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�é©Ù�"ª1n-1ì (DFB-FL) �°A5?1
�\ïÄ. ÏLnØí�Ú¢��y, ©Û
góÄ!
�£1»!-�I�°Ý±9	.�¸6Ä�Ï�é DFB-FL �°�Ð°�^. ?�ÚJÑ
Ø  DFB-FL ��°
k��{Úå», �Ñ
g5\£��ªeé DFB-FL �°Ø �é'¢�(J, ò DFB-FL ��°l 35 kHz Ø 
�
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1 Ú ó

©Ù�"ª1n-1ì (DFB-FL) äkü�
ó�½!�°Ä!�Z�Ý�!º��!´|
�!�Å©E^!(�½�A:, 31Ï&!
1ÌÆ±9Da+�äk2��A^Úé��u
Ð�m. 1994 c Kringlebotn � [1] Äg��
ÏL
\91»Ú\�£��{��Ñ
 DFB-FL, 1995
c Asseh � [2] ÏL31»¥Ú\[È�£��Ñ

 DFB-FL. CAc'u DFB-FL �ïÄÅÚ�\
Úõ�z [3−10], IS�¥I�Æ�þ°1Æ°�
Å�ïÄ¤!�®�Ï�Æ!¥I>f�E8ì
úi1��nïÄ¤!I��ÆEâ�Æ±9¥
I�Æ���NïÄ¤�ü  [11−17] ��UmÐ

daïÄ.

�Xé DFB-FL A^då�u÷ÚéÙïÄ
��\, CAc�ïÄ:d DFB-FL Ä��nÚ
��ó²ïÄÅì=�Jpì�5U�ÅnÚ�
{ïÄ, AO´ DFB-FL Ä�°A5�ïÄc�Ú
<'5 [18,19]. �,IS	é DFB-FL �Ån!�
��{±9uÿ�{þkØ�ïÄÚ��, �´é

u DFB-FL Ä�°�)Ån!�°Ø Eâ��
¡�ïÄ�,'�j".  DFB-FL �`�5Ì�
Ny3§�Ä�°A5þ, Ïd, ïÄ DFB-FL Ä
�°/¤Ån!U?ì���ó²!¼��°�
Ä�p5U DFB-FL, éuJp DFB-FL 5U!ÿ
°ÙA^+�äk��Æâ¿Â.

�©lnØþ©Û
Úå DFB-FL �°Ð°
�Ï�, �Ñ
�¸D(!-�I�°Ý±9g
óÄ�Ï�Úå�°Ð°�nØ�[(JÚ¢�
(J, ¿æ^g5\£��ª¢y
�°��ÌÝ
Ø .

2 DFB-FL 9Ù�°Ð°�Ä��n

DFB-FL ´3�ã�,1nþ�����£1
», |^Ä$JøUþ, ÏL�£1»/¤��n
ÚÀª£�, l¢yÄ�°-1�ÑÑ.

ã 1 ¤«� DFB-FL �(�, ÏLÍÜÅn
Ø [20] �±y²ù«(�31»¥%Å�?�÷v
-1-�^�. ã 2 ¤«��£1»���Ì, �
£1»Å�©Ù¥%�d¿÷v-1-�^�¿
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��-1ÑÑI� (±e¡�-�I�).

ã 1 DFB-FL (�«¿ã

ã 2 �£1»���Ì

DFB-FL 3Ä$1-ye�ÑÑ1| E(t) �
±@�´���Ì½!� k6Ä�OüÚ>
^|, E(t) �L«�

E(t) = E0 exp {j[ω0t + ϕ(t)]} , (1)

ª ¥, E0 � 1 | � Ì, ω0 � 1 | � ¥ % ª Ç,
ϕ(t) L«� ��ÅÅÄ. Ú\1|�g�'¼
ê G

(1)
E (τ), ½Â�

G
(1)
E (τ) = 〈E∗(t)E(t + τ)〉

= 〈exp[j∆ϕ(t, τ)]〉 exp(jω0τ), (2)

ª¥ ∆ϕ(t, τ) = ϕ(t, τ) − ϕ(t) �� ËÄ, L«l
�m t � t + τ � ��ÅCz. �õê�¹e, T
� ��ÅCz�±b��"þ��²pd�
Å©Ù, ÙVÇ�Ý¼ê�±L«�

W [∆ϕ(τ)] =
1

[2π 〈∆ϕ2(τ)〉]1/2

× exp
[
− ∆ϕ2(τ)

2 〈∆ϕ2(τ)〉

]
. (3)

ùp
〈
∆ϕ2(τ)

〉
�]��ªÇÅÄÌ Sϕ(ω) �'

é, �±L«�

〈
∆ϕ2(τ)

〉
=

τ2

2π

+∞∫
−∞

[
sin(ωτ/2)

ωτ/2

]
Sϕ(ω)dω. (4)

|^'Xª

〈exp[±j∆ϕ(t, τ)]〉 = exp
[
−1

2
〈
∆ϕ2(τ)

〉]
,

1|�g�'¼ê�±L«�

G
(1)
E (τ) = exp

[
−1

2
〈
∆ϕ2(τ)

〉]
exp(jω0τ). (5)

�Ä�-1ìó�uK�±þ�, þf� Å
Äé§�]��ªÇÅÄÌ Sϕ(ω) �K��±w
¤´²"�, Ïd

〈
∆ϕ2(τ)

〉
�±w��ò´�m

�5Cz, = 〈
∆ϕ2(τ)

〉
= 2γ |τ | , (6)

ª¥ 2γ ´é (5) ª�Fp�C�����âÔ[
.-1| SE(ω) �1Ì�p�° (FWHM), ¢Sþ
§�L
-1��°. �â Wiener-Khinchine ½n,
é (5) ª�Fp�C���

SE(ω) = E2
0

γ/π

γ2 + (ω − ω0)2
. (7)

(7) ªò-1ìÑÑ1|�1Ì�1|��Å�
 ËÄéXå5, Ù¥ 2γ �±d Schawlow-Townes
-1ì��°úª�Ñ, =

2γ = v2
g

hνgnspαm

4P0
(1 + β2), (8)

ª¥, vg �OÃ0�¥1�+�Ý, ν �>^Åª
Ç, h �ÊK�~þ, hν �1fUþ, nsp �guË
�Ïf, αm �nº��Ñ, β ��°?�Ïf, P0

�ÑÑ1õÇ.

3 DFB-FL � ° Ð ° Ï � 9 Ù Ø
 �{

d (8) ª��, -1|1Ì� FWHM 2γ É
� nsp, αm �Ï��K�, ¢��y² DFB-FL
��°A5É�guË�!1»A5!-�I�
±9	.�¸6Ä�õ�Ï��nÜK�.

d (1) ª��, ϕ(t) ´��Úå-1�üª�
Ì��Ï, ?ÛÚå� ËÄ�Ï�þ¬Úå-1
ì�°�\°. -1ì$1L§¥Ø
g��Ï
¬��-1�� u)UC	, 	.��Ä!§Ý
�Ônþ�UCé-1ì�°�¬�)��K�.
©Oò-1ì��uD(����Ñ�S!ÊÏ
¿S±9D(���¿	n«�¸e, ÏL(rO
ÿ�ùn«�¸�D(rÝ©O� 45, 52, 60 dB,
^ò´"�{ [21] (ò´1n�Ý� 25 km) ÿþn
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«�¸e��°, ¤�(JXã 3 ¤«. ÿþ��
ùn«�¸e��°�þÎÜâÔ[�., Ïd
éÿþ�?1âÔ[�[Ü��±¼��\°
(�(J. ã 3 Ó��Ñ
n«�¹e�âÔ[[
Ü�, �ª�Ñn«D(�¸e�-1�°©O
� 12.06, 17.36, 26.24 kHz (ã 4). dã 4 �±²w
/wÑ, �X	.�¸D(�O\, Ù�°��3
O\, CzÇ��� 0.95 kHz/dB. dd��, �¸D
(éu DFB-FL ��°K�é�.

ã 3 3 45, 52 Ú 60 dB D(�¸e�°Ð°�ÿþ(J
9[Ü(J

ã 4 3 45, 52 Ú 60 dB D(^�e�°�ÿþ(J

�£1»¥%-�I�°Ý´,��Úå�
°Ð°Ú-1Ø½�Ï�. XJ-�I�Ø

Ä!I�²wÝØ
n�, Ò¬���ª¿�\ì
�¯K, $�ka�y��3, E¤¢SÑÑ�-
1�°Ð°.

-1ì$1�, duÉ-Ë�����^, ¦
?u-1þU?�âfêØä��Ñ, É-Ë��
r, ù«�Ñ�ÇÒ��. Ïd, �=âfêÚOÃ
Xêò�1Ë�rÝ�O�Åìeü, �1Ë�
rÝ��,���, -10�þeU?�âfêC

z��Ä�²ï, ù�-¹0��OÃXêð�u
K�, -1ìSÉ-Ë��1r�ªu��½�.
éu½$1�-1ì, -1ÑÑrÝû½uù�
½�ÚÑÑß�Ç�¦È, éu DFB-FL ó=�
-�I��ß�Ç.

guË��É-Ë�Ñ�-1XÚn�"x
Uþ, ��, É-Ë��guË��Ú�ÐÖ�
�Ñ�õÇ. K�^��

GASE + GSE = Sloss, (9)

ª¥, GASE �guË�OÃ, GSE �É-Ë�O
Ã, Sloss �n�Ñ. d?n�ÑÌ�d�£1»û
½, -1ìó���n�ÑÌ�8¥3-�I��
ß�Çþ. d	, -�I��å�-1ìÀ�I�
�^. Ïd, �£1»-�I�éu�°Ð°äk
��K�.

ã 5 �Ñ
�âÍÜ�nØ�ý���Ø
Óò�ÇN��Ýe�£1»�ß�Ì. lã 5
�±wÑ, UCò�ÇN��ÝU
¼�ØÓ°Ý
� DFB-FL -�I�. �ò�ÇN��Ýl 0.00002
Cz� 0.00012 �, O����-�I� 3 dB �°
Xã 6 ¤«. lã 6 �±wÑ, �Xò�ÇN��
Ý�O\, Ù 3 dB �°Åì~�. -�I�°Ý�
Ø k|u¼�½�ü�$=G�, du-�I
�°Ý��u-1�p�m�, Ïd-1ì�)a
��VÇ��ü$. dd��, UC�£1»�ò
�ÇN��Ý�±UCÙ-�I��°Ý, l�
k�Ø -1��°. �p�>�³�'\þ�\
1wdÄ�-�I��±k�³��ª¿�Úå
�ÅÄ, lk|uü$ DFB-FL �D(, ��k
�Ø �°�8�.

ã 5 �£1»ß�Ì�ò�ÇN��Ý�Cz
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ã 6 DFB-FL -�I�� 3 dB �°�ò�ÇN��Ý�Cz

�=1n´dÀæ¬� (SiO4)2− �¤�o¡
N�G(�, ù«o¡N��G(��� (SiO4)2−

�3����m,  Er3+ 3Àæ¬�¥N´à8
/¤ìq [22]. à8G�¦ Er3+ �Ü©à8¤ì
/¤lfé, ,�Ü©ÏLó4 - ó4�ë. d
u Er3+ lfé3þU?�Æ·4á, Ø�U��
�Ä$, ù�, lfé¬�)é&Ò1�N\áÂ,
¦XÚØ½, l��góÄ�). góÄ��
)¬é-1ÑÑõÇ�)ã�K�, /¤rÝD(,
�ù«õÇ�ÅÄÓ�¬Úå-1ìÑÑÅ�
�6Ä, =Úå�°O\. ã 7 ¤«�-1ì�Ñ
ÑrÝ�. lã 7 �±wÑ, ²L&ÿì1>=
���)
 350 mV ��6&Ò, ¿�k 60 mV �
m��6©þ, =�góÄ&Ò. lã 7 ��±²
wwÑ, -1ìdugóÄ�)
ªÇ� 100 kHz
�m�õÇÅÄ.

ã 7 DFB-FL góÄ��&Ò�

æ^�/(�ò DFB-FL �)�-1#5
\-1ìU
k�³�góÄ. ã 8 ¤«� DFB-
FL g5\�"(�. À^-1Å�� 980 nm �-

1�4+ (980 LD) �� DFB-FL �Ä$, 980 LD
ÑÑ�-1²LÅ©E^ì (WDM) ?\ DFB-FL
¦�u1. DFB-FL uÑc�Ú��ü����-
1, ��-1²L WDM �� R :¿ÏL1n�/
ìà� 3 ÑÑ; c�-1²L F :ë� ���ì
Ú�lì¿ÏL1n�/ì�� R :, l2g²
L WDM 5\� DFB-FL ¥/¤g5\�".

ÏL-1g5\�±�ØgóÄ�5�K�,
ü$� D(ÚÅ�ÅÄ, lk�³�góÄ�
5��°Ð°. ©Oég5\c��)�-1�
°?1é'uÿ�uy, 5\cÑÑ-1�°��
� 35 kHz, g5\��°Ø �
 10 kHz �m,
uÿ(JXã 9 ¤«. �©¢�¥�Ñ�g5\(
�¦�-1�°Ø �
��°� 1/3 �m, Ïd
g5\�ª´�«Ø  DFB-FL �°�k�å».

ã 8 DFB-FL g5\XÚ(�«¿ã

ã 9 æ^g5\c�ÑÑ-1��°ÿþ(J

4 ( Ø

�©©Ol�¸D(!�£1»A5!-�
I���¡é DFB-FL �°Ð°Ån?1
nØ
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ïÄÚ¢��y. (JL²: -1ì$1�¸D(
é-1ì�°¬�)é�K�, 	.D(��, �
°�°. �£1»-�I��°ÝÚ²wÝ�´Ú
å DFB-FL �°Ð°���Ï��, 3��-1
ì�A�AO5¿-�I�� 3 dB �°9Ù²w
Ý. éu�� DFB-FL ��,1n, du�,ßÝ

Øþ!N´E¤-1ìäk�r�góÄy�, g
óÄØ
ÚårÝD(�O\	, �¬E¤�°�
Ð°. g5\�"�ª´k�Ø  DFB-FL �°�
å»��, �©¢�¥ò DFB-FL �°l 35 kHz Ø
 �
 10 kHz �m, �J�~²w.
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Abstract

The linewidth characteristics of distributed feedback fiber laser (DFB-FL) is fully explored in this paper. The linewidth broadening

effect of DFB-FL induced by self-pulsation, phase-shifted grating, especially lasing window, external disturbance, etc. are extensivly

investigated in the paper based on the theoretical derivation and experiment. An effective linewidth compression method is proposed,

and a self-injection system of DFB-FL comes up to reduce its linewidth from 35 kHz to less than 10 kHz.

Keywords: distributed feedback fiber laser, self-injection mode-locking, linewidth characteristics
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