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JÑ
�«�^u�Äuÿ�#.1n1»DaEâ. ^ ���ìÚpVò�� 1n�ï¤ Sagnac �,
(Ü��1n!ü�1nÚ�lì, /¤
üÅ�1n-1ì, dÊk1n Bragg 1»�]:ù��Da&Þ, ¿
|^ Sagnac �����5>�, )N�Ä&Ò. �ã
 Sagnac ��n9Ù�)�>��A, ¿?1
ê��[O
�, é�Ä&Ò?1
uÿ¢�, uÿXÚl L1 � L1 + L2 �méA�±Ï�N, (¯Ýp� 38.2 µW/nm, �5Ý
� 0.9996, Ä���3 40—70 dB, �÷v�ÄDauÿ�Eâëê�¦.

'�c: 1n1Æ, �Äuÿ, � 1n Sagnac �, 1n-1ì

PACS: 42.81.−i, 42.81.Gs, 42.55.Wd

1 Ú ó

�Äuÿ´���~­��uÿEâ, 3ï
Óiÿ!/�t&�ó�¥k2��A^�I
¦ [1,2]. 3/�t&�¡, Ï~±1n1»�Daì
�u³e, �Éd<ó-y��Ä&Ò, 3/¡ò
d&ÒuÿÑ5, =��â�Ä&Ò�DÂÌA5
��/e�ñ�!hí�©Ù. �DÚ�>fDa
Eâ�', 1n1»DaEâ±Ù|>^Z6!|
@¡!E^Uå!º�;nÚ(¹5, ±9³eE
,�¸�r�·AUå, Úå<��4�,�. 1
n1»´��XÚ��cà, 8c®�OÑ�ª�
��Daì, �´)NEâ´��DaXÚ�'�
Eâ, Ù°(ÝÚ�A�Ýû½X��XÚ�5U
Ð�. >�ÈÅ)N{´�«~^�)N�{, §
U¢y¢�)N, �~·Ü^u)N�Ä&Ò. �
´§�":'�²w, Ù�´3�°�1ÌÅãS
vk�Ç�!�5Ýp�>�; Ù�´°�1
J
ø�õÇ��, &D'$, éJ&ÿ��f�&Ò
Cz [3−7].

�©JÑ
�«Äu��pVò�� 1

n Sagnac �1n-1ì��ÄuÿEâ. Sagnac
�Jø
ûÐ�>�, æ^-11
�±k���
ÑÑõÇ, 
ò1
!>�ÈÅìÚDaì�uÓ
���/nS, (�{ü. �[ïÄ
pVò��
 1n Sagnac �1n-1ì, ÏL¢�Øy
XÚ
A^u1n�Äuÿ��15.

2 nØ©Û

2.1 ���   111nnn Sagnac ���

�âDÑ1� ��, ü�1n�©�� 1
nÚ�� 1n, 13� 1n¥DÂ� ���
±ØC, 
��� ���ò�ÇØÓ, ��DÑ
�ÝØÓ, u´3DÂL§¥DÂ�ª�)� �,
=Vò�. dVò�ëê B = βx − βy, β ���
�ª�DÂ~ê. �1n¥� B > 10−4, K¡�p
Vò�� 1n (Hi-Bi PMF). §´3�E1nL
§¥<�Ú\pVò�Ô��¤n�, ¦�ü��
�Ä� HEx

11 Ú HEy
11 DÂ~êké���O, U
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/¤pVò�Ç�k��{, ~��pVò�� 
1nký�n�1n!D .1n!=c.1nÚ
�R(1n [8]. düãpVò�� 1n! �
��ì (PC) Ú 3 dB ÍÜì�¤� Sagnac 1n�
Xã 1. \�1 E1 l 1 àÑ\, � 3 dB ÍÜì©
� E3, E4, PC å�N�=�1| ����^, �
�urVò��¯¶=�ú¶, ½öòú¶=�¯
¶þ. ��¯¶1\�, �ÍÜì©�ü����
¯¶1÷X�DÑ, E3 ²L PC ��N��ú¶þ
²L AB ã�Ý� L �� 1n, E4 k²L L 2
²L PC �N��ú¶þ, 3ÍÜì?�ZÑÑ, K
�)
 ��. |^ Jones Ý
éÙDÂL§?1
�'�$�, ��Ùß�ÇÚ��Ç� [9−12]

T = sin2 θ cos2 ϕ, (1)

R = 1 − T, (2)

Ù¥, θ � PC ^=�Ý�� 1nL���S�
 ���Ú, ϕ = 2π∆nL/λ = 2πL/LB �1�Ø
Ó ��3¯ú¶þDÂ�Óål�)�� �,
∆n = |nf − ns| �pVò�1n¯ú¶�m��
�ò�Ç�, LB = λ/∆n �û�, ´£ãü�1n
¥ØÓ ����ªVò��­��ëþ. l (1)
Ú (2) ª��, ��ÇÚß�Çþ´Å� λ �¼ê,
�\�1� ��Ã'. uÿXÚA^ Sagnac ��
ß�1Ì, ¤±·�|^ MATLAB7.0 éÙß�Ì

?1�[, ���: L = 0.5 m, LB = 3.1 mm, =�
�ò�Ç� ∆n = 5 × 10−4, Xã 1(b). ´�, é,
�«�½�pVò�1n, 3§ÝØC��¸eû
�´ð½�, =¯ú¶k�½�k�ò�Ç�,  
���ì� =���Xß�Ç��1', � 1
n�Ýû½
ÑÑ1Ì�±Ï.

ã 1 üã� 1n Sagnac � (a) (�ã; (b) ß�Ç
� =�ÚÅ�Czã

ã 2 ��pVò�� 1n Sagnac � (a) (�ã; (b), (c), (d) ê��[(J (b) m = 0.5, θ2 = π/3 ; (c) m = 1, θ2 = π/3 ;
(d) m = 1, θ2 = π/9
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dã 1(b) ��²ww�, ¦+�1'�X PC
� =�
Cz, �´, ±Ï´Ø�Cz�, ù�Ø
U÷véØÓ±Ï�I¦. �©$^�´düã
� 1nÚü� PC |¤�����pVò�1
n Solc - Sagnac �, Xã 2(a) ¤«. 1DÑ�nÚ
L§�üã� 1n Sagnac ���, �üã� 1
n�Ý©O� L1 = L, L2 = mL, � Ú��©O
�: ϕ1 = 2π∆n(m + 1)L, ϕ2 = 2π∆n(m − 1)L, K
ß�Ç�

T = [cos ϕ1 sin θ1 cos θ2+cos ϕ2 sin θ2 cos θ1]2, (3)

Ù¥, θ1, θ2 ©O�ü� ���ì PC1, PC2 �^
=�ÝÚ1nL���S�)� ���Ú. é�
�� 1n Sagnac �ß�Ì?1�[, � 1n�
�ØC, é m, θ2 �ØÓ��, Xã 2 ¤«.

lã 2 ��, ��pVò�� 1n Sagnac �
�ÑÑ��uü�üã� 1n Sagnac �üÕ�
^�pU\�(J. m ����, =�\�1�ã
1n��, K±Ï�á, θ2 ��C π/2, �1'��.
ÏLN� PC, �±��¤I�� L1 − L1 + L2 �
méA�±ÏÚ����1'.

2.2 ������---111��� (FBG) ÀÀÀ������nnn

Äu-1��ÄDauÿXÚ�Äu°�1

3Vgþké���É, -13uÿ�Ä&Ò
�, ��Da&Þ� FBG ´-1ì���Ü©, å
�À���^. ��1n1
´3Ä$1�^e,
E+3

r áÂ 1480 nm Å�Ä$1�, E+3
r U?�[

/¤âfê�= (n2 > n1), 3p�1�^edU
? 4I13/2 → 4I15/2 ��[�)���guË�/
¤F11
 (C Åã½ö C+L Åã�°�1
). C
Åã ASE ´d 4I13/2 Ú 4I15/2 ÌU?� Stark ©
�U?�pU?�m�[�), 
 L Åã� ASE
´d 4I13/2 Ú 4I15/2 ÌU?� Stark ©�U?�$
U?�m��[�)�. ��k3��1n�C
à�) C Åã� ASE, �)� C Åã� ASE ��
�gÄ$
��à�1n¥� Er+3 áÂ, l
/
¤ L Åã� ASE Ì [13], Xã 3 ¤«. 3 ASE ÑÑ
à�þ Sagnac �, ASE ² Sagnac �ÈÅN�, ¤Î
GÌ. ,�2\þ FBG, du FBG äk�°Ä!�
�Çp!¥%Å�kDaA� (§ÝÚAC), ¤±
UÀJÑp�'��ª. b� ASE 1
õÇ� I0,
Sagnac ��ß�Ç� TS, FBG ���Ç� RB, K
3vk��n��¹e, ÑÑõÇ�

I =
∫ ∞

0

I0(λ) × TS(λ) × RB(λ)dλ. (4)

du1
ÑÑõÇé$ (< 40 mW), Sagnac �
�ß�Ç��� 0.2, FBG ���Çé� (> 80%),
�´�°éÄ (0.2—0.3 nm), 
��kÙ¦ì��
�Ñ, ¤±õÇé$ (��?). �§�ë¤�/�
�n, K�±3��n¥��/¤-1. FBG 3�
�n¥å�À���^, -1�ÑÑ1Ì�°Ò
´ FBG ��°.

ã 3 ASE 1
² Sagnac �ÈÅ�� FBG À��«¿ã

2.3 >>>���ÈÈÈÅÅÅ)))NNN���nnn

du��1ÌõÇ� Sagnac �ÈÅN�¤�
>, bX FBG ¥%Å�éA�>�õÇ�Ý¼ê
�

P (λ) = kλ + k0, (5)

Ù¥ k ��Ç. � FBG ��Ç� R, 3 dB �°
� ∆λB, ¥%Å�� λB, K��1ÌCq� Gauss
©Ù, =

RB(λ) = R exp
[
− 4

(λ − λB)2

∆λ2
B

ln 2
]
, (6)

K (4) ª�L��

I(λB) =
∫ ∞

0

(kλ + k0)R

exp
[
− 4

(λ − λB)2

∆λ2
B

ln 2
]
dλ. (7)

du FBG � 3 dB �°��uT>�Å��
�, = P (λ) = P (λB), �±^

∫ +∞
−∞ exp(−ax2)dx =√

π/a ?1{z, �:

I(λB) =
1
2
R(kλB + k0)∆λB

√
π/ ln 2. (8)

� FBG É�ÄN��, ¥%Å�¬7£½ö
ù£, = λB → λB + ∆λ, K�:

∆I =
1
2
∆λBRk

√
π/ ln 2 · ∆λ = k′∆λ. (9)

d (9) ª��, -1�ÑÑõÇ��¬�Å
� ¤ £ 
 u ) � 5 C z. q d u 3 � r Ý ]
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:ùþ, AC� Bragg Å��¤£¥�5'X,
= ∆λ = k′′∆ε, k′′ �Å��AC(¯ÝXê. ¤±
�]:ù�-y&ÒN�
�)AC�, -1�Ñ
ÑõÇ�¬�-y&Ò¥�5Cz, =XJ-y&
Ò´�u&Ò, K-1ÑÑõÇÌ���u.

3 ¢ �

3.1 ���������   111nnn Sagnac ���ÈÈÈÅÅÅAAA���ÿÿÿ
ÁÁÁ

� � � � X Ú � Ø % Ü �, � � �   1
n Sagnac ���ïÚÿÁ�~'�. ·�Uìã 5
�ï
 Sagnac �, ¿^ AQ6319 1Ì©Û¤ÿÁ,

3 600—1700 nm ©EÇ� 0.01 nm. d©z [14] �,
� 1né§Ý'�¯a, Vò�ëþ��, é§
Ý�¯a, 
��üã� 1n��Ý�'. ¤±
·�æ^ TEC ?1§Ý��, ò� 1nbuð§
�þ?1¢�, ÿ�êâXã 4.

lã 4(a) ��, ��� 1n Sagnac ��ß�
Ç´�ü����u (½ö{u) �äN�, �nØ
�[ÎÜ. 
�lã 4(b) ��, §ÏLN�ü� 
���ì�±gd��l L1 � L1 + L2 �méA
�±Ï, �Ò´��uü�Õá� Sagnac �, ÏL
�� ���ì5N! ��ë���Ý. � PC
rüã� 1nN!� ��²1�G�, K L1,
L2 üã��u�ã L1 + L2 �� 1n3å�^.

ã 4 ��� 1n Sagnac �ÈÅA� (a) 200 nm Å���; (b) 25 nm Å���

ã 5 1n�ÄuÿXÚ¢�C�

3.2 ¢¢¢���CCC���

3 ¢ � ¥ � O � u ÿ X Ú X ã 5 ¤ «.
d 1480 nm �Ä$1
l 1480/1550 �Å©E^
ìÑ\, Ñ\ 30 m ���1n (EDF), ²1n�l

ì (ISO) ?\ Sagnac ���à, ,�à���/ì
� 1 à, 2 à�� FBG(¥%Å�� 1550.8 nm, �
° 0.25 nm, ��Ç 0.85), ò FBG Ê3�rÝ]:
ù (däkprÝ!MÝ!�54�Ú�N4�!
�5¢���5U���Ôá��¤) þ, ¿�½

014216-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 014216

��Ä� (Shaker) þ (WS-30-40 �.°��Ä�,
ªÇ�� 1—5 kHz). �
��1n�à¡��

K�Da&ÒÚ-1�­½ÑÑ, ò1n�àE\
��� (IMG). 3�/ì� 3 àÏL�� 1 × 2 �
ÍÜì, ò 90%�õÇ�33��nS±/¤��
OÃ, 10%�õÇÑÑ���)N&Ò.

3)NXÚ¥, ^1>&ÿì (PD)(GT322D
InGaAs PIN 1 > � 4 +, 1 Ì � A � � 900—
1700 nm, ¿ § e � A Ý � 0.95 A/W, V > 6
� 0.3 nA, �A�m� 0.3 ns) �É�)N��Ä&
Ò. duÄu-1�XÚ, ÑÑ&Ò'�r (0.1 mV
êþ?), |^{ü���>´=��¤&Ò��.
ÏLêâæ8kÑ\�O�Åþ, ^ LabVIEW ^
�?1êi&Òæ8Ú?n.

3.3 ¢¢¢���(((JJJ999©©©ÛÛÛ

�
ÿÁXÚ�°ÝÚ(¯Ý, k?1·�
ÿþ. Xã 5 ¤«, ^Ú^ÿ�ì5¦]:ù�
C, l
 FBG ¥%Å�¬��Å½áÅ��¤£,
¦ FBG �à²P~�31Ì¤þ*ÿÅ��UC
þ, 3 1 × 2 ÍÜì�ÑÑà^1õÇO (PM31H
., InGaAs &ÿì, 800—1700 nm: −50—+23 dBm,
©EÇ�� 0.001 dB). ���Xã 6 ¤«(J.

ã 6 ÑÑõÇ�Å�Cz�'X

d ã 6 · � � �, T X Ú � ( ¯ Ý
� 38.2 µW/nm, � ' ° � 1 
 � ( ¯ Ý p (≈
10 µW/nm), �5Ý� 0.9996, 
�ÑÑõÇép,
�Az��, ²1>=��I{ü���$�ØI
��=�?n, �±~�d��ìÚ���¡�5
�D(, ¦��uÿXÚ&D'��wÍJp.

3Ä�¢�¥, ·�^�Ä��)�Ä&Ò,
¿æ^�uÅ-y�ª, Xã 7(a), ��Ä���
�)�&Ò. æ8k�ü:�/ªà���ª, æ
^ 100 kHz �æ�ªÇÚ 10 k æ�:ê, ² But-
terworth Ã�óÀ�A$Ï IIR .ÈÅìêiÈÅ,

é 1 kHz ±þ?1 50 �ÈÅ, �y
XÚäkép
�ÿþ°ÝÚ©EÇ, (JXã 7(b). ÏL�&Ò
Ú)NÑ5�&Ò�'�, ��dXÚ´�±A^
u�ÄXÚ&Òuÿ�.

ã 7 � � Ä & Ò � u ÿ � � & Ò ' � ã æ � ª
Ç = 2000.0, H2 «ÅÏ�l 1 � 2 (a) ��Ä&Ò;
(b) uÿ��&Ò

3dÄ:þ, ·�l 0.5—200 Hz éõ�ªÇ
�Ä&Ò?1
uÿ, Ù¥ 20, 100, 178 Hz uÿ(
JXã 8 ¤«.

ã 8 � 3 �ªÇe���Úª�©Ùã, Ù
¥ (a), (b), (c) ���©Ù, du¦^$ªDaì, k

Å/Ñy�=½ö�Ì��Ñk�O, ØLÄ�
�áu�u&Ò, `²duÿXÚ�±A^u�Ä
&Ò�uÿ. lª�ã�±��uÿ�&Ò�ª
Ç, dp�I��, duÿXÚ�Ä���� 40—
70 dB. lã 8(d) w�, 3 20 Hz �Ñy�ªy�, ù
´du§��C]:ù��kªÇ, 
��
¦]
:ù��Ä�ÓÚ�Ä, I�3]:ù�"à\þ
�½­þ��þ¬, ù��(JÒ´]:ù�ÄL
§¥��uüà��½, 3ù¥m¬�)7Å
Ñ
y�ª. ØL�ªÑy�rÝ¿Ø��, o�uÌ
ªÇ, �´�±lªàé�B/¼�)N(J. �
�l�kªÇ�, �ªy���, Xã 8(e), (f) ¤«.
�XÚ��p)NªÇ�ûu-1ïá­½ÑÑ
��m, XJ·����1´��Ý L = 10 m, -
1�� n = 100 g�±­½ÑÑ, K�±uÿ�þ
�ªÇ� fh = c/nL = 106 Hz, U
÷v�Ä&ÿ
�I�. �´, du8c���1n1»�ÄDa
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ì�kªÇ�$ (0.5—200 Hz), Ïdéu�pªÇ
�¢��y, �I�1n1»�ÄDaì�?�Ú

U?��õ.

ã 8 uÿ���Ä&ÒrÝ3�ªÇe�� (a)—(c) Úª� (d)—(f) ©Ùã (a), (d) 20 Hz; (b), (e) 100 Hz; (c), (f) 178 Hz

4 ( Ø

ïÄ
��pVò�� 1n Sagnac ��È
ÅA�, ¿3nØ©ÛÚ¢�@y�Ä:þJÑ

Äud�� Sagnac �1n-1ì��ÄuÿE
â. ÏLê��[Ú¢�ÿþ, ·������ 

1n Sagnac �äkéÐ��5ÈÅA�, 
�¥
ÎG©Ùu��Åã, ÏL ���ì�±N�
l L1 � L1 + L2 �méA�±Ï��, dd-1
ì�¤�uÿXÚ�(¯Ý� 38.2 µW/nm, �5Ý
� 0.9996, Ä���� 40—70 dB, U÷v�ÄDa
uÿ�Eâëê�¦.

[1] Sun Q Z, Liu D M, Wang J 2007 Acta Phys. Sin. 56 5903 (in
Chinese) [�jý, 4�², �è 2007 ÔnÆ� 56 5903]

[2] Garcia-Souto J A, Lamela-Rivera H 2006 Opt. Express 14 9679

[3] Wang Y P, Rao Y J, Ran Z L, Zhu T 2003 Acta Phys. Sin. 52
1432 (in Chinese) [�Â², 5�ô, .Q-, Á7 2003 ÔnÆ
� 52 1432]

[4] Qiao X G, Jia Z A, Fu H W, Li M, Zhou H 2004 Acta Phys. Sin.
53 494 (in Chinese) [zÆ1, _�S, F°%, o², ±ù 2004
ÔnÆ� 53 494]

[5] Xue L F, Zhao Q D, Liu J G, Guo T, Huang G L, Liu L H 2006
Acta Phys. Sin. 55 2804 (in Chinese) [Åå�, ëé�, 4ïI,

Hì, �?*, 4w� 2006 ÔnÆ� 55 2804]

[6] Zhang J L, Yu C X, Wang K R, Zhao D X, Lin M M, Li C 2009
Acta Phys. Sin. 58 3988 (in Chinese) [Ü<9, {­D, �¾X,
ë�#, �~~, o¤ 2009 ÔnÆ� 58 3988]

[7] Zhang C, Rao Y J, Jia X H, Chang L, Ran Z L 2010 Acta Phys.
Sin. 59 5523 (in Chinese) [Ü�, 5�ô, _#õ, ��, .Q-
2010 ÔnÆ� 59 5523]

[8] Jiang Y 2009 Advanced Optical Fiber Sensing Technology (Bei-
jing: Science Press) p8 (in Chinese) [ôÀ 2009 p?1nDaE
â (�®: �ÆÑ��) 1 8 �]

[9] Chung S, Kim J, Yu B, Lee B 2001 IEEE Phot. Technol. Lett. 13

014216-6



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 014216

12
[10] Wang J, Zheng K, Peng J, Liu L, Li J, Jian S 2009 Opt. Express

17 10573
[11] Feng C X 2009 MS Dissertation (Beijin: Beijing Jiaotong Univer-

sity) (in Chinese) [¾ç_ 2009 a¬Æ Ø© (�®: �®�Ï
�Æ)]

[12] Wang J, Zheng K, Li J, Liu L S, Chen G X, Jian S S 2009 Acta
Phys. Sin. 58 7695 (in Chinese) [�·, xp, oj, 4|t, ��

�, {Y) 2009 ÔnÆ� 58 7695]

[13] Yan F P, Mao X Q, Wang L, Fu Y J, Wei H, Zheng K, Gong T R,
Liu P, Tao P L, Jian S S 2009 Acta Phys. Sin. 58 6295 (in Chinese)
[òÂ², f�x, ��, F[�, ��, xp, ÷;J, 4+, >�
�, {Y) 2009 ÔnÆ� 58 6295]

[14] Lim K S, Pua C H, Harun S W, Ahmad H 2010 Opt. Laser Tech-
nol. 42 377

A vibration detection system based on two-stage
polarization maintaining fiber Sagnac

loop fiber laser∗
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Abstract
A novel fiber grating sensing technique utilized for vibration detection is proposed and experimentally demonstrated. A single

wavelength laser is formed by polarization controllers and polarization maintaining fiber (PMF) to construct the high birefringence
(Hi-Bi) Sagnac loop, PMF combined with erbium-doped fiber, single mode fiber and polarizer. The cantilever glued to an FBG is used
as a sensor probe, and the linear edge of Sagnac ring laser are used to demodulate fiber optic seismic vibration signal. Sagnac ring
theory and its edge effects are described in detail, and numerical simulation and experiment show that the vibration signal detection
system is adjusted periodically in a range from L1 to L1 + L2, sensitivity goes up to 38.2 µW/nm of discrimination, the linearity is
0.9996, and the dynamic range is 40—70 dB, these meeting the requirements for vibration detection technical parameters.
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