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Fig. 1 Structure diagram of frequency interval switchable multi-wavelength Brillouin random fiber laser
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Fig. 2 Structure diagrams of BP experiment and Stokes lines. (a) Structure diagram of single FW-BP experiment and

(b) even-order Stokes lines measured from OSA2 on the right; (c¢) structure diagram of single BW-BP and (d) odd-

order Stokes lines measured from OSA2 on the right
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FW-BP and BW-BP
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Fig. 4 Measured spectra and their detailed enlarged graphs when splitting ratio is 10:90. (a) Spectrum measured from

OSA2 and (b) its detailed enlarged graph; (c¢) spectrum measured from OSA1 and (d) its detailed enlarged graph

T 22 Uit ) 13 U6 Sk BP 5 5 0%, 35 B0 5 8 BB 2 18]
7% 22 BG5S M L COSNR) L 25 16.2 dB, | T
BW-BP ) Zh % [t FW-BP i 3 & 15 £, W It
OSAZ2 % H v B9 75 B0y BSL B 5k By BSL E A7 &
R, R, A 4D BT, N OSAT % i i
53] i S A BSL,OSNR #5424, 2 dB,

MBI a b =902 10 B, A4 T &y A1
A M5 5ot EE & Cirl 3B 8 A0t
FEE DY A S50 S RO B R b S AR Y A
By BSL A OSAT Fai 1 s 14 5 T 1] 42 i 1) £ 45
By BSL M OSA2 fi tH sty I 00 2 0% K A B
INBEPLROE G & 5 Bs

W& S FEos ) BSL 63 AT LLFE #, 2 iKE BP
IR K 1528 nm B3 TH 56 248 44. 5 nm
(1528~1572. 5 nm) [ 2 I K A 5L IK Bl AL 3O i
o AL, YR A EHCh 90210 ARG AR B AR
AN S AR AR 1 2 B K A B UK B HIL 3O A 4R Y
BSL EA XU A7 LK A5 #% 8] B, HLA 38 19 OSNR
(16.4 dB 1 22. 4 dB) , RPAS 21 i) 2 XRS5 A B UK 0%
Vi) s 2 0 K A B K B ML IO

ZE bR 10:90 B 90: 10 YRS &%

B AT 2R 1 BP I i A7 18 2 SBS BIE . WOGHAE 58
S YR BP i £ 5 B0 R 585 300k o 5
T A O S B XA A L KA ) B Y 0T 4 v
Hrgk , TEIXFN I A5 A LUK AR L b A IR T
214 30T 8 5 0T 4 F R 2 R A o 30T £k A S R O
FEH .
3.2 4tk 30:70 5 70:30

MPEE I a:b=230:70 B}, K FW-BP 14
IR, LB S PR 4 0 113 F 4% OSAT Fll OSA2
R I 20 1 2 K A B B AL SO R R
Kl 6 Ca) (o) BT, i 0 G5 R 40715 an il 6 (b) L (d)
fin., ATLAES] Y BP LK% E 4 1533 nm A,
ARG K 39. 8 nm(1533~1572. 8 nm) i £ K
A B AL O . W 6(b) L (D iR, A
Fi o OSNR 520 Y6 H ol 10290 BF B OSNR A
A FrREAR (7. 6 dB #18. 8 dB),

M EIIEI atb=70:30 W, FKIF M LK
A HLH BEHLIOE YIS I 7 Ca) L (o) TR L i OG5
AR 485 i 7 (b) L () s, W% OSA1 i
OSA2 Hz W2 0 fa Bk T8 & B0 3L 25 BB 55 18 £ B
W € 72 W £ 2 ) B9 OSNR A ¢ T 20 )6t g 10290

1101003-4



495 F 11 8/2022 £ 6 A/HEHL

0 0
(a)
£ g -20
3 g
= =
o @
g 5 _40
& &
-60 —60
15269 1536.9 1546.9 15569 1566.9 1527.9 15284 15289 15294  1529.9
Wavelength /nm Wavelength /nm
0 0
© @
224 dB
g g ~20 |
fe5)
g g
-
3] @
3 B _40 |
4 &
60 ¢
1526.9 1536.9 1546.9 1556.9 1566.9 15279 15284 1528.9 1529.4 1529.9
Wavelength /nm Wavelength /nm

5 430G 90210 B, O [ i b v 0 45 O 1 A AR R . () OSAT A5 19 6 1% Bz e (b) 4135 Tl R 1
(o) OSA2 75 1Y e 3% B e (D 240755 K 1#
Fig. 5 Measured spectra and their detailed enlarged graphs when splitting ratio is 90:10. (a) Spectrum measured from

OSA1 and (b) its detailed enlarged graph; (c¢) spectrum measured from OSA2 and (d) its detailed enlarged graph
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Fig. 6 Measured spectra and their detailed enlarged graphs when splitting ratio is 30:70. (a) Spectrum measured from

OSA1 and (b) its detailed enlarged graph; (c¢) spectrum measured from OSA2 and (d) its detailed enlarged graph
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Fig. 7 Measured spectra and their detailed enlarged graphs when splitting ratio is 70:30. (a) Spectrum measured from

OSA1 and (b) its detailed enlarged graph; (c¢) spectrum measured from OSA2 and (d) its detailed enlarged graph
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Fig. 8 Measured spectra and their detailed enlarged graphs when splitting ratio is 50:50. (a) Spectrum measured from

OSA1 and (b) its detailed enlarged graph; (c¢) spectrum measured from OSA2 and (d) its detailed enlarged graph
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Abstract

Objective The multi-wavelength laser using random fiber lasers promises to become an ideal light source for

wavelength division multiplexing ( WDM ) and dense wavelength division multiplexing ( DWDM ), with broad
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application prospects in 5G communication systems and sensing systems. Recently, the combination of stimulated
Brillouin scattering (SBS) and stimulated Raman scattering (SRS) and random distributed feedback using Rayleigh
scattering have achieved a multi-wavelength cascade output, which has been widely used in many research on random
lasers. However, one main challenge of Brillouin Raman random fiber lasers is to realize Brillouin Stokes light (BSL)
output with switchable wavelength intervals in a wider bandwidth. In this paper, we propose a double open cavity
random fiber laser using the cascaded SBS to obtain BSLs of 253 double shift intervals (~0.176 nm) in the output
range of 44.5 nm (1528-1572.5 nm) and 483 single shift intervals (~0.08 nm) in the range of 42.5 nm (1532—
1574.5 nm) by adjusting the forward and reverse BP power ratio. This easy-to-build, interval switchable multi-
wavelength Brillouin random fiber laser meets the demand for multi-wavelength sources in DWDM and optical sensing
systems, further expanding the application area and increasing the flexibility of multi-wavelength output. They have
good application prospects in the fields of sensing and optical communications.

Methods In the current laser configuration, the bi-directional Brillouin pump design is obtained using optical
couplers (OCs) with different splitting ratios to divide BP light into two parts, which are coupled into the cavity
through port 1 of two circulators (Cirl and Cir2). This allows the forward and backward BPs to enter the linear
cavity in opposite directions, and experience SBS in a DCF pumped by the RP, which continues the cascade process.
The cascade process continues until the BSL amplified in a certain order is limited by the Raman amplification
efficiency, and does not reach the SBS threshold for the next order. Additionally, a circulator (Cir3) is connected to
the 1455/1550 nm WDM near Cir2, and has connected ports 2 and 3 to form a reflector, allowing the remaining
unabsorbed RP from DCF to return to the cavity, and continue Raman amplification of BP and BSL, thus improving
the RP efficiency. In DCF, Rayleigh scattering, SBS, and SRS occur simultaneously, allowing even-order and odd-
order BSLs from forward and backward Brillouin pumped lights, respectively, to be output from the right end of
OSA2 together. Similarly, odd-order and even-order BSLs generated by the forward and backward Brillouin pump
lights are output from the left OSA1 together. Thus, by controlling the splitting ratio of the OCs, multi-wavelength
lasers with single or double Brillouin frequency intervals can be output at both ends of the linear cavity.

Results and Discussions The frequency interval of multi-wavelength Brillouin random fiber laser can be switched
by setting different couplers with different splitting ratios. When the splitting ratio is set to 10:90 or 90:10, this
corresponds to the input Brillouin pump signal mainly entering the laser cavity through an input, so that the adjacent
BSLs at the output end are separated by a double Brillouin frequency shift, thatis, ~20 GHz (Figs. 4 and 5). When
the beam splitting ratio is set to 30:70 or 70:30, the power difference between the two inputs decreases, resulting
in a low-power BP signal that can overcome the SBS threshold. Thus, the adjacent BSL frequency spacing at the
output port can transition from a double Brillouin frequency shift spacing to a single Brillouin frequency shift spacing,
that is, from ~20 GHz to ~10 GHz (Figs. 6 and 7). Finally, at a splitting ratio of 50:50, both FW-BP and BW-BP
are simultaneously injected into the cavity and both satisfy the SBS threshold. This combines the odd and even order
Stokes lines at the output port to form an output spectrum with a frequency spacing of a single Brillouin frequency
shift interval, that is, ~10 GHz (Fig. 8).

Conclusions In this paper, we propose a broadband and frequency interval switchable multi-wavelength Brillouin
random fiber laser. Due to the dual-open cavity configuration, the frequency interval of the output multi-wavelength
laser can be switched between single and double Brillouin frequency shifts by adjusting the power ratio between the
forward and backward BPs. The results show that when RP power is 831.8 mW, 253 Stokes lines with double
Brillouin frequency shift interval ( ~0.176 nm) in a wavelength range of 44.5 nm (1528-1572.5 nm) and 483
Stokes lines with single Brillouin frequency shift interval (~0.088 nm) in a wavelength range of 42.5 nm (1532—
1574.5 nm) are obtained. The frequency interval switchable multi-wavelength Brillouin random fiber laser is
expected to greatly broaden the application and increase the flexibility of multi-wavelength laser in fields such as
optical communication and sensing.

Key words lasers; random laser; frequency interval switching; stimulated Brillouin scattering
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