
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 13 (2012) 130201

üüü¶¶¶¬¬¬NNN������111nnn Bragg 111»»»������ÌÌÌAAA555���[[[ïïïÄÄÄ*

ow�† ê� Üý� �7 5[� o¬ ùj[

( ìÀ�E�Æ, &E�>íó§Æ�, �� 266590 )

( 2011 c 10 � 25 FÂ�; 2011 c 12 � 12 FÂ�?Uv )

�©í�
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Ñ
ù����§��«¦)�{, ¿3dÄ:þ, é���ü¶��É5á��1n Bragg 1»���Ì��
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1 Ú ó

1nÙ.�1» (fiber Bragg grating, FBG) ´
|^�=1n�b	1¯A5ò»�(����
31n�þ/¤�1nÅ�ì�. 8c, ��1n
1»��{���©�oa: p�7ÅZ�{!î
��EÍ1{!:1
�\{Ú ���{ [1]. Ù
.�1»�î�nØ´ÍÜ�nØ, \�1ÅÚ1
n1»�pÍÜ, ÷v�½^�Å��1Å���,

Ù{Å��1KÏL. ù«Ã
1fì�31n
Ï&!1nDa�+�®²k2��A^ [2]. �¤
1n1»�1ná������Ó5�n�Ú�
�|¤, ò��É5á�Ú\1n(�¥, é1n
�DÑA5!ÚÑA5Ú����mõÇ�©Ù
ÑkwÍK�, �ÙK����û½u1ná��
ò�Ç©Ù.

1974 c, Steven Son Ú Cozens � [3,4] �@ïÄ

ü¶��É5á��n��1n�DÑÚ��
A5. ±��É5¬Ná��1n���ïÄm©
u 1996 c, Wakaki � [5] é��É5��1n �
A5?1
ïÄ. 2002 c, Ü¡±� [6] JÑ
ü¶
��É5á��S���V�� W .1n, ïÄ
(JL²TaV��1n'ÊÏV��1nk�

��"ÚÑ:N!��. Cc5, ûÿ�� [7,8] é
ü¶��É5á���1n1»�Ì¶ò�Çé
Ù.�1n1»A5�K��?1
nØ�[, �
éäN��[�{ÚL§¿vk�[Øã.

�©±��É5¬N��1n1»�1Ì�
�ÇA5���ò�Ç'X�ïÄé�, ÏL¦)
n��5�A��§, A^¥�½n, (Ü Matlab
ê�¦)�{, �[Øã
A��§ù����§
�¦)�{. ¿3dÄ:þ, é���ü¶��É
5á��1n Bragg 1»���Ì?1
nØ�
[©Û. (JL², kcl é γ-λ ­�kér�K�, Ø
Ó� kcl �±��ØÓ�1»��ÇÚ Bragg Å�.

2 nØ©Û

2.1 ¬¬¬NNNááá���VVVããã

�
¬Ná�äkûÐ�MÝ, rÝ9zÆ­
½5. cÙé�
��É5¬Ná�, duÙò�
Ç©ÙØþ!, ^§��n�½���±��ä
kAÏ5U�1nÚ1ì�. Ó�¬Ná��¤�
1n½1ì�qäkÕA�AÛ(�, �^�F
p§, |@¡�p§&ÿ��9-1UþDÑì
� [9]. 3��É5¬Ná�¥, ü¶¬Ná�ÏÙ
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ÕA�`³
A^��2�. 3®k�©z [6−8]

��¥^u1nn�½���ü¶¬Ná�Ì
�k NaNO3(3 632.8 nm Å�NC, Ùü�Ì¶ò
�Ç©O� 1.58 Ú 1.336), LiTaO3(3 633 nm Å�
NC, Ùü�Ì¶ò�Ç©O� 2.176 Ú 2.180) ,
LiNbO3 (3 633 nm Å�NC, Ùü�Ì¶ò�Ç©
O� 2.29 Ú 2.20) , ����a (KDP, 3 633 nm Å
�NC, Ùü�Ì¶ò�Ç©O� 1.51 Ú 1.47) �.
XJ3ü¶¬Ná����!1¶²1u1n¶
�1nþ^� ���Eâ��1», Ò�±��
ü¶¬N��1n1».

2.2 nnn������555���AAA������§§§

Xã 1 ¤«, Ã±Ï5�6�þ!1nn�
ò�Ç� n0, Ù���ü¶��É5á�, �À
�Ì¶� Z �I­Ü�, n�Ì¶ò�Ç©O
� nx, ny, nz , � nt ���ü¶¬Nî�ò�Ç�
÷v nt = nx = ny 6= nz .

ã 1 ü¶��É5¬N�� Bragg 1n1»(�{ã

dÅÄ�§Ú>.^�¦����ü¶��
É5á��1nn��5�A��§� [7][
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+
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, (1)

� β2 < k2n2
0 �, ½ÂëêXe:

U = a
√

k2n2
0 − β2,

W = a
√

β2 − k2n2
t ,

V = ak
√

n2
0 − n2

t ,

∆ =
n0 − nt

n0
,

kcl =
nz

nt
.

Ù¥, k �ý�¥�Åê, k =
2π
λ

, β �p�DÂ~

ê, kcl ���n�Ì¶ò�Ç', U �î�8�z
� ~ê, W �î�8�zP~~ê, V �8�z
ªÇ, ∆ ��éò�Ç�, Jm �1�a�l�¼ê,
Km �C/1�a�l�¼ê.

2.3 111»»»ÍÍÍÜÜÜXXXêêê���OOO���

b�1n��ò�ÇCz�

δn0(z) = δn0

[
1 + v cos

(
2π
Λ

z

)]
, (2)

Ù¥, δn0 ��6ò�ÇCz, v �N��Ý, Λ �
1»±Ï. e L ��1»Sk N �±Ï�ò�
ÇCz, K Λ = L/N . �âÍÜ�nØ, ¦ÑÓ
� (X m = 1 �) ���DÑ�m�ÍÜXê� [7]

_

K =
k2β

(
Q2 − F 2

)
2 (β2Q2 − k2n2

0F
2)

, (3)

Ù¥

F =
J ′

m(U)
UJm(U)

+
K ′

m(W )
WKm(W )

, Q =
1

U2
+

1
W 2

,

K

K = σ + 2κ cos
(

2π
Λ

z

)
, (4)

Ù¥, σ ��6ÍÜXê; κ ��6ÍÜXê, k

σ = 2n0

_

Kδnco, (5)

κ = n0v
_

Kδnco. (6)

2.4 111»»»������ÌÌÌ©©©ÛÛÛ

�âÍÜ�nØÚ1n1»�>.^�, ��
��\����Ì'�

ρ =−κ sinh
(√

κ2 − _

σ
2
L

)
×
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_

σ sinh
(√

κ2 − _

σ
2
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)
+ i

√
κ2 − _

σ
2
cosh

(√
κ2 − _

σ
2
L

)]−1

. (7)

Ïd, ��Ç�

γ = |ρ|2 =
sinh2

(√
κ2 − _

σ
2
L

)
cosh2

(√
κ2 − _

σ
2
L

)
−

_

σ
2

κ2

. (8)

Ù¥,
_

σ ��6gÍÜXê, k
_

σ = δ + σ, (9)

Ù¥, δ ���þ, k

δ = β − π
Λ

= 2πneff

(
1
λ
− 1

λB

)
, (10)
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Ù¥, λB � Bragg Å�, k

λB ≡ 2neffΛ. (11)

3 ê��[

3.1 êêê������[[[LLL§§§

n��5�A��§ (1) ´�����§,
�ì;.ü�1n�AÛëêÚ1Æëê��,
� m = 1, |^ê�){?1¦).

�½1»��Ý L Ú±Ï Λ, kcl ��½��,
�â (1) ª¦ÑÄ��k�ò�Ç neff = β/k �
�, òÙ�\ (3), (5) 9 (6) ª¦Ñ

_

K 9ëê σ, κ,
2d (9), (10) Ú (11) ª¦Ñ _

σ, �\ (8) ª=�¦
Ñ��Ç γ �Å� λ �Cz­�.

'�:�A��§ (1) Ä�k�ò�Ç�¦
). òA��§z� f (neff) = 0 �/ª, |^¥�
½n?1¦). ^ Matlab ?§¦)k�ò�Ç�
�{Xe:

§Sæ^i@�Ì��{, ê�¦)T��
�§)�©Ù«�� [nt, n0], éz�æ�Å�, 3
«m [nt, n0] ÷v^� f (nt) f (n0) < 0, [nt, n0]

���©:� x0 =
nt + n0

2
, O� f (x0) ��,

e f (x0) = 0, =�¤¦); e f (x0) f (nt) < 0,
� nt1 = nt, n01 = x0 � � # � « m à :;
e f (x0) f (nt) > 0, � nt1 = x0, n01 = n0 ��#
«m�à:. [nt1, n01] ��©:� x1 =

nt1 + n01

2
,

O � f (x1) � � ¿ ­ E þ ã Ú ½ ± ( ½ # �
« m [nt2, n02], X d U Y e �. K � � « m S
� [ntk, n0k] (k = 1, 2, · · ·), §÷v f (ntk) f (n0k) <

0, ¿� n0k − ntk =
1
2k

(n0 − nt), � n0k − ntk

� � � ½ � ° Ý � ¦ �, K � xk =
ntk + n0k

2
��§�), æ�Å�éA�Ä��k�ò�
Ç neff = xk =

ntk + n0k

2
, §�°()�Ø�Ø

�L
1

2k+1
(n0 − nt).

ò�æ�Å�éA�k�ò�Ç��\úª
B�¦Ñ γ � λ �Cz­�.

3.2 (((JJJ©©©ÛÛÛ

kcl �ØÓ����Ç γ �Å� λ �Cz­�
Xeã 2 Ú 3 ¤«.
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ã 2 kcl �ØÓ����Ç γ �Å� λ �Cz­� (a) kcl = 0.2; (b) kcl = 0.6; (c) kcl = 0.8; (d) kcl = 1.0; (e)
kcl = 1.2; (f) kcl = 1.8

ã 3 kcl �ØÓ����Ç γ �Å� λ �Cz­� (a) kcl = 1.0; (b) kcl = 1.002; (c) kcl = 1.004; (d) kcl = 1.005; (e)
kcl = 1.006; (f) kcl = 1.007

130201-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 13 (2012) 130201

Xã 2 ¤«, kcl � 0.2, 0.6, 0.8, 1.0, 1.2 Ú 1.8.
l�[ã¥wÑ, kcl é γ -λ ­�kér�K�, Ø
Ó� kcl ����Å¥%Å�u)
²w� £,
 £þ� kcl ���k', Å//G� kcl = 1 ��
���. kcl < 1 Ú kcl > 1 �é­��K�ké²
w�ØÓ, � kcl < 1 �, �éu kcl = 1 ��1»
Ì¥%Å�u)7£; � kcl > 1 �, �éu kcl = 1
��1»Ì¥%Å�u)ù£. � kcl = 1 ­�
���Ç���$uÙ¦ kcl ­������Ç
�. ±þL², ØÓ� kcl �����ØÓ���Ç
Ú Bragg Å�.

cÙ���Ñ�´, � kcl 3 1.0 NC���,
1»��ÇCzé�. kcl ©O� 1.0, 1.002, 1.004,
1.005, 1.006 Ú 1.007, Ù�ý(JXã 3 ¤«.

lã¥�±wÑ kcl l 1.0 � 1.007 ��Ì�
Czé�. kcl l 1.0 O\� 1.005 1»��Ç´
ü$�, � kcl = 1.005 ���Ç�����, �

k 12%, � kcl = 1.006 �, ��Ç×�O� 78%,
� kcl = 1.007 �, ��Ç���� 100%.

4 ( Ø

�©éü¶��É5¬N��Ù.�1n1
»�1ÌA5�p���n�ò�Ç'�A5'
X?1
nØ�[ïÄ. ln��5�A��§\
Ã, A^¥�½n, (Ü Matlab �ê�¦)�{, Ø
ã
A��§ù����§�¦)�{. é���
ü¶��É5á��1n Bragg 1»���Ì?
1
�[©Û, �Ñ kcl � γ -λ ­�A5'X. �Ñ

ØÓ� kcl �±��ØÓ���ÇÚ Bragg Å�
�(Ø. �?�Ú�OÚ`z Bragg 1n1», ¼
�#L�1ÌA5, �Ù31nDa9Ï&�+�
�A^Jø
nØ�â.
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Abstract
In this paper, the ideal normal mode characteristic equation of the optical fiber with uniaxial anisotropic crystal cladding is derived.

Using mean value theorem and combining Matlab numerical method, a solving algorithm of this transcendental equation is proposed.
Therefore, the relationship between FBG reflect spectrum characteristic and cladding reflective index is simulated. The simulation
results show that kcl has a strong influence on the spectrum, different values of kcl can lead to different reflectivities and different
Bragg wavelengths.
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