Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

BT 0 F & IR0 BAR T L TE MR RR

Zre w3 WER HAKE

Single-mode narrow linewidth random fiber laser with enhanced feedback from Rayleigh scattering
Li Yang LiuYan LiuZhi-Bo Jian Shui-Sheng

5| 18 & Citation: Acta Physica Sinica, 64, 084206 (2015) DOI: 10.7498/aps.64.084206

7 2% )13 View online:  http://dx.doi.org/10.7498/aps.64.084206
2114 25 View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/18

AT RERH B BB S &
Articles you may be interested in

7 5 ] WG K B8 Er G4 C AL E S A
Er-fiber femtosecond optical frequency comb covering visible light
Y 24,2015, 64(9): 094204  http://dx.doi.org/10.7498/aps.64.094204

6T ARG KOG AR IR R G HIRE & 8l ) S R
Coupling dynamics for a photonic crystal fiber femtosecond laser nonlinear amplification system
PP 22 H%.2015, 64(9): 094203  http://dx.doi.org/10.7498/aps.64.094203

300W M 7341 :\AiE 5 Yo 4G £FHUR &%
300 W all-fiber amplifier with distributed side-coupled pump configuration
YE = 4.2015, 64(8): 084205  http://dx.doi.org/10.7498/aps.64.084205

e B R AT S BB B A O A
High-repetition-rate passively mode-locked erbium-doped all fiber laser
PP 7%, 2015, 64(6): 064206  http://dx.doi.org/10.7498/aps.64.064206

JIK O TR 1) 2% 1K) ZnO I AR A1 B4 P o 58 A BE AL

Low-threshold electrically pumped ultraviolet random lasing from ZnO film prepared by pulsed laser de-
position

PP 22 4%.2013, 62(8): 084207  http://dx.doi.org/10.7498/aps.62.084207


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.084206
http://dx.doi.org/10.7498/aps.64.084206
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I8
http://wulixb.iphy.ac.cn/CN/abstract/abstract63983.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63983.shtml
http://dx.doi.org/10.7498/aps.64.094204
http://wulixb.iphy.ac.cn/CN/abstract/abstract63982.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63982.shtml
http://dx.doi.org/10.7498/aps.64.094203
http://wulixb.iphy.ac.cn/CN/abstract/abstract63881.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63881.shtml
http://dx.doi.org/10.7498/aps.64.084205
http://wulixb.iphy.ac.cn/CN/abstract/abstract63605.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63605.shtml
http://dx.doi.org/10.7498/aps.64.064206
http://wulixb.iphy.ac.cn/CN/abstract/abstract53274.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract53274.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract53274.shtml
http://dx.doi.org/10.7498/aps.62.084207

38 % 4R Acta Phys. Sin.

Vol. 64, No. 8 (2015) 084206

E T 1858 A R IRA RARE L TEREHLA R

!

x|# 0| FH

& K A&

(AEHAZIE R, Ae M as SIS M Z0E M E A=, Jbat 100044)

(2014 4£ 9 A 21 HE; 2014 4 10 A 20 HIREME SR )

DB T BT (SMF) FREG A HLST (RS) MIBLEE, $5 H 478548 2 (AN S0k DL R 22 3 R 51 k2 1
2R U RST BN S 2F b RS P2 AR I R R BN, FE DA A BE Rl /E T 43FE 4 0.54 dB/km I HUR G4
TEEEPEL, 5 km ZHUE YE A5G R H B (RBS) 538 52 & T 48 [ B 1 SMF-28 1 5 dB. 7E2% T RBS #
PR AL % B AR AR R KB 1 B A B AT B2 RN AR 2 R ST 28 7 A~ HE 3 25 1) 2 WO 2 J5, R TE
88 B K B B B s IR ABRE B A AR 5. SRS R DUB DR AT 1R AIE 25 /0 2, 500 m U YR £FFe it
BEATL R 15t, 2 5 A i kg G2 il (FBG) 1 R KOG B, 3814k 5640 3.5 kHz X LU 50 dB B0
. 5RHAAREK P SMF-28 IR HLEOE 28 A0 LL, Fs(E BB AR T 80 mA, HHIFIHHIZ 214 R Hds Kt 1
RPEE T 3 dBm. 1ZHAE AR 28 G BEATLEO 8 4 H R BRI i FBG O K e

KRR BEHLBOLES, BUGER, S 28 58
PACS: 42.55.7z, 42.55.Wd, 42.81.Wg

1 5 =

HABENBOLE HTOLA S BEA RIGFHTT
) P DA R A v B i is AR AR A, IE R R — B R
BEALEOE S W2 U AT o 2 —. Mt T4
() [ s 0 2, BEATLBEOE &8 A 75 224% 483 X
Jis R AT AL, oA A U2 K E R & e —ile
() B A BE HLMR A0 AR A7 B A5E =X DL B 1 28 ke 3 [
SE . JCABEHLEOE A AT DU R G RO £
1) 72 S AL H E 78 40 K OB 1) A8 957 YRR S B B AL I
B Al SR e £ BE DL 38 18 B IEREHL R &
S PURES BRI BE AL e AR o 88 1), X 258
B 5t 72 38 ek 508 5l 47 3 v 27508 119 1l 43 ok S B
HE— ARV . B TR AR G 2 — i
BT, HAR BRAHFE B 5 A EUH (Rayleigh scatter-
ing, RS) Arek g, Kb T RS 164 MWL 2%
BRI T T . BT RS I BEATLEOL 88 4% 8 1
ai (AN [E] AT A2 b 2 1 25 N AR AH T BE AL IO

DOI: 10.7498/aps.64.084206

#2711 B 6 2T (erbium-doped fiber, EDF) 1
o [ BRLAE A% 28 B A HL IO 3 12 1R B A B
18 25 (AR T BEHLIOE 2% 1o~ 7+ RS (MIBEHL
WO, T RS BBOGLT AR 3 A 1 1A
B (Rayleigh backscattering, RBS) R AEH /N,
HHFEZAE KT =R A A BBOLLT (single-
mode fiber, SMF) KA LA 24 1) 5t Rtk 982b
SOBOGE K | FEARIBOL 8% 10 52 282 OB RN
NS 77 ), 4k AR Tl R 5 N T7 R EF
HR 5| N B AL 4T St 26 1 o) R S B AL B i 8. 3
o, B AL MR 21 (10210 S 2Ty 4 2 A
SEALBR O 23 BEATLAT 3 SR ) 23] 5 Gk 2K 5 kb B
T7 A — R EATRE T OREr Rl B S R 13
SJBEALIE, (695 51 AR BENLIEAS 12 1 &) 70 A 1.
DAL, IX RO AR AR T b B — e LR R
BENLEO L&

AILE S T OGE TR RS (R, 75 Bl
b3k AR G T P M A DA RO A 22 i R e g
S) LTI NBEHLYE, BIVEAR B T 1G5 RBS U6

* [ SR LRI 7T R B TR (kv S 2010CB328206) . [ 5R H 4R34 S I H (ki 5 60837002) . H U i e 2 A S ARl 45 B
LWH 4 (HHES: 2013JBMO005) LT =45 HR 94 TR (5 YETP0530) #E B IR,

T BfE/E#E. E-mail: 11111025@bjtu.edu.cn
© 2015 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

084206-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.084206
http://wulixb.iphy.ac.cn

38 % 3R Acta Phys. Sin.

Vol. 64, No. 8 (2015) 084206

2F; Ak BLR AT H AT T AR T RS B HLRR BE AL
Jeas R, 5 A SR B AR T AT
EDF 4 2 /A SR BEAL IO %, DR T B0 1%
A I 298 A R I SRR, IR IO RS
T3 SMF I BEHLIEO L 8 EAT T L. XA
g G TR B R IR R AE, JF Hgb 1 BRI
PR, BAR T Hota R R

2 HEip oM
2.1 BUEALT

i A5 ] SMF (A A PR 3= 2 i 6 27 h B RS
BTk g, o= A i R R 2 B T G AR O 25 R 11
AP EJE, F BEARIULE G LA R S ke Ak b
FEA I HIUR B0O6 7, A — /B3 5 NSk 180°
(R0 Re 8 4k SR G 2075 1) A i, 1 20 O R
NRBS. 7£1.55 um B, il SMF h RBS £ 41X
45 x 107° km~L. PRk, ERT RBS MBEHLE
PO, B R K =N B SMF
RAREAT R S . T D RO A A B, B
RHOE A I AR, 75 2542w RBS [ &%, SMF
H RS SR E A PR — R A G 2 TR R il
PEE AR o il T 2R S4B A A S 51 I 4 1K
S I BEALEUR 3 b — Tl e AR B 1 BE AL
ARG AL RN . A3 70 A0 B AR A 2 B T AEH
S LR B 22 AR RN BELAR L S B0
28 JUAT RAST B BE LR AR, WA e /N | £F AN [
WA, 1R A BR 7T 7 B K SMF Hh gk
B IZ () SR 3 A, B 1 (a) N ERAR RS L T SMEF 2
B 1 23 A T, 1 (b) AT T (¢) 20 BN 4P B
1A /N P 2 AR B BRI A G0N B 0 A ]
DA A H, 2F8 U RS AR 2 5 B0 2 i
DA AR, T IR G ET I 1a) B AR 3 B BE AL AR
215 IR 2T I RS, B2 = B 6 73R 8] B 2758
MINEZE, B2 RBS .

FT DA E P A IR G AT T A 4 DL A
2o AN I AR ARSI NBENLE, HIE T 1G9 RBS H
WHGEr. 5% SMF AH L, HAZ M1 FE R4 5@
SMF []0.2 dB/km #2 &% 7 0.54 dB/km. AH ]
RBS HE Wl &2 25 R an [ 2 frow, A R I .
RS km R G 2F 1T R A & T il SMF 2
1.7 dB, {H2 H RBS 58 % & T8 SMF it 5 dB. it
AT RBS BUN 2%l SMF #4.5x107° km ™!
FRE LS x 107 km~! (Q1.55 um), XHHL K H:

Ik /b 2 T RBS Bl AL O 88 T R BB KR,
RIHHOLAERE.

(a) (b)
2 pm

Bl1 (MR E) EiE SMEF Hh B % o i (et
LABEARIAN)  (a) BARET; (b) S4% N,
(c) £F A RS

Fig. 1. (color online) Mode field of the fundamental
mode in SMF (bright lines represent the interface of

core and cladding). (a) Ideal case; (b) decreased core

diameter; (c) increased non-circularity.
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Fig. 2. (color online) The comparison of RBS spectra
between 5 km scattering fiber and SMF-28 with the

same length. Inset is the corresponding measurement

setup.
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Fig. 3. (color online) Schematic diagram of random

scattering in SMF.
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Fig. 4. (color online) Simulation results of the random laser based on RBS. (a) 1000 electrical field com-

ponents with random amplitude and phase; (b) longitudinal modes under flat gain; (c) longitudinal modes

after single amplification; (d) longitudinal mode after multiple amplification.
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Fig. 5. (color online) Random fiber laser setup based
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on the delayed self-heterodyne method; (d) tunability of the proposed laser.
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Single-mode narrow linewidth random fiber laser with
enhanced feedback from Rayleigh scattering”

Li Yang' Liu Yan Liu Zhi-Bo Jian Shui-Sheng

(Key Laboratory of All Optical Network and Advanced Telecommunication Network Ministry of Education, Beijing Jiaotong
University, Beijing 100044, China)

( Received 21 September 2014; revised manuscript received 20 October 2014 )

Abstract

The origin of Rayleigh scattering in fiber waveguides is numerically demonstrated, which indicates that the inho-
mogeneous doping and diameter variations during drawing are the two dominant reasons. And the scattering fiber with
a loss as high as 0.54 dB/km is successfully fabricated based on such principles. The overall Rayleigh backscattering
intensity of 5 km scattering fiber is 5 dB higher than that of SMF-28 with the same length in telecommunication window.
The principle of single-mode random fiber laser is also studied. The emission spectrum is the superposition of a large
number of random modes with arbitrary amplitudes and phases, among which only the highest gain modes can lasing
through gain competition. In experiment, a single-mode erbium-doped fiber linear laser with a narrow linewidth of
3.5 kHz and a high contrast of 50 dB is achieved by combining with 500 m scattering fiber as the random feedback. The
threshold pump current is reduced by 80 mA and the max output power is increased by 3 dBm for the proposed laser
compared with those of the laser with 500 m SMF-28 as the feedback. The tunability of the proposed laser is determined
mainly by the fiber Bragg grating.

Keywords: random laser, scattering fiber, single-mode narrow linewidth
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