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Äu Fabry-Perot (FP) n�þf��©�XÚ3� ?è�þf��©�A^�¡äk`³, r FP n£½3�
���&E�ü1f1ÆªÇþû½X���¢^S�. JÑ|^ü1fN�)N��{£½ FP n. ¦^ó�u
X��ª�ü1f&ÿì&ÿü1f (²þ1fê� 0.1), élÑ�ü1f�AóÀ\O£½��, ¼���ª&Ò
&D'� 112, £½� FP nß�1ªÇåÏ� 2 MHz.

'�c: ü1f, Fabry-Perot n, ªÇ£½

PACS: 42.60.Fc, 42.62.–b, 42.79.–e

1 Ú ó

Äu1n�þf��©�XÚæ^ü1f�
&E1N [1], |^1f�þf�X �!� �?
è&E [2], ÏLü1f&ÿì?1&ÿ. 31nþ
f��©�XÚ¥, �1f ���', 1f� 
É1nVò��K���, ÏdNõÄu1n�þ
f��©�XÚæ^� ?è [2−7]. � ?è�
ª´3uxàÏL� ?èü1f, 3�ÂàÏL
�A�� ��)è¼���&E [2,8]. 1999 c,
Mérolla � [8,9] JÑÄu Fabry-Perot (FP) n�>�
ü1f� ?èC�, 3ux�é1?1� N�
�)>�, �Â�æ^Óª� N�, ¦üg�)
�>�Z�, ¿ÏL FP nÀ���>�ªÇ?�
ü1fZ�&E, TXÚ¦^>1� N�ì?è
)è� , l
�ØÏÏ~Z�¤�1´ò´�5
�9¤£�A, Jp
XÚó��­½5 [10]. ùp
¦^ FP nÀÑ����&E�>�ü1fªÇ,
Àª­½5�p, S�5Ò¬�p. �3¢SA^
¥ FP n�¤£¬��éü1fZ��k�&ÿ,
Ïd£½ FP n´�~­��. �
r� ?èX

Ú£½3ü1fY², <�æ^
3�½���m
�1fOêN��{ [4,11,12]; ·��Q|^ü1f
�1fOêN�k�Jp
ÿþ�&D' [13,14].
,
1fOêN��·^u$ªN�|Ü, Ï~$
u Hz þ?, ØU
^u�l FP n�¯�¤£. �
©�ÑÏL¯�N�)Nü1f¼�^u£½ FP
n��ª&Ò, ^²þ1fê� 0.1 �f1¢y FP
n�k�£½.

2 ü1fN�)N�n

ªÇN�´ò&Ò\1�pªÅã, |^£�
��ìØ &ÿ�°��{5ü$$ªD(é&
D'�K�. � FP n�ß�1¥%Å�� ν0 ��
ªÇ� f N�&ÒN��, FP nß�Å¥%ªÇ
�]���

ν = ν0 + δν cos(ft), (1)

δν �N��Ì.

�\�1f�ªÇ� f ��uÅN��, t �
�?uX��ª�ü1f&ÿì�]�&ÿ�Ç

* I[­:Ä:ïÄuÐOy (1OÒ: 2012CB921603, 2010CB923103)!I[g,�ÆÄ7 (1OÒ: 11174187, 61178009, 60908019,
10934004)!I[g,�ÆÄ7M#ïÄ+N�ÆÄ7 (1OÒ: 60821004)!ìÜ��EÄ:^�²�ï��8 (1OÒ: 2011091016)!
ìÜ�p�Æ�¥�cokM#<â|±OyÚìÜ�p�Æ�`DM#ìè|±Oy]Ï��K.

† E-mail: xlt@sxu.edu.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

204203-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 204203

�±L«�

Pn = r0 + a cos(2πft), (2)

ùp r0 �&ÿì�²þ&ÿ�Ç, a �LN��Ý.
3�mI� T S�k�OêÇ�±Lã�

rT (T ) = r0 + a

[
sin(πfT )

πfT

]
cos(2πft + πfT ). (3)

3�mI� T S&ÿ��ü1f, Ù� Uì�u
N� f &Ò©Ù, ü1f&ÿì&ÿÑÑ&Ò�Ì
Ý�L«�

I =
∫ T

0

[
N∑

n=1

pn
sin(πfτ + φn)

πfτ + φn

]
cos(2πft)2πfdt,

(4)
Ù¥, I �ü1fN��)N&Ò, �Z1�1f&

ÿVÇ pn =
e−rT T (rT T )n

n!
, φn �ü1f�éuN

�&Ò�¢�� , n �3�mI� T S&ÿ��
1fê, τ ´lü1f&ÿìÑÑ� TTL óÀ�ó
°, �� 30 ns.

ü1fN�)N£½�{´òü1f&ÿì
ÑÑ� TTL &Òx\£���ì?1�½È©�
m�\ON�)N, �ªÑÑ1fóÀ�ÑÑ?1
Fp�C��, k

S(f) =
N∑

n=1

Pn
sin(πfτ )

πfτ
e−iφn

=
sin(πfτ )

πfτ

∫ 2π

0

Pne−iφdφ. (5)

d (2) Ú (5) ª, ·���Ñ)N��ÌÝ�

|S(fm)| = πτ
sin(πfmτ)

πfmτ
. (6)

�)NªÇ�N�ªÇØ��, d�&ÿ��ü
1f&Ò�N�1��é� ´�ÅCz�, Ïd
k |S(f, f 6= fm)| = 0.

)N&Ò�&D'�

SNR =
S

(Ns + Nb)(∆f/fn)
, (7)

Ù¥ S �1fOêéA��[&ÒÌ�, Ns ´�
ÑâD(, Nb ´�µD(, �¹VOêÚ�µ1f
êéA��[&Ò, ∆f �ÈÅ�°, fn �D(©
Ù�°. Ø ÈÅ�° ∆f ∝ 1/T , =O\È©�
m T �ü$�A�D(&Ò, O�&D'. 
·�
JpÈ©�m T , �±���Ð�&Ò(¯Ý (�
'u T−1), �´3óÀ­EªÇ�½��¹e, (
¯Ý�Jp�±��©EÇ��d, ¤±Ï~I�

�âXÚ¤I�©EÇ½(¯ÝÀ�Ü·�æ�
�m.

3 ¢�C�

¢�C�Xã 1 ¤«, Å�� 1531 nm �N�
1n-1ì (NKTK81-151-11) ��1
. 3-1Ñ
Ñà��Äu{.1^1�A��lì (ISO), �
�-1�nº���÷�´�£E¤-1ó��
Ø­½. ATT ´ëY�N1P~ì, HVout ´ FP
n (Toptic, FPI100) ���ì, ÑÑn�Å×£&Ò,
\1� FP n�Ø>>b (PZT) þ, �� FP nn�
Cz. £���ì (SRS, SR830) ë�ÑÑàÑÑ
ªÇ 9 kHz ��uÅ, �n�Å×£&ÒU\�\
3 FP n�Ø>>bþ, ^ué FP nn��N�.
ã 2 ���\N�&Ò�, FP n�ß�¸, ß��
°� 30 MHz, gd1Ì«� 1 GHz.

ã 1 ü1f£½ FP n¢�C�ã, J�L«gd�mDÑ

ã 2 ��\N�&Ò�� FP nß��

¢�¥, ò FP n�ß�1ÍÜ�1n¥Ñ\
È�1>�4+ü1f&ÿì (SPD RGA-600 .,
Princeton), SPD ó�uX��ª, S>uó� (>
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uªÇ� 1 MHz), ò-1·�P~, ² FP nß�
�^ü1f&ÿì?1&ÿ, &ÿì&ÿ��²
þ1fOê�� 0.1. ¢�¥ò²ü1f&ÿì&
ÿ�ÑÑ� TTL &ÒÑ\£���ì?1\O�
¯uÅÚ£���, ÏLÀJÜ·�È©�mÚ
�m(¯Ý, ��ß�¸����©&Ò, ���
©&Ò²LpØ��ì���Ñ\'~È©�©
��ì (PID), ²ÀJÜ·�'~!È©!�©ë
ê�����5��ÚÑ.­� (�±ÏL«Å
ì*	), =�^u£n��ª­�. ò�ª&Ò�
� 9 kHz �u&ÒN���n�×n&Ò²\{
ì�¿\1� FP n��à. Åì~� FP n×n&
ÒÌÝ, ÏmÏLN!×n&Ò� �>Ø�±�
ª&Ò�¥%©ª3«Åì�¥%, �ª¦n�Å
�>ØÌ��", d� FP n×£>Ø?u'äG
�, =¢yé FP ��n£½3ü1f1ÆªÇþ.

4 ¢�(J�©Û

ã 3(a) ´*	��dü1f&ÿì TTL ÑÑ
àÑÑ�¢�&Ò, �±w�, 3éAÊÏ1>&
ÿì&ÿ��ß�¸¥% �, ü1f�AóÀ
'��8, lß�¥%ªÇ��óÀ�DÕ, �ü
1frÝN�A5�Î. ã 3(b) ´æ��ü1f
N�&Ò�¯�Fp�C� (FFT) ã�, éAªÇ
� 9 kHz � �=�N�&Ò, L²ÏL)N�±
ò�N�&ÒÓªÇ�k^&Ò)NÑ5.

ã 3 (a) óÀ�¢�¥æ��ü1f�A©Ù�¹, J��n
Ø[Ü�ß��; (b) ü1fN�&Ò� FFT ã/; (c) £�ÑÑ
�^u£½ FP n��ª&Ò

òü1f&ÿì TTL ÑÑ&Òx\£��
�ì, élÑ�&Ò\OÓª)N�, ¿²L PID
�«Åìþ�*	�²£���ìN�)N��
���©&Ò, =^u FP n£½��ª&Ò, X
ã 3(c) ¤«. d�£���ì�È©�m 30 ms,
éA�ÈÅ�° ∆f � 3 Hz. ¢S¼���ª&
Ò&D' 112. 
ÏLü1fN�&Ò� FFT ã/
��&ÒõÇ� –32 dB, ∆f � 3 Hz �D(õÇ
� –53.75 dB–20 dB = –73.75 dB, |^ (7) ªO�¼
� SNR = 123, �¢Sÿþ����ª&Ò&D'
ÎÜ��Ð.

ã 4(a) ���\�"&Ò�, £���ì�
ÑÑ��m�CzA5, L²gd$=� FP né
Ø­½, �á�m (�u 1 s) �ªÇ¤£åÏ��
k 30 MHz. ·�ò�ª&ÒÏL\{ì\� FP n
��ì� �à�, Åì~�×n&ÒÌÝ, ÏL
N! PID �ëê¦£���ì�ÑÑ&ÒÌÝ¦
þ�Ä, d� PID �'~!È©!�©~ê©O
� 0.8, 320, 0.008, ¦�£4 FP n�ªÇCz��
��. Xã 4(b) ¤«, FP n�£½�£���ì�
ÑÑ 1 h SÄ�²­, ²O�� FP nß�¸�ª
ÇCz��=�°� 2 MHz, £4�ü1f&ÿ�
�1fêÄ�­½� 10 k, ü1f&ÿì�>uª
Ç´ 1 MHz, &ÿ�Ç´ 10%, K²þ1fê� 0.1,
=£½�E,�±3ü1fþ?.

ã 4 (a) Ã£½� FP n��m�¤£Cz; (b) £½ FP n�
Ùß�1ÆªÇA5

5 ( Ø

æ^ü1fN�Eâ¢y FP n�£½, |

204203-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 204203

^ 9 kHz ��uÅN�&Òé FP n?1ü1fÅ
�N�, dü1f&ÿì&ÿ²L FP n�²þ1
fê� 0.1 �f1, )N���ª&Ò�&D'�

� 112, é FP n?1£½, ¼�
 2 MHz �ªÇ­
½Ý. ù«ü1f��£½ FP n��{�±A^
uOrü1f�Ô���p�^ [15].
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Abstract

Fabry-Peort (FP) cavity-based quantum key distribution has some advantages in the phase-coded quantum key distribution (QKD).

Locking the frequency of the FP cavity transmission to the frequency of single photon carrying the key information determines the

security of QKD. In this paper, we propose an FP cavity locked to a single photon (the mean photon number is about 0.1) frequency

using single-photon modulation/demodulation method. The single photon detector working in the Geiger mode is used to detect

modulated single photons then direactly demodulated by the lock-in amplifier. The discrete single photon response pulses accumulated

fulfills the phase sensitive detection, and the signal-to-noise ratio of signal frequency discrimination is up to 112. The transmission

frequency fluctuation of the locked FP is limited to 2 MHz.

Keywords: single photon, Fabry-Perot cavity, frequency lock-in
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