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Testing System of Fiber Polarization Coupling Based on
Polarization Maintaining Structure
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(College of Optoelectronic Science and Engineering, National University of Defense Technology
Changsha , Hunan 410073, China)

Abstract By theoretically analysing white-light interferometer and the testing principle of polarization coupling
(PC) in polarization maintaining fiber (PMF) based on white-light interferometer, a fiber Michelson interferometer
testing system of polarization coupling in polarization maintaining fiber based on white-light interferometer is
designed. Testing experiments of polarization coupling in PMF are made and a good result of 70 dB detection
sensitivity is obtained. The feasibility and veracity of polarization coupling testing based on white-light fiber
Michelson interferometer are validated. Finally, a small PMF coupling coefficient is tested using different light
sources including super luminescent diode (SLD). amplified spontaneous emission (ASE) and erbium-doped fiber
amplifier (EDFA). Then we get the measurement error of 0.36% , 1.8% and 2.5% respectively, which verify the
accuracy of the testing system.
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Fig. 1 Schematic drawing of polarization coupling
in PMF
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Fig. 2 Scheme of polarization coupling testing system

based on white light fiber Michelson interferometer
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Fig. 3 Emulation (a) and experiment (b) results of single polarization coupling point testing
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Fig. 5 Emulation (a) and experiment (b) results of double polarization coupling points testing
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Fig. 6 Emulation (a) and experiment (b) results of three polarization coupling point testing

B AR SR A HE S R B9 BE RS R T 465, 6 mm,
ARG A Al RER A e 1 B AR Rl DL s gy
e 24 5 0 B ] S e A B R XU B 2R B e £ D
AN AR DG £T 19 25 18] 70 B R ok . AR HAT 2R 1
T IR TE AT KT 50 nm 1 BB 1 5% b A 4R
JELF I XA S AT 3k 3. 7 X107, i AR B R Gy A
] 73 BT w35 13 mm, (HR7EA LB AT .
T O IR AR SE A7 HLAR il D' £ DUIT 5 R BB &
Gy as () BER AN RAR S . B RAFTEZ A
B A I K AN ) T O R S T B 3 O
BRZE . AR DGR T MG LT 19 XU 4 & BoaT LA AL
AR AR G Y s 18] 23 B
3.2 IMRIRBEE RHENRIRES

BRI G L 7 5 LA B R D D6 £T B IR A
RACR B By B SE B R — A i IR
FHCHR LIS T I 5 B0 /N A R B TR G £F
4 i P M & AT DN B LR IE R M S e O T
B e 0 3 AR 8 19 SR R R 3N B8 R S IR R i '
LR L83 [ B B (PZT) b R JH AN Y O 12
12.5 kHz 1 IE 5% {5 5 98 & Ot B, 22 2 d Bl ih
VCA R Jy il il SR 4 R S S ko 45 5 254 ml A
HEA S BB IE T IR I AT L TR SR
i Y A/D SR A AR AU 7R I A R AR B A R I Ty

ZR U AR AL 72 A 2 (PGO) 8 il i 9 7 22 08 ik %
FERGMTW R TWE B, Rk,
MIFS B A MR AR AT I8 10 52, B 4RI
JERTLAGA B 10 9 B HARA (DO XL ER RS
A R B MR R AE T35 70 dB,

AR AT 2 I TP R AT I 0 U
AT L BT R R I O AR (SLD) ik
KB EHES (ASE) #B B 21 i K 48 (EDFA) JE 5
TWELhEXE GG LEBITIES 2.5 pm, H
FBAE MK/ 56T 6 o) 3 KN 56 B IR
Fﬁuarﬂcﬁ’a BAH#AT IO . MR E6 T 52, i

0 : ]

o Fa) SLD light sourcey, o (\‘)Ig (1341

0 ‘ ¥:0.005282 /" " ]
., 0 200 400 600 800 1000 1200
= Scan points
§ 10— — W — —
E 057(1)) ASEligthsource . oo, || )15 749
E : ‘  ¥:0.02745 )\ ‘
5 % 200 400 600 800 1000 1200
) Scan points

L0/ ) EDFA light source M x: 687

0.5 X:610 /\y:1

0 ¥: 0.001608 _ / ‘

0 200 400 600 800 1000 1200

Scan points

¥ 7 SLD,ASE fil EDFA Y+ K
Fig. 7 Interference charts of SLD, ASE and EDFA

light sources



1798 2l 5]

oo e 3%

SR E AT R AL v (Ax) =exp[ — (2Ax/L)* ], Y
Az KFIEIEA T KBRS vy (A BT 0, AT
WAL 21 T8 B I S bR AR 22 20 o SRR R A TR .

HE 7 F %04 4% T LAk 3 SLD, ASE il
EDFA Y15 9 4 T K B2 43 31k 175,275 H1 385 pm.
PR SR AS PR LR TE 430 4 13.7,8. 7 Fl 6. 2 nm, fif
LUK SLD S i % i 5 28 ¢ 25 0] 43 B A0 T HoAth
PG AR it T 32 ORI s BRI T 7 i 31 R
AW R . e T I R A PR O £F
A8 AT 335 A TG 0%  ELI A S B v DR A D16 £F 18 XL
1 552 55 KA OC A AR AE T S GBI B AR D D 2F
PR i £ 1R RO AN TR Y AN [R) U 5 AT AN TR] A AL
Yoo H1 T IR HE G 00 R 9 1% 6 A IR o 5
FET W A 2 2R, B A R A IO 2R B G i
B 1 A A A T 0 A0 2% R T T U5 AR 80T DL AR
22 . T I A R i ' 41 K B d L T L T LT
S RIS | S T 2% i B AR AT LA 220 L (HR T SR
IR A SEBR B G TR Y 3 58 NI R TSR IR 45 2R

FE LRSI IR T Y © A BT T i
N B SURA 3R AR A A AR A G Rz A
JERFES RE R AR () A RECN
0.00274,C J5 45° X% #z, WA TW B L . AR PR
A SLD.ASE Fl EDFA St g 17 038 . F 2R 456G 1%
BRI A/D SRR RACUE 7R I #8 R A5 L SR A 3K
P (PGO) VIl f I 15 v % T80 5 (9 T BE B fEA 7
it BT B ER RN ST R R ING 5 B I
R FIE—A6 B AAESEAT HA . D 25 SR an il 8 i .

i & 8 73 3] SLD, ASE fl EDFA I I 2 X 1
AR G YR I R 2 068 1) LU B 43 391 Ol 0. 05236,0. 05272
0. 05296, 45 (3) A AT LK 75k A SLD, ASE #
EDFA St i 52 br I &t 75 2] 09 88 & & 0o il oh

0.00275,0. 00279 F1 0. 00281, [t %% 52 Iy 45 5 FIHH 15
1.0

0.5.(® SLD light source 1X:749  X:1218
e ‘ ‘ Y1 Y:005236
.. 0 200 400 600 800 1000 1200 1400
.‘é Scan points
E (1)'(5) (b) ASE light source | X: 696  X: 1168
= g . . X1 Y0.05272
8 0 200 400 600 800 1000 1200 1400
%’ Scan points
(1)-0 () EDFA light sourc X: 768 X: 1236
-(5)’ A3 Y:0.05206
0 200 400 600 800 1000 1200 1400 1600
Scan points

8 SLD,ASE fil EDFA SGU#U/IME G Z H il 45 R
Fig. 8 Testing results of small coupling coefficient for

SLD, ASE and EDFA light source, respectively

A R 0.00274, AIFF4R 223 5 0. 36%,1. 8%
A 2.5% . 0T LA HFE 1% SE 56 v = Flok R 2 GE 45 21
AT ) 0 K R

4 4% ©

B 116 T 5 10 S0, M 0 2F £ B 9 R
Wik R G AT BF 5T . 9 HL3E T 1196 Michelson F ¥
S50 5 27 B O 45 48 2 0 B0 B T 4 M9 M 25
I 119696 47 Michelson F ¥ X ff 45 85 4 1 i &
G AR LT EAT HRE 2 25 R 2 B0 4 25 100 R 9% 4
SIS P T HBF (0 955 5 I E T AR AR
S 2G5 R A U0 3ot T3 10 T B0 1 R R 6 1 7T A
P 6T R 06 3 17 /K 4 2 B0 R R R
WL P FI% 25 0. 36 % M4 45 AL T R 45
WEHOPE . ARXS T 55 454 00 TR SR BE 4 A R 46
ST 55 10 D R U0k R G AT R 7 B L S
T R G A AR RS BR R . Ah L A
i 56 2O 45 18 A 0 2R 6t 7T T 180 A7 0 B R
A s o e A S A T 1 R TR

5 £ X

1 H. C. Lefevre. The Fiber-Optic Gyroscope [M]. Zhang Guicai,
Wang Wei Transl.. Beijing: National Defense Industry Press,
2002
H. C. Lefevre. JEeFREBM [MI. skE:A, £ # %, Jbal:
B ZColb i RiAt: 2002

2 L. K. Strandjord, G. A. Sanders. Resonator fiber optic gyro
employing a polarization-rotating resonator [ J]. SPIE, 1991,
1585. 163~172

3 Tang Feng. Testing and application of polarization coupling in
polarization maintaining fiber using white light interferometry
[D]. Tianjin: Tianjin University, 2005
RO UG T U R O O O A i AR R A DU K% HERE A (DD R
H RHEHEKRE, 2005

4 Tang Quan’an, Ma Xinyu. Study of polarization maintaining fiber
ring resonator [ J]. Laser Technology . 1998, 22(5): 265~267
VAL, T, ARG R ERE R [J]. AR R,
1998, 22(5) . 265~267

5 Li Jiacheng, Zhang Yanhua, Polarization fluctuation analyses in
passive ring resonator fiber optical gyro [J]. Joural of Shanghai
Jiaotong University, 1999, 33(10): 117~119
AL, SRR, BA B IRIEOGLTFE B R AR b L], k&
K FFH. 1999, 33(10): 117~119

6 Man Xiaoming, Zhang Yimo, Zhou Ge et al.. The polarization
state controling of distributed polarization coupling analyser [J].
J. Optoelectronics + Laser, 2002, 13(10): 1022~1025
Wi/, AR DA, AL JRER A AR O PR AR A IR AN R A Y
W (1], ke F 5k, 2002, 13(10): 1022~1025

7 Zhou Xiaojun, Gong Junjie, Liu Yongzhi e al.. Analysis of
white-light interference distributed optic fiber sensor by polarized
modes coupling [J]. Acta Optica Sinica, 2004, 24(5): 605~608
W, A, XUKE % AT WiRm IR i X614
AR T [T, B 53, 2004, 24(5): 605~608

8 Yuan Shi, Li Haifeng, Application of FPGA in polarization

coupling analyzer [J]. Instrument Technique and Sensor, 2004,



74

MRS AR A5 A G 2T I PR 5 T R 4

1799

(11): 17~19
OS5, ZIE, FPGA fEMmIRAS & MR b wy i F7 [T, sk
HAREHRE, 2004, (11); 17~19

9 Yao Jianyong, Zhang Sen, Wang Zhen et al.. Investigation of

fiber-optic Michelson interferometer system [ J J.
Optical Communications , 2007, (2): 45~48
ek, sk B, £ 4. OGEF Michelson TR 48 (B 58
[J]. k@ AFRE, 2007, (2): 45~48
10 Hu Yongming, Chen Zhe, Meng Zhou et al.. An all polarization-
Chinese J.

Study on

maintaining fiber Michelson interferometer [ ] ].
Lasers, 1997, A24(10). 891~894
WA, RO, & W R EEIE soRE T AL [T
FEBE, 1997, A24(10): 891~894

11 Hu Yongming, Liao Yanbiao, Chen Zhe et al.. Manufacture of a
double polarization structure of polarization maintaining fiber
polarizer [J]. % %3k, 2001, 21(6); 741~743
HUKEL, BAER . B B S RU0R 3R 25 4 O D o't £F s 31R 25 1 F 11
[J]. S22, 2001, 21(6); 741~743

12 Xiong Shuidong, LLuo Hong, Hu Yongming et al.. Research on

13

14

1

o

interferometric polarization maintaining fiber optic micro-vibration
vector sensor [ J]. Chinese J. Lasers, 2004, 31(7) . 843~847
REKZR. & ub, KB . T B0 O 27 15UR 30 2% o 4% IR A
WEoE [J]. F B#sk . 2004, 31(7); 843~847

Zhang Xueliang, All
polarization-maintaining fiber earth magnetic field sensor [J].
Chinese J. Lasers, 2005, 32(11); 1515~1518

ikEss, IR, WKW & 20ROt er g e ikas (1],
#ok, 2005, 32(11): 1515~1518

Meng Zhou, Hu All
polarization maintaining fiber hydrophone array [J]. Chinese J.
Lasers, 2002, A29(5). 415~417

o W BRI, BEKAR . ARG KT EERES (1] ¢ R
Bk, 2002, A29(5): 415~417

Ni Ming, Investigation of the key technologies of fiber optic
hydrophone [ D]. Beijing: Chinese Academy of Sciences, 2003
i B JREFK W & B R BEsE D] dbat: o E R B,
2003

Zhou Xiaojun, Hu Yongming et al..

Yongming, Xiong Shuidong e al..



