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1 Ú ó

þf��©u (quantum key distribution, QKD)

Ò´U¦Ï&V� (ux� Alice, �Â� Bob) 3=
¦�3�fö (Eve) �&�¥�U���GýéS
���è��«#Eâ. g 1984 c Bennett Ú Bras-

sard JÑ1��þf��©u�Æ —–BB84 �
Æ [1] ±5, þf��©uXÚÃØ3�n [2−7] Ú
¢� [2,4,8−11] þÑ��
×��uÐ.

�'gd�mþf��©uXÚ [12], Äu¤
Ù�1n�ä�1nþf��©uXÚ [8−11] ¤
��IïÄ<
'5�9:. ,
, 1n0��o
�3�½"� (X, n�/GØ5K!ò�ÇØþ
!�) ±9´É§Ý!Aå�	.�¸�K�, �
�
1&Ò �Ú� ��ÅCz, K�
XÚ
�­½5. �
)ûù
¯K, �IïÄ<
JÑ

éõ��{Ö�1nVò�é ��K� [9,13]

Ú� ��Å¤£ [14−16], XÚ�­½5Ñk

�½�Jp, �´¿�Ul��þ)ûù�¯K.

@3 1997 c, Muller �ÒJÑ
�«Ug·AÖ
� �Ú� ¤£�XÚ —–“=�=^”QKD X
Ú [17], TXÚU
éÐ/Ö�1nVò�Úå�
 �Ú� ¤£, 3Ã<Zý��¹e�¢y­½
Ï&. �duÙü1nV�Ï&�XÚ(���

TXÚ4´É�a|Ñ��K�, l
���

XÚ�­E�Ç4$, zg�UDÑ��óÀ. a
|Ñ�´�du1n�EL§½öÙ¦�ÏÚå
�ò�Ç©ÙåÏ¦r1óÀo�Ñ�, ´1n�
k��«�A. dua|Ñ��K�, 3�§1n
¥�3nÜ©1óÀ: Bob ux� Alice �r1ó
À!Alice ��£ Bob �&Ò1óÀ!r1óÀ�
a|Ñ�1. ea|Ñ�1�&Ò1�DÑ���
� (Xã 1 ¤«), Ka|Ñ�1�U?\� Bob à
¿Úå&ÿì�A, l
Ú\Øè.
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JÑ
�
ïÄ�Y.

1) �;��Y [18]: 3�ü1nV�XÚ� Al-

ice à�\���;�, ^5�; Bob àux�ó
ÀG, ±;��£�&Ò1�a|Ñ�1�­U.

3?\��;��c, Alice ér1óÀ?1�g
P~, d�3�;�SÒ��3f�1óÀ, �)
�a|Ñ�1é�, ��±�Ñ. �Â�, Bob 3�
Â��GóÀ��âm©uxe�GóÀ. �éu
��Y5`, uxÚ�Âü�´óÀG, 
Ø´ü
��óÀ, �N��Ç��
�½�Jp, �´E
ØU±Yux1óÀ?1��©u, Ïd�Ç�k
�Jp.

2) >�N��Y [19]: T�Y3 Alice à�\

��N�ì, ^5N�&Ò1�ªÇ. Alice é Bob

ux�&Ò1?1>�N�, ò&Ò1�ªÇN�
��C�ªÇþ, 3��£ Bob à�, r1�f&
Ò1�ªÇØ��, Ïd�±¦^ÈÅ��ªòa
|Ñ�1�&Ò1©l, ;ma|Ñ�1éXÚ�
K�, Jp
XÚ�­E�Ç. �´TXÚI�	
Ü���XÚ5¢yé Alice à>�N�ìÚ Bob

àÈÅì�p�N�, Ïd�ª�Ï&�ÇÚØè
ÇÉ�u	Ü��XÚ��ÇÚ°Ý, Ø|up�
Ï&.

3) õ�Å�óÀÏ&�Y [20]: �Y3�;�
�Y [18] �Ä:þ, ¦^
ü�±þØÓÅ��1
óÀ?1Ï&. Bob 3ØÓ��mãuxØÓÅ
��óÀG, �A/�)ØÓÅ��a|Ñ�1,

Alice ¦^�;�;m
�ÓÅ���f&Ò1�
�ÓÅ��a|Ñ�1�­U. Xã 2 ¤«, �,
��£ Bob à&Ò1 λ1 Úa|Ñ�1 λ2 3�§
1n¥�3­U, �´�� Bob à��, �±¦^
ÈÅìòa|Ñ�1 λ2 ÈK. ©z [20] ��
¦
^ü�±þüÅ�-1ì½Å��N�-1ì5
�)õ�Å�, æ^p��N1ÈÅì5ÈØa|
Ñ�1, ¢y
XÚ�Ç�Jp. �´, T�Y¥õ
�Å�óÀG��)L§ÚÈÅL§ÑI�	Ü
��XÚé�Å�?1¯�°(/�A, ¿�éN
´É�>&�ôÂ [21,22], ���ª QKD XÚ��
ÝÚS�5Ñ�6u	Ü��XÚ. ,	da[B,

J±8¤z, ù
Ñ��
T�Y�¢^.

þã��Y3�½§ÝþJp
V� QKD X
Ú��Ç, �´XÚ��ÇEÉ�u�;��Ý½
öì��	Ü��XÚ�5U, l
K�
XÚ¢

^z. �©JÑ
�«ü�1
�)õÅ���Y,

T�Yæ^Å©E^ì� (WDM) ��ÈÅì5�
)þf��©u¤I�õÅ�&Ò, ¦XÚ;�

du¦^õ�-1ì
Ú\�>&�ôÂ, 5;

a|Ñ�1éXÚ­E�Ç�K�.� �� �� �

ã 1 a|Ñ�1éV�XÚ�K� (ã¥ç:L«Ñ
�:) � �� �� ����
ã 2 õÅ�5;a|Ñ�1éV�XÚK���n

2 �«#�ü1
õÅ� QKD �Y

�âc¡�©Û, ���yÓ�Å��r!f
üóÀGØ­U, ÒUéÐ/5;a|Ñ��K�.

��Y3cÏïÄ�Ä:þ, ¦^��°�1
�
XÃ
ì�(Ü5�)õÅ�óÀG, ³�
a|
Ñ�éXÚ�K�, Jp
XÚ�­E�Ç.

2.1 õõõÅÅÅ���óóóÀÀÀGGG������)))

Xã 3 ¤«, °�1
 LD ÑÑ�GóÀ, b
�óÀG�±Y�m� τ (τ · νg = QC, νg L«
+�Ý, QC L«�§1n�Ý). 1óÀ²L·�
�P~��?\Å©E^ì WDM1, ÏL WDM1

)E^Ño�Å�: λ1, λ2, λ3, λ4, �o�Å�©
O?\éA�Ï�, b� λ1 ?\ 1 ´!λ2 ?\ 2

´!λ3 ?\ 3 ´!λ4 ?\ 4 ´. 3�´\þØÓ�
Ý�ò´� SLn (n = 1, 2, 3, SL3 = 3SL1 = 3QC,

SL2 = 2QC), é²LT´�óÀ?1ØÓ�ò�.

²L WDM2 ÜE^���±ÑÑXã 4 ¤«©Ù
�óÀS�. d?, -1ì�ó���� τ , ux�

184215-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 184215

��GóÀG��, -1ìÊÅ, &ÿì�Â� λ1

�&ÒóÀG��, -1ìêþm©ux,	�G
±Y�m� τ �óÀG. Ì�?1Xþ�L§Ò�
±¢yõ�Å�óÀG�Ømäux.

ã 3 �)õÅ�óÀ��Yã (LD, °�-1ì; WDM1

Ú WDM2; Å©E^ì; SL1—SL3, ò´�)� � � � � � � �
ã 4 õÅ�óÀG©Ù«¿ã

õ�Å�óÀG3�§1n¥�DÑL§
Xe: λ1 �k?\1n, d�1n¥r1Úa|
Ñ�1Ñ� λ1, �´d�ü1f&ÿìØó�.

t2 ��, Å�� λ1 �óÀG²LP~, ?\ò´
� DL(= QC/2). 3 λ1 ?\ DL Ó�, Å�� λ2 �
óÀGm©?\ QC. Xã 5 ¤«, Bob àm©�
Â λ1 �þf&Ò1�, ?\ QC �r1óÀÅ�
� λ4, ��a|Ñ�1´ λ3 Ú λ4, ?\� WDM

�©O?\ØÓ�&�, &Ò1 λ1 Úå&ÿì�
A. ��Â� λ1 �, á�mé-1ì, Å�� λ1 �
²;1m©?\ QC, Bob à&ÿìm©�Â λ2 �
&Ò1. ±daí, &ÿì�±Ømäó�, �Ç�
�
Jp.

3?1&ÿ�, WDM �±����õÅ�È
Åì. �âÅ©E^ì��n, 3 WDM )E^�
�, ØÓ�Å�?\�A�Ï�, 3éA�Ï�þ
é�Å�?1&ÿ, Ò�±~�Ù¦Å��K�.� �� �� �� �� �� �

� � 	 
 � � � �
 � �� � � �� �� � � �
� � � �� � � �� � � � � �� �� �� � � �

ã 5 õÅ�óÀGDÑL§

2.2 ���«««###���üüü111


õõõÅÅÅ���VVV���þþþfff������
©©©uuuXXXÚÚÚ

ÏL¦^þ¡�õÅ��)�Y� “=�=
^”QKD XÚ(Ü, �ï
��#� QKD XÚ, X
ã 6 ¤«.� �� � � �� �� � � � � 	 
 � � 	 � � �
 � �� �� � �� � �� � 
 � 
 � �� � � � � 
 
 � � � � � � � � � � � �� � � 
 � 
 � �� � � 	 � � � �
 � 
 �
 �� � �� 
 � �� � �� � 
 � � ����� � � � �� � � � � � � � � 


ã 6 �«#�ü1
õÅ� QKD XÚ�nã (ã¥, LD �°�1
, ISO ��lì, VOAn (n = 1, 2) ��NP~ì, WDMn

�Å©E^/)E^ì, SLn(n = 1, 2, 3, 4) �óÀ�;�, C ��/ì, Dn (n = 1, 2, 3, 4, 11, 22, 33, 44) �ü1f&ÿì, PC �
 ���ì, PMn(n = 1, 2) �� N�ì, BS1 � 50:50 ©åì, BS2 �Ø�©©åì, PBS � �©åì, QC �þf&�, DL

�ò´�, DET �r1&ÿì, FM �{.1��º)
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�,TXÚ�õÅ�Ï&XÚ, �´��Å
����©uL§�éÕá. � “=�=^”QKD

XÚaq, ± λ1 �&ÒóÀ�~. Å�� λ1 �
óÀl WDM2 Ñ5±�, ² 50:50 ©åì BS ©¤
üÜ©: P1 Ú P2. P1 ²Lá:, P2 ²L�:, Ï
L ���ì PC �N!�, ±��õÇÏL PBS

?\� QC ¥, d�c�ü�óÀ ����. �
� Alice à��, P1 q�©¤üÜ©, �Ü©?\
� DET, Alice �±�â¤ÿõÇ5�� VOA2 é
óÀ?1P~±��ü1fY². P1 �,	�Ü
©² Faraday ��º��¿� VOA2 P~���
£ Bob à. P2 � P1 aq, ØÓ�?3u, � N�
ì PM2 é P2 �ÅN�þ���  ϕ2, �£ Bob à.

�� Bob à��, du PBS � �ÀJ, P1 ²L�

:, ¿� PM1 N��  ϕ1, P2 ²Lá:, P1 Ú P2

Ó��� BS1, u)Z�. e ϕ1 −ϕ2 = 0, Ku)�
�Z�, &ÿì D1 Oê�A; e ϕ1 − ϕ2 = π, Ku
)��Z�, &ÿì D11 Oê�A. Ù¦Å�óÀ
G� λ1 óÀGaq. Z����1óÀ�âØÓ
�Å�, ²L WDM2 Ú WDM3 ÈÅ��Ò¬?\
�éA�ü1f&ÿì, /¤Oê.

2.3 ���YYY���UUU???

�
~�duü1f&ÿìVOêÚå�Ø
è, Ò7L~�&ÿì��ê. Ïd, éþã��Y
?1
U?, ò�5� 8 �&ÿì~��
 4 �,

Xã 7 ¤«.� �� �� � � �� �� � � 	 � 
 � 	 � 
 � 
 �� � � � � � � � �� �� � �� � �� � � � �� � � � � 
 � � � �� � �� � � � � ��� �� � �� � � � � � �� � � � � ����� � �� � � �� � � �� �  � � !� � "� � #
ã 7 o&ÿìõÅ� QKD �Y

���YØÓ�/�Ì�k:

1) &ÿì�ê ��Y¥¦^
 8 �&ÿì,

U?��I� 4 �&ÿì, Ù¥Å�� λ1 ÚÅ�
� λ3 �1�^ D0 Ú D0′ , Å�� λ2 ÚÅ�� λ4

�1�^ D1 Ú D1′ ;

2) � ; � � ê 3 � � Y � Ä : þ O
\ 
 SL5—SL8 4 � ò ´ �, Ù ¥ SL5 = SL6=

SL7 = SL8 = QC. ù�?nÌ�´�
3&ÿ
ì D0 Ú D0′ & ÿ & Ò 1 λ1(½ λ3) �, ò Å �
� λ3(½ λ1) �a|Ñ�1�l3&ÿì��A
�m�	. Ó�, ¦^ù���ª�±3&ÿì D1

Ú D1′ ó��, ;� λ2 � λ4 �K�.

3) &ÿì�A�S Å�� λ1 �1óÀ)
è�, ÏL WDM2 ½ WDM3 � 1 ´, ?\�&ÿ
ì D0 ½ D0′ , ÚåOê�A. d�, D1 Ú D1′ þ?
uØó�G�. �Å�� λ2 �1óÀ)è�, Ï
L WDM2 ½ WDM3 � 2 ´, �±Úå D1 ½ D1′ �
A
 D0 Ú D0′ Øó�. �&ÿ λ3 Ú λ4 �, du�
;� SL5—SL8 �K�, λ3 Úå D0 ½ D0′ �A�
�mò�)��ò´, Ó� λ4 Úå D1 ½ D1′ �A
��m�òò´. ò´��m� ∆t =

SLn

c
=

QC
c

,

n = 5, 6, 7, 8. o�&ÿì�A�S�L 1.

L 1 &ÿì�A�S

�mã t1 − t2 = ∆t t2 − t3 = ∆t t3 − t4 = ∆t t4 − t5 = ∆t t5 − t6 = ∆t

&ÿÅ� λ1 λ2 λ3 λ4

ó�&ÿì D0 ½ D0′ D1 ½ D1′ þØ�A D0 ½ D0′ D1 ½ D1′
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¦^þã��Y, 3ØK� “=�=^”QKD

XÚ­½5��¹eéÐ/Jp
�Ç, � QKD

XÚ�¢^zJø
ë�.

3 ? Ø

±þÒ´·�æ^�õÅ�þf��©u�
Y, T�Yæ^V�XÚ�õÅ��(Ü, 3�y

XÚ­½5�Ä:þ, ¦^õÅ��Y5;
a
|Ñ��K�, Jp
XÚ�­E�Ç. �´du
õÅ��A^�Ú\
�
¯K, ·�éù
¯K
9�A�)û�Y©ÛXe.

1) °�1
Ú\�¯K. du°�1
�¦
^, 3 WDM1 )E^��E,�3&�m�G
6, e&Ò1¥Y,Ù¦Å��1, ù
1ò?
\�&ÿì, l
ÚåXÚØèÇ�Jp. 3T
XÚ¥�&�G6�±�)ü«�¹: (i) 3)E
^��ÿ, du WDM ��lÝk�, ��&�
¥�1ÅG6?&Ò1&�¿�&Ò1Å­Ü;

(ii) &Ò1�a|Ñ�1�­Ü. éu1 (i) «�
¹, 1óÀl-1ìÑÑ��, du WDM1 ��
l�^, ?\&Ò1&��Ù¦Å��1õÇ�
éu&Ò1õÇ$, ±�lÝ� 40 dB � WDM

�~, ?\&Ò1&��Ù¦Å��1õÇò´
&Ò1õÇ� 1/104. 31f�£� Bob à�,

)è��, 3 WDM2 Ú WDM3 )E^�, Ó�d
u WDM ��l�^, ?\�&Ò1Ï��1õ
Ç'&Ò1õÇ2$o�þ?. Ïd?\�&ÿ
ì�G61�õÇ´&Ò1õÇ� 1/108, �dd
Ú\�K��±�ÑØO. éu1 (ii) «�¹, Ó
�du WDM &��lÝ�K�, ��&�Å�
�)�a|Ñ�1G6�&Ò1&��ò�3P
~. ±�lÝ� 40 dB �lÝ� WDM �~, G6
?&Ò1&��a|Ñ�1õÇÒ¬P~ 40 dB.

Ïd, �IÏL VOA1 N!\�1õÇ, a|Ñ
�1õÇÒ�±ü$�é��� [23], 
G6?
&Ò1&��a|Ñ�1õÇéXÚ�K��

¬��.

2) � N�ìéØÓÅ�1óÀN�Úå
�Øè. éuØÓÅ��1óÀ, � N�ì3
N��Ó�� �, ¤I��N�>ØØÓ. é
uØÓÅ��°(� N�, �±æ^±eü«
�{. (i) °(ÿþé�Å�N�ØÓ� �, �
 N�ì¤I��N�>Ø, ÏL��\1ØÓ
�>Ø5¢y� �°(\1. æ^ù«�{,

3Å�Cz��ÿ, � N�ì�>ØÒ7LU

¯�?1C�, ±B°(/N��TÅ�¤I
�� . (ii) �¥mÅ��ÄOÅ�, ÿþTÅ
�N�ØÓ� �\1�>Ø, ¿½�ÄO>Ø.

3N�� �, ØØ´=�Å�Ñæ^ÄO>Ø
?1N�. ù«�{�,Ú\
�½�Øè, �
´ØI�É�u	Ü��XÚ�5U, �´¢y
p��Ï&. e¡ÒéT�{Ú\�Øè?1
©Û.

± � � � �   N � ì � ~, �   N � � '
Xª�

ϕ =
2π

λ

[
(no − ne)L − LV

2d
(n3

oγ13 − n3
eγ33)

]

=
2πL

λ
(no − ne) −

πLV

λd
(n3

oγ13 − n3
eγ33),

no, ne ©O�¬Né o 1� e 1�ò�Ç, L L«
¬N��Ý, d L«>4°Ý, γ13, γ33 �¬N�>
1Üþ, ��¬Ná�k'.

�§�1��´du¬N��é1&Ò�)
�� ò´; 1��´du>1¬N3\1>Ø�
�é1&ÒÚ\�� Cz. �§¥1���N�
>Øk'.

e��Ä�§�1��, �¥mÅ� λ0 �Ä
OÅ�, Ù¦Å�L«� λn, n = ±1,±2,±3, · · · .

�±ÿ�éÄOÅ� λ0 N�ØÓ� �éA�N
�>ØXL 2 ¤«.

e¦^þã�o�>ØN�Ù¦Å� λn �,

N����� XL 3 ¤«.

L 2 éÄOÅ� λ0 N�ØÓ� éA�N�>Ø

0
π

2
π

3π

2

λ0 V0 = 0 Vπ/2 =
d · λ0

2L(n3
eγ33 − n3

oγ13)
Vπ =

d · λ0

L(n3
eγ33 − n3

oγ13)
V3π/2 =

3d · λ0

2L(n3
eγ33 − n3

oγ13)

184215-5
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L 3 Å� λn N��� 

V0 = 0 Vπ/2 =
d · λ0

2L(n3
eγ33 − n3

oγ13)
Vπ =

d · λ0

L(n3
eγ33 − n3

oγ13)
V3π/2 =

3d · λ0

2L(n3
eγ33 − n3

oγ13)

λ0 0
π

2
π

3π

2

λn 0
λ0

λn
·

π

2

λ0

λn
· π

λ0

λn
·
3π

2

dd�±wÑ, �éØÓ�Å�Ñæ^ÄOÅ
��N�>ØN��, òØU���ÄOÅ��Ó
�� . 3Z�U\�k

∆ϕ =
[
2πL

λ
(no − ne) −

πLV2

λd
(n3

oγ13 − n3
eγ33)

]
−

[
2πL

λ
(no − ne) −

πLV1

λd
(n3

oγ13 − n3
eγ33)

]
=

πLV2

λd
(n3

eγ33 − n3
oγ13)

− πLV1

λd
(n3

eγ33 − n3
oγ13)

=ϕ2 − ϕ1.

éu λ0,

∆ϕ = ϕ0 − ϕ0 = ϕπ/2 − ϕπ/2 = ϕπ − ϕπ

= ϕ3π/2 − ϕ3π/2 = 0,

∆ϕ = ϕπ − ϕ0 = ϕ3π/2 − ϕπ/2 = π.


éu λn, b��N��� ^ ϕ′
ϕ L«, Kk

∆ϕ′ = ϕ′
0 − ϕ′

0

= ϕ′
π/2 − ϕ′

π/2 = ϕ′
π − ϕ′

π

= ϕ′
3π/2 − ϕ′

3π/2 = 0,

∆ϕ′ = ϕ′
π − ϕ′

0 = ϕ′
3π/2 − ϕ′

π/2 =
λ0

λn
· π.

3ü1fZ�¥, du�  �Ú\�Øè
Ç [12] �±L«�: QBERopt,∆ϕ = sin2 ∆Φ

2
, Ù¥,

∆Φ = ∆ϕ′ − ∆ϕ ��  �.

¤±,

QBERopt,∆ϕ = sin2 ∆Φ

2
= sin2 ∆ϕ′ − ∆ϕ

2

= sin2

λ0

λn
· π − π

2

= sin2

(
λ0

λn
− 1

)
· π

2
.

dþª��, XÚdu�  �Ú\�ØèÇ
���©u�Å�m�k'. ~X, e¦XÚd�
  �Ú\�ØèÇ QBERopt,∆ϕ 6 10−2, ·��
±��XÚ¥¦^�Å��ÄOÅ��m�: �Å
�'ÄOÅ�� ∆λ �, ∆λ 6 105 nm; �Å�'Ä
OÅ�á ∆λ �, ∆λ 6 93 nm. ��3þã�Å�
m��SÀJÅ�5?1õÅ�þf��©u, Ñ
Ø¬Ú\�u 10−2 �Øè.

4 o (

·�JÑ
�«#��)õÅ�óÀ��
Y, ¢ y 
 p � � V � þ f � � © u. � Y ¥
¦^
 WDM ?1ÈÅ, �)õÅ�óÀ, æ^
ü � & ÿ ì & ÿ ü � Å � � Z � & E, ~ � 

Ï&ÿìVOêÚå�Øè. �©�©Û
Ø
ÓÅ�� N��dN�� �OÚ\�Øè,

± QBERopt,∆ϕ 6 10−2 �~, �Ñ
��Å�m
�� 93 nm, ��3ù���SÀ�Å�, Ò�±¢
y$Øè�DÑ. T�Y3U«
 “=�=^” XÚ
p­½5�Ä:þ, æ^õ�Å�óÀG?1ëY
Ï&, Jp
�Ç, �XÚæ^ü�1
, �Ø
õ
-1ìXÚÚå�>&�ôÂ�"�, � “=�=
^”QKD XÚ�¢^zJø
ë�.

[1] Bennett C H, Brassard G 1984 Proceedings of the IEEE Interna-

tional Conference on Computers, Systems, and Signal Processing,

Bangalore, India, New York: IEEE 175

[2] Bennett C H 1992 Phys. Rev. Lett. 68 3121

[3] Bennett C H, Brassard G, Mermin N D 1992 Phys. Rev. Lett. 68

557

[4] Gisin N, Ribordy G, Tittel W, Zbinden H 2002 Rev. Mod. Phys.

74 145

[5] Zhou N R, Zeng G H, Gong L H, Liu S Q 2007 Acta Phys. Sin. 56
5066 (in Chinese) [±Hd, QBu, ÷iu, 4n¢ 2007 Ôn

184215-6



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 184215

Æ� 56 5066]
[6] Zhou N R, Wang L J, Ding J, Gong L H 2010 Physica Scripta 81

045009
[7] Zhou N R, Wang L J, Ding J, Gong L H 2010 Int. J. Theor. Phys.

49 2035
[8] Inoue K, Waks E, Yamamoto Y 2002 Phys. Rev. Lett. 89 037902
[9] Mo X F, Zhu B, Han Z F, Gui Y, Guo G C 2005 Opt. Lett. 30 19
[10] Gobby C, Yuan Z L, Shields A J 2004 Appl. Phys. Lett. 84 3762
[11] Hu H P, Zhang J, Wang J D, Huang Y X, Lu Y Q, Liu S H, Lu W

2008 Acta Phys. Sin. 57 5605 (in Chinese) [�u+, Ü·, �7
À, ��j, ´â+, 4wÍ, ´� 2008 ÔnÆ� 57 5605]

[12] Wang J D, Lu W, Zhao F, Liu X B, Guo B H, Zhang J, Huang Y

X, Lu Y Q, Liu S H 2008 Acta Phys. Sin. 57 4214 (in Chinese)

[�7À, ´�, ë¸, 4��, H�ù, Ü·, ��j, ´â+, 4
wÍ 2008 ÔnÆ� 57 4214]

[13] Donald S B, William P R 2002 New J. Phys. 4 42.1
[14] Chen W, Han Z F, Mo X F, Xu F X, Wei G, Guo G C 2008 Chin.

Sci. Bull. 53 1310

[15] Wang J D, Qin X J, Wei Z J, Liu X B, Liao C J, Liu S H 2010 Acta

Phys. Sin. 59 281 (in Chinese) [�7À, �¡ï, ���, 4��,


~d, 4wÍ 2010 ÔnÆ� 59 281]

[16] Zhang L J, Wang Y G, Yin Z Q, Chen W, Yang Y, Zhang T, Huang

D J, Wang S, Li F Y, Han Z F 2011 Chin. Sci. Bull. 56 2305

[17] Muller A, Herzog T, Huttner B, Tittel W, Zbinden H, Gisin N 1997

Appl. Phys. Lett. 70 793

[18] Stucki D, Gisin N, Guinnard O, Ribordy G, Zbinden H 2002 New

J. Phys. 4 41.1

[19] Honjo T, Inoue K 2005 Jpn. J. Appl. Phys. 44 6550

[20] Peng X, Jiang H, Guo H 2008 J. Phys. B: At. Mol. Opt. Phys. 41
085509

[21] Antia L L, Christian K 2007 Opt. Express 15 9388

[22] Sebastian N, Martin F, Tobias S M, Henning W, Harald W 2009

New J. Phys. 11 065001

[23] Lee S H, Jeong K H, Kim S H, Kin K H 2008 J. Korean Phys. Soc.

52 5

A new multi-wavelength two-way quantum key
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Abstract

Low-efficiency is an important issue in “plug and play” quantum key distribution system for practical application. The inefficient

reasons of system and the current solutions are analyzed. And then a new quantum key distribution scheme with multi-wavelength

pulses is proposed, in which a broadband optical source and the WDMs are combined to generate the optical pulses with four wave-

lengths. Moreover, the WDMs can also be used as a filter to extract the signal in the proposed scheme. Compared with other schemes,

this scheme is highly stable, more securate and independent of the response speed of the control systems. The scheme can be used in

high efficiency “plug and play” quantum key distribution system in practice.
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