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|^�«Ã��5óÀ�/�{, ¢y
3ÊÏ�ÚÑ (ND) 1n¥�)n�/1óÀ, d�{�6uóÀ
ý}òÚóÀ3 ND 1n¥DÑ�+�ÝÚÑ�g� N���p�^. ¢�ïÄL², 3�°�óÀý}ò��
�S, ÏL`zóÀÑ\õÇÚóÀDÑ� ND 1n�Ý, þ���;.�n�/1óÀ: óÀ��/Gc�÷�C
zÇ�Cð½!��óÀäk�5ªÇ}ò. ,	, 3ØÓ�óÀý}òe, ���p�þ�n�/1óÀ, þI�
�p�óÀÑ\õÇ; ¿�óÀý}ò���, n�/óÀ�/¤é ND 1n�ÝÚóÀÑ\õÇk���N�, ´
¼�n�/1óÀ.

'�c: n�/1óÀ, �ÚÑ1n, ��5, ý}ò

PACS: 42.65.−k, 42.65.Re, 42.79.Sz, 42.81.−i

1 Ú ó

p�uÐ��1Ï&�är¦�1&Ò?n
Eâ¤�Ï&¥�ïÄ9:��. 3��Nþ!
�p�ÇÚ��ål�1DÑ�ä¥, 1�ä!
:?I�����p��1?nEâ5?n�A
�êâ&E, 8c�9���1Å�=�!�1�
�91�©E^¥��1)E^�1&Ò?nE
âÚå
<��2�'5 [1−4]. C5, pEªÇ
�äkAÏ��/G��á1óÀ��)9Ù3
�1&Ò?n¥�A^��
�\ïÄ, 'X�Ô
.óÀ!Ý/óÀÚn�/óÀ� [4−8]. Ù¥, n
�/1óÀ3�1Å�=�!�1©�E^!�
1�©E^ — Å©E^�&Ò=��A^¥w
«Ñ'DÚ�pdóÀ½V��óÀ²w�`
³ [9−12], ´�«4äáÚå�AÏóÀ/G. n�
/1óÀ�rÝc�÷þ�CzÇð½���, ä
k�½õÇ�óÀ31n¥DÑ�, dg� N
� (SPM) ½��� N� (XPM) 3óÀc�÷N
CÚå�ªÇ}òò©O��~ê [13]; �Ò´`,
SPM ½ XPM ����)ü�ð½�ªÇ£Ä, Ø
�)Ù¦ªÇ©þ, �k�¢yóÀUþ�ü�#

ªÇ?�=£, ¢yÅ�=�, äkp=��Ç!
p�1'!p�Ç�`:. �´ÄudA:n�/
1óÀ3�1&Ò?n¥äk��A^cµ.

dun�/1óÀ���/GAÏ, ïÄ�)
n�/1óÀ�óÀ�/�{¤�'�. 8c, ò
DÚ�pd/½V��/óÀ=C¤n�/ó
À�õ«óÀ�/�{ºY���. Petropoulos �
|^�(�1nÙ.�1»��ÈÅì5��ó
À�� Ú�Ì, ±¢yóÀ/Glpd/�n�
/�=C [4,8,9], �,U��p�þ�n�/1ó
À, �d�{(¹5��, 1»����Ñ5, Ùë
êØU2N!, ��1»(��U^uäkA½ë
ê�Ñ\óÀ��/; �Jp(¹5, Park �JÑ

���ZÜ¤�óÀ�/�{ [14], d�{|^
õ:Z�¤½?é�V:Z�¤ò�X�äkØ
Ó�mò´�Ñ\óÀE��ZU\, �¢yC�
4��n�/1óÀ, ÏLN!Z�¤ØÓ:�m
��é�mò´�·^uØÓ�Ñ\óÀ, �´d
�{(��E,, Ó�éÑ\óÀE���é�m
ò´I�î���, O\
ö�JÝ. CÏ, Cdî
�Æ�1fÆïÄ|JÑ�«#L�Ã��5
óÀ�/�{ [15,16], d�{�6uóÀ�ý}ò
ÚóÀ3�ÚÑ (ND) 1n¥DÑ��Ó�^. ó
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ÀDÑL§¥, ND 1n¥� SPM �AÚ+�ÝÚ
Ñ (GVD) �p�^ò��õ«ØÓ�óÀ�/L
§, ÏLN!óÀ�ý}ò�ÚÑ\1n�óÀõ
Ç=�¢y�ÔóÀ!Ý/óÀÚn�/óÀ�
�) [16]; �óÀ�ý}òëþ C ��� (iCt2 ½
Â�óÀ� ), ���n�/1óÀ. dóÀ�/
�{(�{ü!´ö�!ØI?ÛE,��½A
Ïì���O, '± ����{k²w`³. ï
Ä|éÙ?1
nØ©ÛÚÐÚ�¢��y [17,18],
nØuy1nëþÚóÀ�õ�A5ëêéóÀ
�/L§kwÍK�, Ïdk7�mÐ�\�¢�
ïÄ, &?ØÓëþé�)n�/óÀ�K�, `
zëê±¢yp�þn�/óÀ.

�©æ^dÃ��5óÀ�/�{, ¢�ï
Ä
n�/1óÀ3ÊÏ ND 1n¥��). óÀ
A5ÿþæ^Äu�g�Å�)�ªÇ©E1m
'{ (SHG-FROG). 3�°�óÀý}ò���S,
©Û
óÀÑ\õÇÚóÀDÑ� ND 1n�Ý
é�)n�/1óÀ�K�, Ó�?Ø
n�/ó
À��)é ND 1n�ÝÚÑ\óÀõÇ�N�.
ïÄuy, 3ØÓ�óÀý}òe, óÀÑ\õÇ
�p�âU��p�þ�n�/1óÀ; �óÀý
}ò���, n�/óÀ�/¤é ND 1n�ÝÚ
Ñ\óÀõÇ�N���, ´��n�/óÀÑÑ.

2 ¢�C�

�)n�/óÀ�¢�C�Xã 1 ¤«. ¤^

óÀ1� Pritel úi�£�1n-1ì (MLFL),
Ñ Ñ ó À�C � 4 � � V  � � / ó À, ó À
S�EªÇ 10 GHz, ¥%Å� 1550.2 nm, ó
° FWHM � 2.8 ps. �
 | ^ ¢ � y k � �
1 n � � ì (EDFA) � $ � ² þ Ñ Ñ õ Ç Ò �
¢ y � é � p � ó À ¸ � õ Ç, é £ � 1 n -
1ì�\ 1.25 GHz �>óÀS� (dè.u)
ì (PPG) � )), ¦ ó À  E ª Ç l 10 GHz ü
� 1.25 GHz.

óÀ�ý}òì�ÏL�ãý}ò1n (pre-
chirping fiber) ¢ y. ä k � $ ¸ � õ Ç � ó À
3 � ã 1 n ¥ D Ñ, 1 n ¥ � GVD ò � � ó
À ä k � ½ � � 5 } ò [13]. X Ú ¥ ý } ò 1
næ^ÊÏü�1n SMF-28, 3 1550.2 nm ?,
1nÚÑëþ D′ = 16.3 ps/(nm·km), K��Ú
Ñ β′

2 = −20.7 ps2/km, ù ¦ � ó À ý } ò ë
þ C = −β′

2L
′/2T 2

0 > 0 (iCt2 ½Â�óÀ� ),
Ù¥ L′ �ý}ò1n�Ý, T0 �Ð©óÀ��
°Ý. ÏLUCý}ò1n��Ý���ëþ C

���. �ký}ò�1óÀ²L EDFA ���
Ñ\� ND 1n¥±¢y1óÀ��/. ¢�¥
æ^ “TrueWave” 1n�� ND 1n, 3 1550.2 nm
?, 1n�ÚÑëþ D = −3.1 ps/(nm·km), ��
5Xê γ = 2.5 (W·km)−1, ÚÑ�Ç dD/dλ =
0.0669 ps/(nm2·km). ¤^ EDFA ���ÑÑõÇ
� 18.0 dBm,�¦�k�½}ò�óÀ3 ND 1n
¥DÑ��) SPM �A, óÀ�Ñ\²þõÇI
�u 11.0 dBm, éA¸�õÇ�u 1.0 W.

ã 1 n�/óÀ�)�¢�C�ã

¢�¥|^ SHG-FROG ÿþóÀA5, ¤�
� SHG-FROG ªÌã�¹
��¡�óÀA5&
E, ÏL?n SHG-FROG ªÌã�¡EÑóÀ�r
ÝÚªÇ}ò [19]; ,��¡óÀrÝÚªÇ}ò
� SHG-FROG ªÌã��éA, eÿþü�óÀ�
��Ó�ªÌã, K��ßL²ü�óÀäk�Ó
���/GÚªÇ}ò. óÀ�1Ìãæ^1Ì©
Û¤��ÿþ, 1Ì¤��©EÇ�° 0.08 nm, �

p(¯Ý� -90dBm, ÿþ1Ì�� 600—1700 nm.

3 ¢�(J�©Û

¢�¥ÏLUCý}ò1n��Ý5UC
óÀý}ò�. 3Ñ\óÀ¸�õÇ�p�, é
u Ø Ó � ó À ý } ò �, 7 L ` z ND 1 n �
ÝâU���þ�p�n�/1óÀ. ã 2 �
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Ñ 
 ý } ò 1 n � Ý L′ © O� (a) 245 m, (b)
490 m, (c) 735 m Ú (d) 1049 m �¤��`z�
n � / ó À � � � / G ! ª Ç } ò ! 1 Ì ã
Ú SHG-FROG ª Ì ã, é A � � Z ND 1 n �

Ý L ©O� (a) 1.4 km, (b) 2.9 km, (c) 4.4 km Ú (d)
5.8 km, Ñ\óÀ²þõÇþ� 15.6 dBm. �B
u'�, ã¥Ó��Ñ
éA�n�/[ÜóÀ
(J�).

ã 2 l ND 1nÑÑóÀ���/G!ªÇ}ò!1ÌãÚ SHG-FROG ªÌã, éA L′ Ú L ©O� (a) 245 m Ú 1.4 km,
(b) 490 m Ú 2.9 km, (c) 735 m Ú 4.4 km, (d) 1049 m Ú 5.8 km, Ñ\²þõÇ 15.6 dBm

lã¥�wÑ, 3�°�óÀý}ò���S,
ÏL`z ND 1n�Ý, þ��
�þ�p�n�
/1óÀ. óÀ��/G�þ,÷Úeü÷��Ç

�Cð½, ��óÀäk�5ªÇ}ò, 1Ì¥k
ü���âå; ù
�´;.�n�/1óÀ¤ä
k�A5. Ó�¤�óÀ� SHG-FROG ªÌã�
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©z [18] ¥�nØO�n�/óÀ�ªÌã½þ
�Î, �¿©y²¤�óÀ��/G�Cn��n
�/.

�)n�/óÀ¤I��Z ND 1n�Ý L

�óÀý}ò�O\ÅìO�, Ó�¤�n�
/óÀ�°Ý�ÅìC°, ùÌ�´dóÀ�
ý}ò!1n¥� SPM �AÚ GVD �p�^
û½�. óÀ31n¥DÑ�, GVD Ú SPM �
AòÚ\��5�EÜªÇ}ò, ù¦�óÀ
�ØÓÜ©±ØÓ��ÝDÑ, AO´3�~Ú
Ñ (β2 > 0) e, óÀc÷NC�ù£1DÑ�¯,
��c�Ü��ù£1, óÀ�÷NC�7£1
Kúu��Ü��7£1, ù��óÀ°ÝÅì
C°, Ó���/Gu)²wCz; ,��¡Ø
Ó�óÀý}ò�\\ò¦óÀ/G�üz�

,ØÓ, ��óÀý}ò� SPM ¤�}ò�U\
�¦óÀ/Gªun�/ [13,16], óÀý}ò�
�, ÒI���� ND 1n5Or SPM ¤�}ò,
±¢yü}ò�U\l��n�/1óÀ�
ÑÑ.

,	¢�uy, n�/óÀ�/¤é ND 1n
�Ý L äk�½�N�, dN�É�óÀý}ò�
K�. ã 3 �Ñ
ý}ò1n�Ý L′ ©O� 245 m,
490 m, 735 m Ú 1049 m �, ²LØÓ�Ý� ND
1n L �¤�óÀ���/G. ã¥z�üäk
�Ó�ý}ò1n�Ý L′, ¥m��éA�Z ND
1n�Ý (�ã 2 ¥�Ó), óÀ�p�þ�n�/
1óÀ; üýóÀéA� ND 1n�Ý�é�Z�
ÝO\½ á 0.4 km; Ñ\óÀ²þõÇþ�½
3 15.6 dBm.

ã 3 ØÓ ND 1n�Ý�¤�óÀ���/G, z�üéA� L′ = 245 m, 490 m, 735 m Ú 1049 m
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lã¥�wÑ, 3ØÓóÀý}òe, n�
/óÀ��)é ND 1n�Ý�N�²wØÓ.
� ND 1n�Ý�é�Z�Ý3 +/ − 0.4 km ��
þCz�, éu���óÀý}ò (L′ �á), ÑÑ
óÀ/Gò²w ln�/, e����Ð�n�
/óÀ, ¢�w« ND 1n�Ý�k +/ − 0.1 km
�CzN�; �óÀý}ò��� (L′ O�) �,
ND 1n�ÝCz +/ − 0.4 km, ¤�óÀ/G�
kÜ©�ý, �óÀ��k��óÀ÷���Ç
�±ð½, óÀ/G�Ä��±�n�/, ���
ß`², ±ý}ò1n�Ý L′ = 735 m�~, ã 4
�Ñ
éA�óÀ SHG-FROG ªÌã, ã¥n�
óÀªÌã�n�n�/óÀ�ªÌã/G4�
�q, �L²¤�óÀ��þ�p�n�/1ó
À, n�/óÀ��)é ND 1n�Ý�N�²
wO\. ùÌ�´duóÀý}ò��¤I� ND

1n�Ý��, �1n�ÝýéCz�Ó�, óÀ
ý}ò��, 1n�Ý�éCzÇ��, K�Ò�
�; �é{`, �óÀý}ò���, �#Nk�
��1n�ÝýéCz�, Ïd����p�þ
�n�/1óÀ, ND 1n�Ý�k���ÀJ
gdÝ. ùé¢S¥¼�n�/1óÀäk�
¿Â.

���J�´, �óÀäkØÓ�ý}ò�,
I�`zÑ\óÀõÇâU��p�þ�n�/
óÀ. éuØÓ�ý}ò, � ND 1n�Ý�½3
�Z�Ý�, Ñ\õÇé�)n�/óÀ�K�
Ä��Ó, Ñ\óÀõÇ3�pY²��°��S
Cz�þ���p�þ�n�/óÀ. ±ý}ò1
n�Ý L′ = 735 m �~, éA��Z ND 1n�
Ý L = 4.4 km, ØÓÑ\²þõÇ�¤�óÀ��
�/G!ªÇ}òÚ1ÌXã 5 ¤«.

ã 4 ØÓ ND 1n�Ý�¤�óÀ� SHG-FROG ªÌã (ý}ò1n�Ý L′ = 735 m)

ã 5 ØÓÑ\²þõÇ (Pav) �¤�óÀ���/G!ªÇ}òÚ1Ìã, éA L′ = 735 m, L = 4.4 km
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lã�wÑ, 3²þÑ\õÇd$�pO\L
§¥, ÑÑóÀ��/GlCqpd/Åì�n
�/üz, �Åì ln�/. óÀÑ\õÇÅ
ìO\�L§�Ò´1n¥ SPM �AÅìOr
�L§, ÅìOr� SPM ¤�}ò�óÀý}ò
�U\��óÀ/GXdüz. �²þÑ\õÇ
3 13.5 dBm—15.6 dBm ��SCz�, ����ß
�n�/1óÀ, n�/óÀ��)Ó�éÑ\ó
ÀõÇk�°N�.

4 ( Ø

|^ÄuóÀý}òÚ1n��5�óÀ

�/�{¢y
n�/óÀ3 ND 1n¥��
). ¢�uy, �óÀäkõ�ØÓ���ý}
ò � �, Ï L ` z ND 1 n � � Ý Ú Ñ \ ó À
õÇ, þ���p�þ�n�/óÀÑÑ; n�
/óÀ��)é ND 1n�Ýk�½�N�, d
N�É�óÀý}ò��K�; ¿�, Ñ\óÀ
¸�õÇ�p�, n�/óÀ��)éÑ\ó
ÀõÇ�N���°. ù«�)n�/óÀ�
Ã��5�1nóÀ�/�{{ük�, k
"3�1&Ò?n9p�1Ï&XÚ¥k�
A^.
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generation in normal dispersive fiber

Wang Hua†

( Centre of Information and Communications, Jiangxi Electric Power Corporation, State Grid, Nanchang 330077, China )

( Received 18 July 2011; revised manuscript received 10 November 2011 )

Abstract
Generation of triangular optical pulses in conventional normal dispersive (ND) fiber is experimentally realized using a passive

nonlinear pulse shaping method based on a combination of pulse pre-chirping, group-velocity dispersion and self-phase modulation in
a section of ND fiber. It is found that by optimizing the parameters of launching pulse power level and ND fiber length, high-quality
triangular optical pulses with nearly constant gradients of leading and trailing edges and linear frequency chirp profiles can be obtained
for a wide range of different pulse pre-chirping values. For different pulse pre-chirpings, high launch power is required for triangular
optical pulse generation. The tolerance of triangular pulse formation to ND fiber length and launch power level is improved with the
increase of pulse pre-chirping, which means that it is easy to obtain triangular pulses for higher pulse pre-chirping.

Keywords: triangular optical pulse, normal dispersive fiber, nonlinear effects, pre-chirping
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