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Abstract: A switchable multi-wavelength erbium-doped fiber laser based on a microfiber Sagnac loop is
proposed and experimentally demonstrated. The microfiber Sagnac loop comb filter is fabricated by
inserting a 5.5 cm polarization maintaining fiber between two outputs of an optical microfiber coupler with a
waist diameter of 5.68 pm. The filter is fused into the fiber ring cavity and the four-wavelength output laser
is realized by adjusting the polarization controller. In addition, the output of single-, dual-, triple-
wavelength laser can be switched, and the outputs interval of dual-, triple-wavelength are tunable. The
experimental results show that the 3 dB linewidths of laser output spectra are less than 0.027 nm and the
side—mode suppression ratio are more than 40 dB, up to 58 dB. When the fiber laser operates at triple—
wavelength, the wavelength shift and peak power fluctuation are within 0.028 nm and 0.9 dB in one hour.
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The laser has stable output and good monochromaticity, which can be applied in fields of wavelength
division multiplexing and all-optical communication systems.

Key words: Microfiber; Sagnac loop filter; Multi-wavelength; Switchable; Polarization maintaining
fiber; Fiber laser
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Fig.1 Schematic of MSL filter

, 3mA 1
C= - X 1
s2nd” (14 1/ V) (1)
K =sin*(CL) (2)

AP ANAGOER IR, d R — RO R B (REX B —F), VER LR, V= |:(27rd//1)(n§ —

)] SR A TR SRS LV HIA I CL A B B A 16 3 7
A BRI A 2% .
FCAEWOCER PR N JE 47 1E RS 5 a8 o YEAEMOCE N 9 S AL R B R R A X FRR AT 6.
T PMF B9 XU SRR, 3R 8% vh 2 1) A& 4% B G IR AE PMF #0025 i 3R A7 22 , B AH A7 22 59 9 S TF 32 fi % B
ST AL, X5 BT A R BT B TAEMLEI AL . s % nT LR A
T=(1—2k)" + 4k(1— k)sin*(B: + B.) cos* (— 2x/B/ A) (3)
Ao, R R ICE A AR RS A L, By AN B, R G HE PMF W6 i ) i IR € 5% £ , L4 PMIF WK, B 7R PMF i XU
Prift o HKEARK(3)H i £, 1T LIS 2 MSL 1933 1% 22 35 00
T=[(1—2K)" + 4K (1— K)sin*(8, + B.) cos*(— 2x/B/ ) ] - cos* (CL) (4)
X (4) AT, U8 2% B ROIR IS 5 PMF RIS A XK B DA S X 72 56 o Rl A DXCR R X A2 Bl
R K B LTI AL % PME 5.5 cm S HEK I 12,255 om X 1042 5.68m B 520070 0 201 5)
P U U A 3 OGS W 2 TR o 38 B BRSPS 3 BT, TT AR B A RIR R S AR W G, B RO i e

Experimental spectrum

------ Simulated spectrum

Intensity/dBm
| | | | | | | | |
[l e L =R e N S | R ]

1550 1555 1560 1565
Wavelength/nm

2 A Ae L5645 2| o MSL & 9 & 0y 3% 4 i

Fig.2 Transmission spectrum of MSL filter obtained by simulation and experiment

0514002-3



(Free Spectral Range, FSR)#(} 3.8 nm.,

2 KWHERKSH

2.1 R ARHME

MSL JE U #5 J& 4 — Bt PMF % 82 76 1% e G 27 /A 45 00 0 - i 11 3ty 11 308 2o S0 S0 M O b e 1) O i
VLR A DCHEAT RLAE T B o K 1% B 45 00 P A0 10 o 1 42— B2 5.5 em (1 PMF B R A X188 AE A LK
GRLHENL R 3 & b 3B A RN 110.1 scem (scem BIE A 1 Pa 8 A 25°C &4 F 1 mL/min A9 i
) AR 8.0 scem, AR GEEE R 2 mm, A 0.09 m/s. A AMEm L BA A X, 1A
B DX T S v B A A M TR o TR A A0 A I A A RS 3T £ e AL B, e ) K e Sk ok [
T8 S LI HOC L R A 2R 09 P4 . B 587 6 R ( Amplified Spontaneous Emission, ASE){E Ry I Y il ,
P A 2 A8 Hp i A 63 43 B A% (Optical Spectrum Analyzers, OSA)XF MSL 9 % 6 i i 17 52 i W, & E 4G
F5 T L S 00 % B N AT 3R o Y BLHE K B O 12.255 em B, SE A5 B MSL 3% S % Q& 2 s, JLFSR A
3.8 nm , i I 18 18 fe KRR ES O 11.64 dB.

Tangy, tion sta
8es ASE

K3 AfMEmirttniksRE

Fig.3  Schematic of experimental setup for fused tapering by oxyhydrogen flame
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Fig.4 The experimental setup of switchable erbium-doped fiber laser
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Fig. 5 Output spectra of single wavelength Fig. 6 Output spectra of single wavelength matched with
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Fig. 7 Output spectra of double wavelength

91 550.24 nm 11 557.46 nm .1 558.31 nm 11 565.73 nm, SMSR KT 43 dB, [ 7(e) b B K 380 £ K ]
B 249 15 nm A 3OG 5 S D4 4090 1 550,36 nm AT 1 565.89 nm, SMSR K 42 dB. XU K 306 6% /9 3
dB £k 953 /NF 0.023 nm.

8 o = R WOk % . B 8Ca) b iy i OB I 4 43512 1 558.13 nm, 1 561.7 nm 1 1 565.44 nm,
3 dB A 9i/N T 0.027 nm, SMSR i 42 dB., {R¥F AT Py AR | i — 20 I PC, A P9 i 41 IR 28 & A= el A2
HY T PHB 00 (952 W), AN 7] 35 4 A7 B 9 33506 A5 09 3 45 10 25 2028 | AT R 15 A [m] 38 4 1) B 1 = 30 < 0o i

SeHE i 8(b) FE 8(c) i o K435 1 550.15 nm, 1 557.3 nm #1 1 561.01 nm, 1 550.72 nm, 1 558.06 nm
M11565.73 nm,3 dBZ % /N T 0.019 nm, SMSR & 50 dB #1140 dB.

0 0
— 1558.13 nm & 1561.7 nm & 1565.44 nm ——1550.15 nm & 1557.3 nm & 1561.01 nm
g 20 g 20F
2 5
§ 42 dB §
<) S | 50 dB
= a0t = 40
vd -60 J\7
0NN . | . . .
1550 1555 1560 1565 1550 1555 1560 1565
Wavelength/nm Wavelength/nm

(a) The wavelengths are 1 558.13 nm, 1 561.7 nm, 1 565.44 nm (b) The wavelengths are 1 550.15 nm, 1 557.3 nm, 1 561.01nm

0514002-6



FER BT HMOGLT Sagnac 31 10T Y1k 29 KB HDGLFROLHS

0

—— 1550.72 nm & 1558.06 nm & 1565.73 nm

g 20

o)

=

B

£ dB

=40 b

60 &7, ; k/\)\
1550 1555 1560 1565
Wavelength/nm

(c) The wavelengths are 1 550.72 nm, 1 558.06 nm, 1 565.73nm

B8 = K ok fr ok i
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(a) Triple-wavelength oscillation in 1 hour
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Fig. 11 Measurement of laser stability after adding an isolator
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Fig.12 Measured laser output versus pump power
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