇ�L«�

f = N × fr ± 2 × fo ± fb, (2)

Ù¥, fo �Xê´d1ªÎ² 1266 nm � 633 nm

��ªL§¤Ú\, fr, fo Ú fb ���dªÇO�
�ÿ�, 1ªÎÎ¸�ê N �dÅ�Oÿ�, ª¥
�ÎÒ�ÏL'é�ûª&Ò��é�
(½. �

¼��(�Î¸�ê N , �¦Å�O�ÿþ°
ÝA`u fr/2, �XÚ¦^�Å�O (High Finesse,
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WS-7) �ªÇÿþ°Ý� 60 MHz, ÷vé ECDL

ªÇ?1ªÇoÿ��¦.

ÀJ1ªÎ1 1894449 �Î¸£½ ECDL, fb

£½� 20 MHz, � fo Ú fb þ�KÒ. æ��m
� 1 s, �æ� 8000 :, d (2) ªO��� ECDL ª
Çþ�� 473612190000.0 kHz, IO �� 0.7 kHz.

ã 2 ¤«� ECDL ªÇ�é Allan IO �, 1 s ²
þ�m��é Allan IO�� 1.7 × 10−12, 1024 s

²þ�m��é Allan IO�ü� 1.5 × 10−15, L
² ECDL ªÇ®�
��¨ªÇÄO. ECDL £½
�1ªÎ�ªÇØ(½Ý5
�): 1 1894449

�Î¸�ªÇØ(½Ý, ECDL �lÎ¸�ªÇ
Ø(½ÝÚ�¨�ªÇÚ\� B aØ(½Ý. é
u 1 s æ��m, 1 1894449 �Î¸�ªÇØ(
½Ý� 1.4 kHz; ECDL �lÎ¸�ªÇØ(½Ý
� 0.7 Hz, ��ÑØO; �¨�ªÇÚ\� B aØ
(½Ý� 2.3 kHz. dd��, £½� ECDL �ýé
ªÇ� 473612190000.0 ± 2.7 kHz, �éØ(½Ý
� 5.7 × 10−12.

ã 2 ECDL ªÇ�é Allan IO�

3 Vª He-Ne -1ªÇÿþ

�ÿVª He-Ne -1ì (Agilent, 5517B) �
ÑÑ-1�ü´�m­Ü���� �-1, Y
²�� �-1ªÇ� f1, ç��� �-1
ªÇ� f2, � f1 �u f2, ª��� 2 MHz. T
�ÿ-1Å�¶Â�� 632.99137 nm, Å�°(
Ý`u ±1 × 10−7, 1 h �mS�Å�­½Ý`
u ±2 × 10−9.

ECDL �Vª He-Ne -1ûª¢�XÚXã 3

¤«. ECDL -1²1nO�ìÑÑ��� �-
1, ² 1/2 Å¡^= ��¦�² �©1á�N
ß�Ú���1�õÇþ�� 0.2 mW. �ÿ He-Ne

-1ìÑÑ���� �-1©O² �©1á
�Nß�Ú��, Ù1õÇþ�� 0.3 mW. ECDL

-1©O�Vª He-Ne -1��� �-1² 
�¡�¼��Ó� �©þ
ûª, &ÿì���
ûª&Ò©O� f1 − f Ú f2 − f , ûª&D'þ`
u 30 dB, õÇþ�� −20 dBm, dªÇO��ÿþ
TªÇ. m©ªÇÿþ�, Vª He-Ne -1®²L
¿©ý9, ��­ªG�, ¢�L§¥�¸§ÝC
z3 23.5 ◦C ± 0.2 ◦C ��S.

ã 3 ECDL �Vª He-Ne -1ûª¢�XÚ PBS � 
�©1á�N; P � �¡; PD �1>&ÿì; HWP � 1/2

Å¡; C �1nO�ì

ã 4 � ECDL � f1 Ú f2 �ûªªÇ�, æ�
�m� 1 s. ECDL � f1 ûªþ�� 39.934 MHz,

IO �� 56 kHz, 4�� 286 kHz; ECDL � f1

ûªþ�� 42.111 MHz, IO �� 56 kHz, 4
�� 289 kHz. du ECDL -1ªÇ�uVª He-

Ne -1ªÇ, KY²�� �-1ªÇ f1 �ý
éªÇþ�� 473612229934 kHz, éAÅ�þ�
� 632.991377866 nm, ç��� �-1ªÇ f2

�ýéªÇþ�� 473612232111 kHz, éAÅ�
þ�� 632.991374957 nm. ã 5 ¤«�Vª He-

Ne - 1 ª Ç � é Allan I O �, � �   � - 1
Ç�é Allan IO�­���­Ü, äk�Ó�
ªÇ­½Ý. ²þ�m 1 s ��é Allan IO�
� 3.3× 10−11, ²þ�m� 8 s ��é Allan IO�
�$� 5.8×10−12, ²þ�m� 1024 s ��é Allan

IO�� 5.2 × 10−11.

|^®ÿ���� �-1ªÇ f1 Ú f2 �~
�O���Vª He-Ne -1ª�­�, Xã 6 ¤«.

Vªª�þ�� 2.177 MHz, IO �� 2 kHz, 4
�� 9 kHz. ÿþªÇ¤¦^�Oêì��¨®�
�¨ÄOÓÚ, ªÇÿþ(J��
.
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ã 4 (a) ECDL � f1 ûªªÇ�; (b) ECDL � f2 ûªªÇ�

ã 5 Vª He-Ne -1ªÇ�é Allan IO� ã 6 Vª He-Ne -1ª�­�

4 ( Ø

�
ÿþVª He-Ne -1ì�ýéªÇÚ
ª Ç ­ ½ Ý, ï á 
 � « # � Ä u � ¦ 1 ª Î
� ª Ç ÿ þ X Ú, Ï L ò ECDL £ ½ � 1 ª Î
òÙªÇ�
��¨ªÇÄO, 2d ECDL �V
ª He-Ne -1ìÑÑ�ü´�� �-1?1
ûª, ¢y
ü´�� �-1ªÇ�Ó�ÿ
þ. À^û¬Vª He-Ne -1ì?1ÿþ¢�,

ò ECDL £½�1ªÎ1 1894449 �Î¸, Ùý
éªÇ� 473612190000.0 ±2.7 kHz, �éØ(½Ý
� 5.7 × 10−12. ÿ��Vª He-Ne -1ì�Y²

�� �-1ªÇþ�� 473612229934 kHz, é
AÅ�þ�� 632.991377866 nm, ç��� �-
1ªÇþ�� 473612232111 kHz, éAÅ�þ�
� 632.991374957 nm. Vª He-Ne -1²þ�m
� 1 s ��é Allan IO�� 3.3× 10−11, ²þ�m
� 1024 s ��é Allan IO�� 5.2 × 10−11. |^
®ÿ���� �-1�ýéªÇ, O���Vª
ª�� 2.177 MHz, IO �� 2 kHz. du1n�
¦1ªÎé§ÝÚ�Ä�D(Ø¯a, � ECDL �
ÑÑªÇÏLÌÄó�>6ÚØ>>b>Ø��
�ª£½�1ªÎ, �XÚ�·^uVª He-Ne -
1ì3ó�A^�¸¥ÿþ.
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Abstract

A frequency measurement system for dual frequency He-Ne laser is set up based on a fiber femtosecond optical frequency comb

and an external cavity diode laser. Using a Rb clock as a frequency standard, the diode laser that is locked to the optical frequency comb

is traced to the Rb clock, and then the frequencies of the orthogonal polarized lasers are measured by beating with the locked diode laser

at the same time. Locking the diode laser to the 1894449 th comb mode, the absolute frequency of the diode laser is 473612190000.0

± 2.7 kHz, with a relative frequency uncertainty of 5.7 × 10−12. A commercial dual frequency He-Ne laser is measured to test the

system, and the results show that the mean absolute frequencies of the horizontal polarized laser and the vertical polarized laser are

473612229934 kHz and 473612232111 kHz, respectively, with a relative Allan deviation of 5.2 × 10−11 at 1024 s, and the mean split

frequency is 2.177 MHz with a standard deviation of 2 kHz.

Keywords: measurement, laser frequency, optical frequency comb, dual frequency laser
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