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Abstract A few-mode ring fiber laser based on an all-fiber mode multiplexer/demultiplexer (MUX/DEMUX) was
designed, which achieved switchable lasing output in LP,;, LP;;, LP; , and hybrid modes. Experimental results
show that the output lasing mode of the ring fiber laser can be switched between the three lowest-order linearly
polarized (LP) modes and hybrid modes by employing a low mode-crosstalk all-fiber mode MUX/DEMUX and a
simple 4 X 1 optical switch. Thresholds of 40, 60, and 80 mW and slope efficiencies of 1.2%, 0.82%, and 0.56 %
were obtained for the LP,, LP;;, and LP,; mode operations, respectively. Numerical simulation and parameter
optimization of the designed few-mode ring fiber laser structure adequately resolved the wavelength shift problem,

with a line width of 3 dB less than 0.032 nm being realized.
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Fig. 1 Schematic structure of the transverse mode-switchable few-mode ring fiber laser

TEFIE IR IE N A SERLIT 3 BROE 2T 44
52 50 MUX i Bl 45 5 (9 4688 1) 452 5 (1P 4L 1Py, 452

LP, ) A B0 I i A DB 2r . A BDE 2 A%
RO AE 5 B 1000 18 0 A B I oy % e L 3 A

1406002-2



% {5

90 Yoy A DEMUX, 8220 DEMUX ¥ 5 B 4 2C
e IR, AR5 38 O R G 28 B 0T B BB £
HEAT T — B R 3E

S50 T P R S R A A8 R 59 Rl
A H AR 2T R ' £ i 4 7 R EG)  HE 4G R
WME 2 FrR . FTHIAICES 4, B A8
2 rh LA A% 1 K By 5 BB AT b iR B AR R 1%
BEH BB, W AB=p — B, =0 I B e FEHE A %
ik thoom O 6T R B Py (=) IE LT
cos’(Cz),P,(2) IEH T sin®(Cz) , Hir P, ()
P, () 43538 MSC 1Y B £ 8 Fn /b A5 % 21
M TR, C RS R A, W o ROk )
RN Ry —E R H B X 3R W AR G AR Z ) Rl AE
2% 1R 52 B o8 A R R 0 B R A L, R
COMSOL # A4, 38 33 47 B 0 3 11 B AE A [\ 6 245 1
R ARG 2 v i) A5 R D B 45 b BT T 1 1 B
R (P, B LPy, BT P, B0 19 455 20 R 5 %
WL 2Ch) 7 DA 8 1) 52 3 B ARl 2F i B A8 55 /0

(@) LP, LP,
n SMF SMF a
[0 foofes]
FMF FMF
W | LP, LP, LP,
mode MUX

' 2 v 31 B2 Bl 08 O 1 v B R A A7 DE TR 1) e AR B
7 N TE 5 28 R 28 ELAR AL B & i 3 BB 2F
H R AR A 4 Ry AR 2 v ) R AR, A
A 2% — J7 AR R A e 0 2% 4 BB &1 rp ity 2
R 48 Ry DA G A v i v A5 X5 O — O T AR S AR
o B A% L FE AR 0 627t o 1 10 AN Tm) A X

¥ MSC LBk, 40 i Be m 202 /i 2 2 4
LP #58p 8 MUX/DEMUX , i 3 455 41 4 > 45 24
TEREFE G 4 B BB 2R g A i 1, T DS S pl A
JGET iy L B DB 2 LP, 5 LPy B85 LPyy
R A B e e, Bl 2o irs . B MUX/
DEMUX X} A [a] #8220 1 O 4l A B A8 A BT 22 5% . 7
1550 nm P K A0 B = B A U 45 X MUX 19l
AMFEXS T LPo BT 5 52 1.45 dB, X T LPy, A%
M5 42 2.47 dB, X T LP, #5101 5 42 4.68 dB; fxL
DEMUX WG4l AAEXT T LPo, £211 5 4£1.20 dB,
T LPy B & & 2.19 dB, X T LP,, #5175 &
4.35 dB,

w ®) LP,
]
E 1.448 LPu
LP
£ 1446 Lp!
Q
(<5}
£ 1.444
o —— FMF
S 1.442 e
=
1.440

25 50 75 100 125
Diameter /um

LP, =LP  LP =LP LP, —>LP

if MSC1 iz‘ MSC2 ffMSC3 FMF Fa
1

a LP,,

mode DEMUX
LpP, =LP, LP =LP LP,=LP

LP 00 Emd

21 Il

P mFMFMS(B\ MSC2 \| MSCI \ z

LE, B O 8
LPOI LPOI LPOI

Kl 2 i MUX/DEMUX f# )55 ,

VEHE 5 (o) 4647 B MUX/DEMUX

() MSC ZE #4758 T2 1] 5 (b)) BB £F v S A 1 /0 B 2 v g I 4 68 5 80T 29 o6

Gt E A

Fig. 2 Principle of mode MUX/DEMUX. (a) Schematic of the MSC; (b) mode effective index matching graph for
the LP,; in the SMF and the desired modes in the designed FMF; (c¢) schematic of all-fiber mode MUX/EDMUX
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Fig. 4 Relation between output power and pump power
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