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Multiwavelength Fiber Lasers with Tunable Multiple Brillouin
Frequency Shift Interval
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College of Electronic and Optical Engineering , Advanced Photonic Technology Laboratory,

Nanjing University of Posts and Telecommunications, Nanjing, Jiangsu 210023, China

Abstract Multiwavelength Brillouin erbium-doped fiber lasers with wavelength spacing of double and triple Brillouin
frequency shifts are reported, and the multiwavelength tunable lasers are realized through changing the Brillouin
pump wavelength. The experimental results show that eight Brillouin wavelengths with wavelength spacing
0.17 nm of double Brillouin frequency shifts are generated, and the wavelength can be tuned in a range of 110 nm
(1528-1638 nm). Meanwhile, five Brillouin wavelengths with wavelength spacing 0. 26 nm of triple Brillouin
frequency shifts are obtained, and the wavelength can be tuned in a range of 60 nm (1535-1595 nm). Additionally,
the experimental results also indicate that the Brillouin wavelength number can reach the maximum when the
wavelength of the Brillouin pump laser is in the range of the self-excited oscillation. This tunable multiwavelength
Brillouin fiber laser with multiple Brillouin frequency shift interval has important applications in many fields,
including dense wavelength division multiplex optical fiber communication system, microwave signal generation,
optical fiber sensing, and spectrum measurement.
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Fig. 1 Experimental schematics of (a) multi wavelength Brillouin fiber laser, (b) double Brillouin frequency shift realization

and (c) triple Brillouin frequency shift realization
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Fig. 2 Self-excited oscillation modes at 1562.8 nm

3.1 WEHBHRFBERSEKEEMHS
1E BP I K % % 4 1562.8 nm, 3 H5.56 dBm
(3.6 mW) B, SZEGAFF 58 T BURE A B K330 1] B 22 D
ﬁﬁﬁ)‘t%&ﬂ@%mﬁ&%&% 980 nm fil1iz T F M AR E
Ol AR 3 iR, LI 25 R RBIBE 980 nm Tj %
H O WU A LIRS 18] B e R AR . 24980 nmith

EIFN 24.2 dBm (265 mW) I, 4yt o 45 2 38 K
SRR 4 B BT 8 MK k. 8 MK
fRIE (B Bl 2R 43 31 R 0,15, —1.26, — 2. 64, — 4. 21,
—5.98,—8.42, —10.86, —17.43 dBm. 541 B P %
eI 3 dBm 25829 40.016 nm, ME 4 Fhis ] LA
B ARG OB Y IR D R [F] 8 AN ER B
FEW TR L BN 2 (AR SR A A L J5 P2 S g v
AFAE B 1] BT 09 52 o), S BAT B 0 4G v o 7R
SMF H &4 it , 78 I [n] 23 77 A= BURHE 5

Output power /dBm

. 15 S
1562 1563 1564 Q“}o
Wavelength /nm
K3 BP RN 5.56 dBm B, K[ 980 nm filiizs
T TF B9 % 6 R
Fig. 3 Output spectra at different 980 nm pump powers

when BP power is 5.56 dBm

0501005-3



i ot

Output power /dBm

0 1 1 1 1
1562.5  1563.0 1563.5 1564.0 1564.5
Wavelength /nm

Kl 4 980 nm iZ LR N 24.2 dBm i,
OGRS 0 Ok
Fig. 4 Output spectrum of lasers at 980 nm pump
power of 24.2 dBm
SEE R BT SY T ARG BP B R 84 1T 3 15 F
MZ i AEGwE 5 i, fREE BP F 5
T3k 5.56 dBm ANAE, 2AF 980 nm iz T % 43
$}50,110,160,265 mW R, 12 3Ot 78 1 5 2 0%

._.
o
S

~
o

- BP: 5.56 dBm
—o— BP: 9 dBm

[e9)
S

Tuning range /nm
N =N
S S

Do
(=

50 100 150 200 250 300
980 nm pump power /mW

KAB 50 3.5.6.8, %F o7 1) I8 3 3 R 88,54,
32,20 nm, £ BP 55 N 9 dBm A 74, sk 48
980 nmiiz R 43 %]~ 50,110, 160,265 mW Hf,
OGRS 2 PR S B 2.4.5.7, I G
A58 102,68,43,29 nm,

M5 thEl DLE Y, Y [ BP I FEOR AR )
AT 3K 980 nm JliiZ i T R A B DB A L
AT LA 3R = B BT 46 v T O 4R AL R 0 A5
A 2 W KA B0E BT . (B 5 00 R e
f iz o R 4 S5 EDFA B9 5 45 36 BB 28 25, AT
[ T = O I i e P G = 3 R e
AT REAS B 28 R [ R BR E Ak IR O A
B, 7ERFERY 980 nm #1358 & i 3 E F . BP 1)
R, N R A B AR R AR AR
AR KRR A KT BP{E 5 2 2 15 ] A
T Y[R 1S K S A

9

)]

£8 -(b) - BP: 5.56 dBm

g —eo— BP: 9 dBm
7t

<

Q

g 6F

£5)

S

54

g 3t

E

521

Z 1 L L " . L
40 80 120 160 200 240 280

980 nm pump power /mW

Kl 5 BP I 5.56 dBm Ml 9 dBm Bf A A 980 nm 138 LR T 4 (a) I8 18 3 B A1 (b) & 3 A~ 5
Fig. 5 (a) Tuning range and (b) multiwavelength number under different 980 nm pump power with BP
power of 5.56 dBm and 9 dBm

S T WS 22 0k K R R R R R L S 56 v ]
E 980 nm iz FE Ny 24.2 dBm (265 mW) ,BP {5
SIE N 5.56 dBm (3.6 mW), L 1 nm # K g 28
BP PR I 5 3% O A% 0 B e R an il 6 BT
N SEE L 38 O M BP K, 1548 ~1583 nm i
Bl PR O 2 A 1 22 K S BRE SR B 65 10 25 (5 5Ol
PARALT 1548 nm. 8= T 1598 nm B, iy 9 £ 0k
KB R D 3 K R 24 BP K B DR 2R
TR 25 1) 384 25 00 FB1 B, % 7 A B0 4G 3 307 15 55 19 AR 21 5t
GYTUR s LA ZE TR AN 52 A LUK (0 R T — B
FEre e AR H Y . SIS R R 2O I K
A LLAE 110 nm {5 P (1528 ~1638 nm) P11k, SCH £
Pk, AFEAY 980 nm iz & 2R T 76 ] P850
FEL N 22 K RO an il 7 R .

& 8 Fi/n AFE BP {554 5.56 dBm 980 nm
EY)F A 24.2 dBm W, B [H] 5 B 60 min P, 45 R
10 min A4 — K W HNZHOL S 8 MEE K iR

Number of channels
— N W s o 1 0 ©

1540 1560 1580 1600
Wavelength /nm

16 38O 28 7 I8 90 R P T 7 2 i K K

Fig. 6 Generated wavelength number of lasers
within tuning range
EME. 8 MK By RSN 53 5 0.14,0.26,0.37,
0.41,0.37,0.38,0.4,0.93 dBm, BR{ZiH 8 myik K+}
214 0.93 dBm Fb, HAx 7 MEE B K B35/ T
0.4 dBm., MK 8 "] LLAE i, O & B A B A1
faE .

0501005-4



T ] o B
OF 10
() 1555nm  1575nm 1595 nm ®) 1560 nm 1565 nm 1570 nm
. _10l g 0F 1555 nm
% N % -10+
8 _30 E -20+
% o -30
£ = 40
§-50r \J é _50-
=4 3 50}
SIS \\J S &=
Rcally ~60}

|
3
S

1550 1560 1570 1580 1590
Wavelength /nm

Kl 7 KIE 980 nm Hhiz T T (1K 6 g,

1555 1560 1565 1570
Wavelength /nm

(a) 20.41 dBm (110 mW) ; (b) 24.2 dBm(265 mW)

Fig. 7 Output spectra at different 980 nm pump powers. (a) 20.41 dBm (110 mW); (b) 24.2 dBm (265 mW)

Ok -= CH1
—o—e¢ 90 —9o—0—0 -0 CH2
4 S A - AA_J_*_CH3
AV —V¥—V¥v—%—vy—V v CH4
¢ ¢ ¢ —¢—9 ¢ CH5
—8*4_<_.<—<_H__,4 -« CH6

- CH7
_12,' g ——>—>—> ¢ CHS

Output power /dBm

—16+

0 10 20 30 40 50 60 70 80
{ /min

& 8 BP &N 5.56 dBm. iz & Ky 24.2 dBm W Y
22 % K dr R E

Fig. 8 Output stability of multiwavelength lasers with BP

power of 5.56 dBm and pump power of 24.2 dBm
32 =Z=EHEBERNMBERSHEIKAERNE LS
SR SY T = A AT RS ] B 22 K OB AR
f By K B H B 980 nm Hilis I R AR Ak 1
mE 9 fis.

utput power /dBm

()

Q
GEIN
1557 Q§

1554 1555 1556

Wavelength /nm
K9 BP IR 3.2 dBm K, A[E 980 nm 2
ISR T oy

Fig. 9 Output spectra at different 980 nm pump
powers with BP power of 3.2 dBm

B =A% A BLIRAT R (8] B 19 22 i 4 B 0 O an
Kl 10 fron . X4 BP T34 3.2 dBm, 980 nm iz 1)
FH 24.3 dBm B A 5 2P K. BT BS3
55 MotiE 5 BP ok K XF Lk, 15 2] 3% K [ f& R
0.26 nmy 2 I K K i, 0 {8 D) 2843 I S — 0,224,

10
ok

BP

{BS3 BS6 pg
BS12

BS1

Output power /dBm
do
S

-50f st
—60t 0.26 nm
1554 1555 1556 1557

Wavelength /nm

K10 980 nm B T Jy 24.3 dBm W, BOG & 195 6%
Fig. 10 Output spectra of lasers at 980 nm pump
power of 24.3 dBm
—4.448,—10.469,—15.596, —19.631 dBm, H/> i
HIHPE K 3 dBLSEZH 0.016 nm, M H AT LA
L. BSI5 LIS Z G KR AT 2 E 5 4 (H g X
S 35t K U 1 D A DL R A MR L T s 5 AN O
HHHEARRZ . W 10 0] DUA H A4S = f5 i 5L
DRSS 9 < 1) B A5 5 22 181 1) 3046 o 357 e i () 6 R
SRAR/IN ABMRSRAFAE . X0 2 K o 327 S5 56 P A7 7 B
FIHICSH B RO 0 52 W, 2415 5 48 SMF Hh A% S i, 7

RT3 7 A U R .

980 nm 115 I F K 24.3 dBm (270 mW), BP
fES %N 3.2 dBm (2.1 mW) I, L 1 nm &K ¥k
5 BP K, TR Y Y5 L 1548 ~1563 nm, H
LW R AL N 5 R 11 fiR, St
FEW L K AT BLAE 60 nm P (1535~1595 nm)
P, SCH 2 PR . AR TE BP K AE LT 9
D A5 7E VAT S R P e O n s 12 R .

K13 s i B = A A 5L DR A A% 1) B ot 4%
i o 1] 722 b 9 22 0 K s AR E k. R T 5 MR IE
KAt e . HF B 5 min W& — K, WE 13 fras, B
7 A S T SRR R RS L DA (B T R Y B K
BI/NT 1.5 dBm, QR R AP E KK 980 nm Hil
B V)R, B AE DY s EER I Y BG n — > A R Y

0501005-5



i ot

(o)) [op
T

Number of channels
[ SRR

—

S

1540 1550 1560 1570 1580 1590
Wavelength /nm

PELT P45 70 R I U PR PN AT ) A A O I KK

Fig. 11 Wavelength number of lasers within tuning range

(118
10+
g —BP: 1551 nm
& —20r — BP: 1556 nm
2 5l — BP: 1561 nm
3 —— BP: 1566 nm
g _40l
[a¥
50+
—60+
1550 1555 1560 1565 1570

Wavelength /nm

K12 AR BP B KAF T BOLE M5 6
Fig. 12 Output spectra of lasers with different

BP wavelengths

0I+I—H—H—I—-I+H—I
5099900009000 ® | 5 (CHI
g —eo— CH2
= -v-CH4
<]
2 15l —-CH5
5 W
Ay
_gow
010 20 30 40 50 60
t /min
13 BP M1 N 3.2 dBm. iz % Jy 24.3 dBm I Y
LW KRR E

Fig. 13 Output stability of multiwavelength lasers with BP
power of 3.2 dBm and pump power of 24.3 dBm

EDFA k%8 . ELZ K iEngiE 3,
4 ok 1w

SCYGRIFST T HLA WU = A A B KA RS () B L B
PRI BE 43509 0.17 nm F1 0.26 nm B £ 9% KA
WBEDLEFROGES . T /300 T 980 nm iz D)% |
BP 2y 58 DL R i K A5 2 8000 Ak X 3k 31 22 % K e Kk
o R IT BE VR RS S LA 2 ), S 50 5 SR e B L A B U A
18 ORI AR AEBOG RS AWK I35 I 4 08 Bl e,
A A R B R B K E . S SR A5 B K (R

FER 0.17 nm (9 8 AN HLH 2 i K SO i b, i
WK AT LAAE 110 nm 75 [ (1528 ~1638 nm) P 3 5
WK IAIEE A 0.26 nm (9 5 AN A BLIH £ 9 K 80O
L K AT BLAE 60 nm 3 I (1535~1595 nm)
PITER . AT U IR 2 A R DK RS () B 22 I KOG AT
JCAAE % SR W4y B DG 15 R G0 Ot T2 Ok
L1 A% I O T e A ST A E A N R

& % x Mt

[1] Shahi S, Harun S W, Shahabuddin N S, er al.
Multi-wavelength generation using a bismuth-based
EDF and Brillouin effect in a linear cavity
configuration[J]. Optics & Laser Technology, 2009,
41(2): 198-201.

[2] XieY, Meng ] Q, Zu] F, et al. Conduction cooling
and compact, high peak-power, nanoseconds pluse
lasers[]]. Chinese Journal of Lasers, 2015, 42(9):
0902005.

WHR, WRWE, kg, & LSRR NN EREIE
WA R R WOt & [I]. P EEOE, 2015, 42
(9): 0902005.

[3] NiuB, Wang B H, Guo W R, et al. Description and
evaluation of beam quality of single emitter diode
laser based on beam parameter product[J]. Chinese
Journal of Lasers, 2015, 42(2): 0202004 .

PR, EEAe, MR, & ETRSHBN Ry
SR BOG # 6 AB HHEAR S IE [T]. b B0,
2015, 42(2): 0202004.

[4] Al-mansoori M H, Igbal S J, Abdullah M K, et al.
Low threshold characteristics of an I.-band Brillouin-
erbium comb fiber laser in a linear cavity[J]. Journal
of the Optical Society of America B, 2006, 23(11):
2281-2284.

[5] YuanY, Yao Y, Yi M, et al. Multiwavelength fiber
laser employing a nonlinear Brillouin optical loop
mirror: experimental and numerical studies [J].
Optics Express, 2014, 22(13): 15352-15363.

[6] Chow J, Town G,

Multiwavelength generation in an erbium-doped fiber

Eggleton B, et al.

laser using in-fiber comb filters[J]. IEEE Photonics
Technology Letters, 1996, 8(1): 60-62.

[7] Feng C, Guo W R, Li Q. Experimental study of
thermal effect on large size Nd: YAG side pumped
thin disk laser[J]. Applied Laser, 2011, 31(5): 414-
417.
o, FIE R, 2. KRR ST Nd: YAG Ml 1 52 i
O A RO 2 s OF 5T (0] . B BOE, 2011, 31
(5): 414-417.

[8] Zhang Z X, Dai G X, Kuang Q Q, et al. Spacing-

adjustable multiwavelength fiber laser based on

0501005-6



h | b4 bl
stimulated Brillouin scattering [J]. Acta Photonica open cavity[J]. Chinese Journal of Lasers, 2016, 43
Sinica, 2010, 39(5): 815-819. (3): 0302001.
SRADG, HE R, SLPCHR, 4. BT R O BN WA, XN, £, & ETEIFBUEMTH#E
AU A ] B 1T AR 22 K AR OB # [T . T A, W2 PR BEHDCA RO ). P EBOG, 2016,
2010, 39¢(5): 815-819. 43(3): 0302001.

[9] Sun H, Wei K H, Qian K, et al. Gain switched all- [19] Harun S W, Cheng X S, Saat N K, et al. S-band
fiberized pulse Yb fiber laser [J]. Acta Photonica Brillouin erbium fibre laser[J]. Electronics Letters,
Sinica, 2013, 42(1): 43-47. 2005, 41(4): 174-176.

NG, BRYLAE, Rl & —FhIE T R FE AR M [20]  Al-mansoori M H, Mahdi M A. Multiwavelength 1-
LRIk kY SGEF G RR [J]. e T2, 2013, band Brillouin-Erbium comb fiber laser utilizing
42(1): 43-47. nonlinear amplifying loop mirror [J]. Journal of

[10] ZhaoJ, Liao T, Yang X, et al. A simple tunable Lightwave Technology, 2009, 27(22): 5038-5044.
multiwavelength Brillouin-erbium fiber ring laser with [21] Kuang F, Ye Z Q. Self-seeded multi-wavelength
low threshold power[J]. Journal of Optics, 2010, 12 switchable Erbium-doped fiber laser [ J]. Acta
(11): 115202. Photonica Sinica, 2012, 41(12):1460-1463.

[11] Chang C H, Peng P C, Shiu R K, e al. EZF, &S, HEMAZZHK A XBESTHLS
Multiwavelength laser with adjustable ultranarrow [J]. e T4, 2012, 41(12): 1460-1463.
wavelength spacing [J]. IEEE Photonics Journal, [22] Shee Y G, Al'mansoori M H, Ismail A, et al.
2016, 8(4): 1-7. Multiwavelength Brillouin-erbium fiber laser with

[12] Shen Y, Wang R, Pu T. A novel technique to double-Brillouin-frequency spacing [ J ]. Optics
generate high-frequency microwave signal based on Express, 2011, 19(3): 1699-1706.
high-order stimulated Brillouin scattering [J]. Acta [23] Abd-Rahman M K, Abdullah M K, Ahmad H.
Optica Sinica, 2010, 30(6): 1571-1575. Multiwavelength, bidirectional operation of twin-
A, EoR, W, T S B2 O IR Y e A cavity Brillouin/erbium fiber laser [ J]. Optics
WO AR 5 7 E R [T]. Je %4k, 2010, 30(6): Communications, 2000, 181(1): 135-139.
1571-1575. [24] Parvizi R, Arof H, Ali N M, et al. 0.16 nm spaced

[13] Luo Y,Tang Y, Yang J, et al. High signal-to-noise multi-wavelength Brillouin fiber laser in a figure-of-
ratio, single-frequency 2 pm Brillouin fiber laser[]]. eight configuration[J]. Optics & Laser Technology,
Optics Letters, 2014, 39(9): 2626-2628. 2011, 43(4): 866-869.

[14] Gao Y W, Zhang Y J, Chen D, et al. Measurement [25] Zhang P, Jia Q S, Wang T S, et al. Tunable Multi-
of oxygen concentration using tunable diode laser wavelength Brillouin Er-doped fiber laser with
absorption spectroscopy [ J]. Acta Optica Sinica, 0.173 nm spacing[J]. Acta Photonica Sinica, 2014,
2016, 36(3): 0330001. 43(6): 0614002.

R, KER, R, ST AR S O AW, VO R, EFAK, . R 0.173 nm T8
WSO 1% 1 AR R I R AT (0] e 2E i, 2016, WL KA R WBECTHOLSE 1], 67 ¥k,
36(3): 0330001. 2014, 43(6): 0614002.

[15] Hu K, Kabakova I V, Biittner T F, et al. Low- [26] Zhang X P, Xu R H. Device and method for
threshold Brillouin laser at 2 pm based on suspended- generating multi-wavelength laser larger than two
core chalcogenide fiber. [J]. Optics letters, 2014, 39 times of Brillouin frequency shift interval:
(16): 4651-4654. 104600550A[P]. 2015-05-06[2018-3-28] .

[16] Cowle G J, Stepanov D Y. Multiple wavelength BRIBSE, o . KT PR B R A2 18] Bs 1 2 3 K
generation with Brillouin/erbium fiber lasers [J]. WO kA 2 E K J7 s 104600550A[P]. 2015-05-06
IEEE Photonics Technology Letters, 1996, 8 (11): [2018-3-28].

1465-1467. [27] Wang Z, Wang T, Jia Q, et al. Triple Brillouin

[17] Song Y J, Zhan L, Ji J H, et al. Self-seeded frequency spacing multiwavelength fiber laser with
multiwavelength Brillouin-erbium fiber laser [ J]. double Brillouin cavities and its application in
Optics Letters, 2005, 30(5): 486-488. microwave signal generation. [J]. Applied Optics,

[18] Huang CQ, LiuM S, Che T Y, et al. A Tunable 2017, 56(26): 7419-7426.

multi-wavelength random fiber laser based on half-

0501005-7



