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üüü111fffÅÅÅ���NNN���áááÂÂÂ111ÌÌÌ^̂̂uuu 1.5 µm ---111ììì
���ÅÅÅ���£££½½½*

�¡Å ê�1 �¬¬ �ëì† _£,

( ìÜ�Æ-11Ì¢�¿, þf1Æ�1þfì�I[­:¢�¿, �� 030006 )

( 2011 c 6 � 25 FÂ�; 2011 c 10 � 14 FÂ�?Uv )

JÑ
�« kHz N�ªÇþ?�ü1fN�Eâ, ¢yé-1ì�¢�£½. ÏL&ÿ¯#íN�ü1fáÂ
1Ì, élÑ�ü1f�AóÀ?1£½��, ¼�-1ìªÇ£½��ª­�. ò 1.5 µm ©Ù�"��N-1ì
�ÑÑªÇ­½3¯#íN ν1 + ν3 � P5e |áÂ¸þ, 3 175 s S;.-1ªÇåÏ�u 25 MHz. ù«Äuü1
fÅ�pªN�áÂ1Ì�­ªEâ�Ø
$ªã�p�µ�D(, �A^uü1fþ?�þf��ÏÕXÚ±
91ÆÅ©E^XÚ.

'�c: ü1fN�, áÂ1Ì, £½

PACS: 42.60.Fc, 42.62.–b, 42.79.–e

1 Ú ó

ü1f��e�f!©f±9ü�f/©f�
�p�^�þf&E?nJø
n��^�, éu
þf��°�&ÿÚp°Ý��, ±9��þf'
Am��p�^äk­�¿Â [1−3]. 3�*Ð�þ
f�ä¥±�fÚ1f��&E1N, ü1f��
f�ÍÜ9�Z��´þf&EÔn�'�¤3.

<�ÏLü1f�ü�f��¢y
ü1f�þ
f�; [4]; ÏL1|�ü©f�rÍÜ�^, ¢y

ü1fáÂÿþ [5] �. d	, 3þf��ÏÕ+
�ü1f�äk�~­��¿Â, ü1f´�ål
Dxþf�Ú©uÅ��n�1N [6].

-1ªÇ£½��{kéõ, Ï~|^�f©
f��áÂ1Ì!áÂF1���£në�&Ò.

,
, r1�^´��1��f©f���ª£ [7]

�áÂ\°. Äuü1f�-1ªÇ£½�k�)

ûþã¯K, �A^u�
A½|Ü, Xþf��
ÏÕ!�f1�ü�f/©f��p�^�+�.

Äuü1f�1fOêN��k�Jp&D
' [8,9], <�|^1fOêN���{?1
� 
£½ [10−12], �´1fOêN���{�U^u
ú�N� (Hz þ?), ØU��^u¯��l�
£½. ·�JÑ
�« kHz N�ªÇþ?�ü1
fN��Y, ÏLélÑ�ü1f�AóÀ?1
£½��, ±¼��ª­�, ¢yé-1ì�¢�
£½.

2 ü1fÅ�N��n

Å�N���{Ò´ò&Ò\1�pªÅã,

ÏL~�&ÿ�°��{5ü$$ªD(é&D
'�K�. �-1u�Å�3¥%ªÇ ν0 ?±N
�ªÇ f ?1N��, -1u�Å��]�ªÇ
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� ν = ν0 + δν cos(ft), δν �N��Ì, ÏL�¬á
Â���-1rÝ�±L��{u Fourier ?ê:

I(ν, t) =
∞∑

n=0

An(ν) cos(nft), (1)

ª¥ An(n > 0) ´ØÓ��Å¤©, §�±ÏL£
���ì?1ÿþ,

An(ν) =
2
π

∫ π

0

I0(ν + δ cos θ)

×e[−σ(ν+δν cos θ)Lρ] cos(nθ)dθ. (2)

éuü1fÅ�N�, Xã 1 ¤«, �\�1
f�ªÇ� f ��uÅN��, t ���]�Oê
Ç�±Lã� Pn = r0 + a cos(2πft), ùp r0 �O
êÇ~ê, a �LN��Ý. 3�mI� T S�k
�OêÇ�±Lã�

rT(T ) = r0 + a

[
sin(πfT )

πfT

]
cos(2πft + πfT ). (3)

3�mI�S&ÿ��1fêÙ� ©�U
ì�uN� f &Ò©Ù, 3È©�m T S£�ÑÑ
&Ò�ÌÝ�L«�

I =
∫ T

0

[
N∑

n=1

Pn
sin(πfτ + φn)

πfτ + φn

]
× cos(2πft)2πfdt, (4)

ùp I �ü1fN��)N&Ò, �Z1�1f&

ÿVÇ Pn =
e−rTT (rTT )n

n!
, φn �ü1f�éuN

�&Ò�¢�� , N �3�mI� T S&ÿ��
1fê, τ �ü1f1>=���óÀ°Ý.

)N&Ò�&D'�

SNR =
S

(Ns + Nb)(∆f/fn)
, (5)

ùp S �1fOêéA��[&Ò, Ns ´�Ñâ
D(, Nb ´�µD(, �¹VOêÚ�µ1fê,

∆f �ÈÅ�°, fn �D(©Ù�°. Ø ÈÅ�
° ∆f , =O\È©�m T �ü$�A�D(&Ò,

O\&D'. ��, ·�JpÈ©�m T , �±��
�Ð�&Ò(¯Ý, �´3óÀ­EªÇ�½��
¹e, (¯Ý�Jp�±��©EÇ��d, ¤±
Ï~I��âXÚ¤I�©EÇ½(¯ÝÀ�Ü

·�æ��m.

ã 1 ü1fN��nã (a) �\�1f��uÅN��, é
A t ���]�ü1f&ÿVÇ; (b) 3�mI� T S&ÿ��
1fêÙ� ©�Uì�uN� f &Ò©Ù

3 ¢�C�

¢�C�Xã 2 ¤«, ã¥J��1nSD
Ñ�1&Ò, ¢��>&Ò. ©Ùª�" (DFB) -
1ì (NTT, NLK1C5GAAA) ÑÑÅ� 1528 nm ±
2 nm �N, ò�uN�&Ò\3-1ì>6N�à
?1Å�N�, |^¯#íN�áÂ1Ìò-1ª
Ç£½3¯#íN�áÂ�þ, |^ü1fÅ�N
�Eâ¢yé DFB -1ì�ªÇ­½.

¼êu)ì (Tektronix, AFG3102) Ï��ÑÑ
ªÇ� 10 Hz �n�Å&Ò×£-1ìªÇ, ×
£>ØÌÝ� 100 mV, Ó�¼êu)ìÑÑ�ª
Ç� 210 kHz ��u&Ò��N�&Ò, ÏL\{
ì�×ª&Ò�å\�-1ì�>6N�à, N
�>ØÌÝ� 120 mV. -1ìÑÑ-1²1n�
lìÚP~ìP~�ü1fþ? (²þ1fê�
u 1), ÏL�¬³�ÑÑ�ü1fáÂ&ÒÍÜ
?\ü1f&ÿì (SPAD, Princton, PGA600), -
1�¯#áÂ¸¥%ªÇ� lþ=z�Å�N
�&Ò� SPAD �Â, SPAD d&Òu)ì (Ag-

ilent 33250 A) Ñ Ñ � Å & Ò 	 > u, > u ª Ç
� 900 kHz, SPAD ÑÑ TTL óÀS�&Ò, éu
\�� SPAD ��½1õÇ, ÙÑÑ�1fOêÇ
�'u\�1õÇ.
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¼êu)ìÑÑ��u&ÒÓ�²£�ì�,

� SPAD &ÿ� TTL &Ò?1·ª, ²$ÏÈÅì
��)�ª&Ò, =^u­ª�Ø���&Ò, Ñ
\'~È©�©��ì (PID), ^uUC�ª&Ò
�rÝÚ�A�m, PID �ÑÑ&Ò� 10 Hz �n
�Å×£&Ò²\{ìU\�Ñ\-1ì�>6
N�à.

~�-1ì×£��, *	�ª&ÒÚ1>&
ÿìiÀ�áÂ&Ò. ò×£>Ø~��", ,�
ò×£&Ò'ä, ò�ª&Ò"\ DFB -1ì�
>6N�à, ¢y4�£½.

ã 2 ¢�C�«¿ã OI �1n�lì, Att ��N1nP
~ì, RF ��ª&Òu)ì, FG �¼êu)ì, Φ �£�ì

4 ¢�(J�©Û

¯#íN���ªÔ�, äkáÂrÝ�!­
½5Ð!¦^�B�A:, ��~N´¼�. éu
¯#©f, áÂ¸�Ì�8¥3 1.53 µm NC, À

ã 3 (a) ¯#�¬áÂ&Ò; (b) éA��ª&Ò; N�ªÇ
� 210 kHz, N�>ØÌÝ� 400 mV

J¸�Å�� 1 528 nm �áÂ¸ ν1 + ν3 � P5e

|, áÂ¸��p�°�� 686 MHz, �±��n
��ë�ªÇ.

ã 3 �¯#�¬áÂ&Ò9éA��ª&Ò.

ã 3(a) �¢����1fOêáÂ­�, �â¢�
(Jÿ���¯#áÂ��°�� 686 MHz, éA
ã (b) ¥�ª&Ò�>ØÌÝ� 104 mV, éA'X
� 0.15 mV/ MHz, &D'� 51.

¢�¥, ØÓ1fêéA�ª&Ò����Ø
Ó. Xã 4(a) ¤«, 1fê�O\¬��ü1f&

ã 4 (a) �ª&ÒÌÝ�z�óÀ±Ï�²þ1fêCzA
5; (b) �ª&ÒÌÝ�N�&ÒªÇCzA5; (c) �ª&ÒÌ
Ý�N�&ÒÌÝCzA5
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ã 5 DFB -1ì3gd$=Ú4�£½�éA��ª&Ò

ÿì�Ú, 
�$1fê���ª&Ò��. ùp
æ^ 2.5 kHz 1fOê�-u1, éA 900 kHz �
>uªÇ, ²þ1fê� 0.026 (ùpØ�Ä&ÿì
�Ç�K�), ������ª&Ò. ØÓN�ªÇ
éA�ª&Ò�&D'�ØÓ, ¢�¥ÿþ��Ø
ÓN�ªÇéA��ª&ÒXã 4(b) ¤«, �â
ÿþ(J, ·�À� 210 kHz ��u&Ò��N�
&Ò; ÿþ��ØÓN�ÌÝéA��ª&Ò, X
ã 4(c) ¤«, À� 120 mV ��N�&ÒÌÝ, ±`

z�ª&Ò.

~�-1ì×£��, *	�ª&ÒÚ1>
&ÿìiÀ�áÂ&Ò. ò×£>Ø~��", ¿
'ä×£&Ò, ò�ª&Ò"\ DFB -1ì�>
6N�à, ¢y4�£½. N!'~È©>´�O
ÃÚÈ©�m±B¼�­½�-1ªÇÑÑ. ã 5

� DFB -1ì3gd$=Ú4�£½�©OéA
�Ø�&Ò, P¹�m� 175 s. 3gd$=��±
w�ÙªÇåÏ��, dã¥Ø�&ÒåÏ�>Ø
ÌÝ���éA�-1ªÇåÏ� 600 MHz. 
3
4�£½�, éA�-1ªÇåÏ3 25 MHz ±e.

5 ( Ø

|^ 210 kHz �N�&Òé-1?1ü1f
Å�N�, dü1f&ÿì&ÿ¯#íN�áÂ1
Ì�)��ª&Òé DFB -1ì?1­ª, ¼�

`u 25 MHz �ªÇ­½Ý. ù«ü1fÅ�N
�áÂ1Ì­ªEâäk;�$ªã�p�rÝ
D(Ú���ªÇÓ¼���`:, �A^uþf
��ÏÕXÚ�Å©E^.
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Single photon wavelength modulation absorption
spectrum of acetylene for 1.5 µm laser

wavelength stabilization∗
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Abstract

We describe a kHz single photon wavelength modulation technology to realize the locking reference signal of the laser frequency.

By detecting the single photon acetylene gas absorption spectrum and by amplifying the lock-in the discrete single photon response

pulse, we achieve the laser frequency stabilized in real time. The 1.5 µm distribution feedback semiconductor laser output frequency

is stabilized at acetylene gas absorption peaks, and the typical laser frequency fluctuation is less than 25 MHz within 175 s. This single

photon wavelength modulated absorption spectrum technology eliminates the high background noise in low frequency range and can

be used in the quantum communication system and optical wavelength division multiplex.

Keywords: single photon modulation, absorption spectrum, stabilized
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