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New Method for Measurement of Polarization States of Fiber
Distributed Feedback Lasers
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Abstract A novel method for the measurement of the polarization states of fiber distributed feedback (DFB) laser is
proposed, which is based on stimulated Brillouin scattering (SBS) amplification effect in optical fibers. Based on the
interaction of the outputs of a tunable laser source (TLS) and a DFB laser, the absolute wavelengths of the double
polarization states, the relative wavelength interval and respective light power of the laser are obtained. The
influence of lateral pressure to the DFB laser is studied, and the single-polarization single-mode output is realized.
Compared with the method using Fabry-Perot (FP) etalon, FP interferometer and heterodyning in previous studies.,
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this method is easier to operate and can acquire more informations about the polarization states.

Key words fiber optics; distributed feedback fiber lasers; stimulated Brillouin scattering; single-polarization state

OCIS codes 060.2310; 060.3510; 060.3735

L5 5

o3 G HOG & (DFB) I 21 5 18 48 2%
JEET B AN RS O £F A B A e (PS-FBGO 1E e 2F
WO S IR 5 L 1 PS-FBG & JH 22 41 Y6 7 6 27
B2 WA« MR B OEHE B 2R EOE AR 1 PS-
FBG KEATLRA 2~3 cm., A3 B FEEOR

KRB 2013-11-15; Y EIME A HHER: 2014-01-16

PRI AT DS BUAG G O SR B ) (R Tl
2T JLAuT 45 ¥ B 55 B2 03 A AN ¥ 2] 3 SO AT AE A TE AL
i 1R 2 o B 45O 12 17 7 I S i AR AR 2 AR
AU BB PR S WO R AT IR L WA B
R X T 2Bl I R AR SO A 1 LA R T A
T o AR G 2T A B G M (FBG) i B2 Al

BE4WE: B AKR%IA (61007051 VLA AT B (QID1302016) (#4442 4 = BRI 35 B (2013A1004) L #7
VLA B 52 b 4R 2 B Sk N2 R BB I H #1482 A BT A58 7 A ¥R B30T H (2013R409050)
EE® AN SERAE 987, B BB 9T A o 5B B G744 8% ' i A 2% R IO T 25 07 T A BF

E-mail; zzww7894(@ gmail. com

SN A WAQT )L B BT B B E G A SO AT AR I A OB R LR ' v I B K I T A5 O TR AT O .

E-mail: yli@cjlu. edu. enGEAEEE R MO

s106002-1



2 i

I8 3 A SRR S T UG I SRR 2l o B A ) 1z
LS J1 % 7 Pk 28 DFB 306 2% 1038 IR 1 2 50k
ST S AL B Ml i A WO

Je2r DFB SOt a1 g I 45 2 A 92 1 18] B fie K
PR LBk i H iR R Ot 3 AR e /N6 2y
AR A A2 20 pmo I E) XA i IR A5 2R g
&5 B TS e E A -3 % (FP) T LR . Y
WOLAR 1 OLHEA FP AR B R AP W E T
W AR SO AR WO A5 A A2 XUl IR AR 5 T 4 2R 5 o
— BRI 3 WY B0 B A Hh T T LAl
JHFA FP 1 35 ORI 78 758 i 4 b 0058 Hi 11y o
£ WA £ > 3O i A 2 75 O B 4. A L P
J7 2R AR AT LA IR 8016 A 1) i ) i 5 O 0l i L (H
SUREAG I A X ] 4 K 8 908 1 T AS BE A2 HL A K
{H. BLANERET DFB #0535 69 £ 188 H
HET R P A0 22 1A B A ARG I AH X I K [R] BE  75A
BB it 4R A 558 32 AN T BEAT B 46 X B

ARSCHR MY T — Fh 3 T 045 Hp A2 A BL K O
KRB F A HOE AR AR DEB $#0' # i R 45
AT 715 3 1o it 0 1 157 7 4 07 A 0 3 T
g AR OGRS R R S AT AR 2 Y i
i W 1 SR BE S Ak T EL T LA O 4% 3 R i 04 11 26
X B A AR X B A 1) B

2 i
2.1 THAEEMHGEE

15 HEL YK SR T LA 5 O L 357 FE 5 397 e
0 09 = R AR PR R L G o R 2 R ol A
TR B 4T S5 S0 9 0 7 A A L S B 2 A A LR RS
TE— 2 K JEE 2T v T A A A T £ 5 0 96 5 T
LTV 6 R 1 50 5 2 {1 265 T I 16 2F (1 A HEL VRO R A
TR 25t 2 % P A L U B AR A I I 0 R 7
R I S i35 I3 3 7 2 D 1 SO R 308 4
1o R B A B HE S T e AR SR B . A i 2
ST R DH B (SBS) A W R 2. 1) FUA 53 Ok ok
(T A0 A T 9T HE ST O A7 2 O Ok B T
TR MR 7 L B SBS A B T A T 2) 432 Ok
ST SRERR BT M A L A 15 6B 4G
7 56 22 10 1 50 3 2 (4 30 10165 AT 00 A0 R 01 A 11
YRR (L0 % A S 4 S0V BR O SBS BCK AR
PRI, AR SO AT S SBS R M AR

S A L DK B 3o R e 4 3 0 2R T {d
SR R . TER AT AT L R AL
135 6 0T 5 17 O 1 3 FE 4 7 R A S

feaR A 1, W s Mot ot s o Lo, Bb 7 e 3R
yﬂ[lﬂ
dI

df;:*afp*gghfp, @y
%é;zz:aISA*gngIs, (2)

o FICET W 5 gu A B3 25 R 4K
i I R (D A2 2, T LIS #lhiz e 1, il
FEE e, I, 2Z ) (% B G &, an SRl 6 i i
ANAE G v 000 R AR AR 7 A A R 5 B Y A EL IR
BRI . 5340 T SBS R sk 38 46 3h S5 E 2
L1
ve = v, — 2, (3)

A v, T v, 4350k W 4G 58 30T R E O 1 £ A
Q JEF U R R . A BRSSO 2R B A R
RS LR T Ak 30 5 1) 30 1 R0 R T A O L A A
(9 2 A HL KBRS St R R IE . 485 SC I ) 4 vl
BT M % LT A B UK B S AR RS E N
10. 45 GHz,7E 1550 nm & 4424 F 83 pm, B &
S AR N ] . A0 SR R DA A A AR R
3 6 1 K (i RO AT DL S (3) A5 2
FE v G P .
2.2 T RN S K R R 2

SEG et B R 0152 O TR A G £ RT R O Ot 2R
(TLS) , Wi 4G 7 Wit 5 M ) DFB #0645 19 4
HOEN . TLS 76 B AR I BE Sl 78 5 O 8 1
I M 90K R X O £ 0 K AV B Ak K A SBS B L AT
RET 5% 8% 5 Y S5 OGS R 75 & SBS M H/E FH 4
TEEF AN 24 SBS 8 KA A kAR RER . b
SRS AR R E . I RS e WAL s ok
(10 %y £ 580 R 728 Ak st mT DA 30 A LUK A 0 R AR
Aii LUK T 7 A7 B AL TS 4y i 9 4 3t T DAAS
2| DFB #OGA i H i 5 852 2 9 20 X6 i 4 (5 A P D
AR X 2 ) P AR G I K TR B o DT v i A L DR 3% 2%
T TEARZE L 7E AR HE HL OB £F (SMEF) i 2 2y 30 MHz,
R4 3 A 09 72 1550 nm K AL HE Y F45 0. 24 pm
AR T AR . 0 R RS MR vy T T ) T AR
SEMI T AN A 43 8 2R L AT LS 43 99 A O i A X
HXE T FP brof L X #5 FP T35k & 3+
T I e A AR 20 ok vk i e B ) o 3R
A5 R D A1 A 2K 1 6 o D K DB K T B R A X iR B S
HAEE .

ARG LF i) SBS M AR FH B R I A2 B % AT
TR Y ER B T R R R R

s106002-2



WA

WL S £F 73 A1 3B 5O i i Ji 25 8458 5 1

2910 "R G FHOLLF P R AR S AEAE LK K JE A
& 27 IS A8 AR SO T A9 47 5 R O 107 BRI
PRUEFARBOEET 1. SBS AH AT TG B i 4k 25 BEHL 2>
A I 5 28 3K B PR S DT 8 A D IR 45 R AR E

3 SEw KAr A

ARSIl A ) DEB 306 258 Hh A 194 nm 484
B TR % B AE 24 mm KRB
JZBABELE | PSFBG 41 %, AH 8% A K 37 6t
L 7 B AL . PS-FBG IR &5 SR an & 1 frzs . A
P v R R RS A Y AR S N A Y o fE FLA
AL A ) DY B S R — B

Intensity /dB
IS
at
lllllll'lllllll

_65 Illllllllllllllllll

1557.2  1557.6  1558.0  1558.4  1558.8
Wavelength /nm

B 1 257 i m 20z L
DG EF A A% G M B4 375 G 45 1
Fig. 1 Transmission spectrum of PS-FBG inscribed on
Yb/Er co-doped single-coating fiber
M DFB S0 & i H A9 98 5025 B 8 [ an [ 2
Fi7s » 980 nm K A bz BOG g 09 5 O i By
5214 C(WDMD) >k 4l iz DEB#OG A% - B0 % 19 Hh 5

980 nm

Weight\&‘.. .............

pump DFB laser

4k WDM il i B 55 4% (ISO) #E AfE A SBS 4 .
YEFIA BB SMF dr, i TLS Y% 638 i 3R E 2
(CO) )\ SMF 1) 5 — v i A » I 75 F I8 4 19 i i i
AR HL R 25 (PD) Sk #2105 DEB 30 25 iy 't
B kA SBS RN B (9 ] JO G I 6 A L
(PORE PD W i (55 . &a RISl B 4b
HOF W R TR ENES. Fﬂiﬁﬁﬂ@ SMF K J¥
1 km, 7 A O 22 38 A B DM /A . 0 o 2o A
t PC £ 1] TLS #i BT ﬁaﬁﬁ%éﬂa#,aﬁcﬂ%*
£ PDHH A E S . MR TLS i 4 i s R M4
TR 0 I W] LAAS B BT SR 2 1 O B A 5 i X 1Y
TLS P KA. %A SBS &% 8 & A= B, PD #8051
J& DEB SO #5 04 G . I b 5 IR il R =
AR M FFA SBS Z A B, T ) w307 4G v
15 PD BT #2052 19 15 5 3 K BT 96 v B e
17T L30T 6 i 0 0 14 5 3 A2 ) A LA O% R B Y R
M 1 TLS 4 O 5 B8 AR 35 AN 22, JIr LA T 9 e 357
R 5 5 I e A o ) R B SR BRI SE R . B ROk LB
L DFEB SO 2% it i o 1) 57 77 i) 77 =X 52 BB fi Pk
H B L. ¥ DFB OB CE Bk Z ELIF
e (7] by — B B 0 B OSP4T R A R AR 1 2 2%
WA IELF 2 R — B S R IR
F LB AN R RS, WA, BT
DFB Ot a1 7 O 4 w8 4 3 5 0l 1) )52 77 it i 75 1]
FEFEMCHE B P ' 2F e 2 #5% ok 181 5 D6 2F 1) e e
FiRES TR PR A A 1) B 7 4 1) 5 T i A
RTFm Z A e, K2 0L AE N kX DFB %
2 AN 1) 8 g R

slide glass

\ A/reference fiber

2 Scoe B a5 HAE 1A

Fig. 2 Block diagram of the experimental setup

i 2o AN ] 5 A A B BT A5 2 B9 DEB 0t
o A i i 6 g LS o R ) AR AR AR S AN BT 3 BT
B 3 Ca) Sy AN B AL S I DEFB SO & P I Ak it A
A 3 A1 m] DAL € 31 P O I A X g o J3E A 22
BN AT T B 2R 13,3 pm, 48 360 K 73 ) R

1557. 8318 nm 1 1557. 8451 nm; & 3 (b) Kk &
20 ghk A IO e O 9 455 =X At %) 9 B2 O3 A o A Ol
PR B 25 0 8 K HoAL T 1557, 8318 nm i K
A S S5 BE R /N s ] 3Ce) ARUE 50 g fERS B
O i Bl 41 0 1) 5 32 0 A AT DTS R A B D

s106002-3



2 i

{1 i D A 114 5 2 I 7 O L A R B N 2
56 AW BEAE M P (55 R I TG 3% 20 Bk LI DFB 38

g Ak T B B fi 4 i IR S

: ! 0.90
0.90 ©) 0.90 ) @)
2085 2085 = 0.85
) & g
2 0.80 2080 2 0.80
92} 92} 192}
= = =
[ [ 3
£ 075 £ 075 E 0.7
0.70 0.70 0.70
1557.830 1557.840 1557.850  1557.830 1557.840 1557.850  1557.830 1557.840 1557.8¢
Wavelength /nm Wavelength /nm Wavelength /nm

&3 Jiti i S0 p) B 7 i DFB SO 28 5 AT . () ToERE RS I s () JE 20 g fERGHT s (o JiE 50 g kAT
Fig. 3 Spectra of DFB laser when different lateral pressures are loaded. (a) None weight is loaded; (b) 20 g weight

is loaded; (c) 50 g weight is loaded

4 2 e

$ IR SE BT — B I TG ER 2 oA B U
TR AN I & S £ DEB 306 45 iy % O I 4 14 19
BT R AT BN B M AE LR AR R T Y
0. 24 pmGEHE 3 HEfe 01, JF I & 7Ot 4 DFB 0t
PR B . FIZEAR 8 X DFB JE £ i
T He g s 8y 2 BT B iR B AR

5 F X

1 Jiao Mingxing, Xing Junhong, Tong Congwei, et al.. Design and
experimental study of two-wavelength single-longitudinal-mode
erbium-doped fiber ring laser [ J]. Chinese ] Lasers, 2013, 40
(6): 0602013.

U, TR, MBS, 5. DU K BB % 2F SO #ok
WV R [J]. P EEOE . 2013, 40(6): 0602013,

Li Chao, Zhao Lei, Huang Zhihua, et al.. Simulation study on

SV

amplitude stability in nonlinear polarization rotation mode-locked
fiber laser [J]. Chinese J Lasers, 2013, 40(2): 0202007.
A, B FE. AR, L AR MR IR TR BB AR O AR
W (8 R AR 9 [ 0. R E0O% S 2013, 40(2) : 0202007,

W H Loh, B N Samson, L Dong, et al.. High performance

o

single frequency fiber grating-based erbium : ytterbium-codoped
fiber lasers [J]. J Lightwave Technol, 1998, 16(1): 114—118.

4 Ma Mingxiang, Hu Zhengliang, Xu Pan, et al.. Mode hopping
detection for fiber laser based on dynamic phase changes in
interferometer [J]. Chinese ] Lasers, 2012, 39(6); 0602013.
S, BER. R 2, % AT TSI SHB NGO
BRI O )], A EEOE. 2012, 39(6): 0602013,

5 Ma Mingxiang, Yang Huayong, Xu Pan, e al.. Investigation on
characteristics of mode hopping in ultra-narrow linewidth erbium-
doped fiber ring laser under pump modulation [J]. Acta Optica
Sinica, 2012, 32(3): 0314002.

LE, BT, 17 B, % B AT BEBELEBEL
LFIRTE WO BRI ST [T ). D . 2012, 32(3):
0314002.

6 Ronnekleiv Erlend, Zervas Michael, Kringlebotn Jon Thomas.
Modeling of polarization-mode competition in fiber DFB lasers
[J]. IEEE J Quantum Electron. 1998, 34(9): 1559— 1569.

Flockhart Kirkendall — Clay.

Distributed feedback fiber laser strain sensors [J]. IEEE Sensors

7 Cranch  Geolffrey, Gordon,

Journal, 2008, 8(7): 1161—1172.

8 Yamashita Shinji, Cowle Gregory. Single-polarization operation
of fiber distributed feedback (DFB) lasers by injection locking
[J1. J Lightwave Technol, 1999, 17(3): 509—513.

9 D Jiang, X Chen, Y Dai, et al.. A novel distributed feedback
fiber laser based on equivalent phase shift [J]. IEEE Photon
Technol Lett, 2004, 16(12): 2598—2600.

10 J Sun, Y Dai. Y Zhang, et al.. Dual-wavelength DFB fiber laser
based on unequalized phase shifts [J]. IEEE Photon Technol
Lett, 2006, 18(23): 2493—2495.

11 Xiong Jintian, Wang Rong, Pu Tao, @ al.. Amplification
properties of a distribution feedback semiconductor laser under
optical injection and its application in generating microwave
signals [J]. Acta Optica Sinica, 2013, 33(6): 0614002.

REERRS. £ R W W L OBIEASM T 0 R Bk SR
JEAS IR R R AR O A5 5 A g LT 62
. 2013, 33(6): 0614002,

12 W Guan, ] Marciante, Single-polarisation single-frequency 2 cm
ytterbium-doped fibre laser [J]. Electronics Letters, 2007, 43
(10): 558—559.

13 C Spiegelberg, ] Geng, Y Hu, e al.. Low-noise narrow-
linewidth fiber laser at 1550 nm [J]. J Lightwave Technol, 2004,
22(1): 57—61.

14 S Agger, J H Povlsen, P Varming. Single-frequency thulium-
doped distributed-feedback fiber laser [J]. Opt Lett, 2004, 29
(13): 1503—1505.

15 Fan Wei, Yang Xiangtong, Li Xuehun, et al.. Stable single
frequency and single polarization DFB fiber lasers operated at
1053 nm [J]. Optics & Laser Technology, 2007, 39(6): 1189—
1192.

16 Fan Wei, Chen Bai, Li Xuechun, e al.. Stress-induced single
polarization DFB fiber lasers [J]. Opt Commun, 2002, 204(1):
157—161.

17 R T Crickmore, M J Gunning, ] Stefanov, e al.. Beat frequency
measurement system for multiple dual polarization fiber DFB
lasers [J]. IEEE Sensors Journal, 2003, 3(1).: 115—120.

18 Govind P Agrawal. Nonlinear Fiber Optics (4th Edition) [ M].
London: Academic Press, 2007. 329—334.

19 Chen Liang, Bao X. Analytical and numerical solutions for steady
state stimulated Brillouin scattering in a single-mode fiber [ J].
Opt Commun, 1988, 152(3): 65—70.

20 Domingo J M Subias, Pelayo J, Villuendas F, e al.. Very high
resolution optical spectrometry by stimulated Brillouin scattering
[J]. 1IEEE Photon Technol Lett, 2005, 17(4) . 855—857.

21 T Horiguchi, M Tateda Brillouin, N Shibatagain, e al..

s106002-4



HRARAEAE . WL e T 2 A XS 5 O O R 25 B8 Oy vk

Variation due to a polarization-state change of the pump or Stokes Technol, 2012, 30(8): 1097 —1112.

fields in standard single-mode fibers [J]. Opt Lett, 1998, 14(6) ; 23 Zhang Yang, Guan Baiou, Tam Hwayaw. Characteristics of the

329—331. distributed Bragg reflector fiber laser sensor for lateral force
22 Guan Baiou, Jin Long, Zhang Yang, e al.. Polarimetric measurement [ J]. Opt Commun, 2008, 281(18); 4619—4622.

heterodyning fiber grating laser sensors [ J]. J Lightwave
EEHRE: Tk

s106002-5



