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JÑ
�«#.�Äup��51n (HNLF) ¥��5 �^= (NPR) �A��1Ü6�¢y�Y. òü´�
8"èêâ&Ò A Ú B ±9�´�61Ó�5\ HNLF, 1õÇCz�����5Vò�3ü� �©þþÚ\
��5�é�£, l
��1&Ò� ��^=. 3 HNLF ÑÑà, ÏLÅ©)E^ìÚ �©åìÓ�ÈÑêâ
&ÒÚ�61��� ��, l
Ó�¢yõ«Ä:|ÜÜ6, ¿�±3Ó�ã HNLF ¥¢y��E,��\ì!
�~ìÜ6õU. nØ©Û
&Ò13 HNLF ¥� ��üz, ±9|^ HNLF ¥� NPR �AÓ�¢yõ«�1
Ü6���n. ¿3¢�¥��
 10 Gbit/s �1&Ò “�”!“�”!“½”!“Ó½”!“É½”!“Ā · B”!“A · B̄”!�
\ì!�~ì�Ü6õU, �y
�Y��15.
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1 Ú ó

Cc5, �X<�é&E�I¦Ú�6�Fè
O, #���p�1Ï&�ä, cÙ´1©|��
�ä®¤�ISþ���ïÄ9: [1]. 
31©|
���ä¥, �X©|�Ý�~�Úé©|���
Ý�¦�Jp, p�!��ò��1&Ò?n¤�
��1�ä?�ÚuÐ�´¶¤3. Ïd, 3#�
�1�ä�/�£O!©|���ÃõfXÚ¥,

31�
�>�¢y1&Ò?n¤�
��)û
�¯K.

�1|ÜÜ6´¢y1&Ò?n�Ä:, 31
&Ò?n+�åX'��^, Cc5É�IS	ï
Ä<
�2�'5, ®²mÐ
�X�é�1|Ü
Ü6�ïÄó�. ù
ïÄó�Ì��)±eA�
¡: Äu��N1��ì (SOA) ¥��OÃN��
A [2,3]!��� N��A [4]!oÅ·ª�A [5]

���1Ü6�; Äu�¯��5Z�¤¢y�1
Ü6� [6]; Äuêâ-Q����N��ì��1
Ü6� [7,8]; Äu±Ï54z���Å� (PPLN)

��1Ü6� [9]; Äup��51n (HNLF) ��
1Ü6� [10]; Äu��51n�º�Ü6� [11];

Äu SOA ¥���5 �^= (NPR) �A��­
��1Ü6� [12]; Äu�/��n(��1Ü6
� [13] �. �yk�Y3�Óó�ëêe�õ�U
ÑÑü�Ä:Ü6, XJ�¢y��E,�Ü6K
I�ÏLõ�ì�?é��, X|^ PPLN Ú SOA

?é¢y�1�\ì [10]!|^ SOA ?é¢y�
1�\/�~ì� [14].
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,Ü6õU. �Ä$1Ú&ÿ1Ó�?\ HNLF �,

�XÄ$1rÝ�Cz, HNLF ���5Vò�y
�òÚå&ÿ13ü� ���þ���5�£,

l
��&ÿ1� NPR �A. 3nØ©Û HNLF

¥� NPR y�ÚÄu NPR y��ï�1Ü6
��n�Ä:þ, 3¢�¥, |^ü´ 10 Gbit/s

��8"&Ò1Ú�´�61Ó�5\ HNLF,

3 HNLF ÑÑà, |^Å©)E^ì (WDM) Ó�
ÈÑ&Ò1Ú�61Å�, ��|^ �©åì
ÀJA½ ���1&Ò. ÏLN!&Ò1Ú�
61�õÇ! ��±9 �©åì��é 
��, ¢y
�1&Ò� “�”!“�”!“½”!“Ó
½”!“É½”!“Ā · B”!“A · B̄”!�\ì!�~ì
�Ü6õU.

2 ó��n

2.1 HNLF ¥¥¥��� NPR ���AAA

3�Ä1nVò���¹e, 1n¥1&Ò�
>|�±L«�

E(r, t) =
1
2
(êxEx + êyEy) e−iω0t + c.c., (1)

Ù¥, Ex Ú Ey ´1Å� ω0 �1|�ü �©þ
�E�Ì, êx Ú êy ´�� ���¥þ.

� 1 n � Ý L � � � u Ú Ñ � Ý LD =

T 2
0 /|β2| Úrl�Ý LW = T0/|∆β| �, 1óÀ3¯

¶Úú¶þ�úCÌÝ Ax Ú Ay 3ý�Vò�1
n¥�DÑ�±^e¡�ÍÜ��§£ã [15]:

dAx

dz
+

α

2
Ax = iγ

(
|Ax|2 + B|Ay|2

)
Ax,

dAy

dz
+

α

2
Ay = iγ

(
|Ay|2 + B|Ax|2

)
Ay.

(2)

ùp, T0 �óÀ°Ý, β �DÑ~ê, β2 �+�ÝÚ
Ñ, ∆β = (2π/λ)Bm, Bm = |nx − ny| �Vò�Ý,

α �áÂXê, γ ���5Xê, B =
2 + 2 sin2 θ

2 + cos2 θ
, θ

�ý��, Ax Ú Ay �±L«�

Ax =
√

Px e−αz/2 e iφx ,

Ay =
√

Py e−αz/2 e iφy ,
(3)

Ù¥, Px, Py Ú φx, φy ©O´ü �©þ�õÇÚ
� .

¦) (2) ª, ��1|�ü �©þ�� ©
O�

φx = γ(Px + BPy)Leff ,

φy = γ(Py + BPx)Leff ,
(4)

Ù¥k�1n�Ý Leff =
(
1 − e−αL

)
/α. (4) ªL

², 1&Ò�ü� �©þÑ�)
��5�£.


ü �©þ��é� �

∆φNL = γLeff(1 − B)(Px − Py). (5)

éu�5Vò�1n, k θ = 0, � B = 2/3,

eõÇ� P0 �1&Ò�ú¶¤ ϕ �\�, K Px =

P0 cos2 ϕ, Py = P0 sin2 ϕ, �\ (5) ª��

∆φNL = (γP0Leff/3) cos(2ϕ). (6)

� ϕ = 0 ½ π/2 �, |∆φNL| �����, |∆φNL| =

γP0Leff/3.

� � å 1 r � Pp � Ä $ 1 Ú � å 1 r
� PS(|r� ES) �&ÿ1�Ó?\1n, b�
Ä$1Ú&ÿ1þ�� �1, �üå1�m��
 Y�� 45◦. ù�, &ÿ1� d¥þ�±L«�

ESi =
1√
2

 ESx

ESy


=

1√
2

 ES

ES

 . (7)

d�, eÄ$1� x ¶²1, é&ÿ1 x ¶©þ�
)��5�£. ù�, 31n�ÑÑà, &ÿ1� 
d¥þ�±L«�

ESo =
ES√

2

 e i(δ+∆φNL)

e iδ


=

ES√
2

e iδ

 e i∆φNL

1

 , (8)

Ù¥ δ ��5�£þ. ã 1 � HNLF ¥ NPR �A
�«¿ã. Xã 1(a) ¤«, � ∆φNL = π �, 3 NPR

�^e, &Ò1^=��� ���� �1ÑÑ.

������¹´&Ò1ò^=�ý� �1Ñ
Ñ, ã 1(b) �Ñ
 ∆φNL = 2π/3 Ú ∆φNL = 4π/3

��ÑÑ(J.

XJ31nÑÑà\\�� x ¶¤ ψ Y��
u ì, Ku ì�ÑÑ1rÝ�

Pout =
E2

S

2
(
cos∆φNL cos ψ + sinψ

)2
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=
PS

2
(
cos∆φNL cos ψ + sinψ

)2
. (9)

AO/, � ψ = 3π/4 �, k

Pout1 =
PS

4
(
1 − cos(∆φNL)

)2

= PS sin2

(
∆φNL

2

)
. (10)

d�, �Ä$11õÇ Pp = 0, ∆φNL = 0 �, &ÿ
1���{	, Pout1 = 0. 
� ∆φNL � π ½ π �
Ûê��, Pout1 �����.

ã 1 HNLF ¥ NPR «¿ã (a) ∆φNL = π;

(b) ∆φNL =
2π

3
,
4π

3

� ψ = π/4 �, k

Pout2 =
PS

4
(
1 + cos(∆φNL)

)2

= PS cos2
(

∆φNL

2

)
. (11)

¯¢þ, d�� (10) ª�¹��� �ÑÑ, �
Ä$11õÇ Pp = 0 �, &ÿ1��ÏL, 

� ∆φNL � π ½ π �Ûê��, Pout1 = 0.

2.2 ÄÄÄuuu HNLF ¥¥¥��� NPR ������111ÜÜÜ666���
���nnn

3 þ ã © Û Ä : þ, ? � Ú © Û | ^ 1 n
¥ NPR ¢y�1Ü6���n. XÚ�¢��
nXã 2 ¤«, &Ò1 A, B Ú�61 C Ó�5
\ HNLF, 3 HNLF �ÑÑàÄk^ÈÅìÀÑÙ

¥��Å�, ,�^ �©åì (PBS) ½u ìu
ÿÑ&Ò�A½ ��.

Äk±&Ò1 A Ú B 5\ HNLF, ÑÑàÈÑ
&Ò1 B �~. �&Ò1 A, B ´Y�� 45◦ ��
 �1. d (9) ª��, ²L�&Ò1 A ¤ ψ Y�
�u ì�ÑÑ1rÝ�

Pout =
PB

2
(
cos(γPALeff/3

)
cos ψ + sinψ

)2
. (12)

w,, �&Ò1 B � “0” è�, PB = 0, KÑÑà
ð� “0”; &Ò1 B � “1” è�, ed�&Ò1 A

� “0” è, (12) ª¥ PA = 0, ��5�£ ∆φNL � 0.

�&Ò1 A � “1” è, N!1r, ¦�&Ò1 A 3 x

¶þ�N\�£ ∆φNL = π. d�, kÃN\��
5�£�¹e, ÑÑ1� ���Ð��. XJò
å ìéO&Ò1��� ��, = ψ = 3π/4 �,

d (10) ª��

Pout = PB sin2

(
∆φNL

2

)
. (13)

��=� A, B Ó� “1” è��¹e, ÑÑ� “1”

è, ÄKÑÑ� “0” è, =¢y
 “AB” �õU. e
å ìéO&Ò1 ���, = ψ = π/4, Kk

Pout = PB cos2
(

∆φNL

2

)
. (14)

��=� B � “1” è, A � “0” è�, ÑÑ “1” è,

=¢y
 “Ā · B” Ü6. ���Ñ�´, ÑÑà�
±^ �©åì�Ou ì, l
3 �©åì�
ü�ÑÑà©O�� “AB” Ú “Ā · B” Ü6. aq
/, XJÑÑàÈÑ&Ò1 A, K�±¢y “AB”

Ú “A · B̄” Ü6.

e=5\&Ò1 A(B) Ú�61 C, �±r C

w��ð� 1 �&Ò, d�ÑÑàÈÑ&Ò C. �
þ¡?Ø��, �±�� “A(B)” Ú “Ā(B̄)” &Ò,

=�±¢yÅ�C�Ú��Ü6.

���Ä A, B Ú C Ó�5\ HNLF ��
¹, ÑÑàÈÑ&Ò C. N� PA = PB = P0,

d (6) ª � �, A, B Ó � “1” è � � � � 5 �
£ ∆φNL2 ´� A, B =k��� “1” è����5
�£ ∆φNL1 � 2 �. eN� P0 ¦� ∆φNL1 = π,

K k ∆φNL2 = 2π, d � u   ì X J © O � x

¶¤ 3π/4 Ú π/4, K©O¢y
 “Ó½” Ú “É
½” Ü 6. e ∆φNL1 = 2π/3, ∆φNL2 = 4π/3, K k

sin2
(∆φNL1

2

)
= sin2

(∆φNL2

2

)
=

3
4

, d � ¢ y
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“A + B” Ü6. ù�, ÏLN� P0 Ú ���ì
�±¢yA�¤k�1Ä:|ÜÜ6. L 1 �Ñ

|^ HNLF ¥� NPR �A¢y�1Ü6��ý
�!ÈÅÅ�!��5�£þÚu ì��é 
��. �Ä� C ��6� �1, ØÚå��5�
£, Ø
 “A + B” Ü6, Ù¦Ü6�¦���5�
£þþ� π, ÏdÙ¦Ü6�±ÏL3ØÓ WDM

�ÑÑà\\ �©åìÓ���.

?�Ú, �âã 2 ¤«�n�ý
Äu HNLF

¥ NPR �A� “Ó½” Ü6, ã 3 �Ñ
ê��ý

(J. Ñ\ A Ú B � 10 Gbit/s ��ÅS�, ��ü
� “1” è�)���5�£� π, �Ä¢S�¹, �
èiþ,�mÚeü�mþ� 0.15 è�±Ï. é
AuëY1 C �Å�� WDM ÑÑàÏLå ì
�±�� “Ó½” Ü6, Xã 3(a) ¤«. ÑÑ&Ò¥
“1” èm��]�´duèiþ,÷Úeü÷õÇ
CzE¤ ��Cz
/¤�. XJèi�Ãþ,
�mÚeü�m�n��Å&Ò, K�]�Ø2�
3, Xã 3(b) ¤«. ¢S�¹e, ]��=u)3è
i�þ,÷!eü÷?, ¿Ø¬K�èi��û.

ã 2 Äu HNLF ¥ NPR ��1Ü6�¢��nµã

L 1 Äu HNLF ¥ NPR �A��1Ü6�ý�!ÈÅÅ�!��5�£Úu ì��é ��

A B A · B Ā · B A · B̄ Ā B̄ A ⊗ B A ⊕ B A + B

ý� 0 0 0 0 0 1 1 1 0 0

0 1 0 1 0 1 0 0 1 1

1 0 0 0 1 0 1 0 1 1

1 1 1 0 0 0 0 1 0 1

ÈÅÅ� — — λA ½ λB λB λA λC λC λC λC λC

∆φNL — — π π π π π π π 2π/3

ψ — — π/4 3π/4 3π/4 3π/4 3π/4 3π/4 π/4 3π/4

ã 3 Äu HNLF ¥ NPR �Ó½Ü6�ý(J (a) þ,�mÚeü�mþ� 0.15 è�±Ï; (b) Ãþ,�mÚeü�m
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3 ¢�9(J©Û

ã 4 �Äu HNLF ¥ NPR �A��1Ü6�
¢�C�«¿ã. 1&Òd Agilent 8167 .�N1

 (LD) �), ü´&Ò1Å� λA Ú λB ±9ëY
1Å� λC ©O� 1552.52, 1553.33 Ú 1555.75 nm,

=ISÏ&éÜ¬�½�Å�IO� C31, C30

Ú C27 Ï �, Å � À J Ì � ´ B u ¢ � ¥ |
^ WDM ¢ y õ Å � & Ò � Ü å Ú © å. λA

Ú λB ² 3 dB ÍÜìÜå�?\êâ-Q��.
� LiNbO3 1rÝN�ì (MZM), d MP1800A .
Øè¤�)�êâ&Òé λA Ú λB ?1N�.  
���ì PC1 Ú PC2 ©O^uN�&Ò1 A Ú&
Ò1 B � ��, ±�y MZM éü�&Ò1�N
�ÌÝþ�����. N���&Ò1 A Ú&Ò
1 B ^ WDM )E^�©�ü´, Ù¥&Ò1 B

²L�ãò�� (ODL) ¦�&Ò1 A Ú&Ò1 B

�m�èiØÓ. �ò��&Ò1 B Ú&Ò1 A

9ëY1 C þd�N1P~ì (OTA) N!1õÇ,

d ���ì PC3—PC5 �� ��. ��ü´&
Ò1Ú�´ëY1²d WDM Üå�, d�õÇ
��1n��ì (HP-EDFA) ��� 26 dBm �?
\ HNLF, ¢�¥æ^� HNLF �Ý� 500 m, ��
5Xê γ = 11 W−1km−1, "ÚÑÅ�� 1545 nm.

3ÑÑà, ^ WDM ©OÈÑ λA, λB Ú λC , d 
���ì PC6—PC8 ©ON!ÈÑ&Ò1� PBS

Ì¶m�'X, 3 PBS �ÑÑàd agilent 86100A

.«Åì*ÿÑÑÅ/.

² L � é ò � �, & Ò 1 A Ú & Ò 1 B

� Å / © O X ã 5(a) Ú (b) ¤ «, è i ©
O � “111101011001000” Ú “010001111010110”.

ã 5(a) Ú (b) Ó���Ñ
&Ò1 A Ú&Ò1 B

�úã, ÿ�&Ò&D'©O� 12.6 Ú 13.1. ²
L HNLF ¥� NPR �A, 3 WDM � λA ÑÑà,

N! ���ì, 3 PBS �ü��� �ÑÑà
���ÑÑ&ÒXã 5(c) Ú (d) ¤«, l&Ò�Å
/�±wÑü�ÑÑà©O¢y
 “A � B” Ü6
Ú “A · B̄” Ü6. d��,�61 C ½5\ HNLF,

�´�Ä C ��6� �1, �´Ú\�½�
Ý� �^=�A, �ÏLN! PBS c� �
��ì�ØÙZ6. Ïd, d� HNLF ¥�±@
�´&Ò1 A Ú&Ò1 B �p�^�(J. Ó
�, 3 WDM � λB ÑÑà, ÏLN! PC7, �±�
� “Ā · B” Ü6, ÑÑ(JXã 5(e) ¤«. n�Ü
6�&D'©O� 10.3, 10.7, 10.2, &D'��z
Ì�´du�õÇ EDFA Ú\�guË�D(E
¤�.

3 WDM � λC ÑÑà, äm&Ò1 A ½&Ò
1 B, K3 PBS �ÑÑà�±�� B̄ Ú Ā Ü6, �
��Å/Úúã©OXã 5(f) Ú (g) ¤«. Ó�5
\&Ò1 A Ú&Ò1 B, N�&Ò1õÇÚ ��
�ì, ©O�±�� A+B, A⊗B Ú A⊕B Ü6, n
�Ü6�&ÒÑÑ(J©OXã 5(h), (i) Ú (j) ¤
«. 3ã 5(i) ¥, èi “0000” �cn�ë “0” èi
ÑÑ&ÒÌÝk�½��åÏ, 
��ü�ë “0”

èiKØ�3aqåÏ, ùÌ�´duÑÑ&Ò´
d “0100”⊗“1011” �), 
¢�¥&Ò¿�n��
�Å&Ò, Ïd3&Ò A Ú&Ò B �þ,÷Úe
ü÷?, üö�oõÇ�éu&ÒØu)Cz��
¹e¬k�½�Cz. Ó��Ï, A + B � “1” è
±9 A ⊗ B Ú A ⊕ B Ü6� “1” èÚ “0” è?þ
�3aq�ÌÝåÏ. ØLù
åÏþu)3&Ò
�þ,÷Úeü÷, ÏdØ¬é&Ò��ûE¤
Z6.

ã 4 Äu HNLF ¥ NPR �A��1Ü6�C�«¿ã
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ã 5 &Ò1 A!&Ò1 B 9�«|ÜÜ6�Sã (a) &Ò1 A; (b) &Ò1 B; (c) A · B; (d) A · B̄; (e) Ā · B;

(f) B̄; (g) Ā; (h) A + B; (i) A ⊗ B; (j) A ⊕ B

L 2 �Ñ
�«Ü6��¢�ëêÚ�ª
��&Òúã�&D' (Q �). ¢�¥, 3 WDM

� λC ÑÑà���&Ò&D'�é�$, ùÌ
�´du�61&ÒõÇ�é�fE¤�. d	,

A · B, Ā · B, A · B̄, A ⊕ B Ú A ⊗ B þ�±3�Ó

�¢�ëê^�edØÓ�ÑÑà���. A · B
Ú A ⊕ B Ü6|Ü, ©O�� “?  ” Ú “Ú ”,

B¢y
 “�1�\ì”, 
 Ā ·B ½ A · B̄ Ú A⊕B

Ü6|Ü, ©O�� “/  ” Ú “� ”, K�¢
y “�1�~ì”.
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L 2 Äu HNLF ¥ NPR ¢�ëêÚ&D'

A · B Ā · B A · B̄ Ā B̄ A ⊗ B A ⊕ B A + B

PA/dBm 24.1 24.1 24.1 24.1 — 24.1 24.1 21.7

PB/dBm 24.4 24.4 24.4 — 24.4 24.4 24.4 21.8

PC/dBm 18.9 18.9 18.9 18.9 18.9 18.9 18.9 18.9

ÈÅÅ� λB λB λA λC λC λC λC λC

&D' 10.3 10.7 10.2 8.0 8.5 9.7 9.3 9.2

ã 6 ØÓ�ê��Åè�¹e A · B̄ Ü6úã'� (a) 4 �; (b) 7 �; (c) 15 �; (d) 23 �; (e) 31 �

|^ HNLF ¥� NPR �A�`:��´Ø�
3è.�A. ã 6 �Ñ
&Ò1 A Ú&Ò1 B æ
^ØÓ�ê (4 �!7 �!15 �!23 �Ú 31 �) �
�ÅèÑ\�¹e, A · B̄ Ü6�ÑÑúã. lã 6

�±wÑ, �X��Åè�ê�Jp, ÑÑ&Ò�
úãÄ�vk�z.

4 ( Ø

�©JÑ
�«#.�|^ HNLF ¥� NPR

�A��1|ÜÜ6¢y�Y. ÏLé NPR y�
�nØ©Û��, T�Y�±3Ó�ã HNLF ¥
ÏLÈÑØÓÅ�Ú ���1&ÒÓ���õ

«Ä:|ÜÜ6. ¢��¤
ü´ 10 Gbit/s �8
"è&Ò��«Ä:|ÜÜ6, ¿�3�Óó�ë
ê^�e¢y
�1�\ìÚ�~ì�õU, �y

�Y��15. Äu HNLF ¥ NPR �A��1
Ü6�vkè.�A, ÏdäkÑÑ&Ò�þ�Ñ
\&ÒèiÃ'�`:. d	, du HNLF ¥ NPR

��1m'��A�m�� ps þ? [15], Ïdæ^
T�Y��1Ü6���Ç�� 100 Gbit/s ±þ,

´¢y�p��1&Ò?n��«äkáÚå�
�1Ü6¢y�Y. duæ^�� HNLF, XÚ�
­½5É�
�½���, �´�Xp��51
Å�Eâ [16] �uÐ, �±æ^p��51Å��
O HNLF, l
JpXÚ�­½5.
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Abstract

A novel scheme to realize all-optical logic gates is proposed based on nonlinear polarization rotation (NPR) in high nonlinear fiber

(HNLF). Two optical signals A and B together with a continuous wave are injected into the HNLF. Due to the optical power variation in

HNLF, nonlinear birefringence will be induced between the two polarization axes. Both the optical signal and the continuous wave are

filtered out at the output of HNLF. By controlling the optical power and the polarization of the optical signal as well as the polarization

of the polarizer with respect to the polarization of optical signal/continuous wave, multiple all-optical logic gates can be realized. The

theoretical analysis of the optical logic gates based on NPR in HNLF is provided. And the feasibility of the scheme is demonstrated by

realizing all optical “and”, “not”, “or”, “xor”, “nxor”, “Ā · B”, “A · B̄”, half-adder and half-subtracter at 10 Gbit/s operation.
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