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8" (RZ) è��8" (NRZ) è´Å©E^Ú�©E^XÚ¥2�æ^�ü«è., �1 NRZ � RZ è.=�
U�¤lÅ©E^��©E^��ä��õU, ´�5ß²1f�ä¥��­���1&Ò?nEâ. JÑ¿¢�
y¢
�«ÄuÚÑ²"p��51f¬N1n¥oÅ·ª�A�ü�V NRZ � RZ è.=��{, ò�å&Ò
1�ÓÚ�¨óÀÓ�Ñ\ÚÑ²"p��51f¬N1n¥, ÏLoÅ·ªL§, �)ü���Têâ&E�s
ª1, l
¢y
ü�V� NRZ � RZ è.=�õU, è.=�ìó�Å�3 193 nm ���N�, ��=��Ç
� −21 dB, �`�1'Ú¬�Ïf©O� 11.9 dB Ú 7.2. T�{�A:3uÄu1n¥�oÅ·ª�Aó�, Ï

äkéN��ªÚ'AÇß²�`:, Ó�, 1f¬N1nAk�p���ÚÑ²"5, Q;�
¦^DÚ1nI
�����Ý, q;�
Å���Ø(¹�6à, ¿ä��?�ÚO\�°�Uå, �3è.=��Ó�, ¢y
Å
�=�, �¤
VÏ�Å�|ÂõU. ��XÚ��1n�O, (�{ü, 5U��, ¿´u�yk�1nÏ&XÚ�
N, ér?�p��Nþ1f�ä�uÐäk­�¿Â.

'�c: è.=�, oÅ·ª, 1f¬N1n

PACS: 42.81.Uv, 42.70.Qs, 42.65.–k

1 Ú ó

�XÀª:Â!�ä����°Or.õx
N�Ö�ØäÑy, <�é�ä�°�I¦Åc
O�, �ï�p�!�Nþ1f�ä®¤�<��
�£. Å©E^ (WDM) ��©E^ (OTDM) ´1
nÏ&XÚ¥ü«�Ì��&ÒE^�ª, cöÊ
Hæ^�8"è (NRZ) �ª, Ï�Ùäk;��
Ï�Å�må!�p�1Ì�Ç!�r��mË
ÄÚÚÑN=Ý, Ì�^u¢��Ú�\�, �ö
��æ^8"è (RZ) �ª, Ï�Ùäk��Ó�
'!�p� ��ÚÑN=Ý!ûÐ�|�´�
�5�úUå, �~·^up�Ç�ålDÑ, Ì
�^u2��. ò WDM � OTDM Eâ�(Ü, ¿
©u�üö�`³, ´�51f�ä�uÐ��.
3ù��XÚ¥, �ä�ØÓÜ©òäkØÓ�
&ÒN��ª, Ïd, U
kÅ/ò1�ä¥�Ø
ÓÜ© (2��/¢��/�\�) �(Ü��1�

ä��EâFÃ¤�ïÄ9:, Úå<�2�'
5 [1,2]. �1 NRZ � RZ �è.=�EâÒ´þ
ã�1�ä���'�Eâ��, §U
k�;�
�P$��1>=�, â»DÚ>fÆì��ó�
�Ç4�, 31�Sò·^u¢��/�\�¥DÑ
� NRZ è=��·u2��¥DÑ� RZ è, l

�¤l WDM � OTDM �=�, ¢y�ä��õ
U [3,4], Ïdäk­��¢^d�.

8c, ¢y�1 NRZ � RZ �è.=�Eâ
�±©�ü«, 1�«´æ^1>(Ü��Y, Ì
���1>��ì!� N�ì�pª>fì�,
äk��[B�É>fì� “�Ç´¶” ���6
à [5,6], 1�«´æ^�1��ª, Äu�«��
51Æ�A5¢y. ?�Ú�©�Äu��N1
��ì¥��OÃN� [7], ��� N� [8,9], �
� �N� [10], oÅ·ª�A [11,12]; ÄuÚÑ 
£p��51n¥��� N� [13], �� �N
� [14], oÅ·ª�A [15], Äu±Ï4z���Å
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�¥?éÚª/�ª�)�A [16,17], Äu7B��
¥���� N�½oÅ·ª�A [18], Äu7Ä
����ì�Ä�ÈÅ�A [19] �. Ù¥, oÅ·ª
�Aäké&Ò'AÇÚN��ªß²�`:, Ï
d�É'5. §?�Ú�©�üa, 1�a´æ^
ü�&Ò1ÚÄ$1, Ó�JpÙÑ\õÇ, |^
p�oÅ·ª�AëÓ1n¥��«��5�A,
�)õ�#ªÇ©þ, ¢yü�õ� NRZ � RZ è
.=� [20], ,�«�|^õ�&Ò1�Ä$1�
p�^, =Äu��oÅ·ª�A, �)õ�oÅ
·ª>�, �¤õ WDM &�� NRZ � RZ è.=
� [8]. ���N1��ì¥oÅ·ª�A�Ç$
e, DÚÚÑ £p��51nqI�òÄ$1�
&Ò1��31n"ÚÑÅ�NC5÷v� �
�^� [21], ��
è.=�Eâ�(¹5. #Ñy
�1f¬N1n, d3����þ;�ü��B�
?��|¤, ÏLUC���/GÚº�, �±(
¹��1n�ÚÑÚ��5A5 [22,23], ��;�

DÚ1n�6à, �~·u^��1&Ò?nì
� [24,25]. Ó�, du´�1n(�, ��Äu1n
¥�n���54zÅnó�, äk(�{ü, �
A�Ý¯, 5U��, °�ó�, �´u�yk�û
^z�p�1nÏ&XÚë��`:, �~äku
Ðcå. �©|^ÚÑ²"p��51f¬N1
n¥�oÅ·ª�A, Äg¢y
�Ç� 10 Gbit/s,
ü�V� NRZ � RZ è.=�, �O�è.=�ì
ó�Å�°��N�, �3è.=��Ó�, ¢y

Å�=�ÚVÏ�Å�|ÂõU, nØ�ý�¢
�(J�ÎÜ, ù
ó�éu¢y WDM/OTDM ·
Ü1f�ä�uÐäk�½���^.

2 nØ©Û

oÅ·ª´õ�1Å30�¥�p�^��
��«n���5�A, ´31fEâ+�^5�
)#ªÇ1Å©þ�k��{��. ��
ó, �
Å�� λP �Ä$1Ú λS �&Ò1±�r�õÇ
\�?��51n�, 3÷v� ���^�e,
B¬u)oÅ·ª�^, ��3Ä$1Ú&Ò1ü
ýé¡ ��)ü�#ªÇ�sª1Å, �âUþ
Åð½Æ, üåsª1Å�Å��©OL«�

λI1 =
λPλS

2λS − λP
,

λI2 =
λPλS

2λP − λS

Äuþã�n, ·�JÑ�«�âÚÑ²"p
��51f¬N1n¥oÅ·ª�A¢yü�V
è.=��#�{, äN�nXã 1 ¤«��êâ
&E�&Ò1dÅ�� λS �ëY1²N��),
� NRZ èêâ6, Ä$1�Å�� λP �ÄóÀ°
Ý�1óÀS�, �w�Ó�'���'A� “1”
RZ è, òüöÍÜ, ?�ÚõÇ���5\p�5
1f¬N1n. du1f¬N1nÚÑ²", 3�
°Å���Sþ�÷v� ��^�, u)²wo
Å·ª�A, ��3&Ò1ÚÄ$1üý�)üå
sª1. duÄ$1�'A� “1” 1óÀ, Ø��?
Û&E, 
oÅ·ª�^q��u�� “�” �, Ï
d, ��ü�>�¤¹&E�&Ò1���Ó, �
´Ï�Ä$1�Ó�'���ÄóÀ, ¦�sª1
éA�êâè.d�©&Ò1¥� NRZ C� RZ
è, ¢y
ü�V�è.=�. ã 1(a), (b) ©O�u

ã 1 ÄuoÅ·ª¢yü�V NRZ-RZ è.=��nã (a) Ñ\1Ì; (b) ÑÑ1Ì; (c)NRZ &Ò��Å/; (d) Ä$1��
Å/; (e) sª1 1(=���)RZ Å/; (f) sª1 2(=���)RZ Å/
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)oÅ·ªc��1Ì, ã 1(c), (d), (e) Ú (f) ©O
�éA��&Ò1!Ä$1!sª1 1 Úsª1 2
�Å/.

·�Ø�b�&Ò1ªÇ� ωS, Ä$1ªÇ
� ωP, sª1ªÇ©O� ωI1 Ú ωI2, 3OëYÅC
qÚúC�ÌCqe [26,27], þãoÅ·ªL§�
±^±e�ÍÜÅ�§£ã:

∂AS

∂z
= iγ1

[(
|AS|2 + 2

∑
j( 6=S)

|Aj |2
)
AS

+2AI1APA∗
SeSI1PS + 2AI1AI2A

∗
PeSI1I2P

+2A2
PA∗

I2eSPPI2

]
− αS

2
AS (1)

∂AP

∂z
= iγ2

[(
|AP|2 + 2

∑
j( 6=P)

|Aj |2
)
AP

+2ASAI2A
∗
PePSI2P + 2AI1AI2A

∗
SePI1I2S

+2A2
SA∗

I1ePSSI1

]
− αP

2
AP, (2)

∂AI1

∂z
= iγ3

[(
|AI1|2 + 2

∑
j( 6=I1)

|Aj |2
)
AI1

+2ASASA∗
PeI1−S−S−P

+2ASAPA∗
I2eI1SPI2

]
− αI1

2
AI1, (3)

∂AI2

∂z
= iγ4

[(
|AI2|2 + 2

∑
j( 6=I2)

|Aj |2
)
AI2

+2APAPA∗
SeI2−P−P−S

+2ASAPA∗
I1eI2SPI1

]
− αI2

2
AI2, (4)

Ù¥, Aj(j = S,P, I1, I2) ©O�L&Ò1, Ä$
1, sª1 1 Úsª1 2 �1| γj = n2ωj/cAeff

Ú αj � 1 n � � � 5 X ê Ú S Ü � Ñ, � Ò
m > 1 � � (= � ) Ò p ¡ Ü ©) � L g �  
Ú � � �   N � �, Ù ¦ � � o Å · ª �, Ù
¥ ejklm = exp

{
i[β(ωk)+β(ωl)−β(ωm)−β(ωj)]z

}
,

j(k, l,m) = 1, 2, 3, 4, £ ã � �   � � � ' �
þ. þ ã Í Ü Å � § £ ã 
 o å 1 Å � m
� � p � ^, ~ X, ª Ç � ωS � 1 Å � ± e
��þk': 2AI1APA∗

SeSI1PS, 2AI1AI2A
∗
PeSI1I2P,

2A2
PA∗

I2eSPPI2, 
 ª Ç � ωP � 1 Å � ± e �
� þ k ': 2ASAI2A

∗
PePSI2P, 2AI1AI2A

∗
SePI1I2S,

2A2
SA∗

I1ePSSI1, Ïd, �&Ò1 ωS þ\1
 NRZ
èêâ6±�, &Ò1r��mCz, 
Ä$1�
'A� “1” óÀ6, Ï
���)�sª1rÝC
z�&Ò1ÓÚ, =&Ò1�&E\1�
sª1
þ, �duÄ$1�Ó�'é$�ÄóÀ, &Ò1
%�Ó�'� 1 �°óÀ, üö3��þ­U��
k�, ²LoÅ·ª� “�” ��^, ��sª1ó
À°ÝéÄ, =�¤
 NRZ � RZ �è.=�.

éuÍÜÅ�§ (1)—(4), �±ÏLê�S�
{¦), O�¥, Ñ\ NRZ &Ò1´ 223 − 1!­
EªÇ� 10 Gbit/s !óÀ°Ý� 100 ps!õÇ
� 22 dBm ���ÅS� (PRBS), Ä$1´�Ù
ÓÚ�­EªÇ� 10 Gbit/s!óÀ°Ý� 10 ps!
õÇ� 20 dBm �pdóÀS�, &Ò1ÚÄ$
1¥%Å�©O� 1550 Ú 1547 nm; 1f¬N1
nëê��Ý� 100 m, ��5Xê� 11 W−1

km−1, 3 1550 ?ÚÑ� 0.6 ps nm−1 km−1, 3 1535
Ú 1580 nm � � S Ú Ñ � Ç � u 0.01 ps nm−2

km−1, � Ñ � 9 dB/km; 1 > & ÿ ì � � A Ý
� 1 A/W, V>6�� 1 nA, �ÑÑ�D(Ú9
D(. ã 2 �Ñ
 NRZ � RZ è.=�¥�1Å
�úã. ã 2(a), (b) ©O�Ñ\ NRZ &Ò1ÚÄ$
1�úã, ã 2(c), (d) ©O�doÅ·ª�)�ü
�>����=��� RZ &Ò1úã. lã 2 �
±wÑ, ²è.=���� RZ &Ò13'A “1”
?Ñy8", `²¢y
 NRZ � RZ è.=�, ?
�Ú'�ã 2(c) Ú (d), uyúãÜmÝÑk�O,
ù´Ï�sª1 1 Ú 2 �rÝØÓ, ©OÚ�Ù�
C�1r²�¥�', = PI1 ∝ γ2L2P 2

S (0)PP(0),
PI2 ∝ γ2L2PS(0)P 2

P(0), sª1 1 3&Ò1�ý, Ï

3�Ó�ëêe���úãÜmÝ�Ð.

3 ¢�C��(J

ÄuÚÑ²"p��51f¬N1n¥oÅ
·ª�A¢y�1 NRZ � RZ è.=��¢�C
�Xã 3 ¤«Å��N�ëY1
 (Santec úi
)�, MLS—2100 .) uÑÅ�� 1556.22 nm �
ëY1, ² ���ì�5\���N�ì,  �
��ì��^´�y\�1��Ä���N�ì
Ì¶��, ±¦N��J�Z. &Ò
uÑ 10 GHz
�ª (RF) &Ò°ÄØè¤, Øè¤¥�è.u
)ìJøi!�Ý� 231 − 1!�Ç� 10 Gbit/s
� PRBS, ,�°Ä���	N�ì, �)��­
EªÇ� 10 Gbit/s � NRZ 1&Ò. Ä$1dÌÄ
£���N-1ìuÑ�­EªÇ� 10 GHz �
�áóÀS�¿�, óÀ°Ý� 1.9 ps, ¥%Å�
� 1550 nm, ²L ���ì�. &Ò1�Ä$1Í
Ü5\põÇ��1n��ì (HP-EDFA, Keopsys
úi)�, ó�Å���� 1535—1565 nm, �ÚÑ
ÑõÇ� 34 dBm, D(�ê�u 6 dB) ��, ,�
?\ 100 m 1f¬N1n, du&Ò1�Ä$1õ
Ç�p, 31f¬N1n¥u)oÅ·ª�A, 3
Ùüý�)ü�>�, �¤è.=�õU. ¢�¥,
·�^îà AQ6370 .1Ì¤ (©EÇ� 0.02 nm)
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5ÿþ1Ì, ¦^ 70 GHz �°1>&ÿì (U2T .
Ò� XPDV 3120 R) �¤1>=�õU, ¿�± Ag-

ilent úi)�� 70 GHz �° 86100 C .p�æ�
«Åì5ÿþÅ/Úúã.

ã 2 Äu1f¬N1n¥oÅ·ª�A��1 NRZ � RZ è.=�ê��[(J (a) �© NRZ &Òúã, λS =

1556.22 nm; (b) Ä$óÀúã, λP = 1550 nm; (c) =� RZ &Òúã, λI1 = 1543.78 nm; (d) =� RZ &Òúã, λI2 =

1542.66 nm

ã 3 Äup��51f¬N1n¥oÅ·ª�A¢yè.=��¢�C�«¿ã
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ã 4 Äup��51f¬N1n¥oÅ·ª�A¢yè.
=��1Ì

¢�¥^1Ì¤¢�iÿ1ÌCz, ±�ä´
ÄkoÅ·ªy�u), Ó�ØäN!\�1 �

�, ?
¦oÅ·ª�J�Z. �^ HP-EDFA òo
õÇ��� 26.5 dBm �, ÿ�1ÌXã 4. ã 4 ©
O�Ñ
?\1f¬N1n�c!31f¬N1
nSu)oÅ·ª�A�±9²L1Æ�ÏÈÅ
ìÑÑ�1Ì (�Auã 3 ¥� A, B Ú C :), ¢
�¥�
�o11Ì¤¿Bu'�1Ì, 3&Ò?
\1Ì¤�cþ?1
Ø�Ì�õÇP~. d1f
¬N1nÑ\ÑÑàÿ��1Ì��, 3?\1f
¬N1n�c�k&Ò1ÚÄ$1, 
²L1n�,
ÑÑà1Ì¤©C�´L. lã 4 �±wÑ±eü
�A:: Äk, &Ò1éA1Ìu)
Ð°, ù´d
u��� N�y�¤�. Ùg, &Ò1Ú��1
31nSu)
²w�oÅ·ª�A, 3üýks
ªÅ©þ�). du1f¬N1n��5Xê�p,
\�\�õÇ��, 31nS�)���5�A�
�r�, $��kp�oÅ·ª©þÑy.

ã 5 Äup��51f¬N1n¢yè.=�ØÓ&Ò�úã (a) �© NRZ &Ò (λ = 1556.22 nm) �úã; (b) Ä$�¨
&Ò (λ = 1550 nm) �úã; (c) è.=���ýsª1 (λ = 1543.78 nm) éA� RZ úã; (d) mýsª1 (λ = 1562.44 nm)
éA� RZ úã.

�
y²·��C�¢y
è.=�õU, I
�^«Åìÿþsª1���A5. ¢�¥¦^
ÈÅì (éAã 3 ¢�C�¥�ÈÅì 2) òüý
���>�©þ�gÈÑ, dÈÅìd Santec úi
Jø, ¥%Å�3 1530—1570 nm ëY�N, 3 dB
�°� 0.36 nm, ÑÑ&D'�u 40 dB, òÈÑ�

&Ò?�Ú���²L1>=�, ^«Åìÿþ

�sª1���A5, ã 5 �^«Åìiÿúã
��(J. ã 5(a) ��©�C�� NRZ &Òúã,
ã 5(b) �� NRZ &ÒÓÚ�Ä$1óÀ�¨&
Òúã, ã 5(c) Úã 5(d) ©O�ò�>sª1Å
©þ (Å�3 1543.78 nm) Úm>�>sª1Å©
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þ (Å�3 1562.44 nm) ÈÑ, ��=��� RZ &
Òúã. lã 5 �±wÑ, =����� RZ &Ò
1'A “1” Ñy8", ¿�äk���Ì�D(Ú
¸¸ËÄ, `²¢y
ü�V� NRZ � RZ è.=
�. ?�Ú*	uy, Ó�Ä$õÇe�ýsª1
éA� RZ &ÒúãÑ`umý RZ &Ò. ©Û@
�, ù´du�ýsª1õÇ�Ä$1õÇ²�±
9&Ò1õÇ¤�', 
mýsª1õÇ�Ð��,
=�&Ò1õÇ²�ÚÄ$1õÇ¤�', ù��
[(J��. ��I��Ñ, dusª1�&Ò1
Å�ØÓ, `²TC�3è.=��Ó�¢y
Å
�=�õU.

4 ©Û�?Ø

éuè.=�ì
ó, �k�y=���è.

äk�p�5U, âU÷v�5ß²1f�ä�I
¦. Ïd, ©Oló�Å��� (Å�N�5)!=
��ÇÚéÑ\õÇÅÄ�N=5A��¡5ï
þè.=�ì5U, Ù¥éÑ\õÇÅÄN=5N
y3=�&Ò�þþ. du"yp�þ�ØèÿÁ
XÚ, ·�l¬�Ïf Q Ú�1' (ER) ü�¡é
=�&Ò��þ?1L�ÚÿÁ. Q U
�N&Ò
�D(A5, Ù½Â� [28]

Q =
µ1 − µ0

σ1 − σ0
, (5)

Ù¥, µ1 Ú µ0 ©O´&Ò� “1” Ú “0” �óÀÌ
Ý�²þ>²�, σ1 Ú σ0 � “1” Ú “0” &Ò�pd
D(IO �. Q �ØèÇ;��', U
O(L
�|Â&Ò��N5U. 
 ER ½Â�ÑÑÜ6 “1”
�²þõÇ�ÑÑÜ6 “0” �²þõÇ�', L«
� 10lg[P (1)/P (0)].

ã 6 Äu1f¬N1n¥oÅ·ª�AéØÓÅ� NRZ &Ò¢yè.=��1ÌA� (a) λs = 1540.42 nm; (b)
λs = 1545.03 nm; (c) λs = 1557.23 nm; (d) λs = 1559.71 nm

4.1 ÅÅÅ���NNN���555

�
¿©|^1n�ã��°, ?�Ú`z�
ä]
��, 3�5�ß²1f�ä¥, ¤�O�
è.=�ìIäk�°�ó�Å���. �3DÚ
�ÄuÚÑ £1n¥oÅ·ª�A�è.=�
ì¥, � ��^��¦Ä$17L��31n
"ÚÑÅ�NC. ù��
è.=�ì�ó�Å�
(¹5, ØU÷v�5 WDM �ä�I¦. 3·�

�è.=��Y¥, æ^#.äkÚÑ²"5�
p��51f¬N1n. du1n�ÚÑ²"5,
3�°Å���Sþk²w�oÅ·ª�Au).
Äud, ¢�©OÀ�&Ò1¥%Å�� 1540.42,
1545.03, 1557.23 Ú 1559.71 nm, *	3ØÓÄ$1
�&Ò1Å�måeTè.=�ì�5U, ���
1ÌXã 6 ¤«. 1Ì¥e¡Ü©�?\1f¬N
1n�c�1Ì, þ¡Ü©�31f¬N1n¥u
)oÅ·ª�A��ÑÑ1Ì, ü�>��^Ä�
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ÈÅìÈÑ�sª1©þ (©OéAã 3 ¥� A,
B Ú C :). (JL², 3?\1f¬N1n�c
�k&Ò1ÚÄ$1, 
²L1f¬N1nDÑ�,
3ÑÑà&Ò1ÚÄ$1üýþÑy>�. `²
31f¬N1n¥þu)
²w�oÅ·ª�A.
?�Úò�>� (=oÅ·ª�)�sª1Å) È
Ñ, ²õÇ��!1>=��^«Åì?1��ÿ
þ, úãiÿw«þ��
��© NRZ &Ò�é
A� RZ è. (JL², ·��è.=�ì¢y
é
ØÓÅ� NRZ &Ò�è.=�, �3è.=��
Ó�¢y
Å�=�, ¿�¤
&Ò�ü�VÏ�
|ÂõU. ¢Sþ, du·�æ^����N�ì
Ú HP-EDFA ó�Å���k�, ���O�è.
=�ìó�Å���É�, ¿�ÑÑ1ÌLyÑØ
²"A5. e¢�¥æ^äk�°ó�ó�Å��
��põÇ��ìÚN�ì, K·��O�è.=
�ìó�Å�����?�ÚÿÐ.

4.2 ===������ÇÇÇ

=��Ç´ïþè.=�ì5U�,��­
�ëþ. æ^��N1��ì¥oÅ·ª�A¢y
�è.=�ì, ÙÌ�":Ò´=��Ç$e, ù
3�½§Ýþ��
§31f�ä¥�A^. 
Ä
u1f¬N1n�è.=�ì, du1n�p��
�5XêÚÚÑ²"A5, Ï
k"���p�=
��Ç. =��Ç½Â� [29]

η = 10 · lgPc

Ps
, (6)

Ù¥, Pc Ú Ps ©O�=�&ÒõÇÚ�©Ñ\&
ÒõÇ.

Pc =
1024π6

n4λ2c2
·
(3χ1111

Aeff

)2

·Leff ·P 2
PPS ·exp(−αL) ·ζ,

(7)
Ù¥, (1024π6/n4λ2c2) · (3χ1111/Aeff)2 = γ ´

��5Xê, Leff = (1 − e−αL)/α �Lk��p
�^�Ý, ζ = (α2/α2 + ∆β2){1 + (4 e−αL/(1 −
e−αL) sin2[∆β(L/2)]} ´ = � � Ç X ê, ∆β =
βc + βs − 2βp ´DÑ~ê���, ò (7) ª�\ (6)
ª, ��=��Ç, �éu·��è.=�ì, &Ò
1Ó�=��
ü�sª1þ, ?
¢y
|Âõ
U, Ïd, Iéz´&Ò©O©Û�g�=��Ç.
¢�¥�½Ä$1Å� λp = 1550 nm, N�&Ò1
Å�l 1540—1559 nm, m� 3 nm ÿþ�g, ��
3ØÓÅ�þ�=��ÇXã 7, dã 7 ��, 3ÿ
þÅ���S, =��Ç�Å�£ÄCzØ² w,
ùÌ�´du1f¬N1n�ÚÑ²"5û½�,
Ó�, 3ØÓÅ�þ=��ÇÑk�É, ùÌ�´
d1nÚÑA5�n�²"û½�. du=��

Ç�=�&Ò�þ�3X�½'X, ·�?�Ú
ÿþ
3ØÓ&ÒÅ������Z¬�Ïf Q

� ER, (JXã 8 ¤«. dã 8 ��, �&Ò1�
Ä$1Å�må���, ���=�&Ò�þ�Ð,
�X�öÅ�måO�, 3Ù¦ëêØC�^�e
���=�&Ò�þk¤eü. ²©Û@�, ù´
duoÅ·ª�ÇÅìü$Úå�.

ã 7 � NRZ &Ò1Å�ØÓ����=��Ç

ã 8 � NRZ &Ò1Å�ØÓ����=� RZ &
Ò�þ (a); Q (b) ER (Ù¥, =�1 RZ1 éA λI1 =

1543.78 nm, =�1 RZ2 éA λI2 = 1562.44 nm)
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ã 9 ØÓÑ\õÇe NRZ � RZ è.=�ì�1Ì λs = 1556.22 nm, λp = 1550 nm

4.3 éééÑÑÑ\\\õõõÇÇÇÅÅÅÄÄÄ���NNN===555

3¢S�1f�ä¥, du�ä�¸�UC,
&ÒõÇo´�ÅåÏ�, äk�½�õÇÅÄ5;
Ó�, ���Ñ\õÇ��U��Ù¦��5�A
��). ùò¬�z1�ä�5U. Ïd, ÿþè.
=�ìéÑ\&ÒõÇÅÄ�N=5Ø=äk­
��Ôn¿Â, 
��äkd3�ó§A^d�.
¢�¥, ·�ØäN! HP-EDFA �Ä$>6, ©O
ÿþ
Ñ\õÇ� 24.5—27 dBm!m�� 0.5 dBm
�1n¥oÅ·ª�A�rf±9=���� RZ
&Ò� Q Ú ER. 1ÌXã 9 ¤«, &Ò�þ�Ñ
\õÇ��6'XXã 10 ¤«. (JL², 31
Ì�¡, �Ñ\õÇ� 24.5 dBm �, �k��oÅ
·ª�A��²w, �XÑ\õÇ�?�ÚO�,
1f¬NS���5�AwÍOr, Ø=Ñyp�
oÅ·ª�A, 
�LyÑg� N����1Ì
Ð°y�, ?
Ly�1ÌÄ�ÑyÜ©­U. 3
���¡, éusª1 1(λI1 = 1543.78 nm) éA
�=���� RZ &Ò
ó, Ù Q �Ú ER k×�
O�, ­½������ú~�, 
éusª1 2
(λI2 = 1562.44 nm) éA� RZ &Ò, Ù Q �Ú ER
3ÿþ�õÇ��Sk×�O�, �O�ª³C�
²­. ©Û@�, =�&Ò¬�Ïf Q Ú ER Ð©
�O�´duØäO��Ñ\õÇ��oÅ·ª
=��ÇØäO�¤�. õÇ?�ÚO��, 3Ù
¥��Ï�þ (sª1 1 éA� RZ), ¬�Ïf Q

Ú ER Ñy~�´du�r���5�A��1Ì
­U, ?
��&�G6�ª�¦&ÒÆC. �l
éü�sª1éA RZ &Òÿþ(Jþþ�±w
Ñ, 3�u 2 dB �õÇÅÄ��S, &Ò�þþ'
�Ð, `²·��O�è.=�ìäkûÐ�õÇ

ÅÄN=5.

ã 10 Ñ\õÇÅÄéè.=�&Ò�þ�K� (a)
RZ1, λI1 = 1543.78 nm; (b) RZ2, λI2 = 1562.44 nm

5 ( Ø

ÄuÚÑ²"p��51f¬N1n¥�o
Å·ª�A, JÑ¿¢y
ü�V NRZ � RZ è.
=�. ÄkÄuÍÜÅ�§?1ê��ý, y¢
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�O�Y��15, ?
l¢�þ�y
XÚõU.
(JL², �O�è.=�ì�3 19.3 nm Å��
�S¢y°�N�, ��=��Ç�� −21 dB, �
` ER Ú Q �©O� 11.9 dB Ú 7.2, ��XÚÄu
1n¥�n���5�Aó�, äkD($!éN

��ªÚ'AÇ��ß²�`:, XÚ3è.=�
�Ó�, �¢y
Å�=�, �äkü�V�Å�
|ÂõU. nØ�ý�¢�(J��. ù
(Jé
u�ï�5� WDM/OTDM �ä��Eâäk­
��ë�¿Â.
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All-optical format conversion from non-return-to-zero
to return-to-zero based on four-wave mixing in

photonic crystal fiber∗

Hui Zhan-Qiang1)† Zhang Jian-Guo2)
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2) ( State Key Laboratory of Transient Optics and Photonics, Xi’an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences,
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Abstract
The conversion from all-optical non-return-to-zero (NRZ) to return-to-zero (RZ) format is a crucial technology in interfacing

WDM and OTDM of future transparent photonic network. The conversion from all-optical single-to-dual NRZ to RZ format conversion
is presented and experimentally demonstrated based on four-wave mixing (FWM) in a 50 m dispersion-flattened highly-nonlinear
photon crystal fiber (DF-HNL-PCF). The original NRZ format is converted into RZ format by injecting synchronized clock signal into
the DF-HNL-PCF. The FWM effect generates two sideband components, which carry the same data information as the original NRZ
signal with RZ format. The proposed format converter has a wide and tunable operation wavelength range of 19.3 nm. The optimum
conversion efficiency, extinct ratio and Q factor are −21 dB, 11.9 dB and 7.2, respectively. The system is transparent to both bit rate
and modulation format. The advantage of this scheme consists in the ability of bandwidth scalable due to the fact that the dispersion
flattening of HNL - PCF is used. Furthermore, it is all optical fiber, compact and robust, which makes it more competitive as well as
easily accessible for use in practical optical communication systems.

Keywords: all-optical format conversion, four-wave mixing (MP-FWM), photonic crystal fiber (PCF)

PACS: 42.81.Uv, 42.70.Qs, 42.65.−k

* Project supported by the Main Direction Progvam of Knowledge Innovation of Chinese Academy of Sciences (Grant No. KGCX2 - YW - 108),
and the Scientific Research Foundation of Shaanxi Education Bureau of Shaanx Province (Grant No. 11JK0901).

† E-mail: zqhui@opt.ac.cn

014217-10


