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�âV1n Bragg 1» (FBG) 	n��N-1ì�Z���ÔnL§, $^�Ç�§ÚV FBG ÍÜ�nØ, ©
Û
V FBG 	n��N-1ì�Z���)Ú���^�, JÑ
¢yÚ��V FBG 	n��N-1ì�Z��
õ�½ó���{. V FBG 	n��N-1ì3�Z��eäkõ��½ó�G�, �Z���Ý á, �Z
���ÝS1Ì½. ¢�ÿþ(JL², 	n��Ç� 3%�, l��Z��G���Z��G�, �¸��°Ý
l 0.5 nm â,Ð°� 0.9 nm. 3�Z��G�e, õÇ½, >�³�'�u 45 dB, 3 0◦C—70◦C ó�§Ý��S
¸�Å�¤£�u 0.5 nm, ���Z���Ý�u 0.5 m. V FBG 	n��N-1ì�Z���A^éJp1n�
�ìÚ1n-1ì�5Uäk�¿Â.

'�c: ��5, ��N-1ì, V1n Bragg 1», �Z��

PACS: 42.25.Kb, 42.55.Px, 42.60.Mi, 42.65.Sf

1 Ú ó

l 20 V 70 c�¥Ïm©, Ø½5Ú·b
31Æ�¡�ïÄØäuÐ. 80 c�±�, ��N
-1ìÉ	�"¤Úå�Ø½y���1Æ�
�5ïÄ�9:É�
2��'5. 90 c�¥Ï
±5, ·b���ÚÓÚ5�JÑ¿ÅìuÐå
5 [1,2], Ùé1�;ÚA«Ï&�A^äk���
^. �XR�nL¡u�-1ìÚpõÇ��N-
1ì�#.��N-1ì�Ñy, ±9	n1�"
5��ØÓÚ���{�Ú\, §3Ä:ÔnÆï
ÄÚ¢SA^+�Ñäk��ïÄd�. �1�
"���N-1ì´·bÄåÆ���51Æ�
ûÐ�., é§�ïÄ®²{
l�Ð�D(³�
�8U�·b���A^ [3−10].

��N-1ì�Ù¦-1ì�'k�
²w

�«O, 'X��N-1ì�°OrÏf��, ó
4f�£�m4á, ��N-1ìcàn¡��Ç
�$�. ���¹e�1�"���N-1ìÌ�
É�XÚ� 3 �ëê�K�, =	Ü��Ç!-1
ì�	Ü��¡�ålÚ5\>6. ù 3 �ëêé
-1ÑÑõÇ5`¬��;.� Hopf ÚQ(:©

y�. AO´3f	Ü1�"�¹e, u)-1
ÑÑõÇ�X5\>6Ú	Ü1§Cz, ¥yÑ
½G�!±Ï��!O±Ï��Ú·b�m�C
z5Æ, ��G��mÉ�XÚëêK�¬âCÚ
ìC, ��G��Cz;,²w¥«ÑG�Cz�
I� [11−17].

�Z��´äk	Ü1�"���N-1ì
?uõ���G��, -1�k��Z5�v¤�
y�. �Z��¦�-11Ìâ,Ð°, ¿��3
f�"��¹eâu) [18−21]. �Z����A
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�´-1Ì�â,C°, �=u)3Ñy·bA�
±�, =�Z����Uu)3	Ü��Ç���
u 1%�f�"�¹e. Ï�	Ü��Ç�p�, -
131n Bragg 1» (FBG) ���°S½ó�;

	Ü��Ç�$�, -1ÑÑÌ�°ÝCz=�
ûu�"�-1ìnS�1� . �	Ü��Ç
?�ÚJp, -1Nõp��aCâ¬Ñy, ·b
���¦	��ÇO\� 1%âU*	�. ù«	
��Ç�¹Ø
¢y�Z��¦���N-1ì
¢yÄ�½, éu	n��N-1ì�ó�A5
�´kÃ�. du	n��N-1ìÉ	n��
Ç���, �3X>�³�'�ÑÑõÇ��ég
ñ. ·�p�	n��Çk|u>�³�'�Jp,

%¬ü$-1õÇÑÑ�Ç. �'nØÚ¢�(J
L²f�"��Ç��3 3%—8%��¹´�Z
� [22−27]. I�`²�´Ï�	��Ç´1õÇ�
��'Ç, ¤±�T��`{´	Ü�"rÝ, ù
�¹
-1ì3JpÑÑõÇ�¹eE¤�1�
"O��K�.

�©äNïÄ
V FBG 	n��N-1ì�

�Z��A5, ÏLé�1�"���N-1ì
�Ç�§Ú	n FBG ÍÜ�nØ�ïÄ, ½Â

�Z���Ý, �Ñ
V FBG 	n��N-1ì
�Z���)�^�±9�XÚëê�'éÝ.

V FBG 	n��N-1ì�Z�����	n�
�N-1ì�Z����5`²ÙA^ýØ�u
��N-1ì31Ï&þÄ$�A^, éuÙ3
�1�"���N-1ì¤LyÑ·bÄåÆ�
��51ÆnØÚ��N-1ì31�;!A«
Ï&!á�\ó!��ì�ÚDaì��¡�A
^Ó�äk�~��¿Â.

2 nØ©Û

V FBG 	n��N-1ì�Ä�(�Xã 1

¤«. Ù¥ l �-1ìSn�Ý, D �	n�Ý, Rb

�-1ìSn�à¡��Ç, Rf �-1ìSncà
¡��Ç. 3V FBG ¥ FBG1 ���Ç� Rg1, �
Ý� L1. FBG2 ���Xê� Rg2, �Ý� L2. h �
ü�1»�mål.

ã 1 V FBG 	n��N-1ì«¿ã

b��Ì� E(t) = Es, � � φ(t) = (ωs −
ω0)t, 16f�Ý� N(t) = Ns, ò§��\�Ç�
§ [28], ��-13½�¹e�G�, k

cκ

nil
cos

(2neDωs

c

)
=

1
τp

− G(Ns − N0), (1)

ω0 − ωs =
cκ

√
1 + α2

2ni l
sin

( 2neDωs

c + atanα

)
, (2)

G(Ns − N0)E2
s = J − Ns

τs
, (3)

Ù¥ G ��5OÃXê, J �5\>6�Ý, κ �
�"Xê, α ��°OrÏf, N0 �ÀOÃ�"�
�16f�Ý, τp �1fÆ·, τs �16fÆ·,

ne ´	nò�Ç, c ´ý�¥�1�, ni ´nSò
�Ç½ö-1ìOÃ0�k�ò�Ç. -1ì�

��ªÇ�

ω0 = ωc −
∂ω0

∂J
J, (4)

Ù¥ ωc �,� �>6e��ªÇ. ½G�e
��	Ü1�"�-1ì���ªÇ� ωs, §��
kõ), Ù)��ê�ûuëê C,

C =
κneD

nil

√
1 + α2. (5)

ã 2 � Ñ 
 - 1 Ñ Ñ � ª Ç ¤ £ ∆ωs =

ωs − ω0 Ú16f�Ý Ns �'X, �'ëê���
©z [28] ��. ¢S�-1���ûu½���
� ÚOÃ, éu��� C �, -1Ò¬C�Ø
½. ¢S��¹Xã 2(c) Ú (d) ¤«�-1ÑÑ�
ªÇ¤£Ú16f�Ý¤ý��'X. §�½Ú
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Ø½���5�¦-1ò3#N�����ª
Ç�maC [29].

b���N-1ì�,��Snp�u)�
�, éA�°OrÏf�~ê, d� C �	n�Ý
O�O�, 3Ñ��	Ü��Ç��¹e, -1
��Z5�»�
, ��N-1ì�3õ���.

ù«�¹e�-1ìÑÑõÇåÏ��±Ï��
�ûu	Ü��¡�-1ìcà¡�ål. 	np
�m��X	n�O�C�, XJ	n�Ý°(
�uSn�Ý�ê��, 	n��Sn�Ü, ¤
kSn��Ó�Or. ��3	n�Ý°(�uS
n�Ý�ê�\ 1/4 Å���Ý�, ¤k��Ó�
~f. ÑÑõÇ¥�U�3����	n�ÝCz
�±Ï�±L«�

T0 =
λ

2i
(i = 1, 2, · · · , N ′), (6)

Ù¥ N ′ ���N-1ì�U�3õ�����ê
���, λ �-1ì�	Ü1�"����-1Ñ
ÑÅ�. ?�Ú�Äò�ÇÚØÓSn���, �
=k��-1Sn�����3, ÙÑy3	n�
Sn�Ý� mni/ne ��k λ/2 ����3, m �
�ê. �kü�Sn��3, ÙÑy3	n�Sn
�Ý� (m + 0.5)ni/ne ��k λ/4 ����3. Ó
n�p��±Ï����6u	n ��CzÚ
É-�Ù¦Sn�. éuÙ¦	n�Ý��¹, S

	n�ÒØ¬Ó�Ü, S	nò�Óû½�k|
�-1É-Ë��. ,	, S	n�ÝÉ§Ý�K
�, 1n�É	åÚ��K�, ¤±3�Z��
�-1ÑÑõÇ�Ä�y�´(½�.

b�	n�Ý D ØC�, �f1�"���
N-1ì¬�X	Ü��Ç�O\Ø½, du
�°OrÏf�	Ü��Ç�O\O�, ùy�
éN´�n)�Ï C ��O\Úå�-1ìÑ
ÑÅ��Ø½. d�, -1ì�¤kp� (�)
	np�) É�XÚëê^�K��ØÓ§Ý/-
¹. 3ù
p��¥, -1¬3	n FBG p�À
Je3�r�1�"NC�)���p���, �
´ù«��¬Ï� C �L�½ÏØÓ FBG 	Ü
1�"5��)ëYp�m�¤£Ú¯�wC, ¿
�ØäEù
L§, l¦-1?uÄ�½.

ù«y�Ò´Ä�ü	n��N-1ì�Z��
�Ä�½�ÔnL§, V FBG 	n��N-1
ì�Z���ïÄò3dÄ:þ?�ÚÐm. d
u	n�p�ÀJØ=É	n�Ý D K�, Ó�
�É�ü� FBG �� ÏfÚmå h �K�, Ï
dòV FBG w¤�N, Ú\-1ìcà��ß�
Ç Teff ��Ç�§, ¦���Ã	n�kSn
Ú��þãnØ, ¿l1Ú16f�^��Ý©Û
V FBG 	n��N-1ìÑÑ�EÜ�é�Z�
��K�.

ã 2 -1ÑÑ�ªÇ¤£ ∆ωs = ωs − ω0 Ú16f�Ý Ns �'X (a) c = 3.7275 × 1011; (b) c = 3.7275 × 109; (c)

c = 3.7275 × 107; (d) c = 3.7275 × 105
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du-1�Sn�Ì�´d-1�¡û½�,

�Z�����Ï�=�U´	n�5�éEÜ
��K�, ==�Ä��	n�"5�. V FBG 	
n�ß�Ç T �±L«�

T =
[
(1 − |rg1|2)(1 − |rg2|2)

]
/[

(1 − |rg1||rg2|)2 + 4|rg1||rg2| sin2

((φr1 + φr2 − 2βh)/2)
]
. (7)

3V FBG ¥ FBG1 ���Xê� rg1, Bragg Å�
� λB1, ��Xê�� Ïf´ φr1. FBG2 ���
Xê� rg2, Bragg Å�� λB2, ��Xê�� Ïf
´ φr2. - Min{T (λ)} = T (λ) B�¦ÑV FBG ¥
%ÍÜÅ�. �-1ìcà¡ (Z = 0) ?3�Z�
�eÑÑ�c�Å� b(0), K3 Z = D+L1+h+L2

?c�Å b(D + L1 + h + L2) A÷vXe�§ª:

b(D + L1 + h + L2)

=
[
b(0)tg1tg2 exp(−iβD − iβh)

]
/[

(1 − rg1rg2 exp(−2iβh))

(1 − rg1rf exp(−2iβD))
]
, (8)

Ù¥ |rf |2 = Rf �-1ìcà¡��Ç, |rf | �
-1ìcà¡>|�Ì��Xê, tg1 � FBG1 �
ß�Xê, tg2 � FBG2 �ß�Xê. Ï�V FBG

	n��N-1ì�ü FBG 	n��N-1ì
�'Ø�3ÑÑÅ�� FBG Å����¯K, ¤
± Rf �Cq�~ê. �ü� FBG 5����Ó
� (Rg2 = Rg1 = Rg, L1 = L2 = L, Bragg Å�Ú
á�ò�Ç�Ó�), ØOßº1n�-1ì�¡�
ÍÜ�Ñ, 3	nf�"��¹e-1ìcà��
ß�Ç Teff �

Teff(λ)

=
(1 − Rg)2

1 − 4R2
g cos(βD) cos(2ϕr + βD − 2βh)

. (9)

ü� FBG �>|�Ì��Xê |rg| �L«� [30]

|rg| =
k sinh(SL)

(∆β2 sinh2(SL) + S2 cosh2(SL))1/2
, (10)

Ù¥ ∆β = β − β0 = 2neJ l(1/λ − 1/λB) ���Å
¥þ, S = (k2 − ∆β2)1/2, k �ÍÜXê, λ �\�
1ÅÅ�, λB = 2neΛ � Bragg Å�, Λ �1»»
å. éu�½N��ÝÚ±Ï�1», Ù��Ç Rg

�L«�

Rg = |rg|2

=
k2 sinh2(SL)

∆β2 sinh2(SL) + S2 cosh2(SL)
(k2 > ∆β2),

Rg = |rg|2 =
k2 sin2(QL)

∆β2 − k2 cos2(QL)
(k2 < ∆β2), (11)

Ù¥ Q = (∆β2 − k2)1/2, ϕr �1»��Xê��
 Ïf, Ù�L«�

ϕr = π + atan
[ S cosh2(SL)
∆β sinh2(SL)

]
(λ 6 λB),

ϕr = atan
[ S cosh2(SL)
∆β sinh2(SL)

]
(λ > λB). (12)

r	nf�"�¹e�-1ìcà��ß�Ç Teff

�\�Ç�§, V FBG 	n��N-1ì�Ç�
§�±L«� [31]

dN

dt
=

ηI

qV
− (AN + BN2 + CAN3)

−vg
dg

dN
(N − N0)P,

dP

dt
= Γvg

dg

dN
(N − N0)P − P

τP
,

+ΓβspBN2 + (1 − Teff(λ))
P

τm
, (13)

Ù¥ η �-1ìSnþf�Ç, I �°Ä>6, V �
-1ìOÃ0�NÈ, N �16f�Ý,dg/dN �
�©OÃ, vg �OÃ0�¥1f+�Ý, P �1f
�Ý, βsp �guË�Ïf, Γ �åPÏf, A ��
Ë�EÜXê, B �V©fEÜXê, BN2 �gu
Ë��Ç, CA � Auger EÜXê, P/τm �ÏL	
n���S	n1f�Ñ�Ý.

ã 3 16f�Ý!1f�Ý�	n��ßLÇ�ê�'X

ã 3 �Ñ
3¢S�¹e�ã«mþ�16
f�Ý N!1f�Ý P �	n��ßLÇ Teff �
ê�O�(J, �'ëê���©z [31] ��. 3
f	Ü�"�¹e, 16f�ÝÚ1f�Ý¬�X
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�"1rÝ�O�ª�Ú^ªO�. Ïd3ùã«
mþV FBG 	n��N-1ìLy�	n�p�
EÜ��ÓOr½~f�y�, �,-13 FBG

���°Só�, V FBG 	np����ÀJ5
LyÑ�r�"aq�A�, �§��«ONy
3 (1)—(6) ªLã�EÜ��Ø½5�¡. (7) ª
�¿Â3u(½V FBG �¥%Å�, éu�¸
�°Úp�m�=3	nf�"�kë��^. (9)

ª�¿Â3uòV FBG 	n��N-1ì�Z�
�y�)º�	n�Ý�ÑÑ�EÜ�!16f
�ÝÚ1f�Ý��p�^�(J. |^	n�p
�EÜ���±��Nõy��)º, ���J�
´O��"rÝÚå�-1ÑÑÅ��ù£. >6
�O�¦��"rÝO�, 3	nk���«mþ
16f�Ýþ,, ØÓÅ�?�	n��ß�Çé
A16f�ÝeüCz��ÇØÓ (Xã 3 ¤«),

16f�ÝpK	n��ß�ÇO�ú, 16f
�Ý$K	n��ß�ÇO�¯, Ïd3�¥%Å

�?�ß�Ç�$�ü>Ñy 2 �#�ß�Ç�
$�, B/¤
 2 �#�16f�Ý¸�, ù��
¤
�g¥%Å��©
. 2 �16f�Ý¸��
´ 2 �1f�Ý¸�, >6þ,��oN1f�Ý
þ,. du-1õÇ�>6?�ÚO�, L-I �Ç
ü$, Ó�¢SÑÑõÇØ¤'~��u�-11
õÇ, `²ü 1f²þUþeü, -1ÑÑÅ�
k��Å�¤£ª³. 2 �#�16f�Ý¸�Ó
nq¬�) 4 �#�16f�Ý¸�, ù«y�¬
ØäEe�, zg©
����Å�¤£ª³¬
��?�Ú�\r, ù�Øäüze�, ��ØU
«©16f�Ý¸���, ¥%Å��Nu)
ù
£, 3#�¥%Å�NC16f�Ý�þ!z
.

nØþ	��ÇO�Ó�¬Úåù£y�. V FBG

	n��N-1ì�Z���u)¦����°
pk�õ�Ì�þï��)��, 16f�Ý¸�
Cz���, ´³�ù£¢y-1ìÅ�½�k
�Ãã.

ã 4 ØÓ	n�¹e��N-1ì1Ì·��[(J (a) D = 2 m, ü FBG 	n��Ç� 2%; (b) D = 2 m, V FBG 	n�
�Ç� 2%; (c) D = 0.5 m, V FBG 	n��Ç� 3%; (d) D = 2 m, V FBG 	n��Ç� 3%

ã 4(a) �	n�Ý D = 2 m, 	n��Ç
� 2%��ü FBG ���N-1ì�1Ì, ã 4(b)

� 	 n � Ý D = 2 m, 	 n � � Ç � 2%� �
V FBG ���N-1ì�1Ì, ã 4(c) �	n
�Ý D = 0.5 m, 	n��Ç� 3%��V FBG �
��N-1ì�1Ì, ã 4(d) �	n�Ý D = 2 m,

	n��Ç� 3%��V FBG ���N-1ì�

1Ì. �Xã 4(c) ¤«V FBG 	n�Ý�á�,

V FBG 	n��N-1ì�ÑÑ1Ì´õ�±
Ï��U\�(J, ±Ï���ÌÝ'��C, Ï
dØK�1Ì��Ó+. ,, Xã 4(d) ¤«�
	n�Ý���, 1Ì�Ì�õ�±Ï��u)

wÍCz, 3ÑÑ¥%Å�?���¸��Ì
��, ¥%Å�ü>���¸��Ì~�, 1Ì�
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Ð°Bu)3¥%Å�ü>��ÌÂÄ?, =u
)
1Ì¥%Ì�Uþ©Ù�þ!z. Ïd, 	
n�Ý��, 1Ì��C	n FBG �Z��u)
�õ���/ª. S	n��� 2π(nil + neD +

neh)∆λave/λB + ϕr(λB) − ϕr(λB + ∆λave) = π �
 'X¤á, K ∆λave = ∆λFWHM/Nf ¿ c/2l, Nf

�3�¸�° (∆λFWHM) S	n�"p�ê, éA
� C �÷v	n��N-1ì3 L - I �5«�S
½ó�, 1ÌÌ�Uþ©Ùþ!, K?u�Z�
�G�. |^©z [31] �úª

τm =
2nil + 2ne(D + h)
c ln[1/(1 − Teff)]

, (14)

d (5) Ú (14) ª��, d����	n�Ý Le � C

��', ¿�÷v�§

L e = −C
(τmc ln(1 − Teff(λ)) + h)

(C + κ(1 + α2)0.5)
, (15)

Ù¥ τm ���1fÆ·. ¢S�¹Ú�ý(J�
�`²�	n�Ýv
��, �Z��B¬u).

du C ��	n�Ý á~�, Ø�b��3
����.	n�Ý Le0 TÐ÷v�Z��u)
^�, d�ÏL (15) ª�� Le0 éA�����
. C �� C0, Ù�XÚ~ê��	n�ÝÃ', e
÷v D > Le0, k

D > −C0
(τmc ln(1 − Teff(λ)) + h)

(C0 + κ(1 + α2)0.5)
, (16)

K-1ì�(½3�Z��G�ó�, d��¢S
	n�Ý D ��Z���Ý.

ã 5 � Ñ 
 L e0 	 n � Ý � � [ ( J. Ù
¥ C0 = 3.7275 × 105, τm = 2 ns, h = 40 mm,

κ = 1, α = 3. ���Z���u), ∆λFWHM O
�Úå L e0 �Ý~�, �ªªu½� Le0 �Ý�
� 0.5 m.

¢Sþ, éu���O�f�"���N-1
ì, �¦3 L-I �5ó�«�S, -1ÑÑÑ?u
�Z��G�´�~î��^�, �´�Z���
y�3¢�¥%¬�~²w, ¿�Ú-1�~ó�
��¦���. �Z��Ä����(½´d�"
rÝû½�, ¤±Ø=��Ä	n��N-1ìX
Úëê, ���Ä5\>6Úå��"�Cz, Ï
dî���Z���Ý;�
�Z��e1Ì�
6Ä�)�XÚØ½5, ��Z���Ý�±�
°(/ÿþÚA^.

du FBG � Ïf��3, �X>6�O\,

d (4) ª��-1ì¬3õ«ó��ªm=C, l
¬¦�-1�ÑnÍÜõÇ�)ÅÄ, =�ªË
Ä. =¦3�Z���Ý±S, V FBG � Ïf¦
-1ì��ªmå�éü FBG ��ªmåC�3
���°S¬k�õpî. 3�ªaÄ�:þ, -
1ìnS¬¯��)�þ���Z1f5³��
Z-�1f, l¦�-1ì?\�Z��õ��
ó�G�, �ª¦V FBG |¤�	n�Z���
Ý�� á. du3Ä��°S�þëYp�m�
¤£Ú¯�wC, ÑÑõÇ��ªËÄ¬3,«§
Ýþ�³�. Ïd, 3�Z���¹e-1ìÑÑ
�Ø½5��ULy3ÑÑõÇ, -1ÑÑ�
1Ìþ´Ä�½�.

ã 5 Le0 	n�Ý��[(J

3 ¢�(J�?Ø

¢�¥æ^V FBG Úü FBG 	n 980 nm

��e��N-1ì. éV FBG 	n1n�Ý
l 150—20 cm ���Sz� 5 cm ?1Åã��Ú
2L�5UC	n�Ý, 1n��¡¦�U��²
�, ¦zgL��Ñ�u 0.2 dB. æ^1õÇOÚ1
Ì©Û¤éV FBG 	n 980 nm ��e��N-
1ì?11>A5ÿÁ. V FBG 	n 980 nm ��
e��N-1ì��uð§�¥, 3 0 ◦C—70 ◦C

��¸§ÝeéÙ1>A5?1ÿÁ, §Ý½
Ý`u 1 ◦C. ÿþ
V FBG 	n 980 nm ��e�
�N-1ìÑÑ1ÌA5ÚõÇ, ¿�ü FBG 	
n 980 nm ��e��N-1ì?1'�.

ã 6(a) �	n D = 0.5 m ü FBG 	n 980 nm
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��e��N-1ì�ÑÑ1Ì, ã 6(b) �	
n D = 2 m ü FBG 	n 980 nm ��e��N-
1ì�ÑÑ1Ì, ã 6(c) �	n D = 0.5 m V FBG

	n 980 nm ��e��N-1ì�ÑÑ1Ì. Ù
¦^�Xe: 5\>6� 50 mA, ©EÇ� 0.01 nm,

	n���° 2 nm, 	Üó�§Ý� 23 ◦C. 3�$
�ó�>6e, k|u*ÿ	n��N-1ì�p
�A5, 1Ì°ÝCzØ²w, Ïdü FBG 	n�
�N-1ì�	n D = 0.5 m �-1ÑÑ1ÌÌ
�°Ý�	n D = 2 m �-1ÑÑ1ÌÌ�°Ý
Ä��Ó, �¥%Å� (¸�) �½5��u�ö,

ã 6 ØÓ FBG 	n��N-1ìÑÑ1Ì

�k 0.04 nm �¤£, 1ÌÌ�°Ý�u 0.04 nm,

�ö¥%Å�Ä�ØC. D = 0.5 m �ü FBG 	
n��N-1ìÑÑ1ÌÌ�°Ý� D = 0.5 m

�V FBG 	n��N-1ìÑÑ1ÌÌ�°Ý
�', �ö3 2 nm �°S�1ÌÌ�ê²wOõ,

�¥%Å�Ä�ØC, 1ÌÌ�°Ý�u 0.01 nm.

ã 6(b) Ú (c) ���N-1ì�>6�O�Ñò?
u�Z��G�, `²V FBG 	n��N-1ì
�Z���Ý�� á, Ó�-1ì1ÌG�½,

3½�¸�?, üp�q�p¿�, ¦�*dÑ
ØU��Ø½K�, l¦�p�	n�"Úå
�p�U¢y��Ï�½.

ã 7 �Z��G�eV FBG 	n��N-1ì�¸�Å�
¤£

ã 7 ��Z��G�eV FBG 	n��N-
1ì�¸�Å�¤£. ØÓuü FBG 	n�¹,

V FBG 	n��N-1ìØ�3¸�Å�� FBG

Å����, ¸�Å�3	n���°S, ¸�Å
�¤£Ø� 0.5 nm, -1ÑÑÅ�½��ýÏ�
�.

ã 8 �V FBG 	n��N-1ìÑÑ L-I A
5�õÇËÄ. �V FBG 	n��N-1ìl�
�Z��G���Z��G��, �¸��°Ý
l 0.5 nm Ð°� 0.9 nm. Ï�-1�5\>63	
n�ªÇNC�ªÇþ��E¤
ÑÑõÇ�Ë
Ä, ÑÑ1õÇ¥k�þD(. �X5\>6�O
\, �"rÝO\, õÇËÄ¥y�ê~�ª³.

ã 9(a) Ú (b) © O � � ü FBG 	 n Ú �
V FBG 	n���N-1ì�ÑÑõÇ�¹. �
X5\>6�O�, nS��ªêOõ, N´u)
a�y�, �ªËÄ\ì, Ïd	�©�ÇËÄ�
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�5��. lã 9(a) �±uy3$>6�¹e-
1ì	�©�ÇËÄØ²w, �>6�u 130 mA

�, �ªËÄ�5�î. ü FBG ���Ì�°
SÌ�må�°, =��u-1ìnS�p�m�
�, du�°S��ª��, N´��°	��ª
u)a�y�, -1ÑÑõÇ��5Ý'V FBG

	n��. 3�Z���¹e, lã 9(b) �±u

yV FBG 	n¦�-1ìõÇ�5�ËÄ��
²wUõ, -1õÇ�$ª���±�Ñ. -1ì
��ª���31n1»���°S, U
�\
½/$=, ¢yÄ�½. �Ó�°S, V FBG

	n�Ì�må�uü FBG 	n�Ì�må, ¦
V FBG 	nU
3�Ä��°SE,¼�½�
õ�ÑÑ.

ã 8 �Z��G�eV FBG 	n��N-1ìÑÑ L-I A5�õÇËÄ

ã 9 �Z��G�eü!V FBG 	n��N-1ì� L-I �5A59	�©�ÇA5 (a) ü FBG 	n; (b) V FBG 	n

ã 10 V FBG 	n��N-1ì��Z��>.¢��n
Ø'�

ã 10 �Ñ
V FBG 	n��N-1ì��
Z��>.¢��nØ'�(J. l¥�±uy,

V FBG 	n��N-1ì��Z��Ä���É
�	n�ÝK���u5\>6. d� (16) ª�±
CqL«�

D > −τmc ln(max(1 − Teff(λ))/2). (17)

ÏLé'ØJuy¢��nØ(J'���. Ïd
Cq�±@��Z���Ý� C �!�"XêÚ
�°OrÏfÃ', =�	n5� Teff(λ) k'. X
JØ�ÄAÏ��N-1ìÚ	n�"�5�, �
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�ó, �Z����)Ú��Ï�U�5ü�
�g�: XÚ�càk�� (ß) �Ç!	n�ÝÚ
5\>6.

4 ( Ø

l�1�"�	n��N-1ìÑu, ïÄ

V FBG 	n��N-1ì��Z��A5. 3n
Øþ�Ñ
	n��N-1ì��Z���ÊH
5�V FBG 	n¤û½��Z��AÏ5�«O
ÚéX. l¢�¥�y
V FBG 	n��N-1
ì3�Z��eäkõ��½ó�G�, �Z�
��Ý�� á, �Z�ÝS1Ì½, �ýÏ'
���.

�Z��ù«Ñyuf�"��N-1ì¥
���5y�, lL��@�Ø½7L\±³
�, �CAc�XV FBG 	n��N-1ì31
Ï&þ��Ä$�A^�#@£ÚÉ�
À. �Xe��1P¹���Ú\, éu#�1Æ
´»ÚØÓ���N-1ì5`, ¢SþØ�;�
/�3X5g1�E�\-11����1,

�Z��Q�±��q�±?�Ú|^ùÜ©f
�"15Jp1ÆP¹���NþÚ�Ý, $�^
±\�Ú¢y!U. �Z��¥1Ì�â,Ð°`
²ÙA^�±¦���N-1ìq´�«#.1
m'Ú�«#.Daì. du§É	�"´»Ú>
6N�, q�±^u1>?èÚ�Ôn´»¥ä�
Ï&���.
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Abstract

The preconditions and controlling factors of coherence collapse (CC) are analyzed by the rate equations and dual fiber Bragg

grating (FBG) couple mode theory based on the physical process of dual FBG external cavity semiconductor lasers. A method of

achieving and controlling CC multi-mode stable state is put forward for dual FBG external cavity semiconductor lasers. When the dual

FBG external cavity semiconductor laser operates at the multi-mode stable state under the CC regime, the CC length reduces. The

spectrum of the laser is relatively stable within the CC length. The experimental results show the output power of the laser is stable

while the laser with the 3% external reflectivity is operating under the CC regime. The side mode suppression ratio is more than 45 dB.

The full wave at half maximum broadens from 0.5 nm to 0.9 nm dramatically as soon as the laser operates from the incoherence collapse

regime to the CC regime. The wavelength shift is less than 0.5 nm at the operating temperature of 0 ◦C—70 ◦C. The minimum of the

CC length is less than 0.5 m. The CC application of dual FBG external cavity semiconductor lasers is vital to improve the performance

of optical fiber amplifiers and fiber lasers.

Keywords: nonlinear, semiconductor laser, dual fiber Bragg grating, coherence collapse
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