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Abstract: A mode converter is prepared through fusion taper coupling a single mode fiber and a few mode
fiber, and then a multi-walled carbon nanotube film is used as a saturable absorber to cover the cone of
the converter to form a saturable absorber cylindrical vector optical device. Combined the advantages of
Q-switched fiber laser and mode conversion device, the pulse cylindrical vector beam can be generated
simply and efficiently, and a pulsed high-order mode laser output with high peak power and high mode
purity can be obtained. The experiment successfully achieves a stable Q-switched pulse output with a
center wavelength of 1 560 nm, a maximum single pulse energy and a maximum peak power of 116 nJ

and 57 mW, respectively. The output of the Q-switched laser with radially and azimuthally polarized
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beams can be achieved by adjusting the polarization controller in the optical path.
Key words: Fiber laser; Passive Q-switched; Carbon nanotubes; Saturable absorber; Cylindrical vector
beam
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Fig.1 Schematic of the mode selective coupler for 2X 2 ports
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Fig.2 The beam coupling simulation of the mode selective coupler

0314003- 3



1.2 #REH EFRA

S IG5 7o YRORE ) 1 20 Sk 4l £ 2 BERR 4N K 4 (Multi-Walled Carbon Nanotubes, MWCNTs) %, 1 46
$ 100 mg HAEHN 20~30 nm KJEH 1~2 pm 4N 99 %A MWCNT ¥R 5 400 mL ¥R 50 % W 7N
BEIR & Z 5 B IR B W WO S AL B 60 min LUERTHAL 5 MWCNT 942K 1 (9 43 O SR 5 4 70 B0 8 o 15
AL G 30 min S5, BOH BT W, BRI A5 21 5 2 A5 2 8= 1 MWCN'T 99K 3 43 8O JF {3 2 H 7
%% (Transmission Electron Microscope, TEM) 3R FAF1Z 480K - N 3(a) ] LITE R LA F] MWCNT
1K) 435 K B i ot 2 3k DB AR AR TR B N AN K G ) MW ON'T R K MW CN'T 36 JI5 7 o5 7 B o 0 o i 1 1) o
iU, T B 2 RS F B S AT A R I S0 A = % 3 B & 2% (Saturable Absorption Mode Selector Coupler, SA-
MSC). i i F & H L (WITec GmbH,532 nm) % MWCNTs # B E 47 2 AE A& 3(b) B /R , 45 i 8 ik
() = ANRAE I 23 67 F 1 343.2 em 11 572.7 em A1 2 685.2 em ', A BIXERE DG A1 G,

450

2300

&

S 150

=~ 0 1 1 1 1 1
10 nm o : 500 1500 2500
e Raman shift/cm™!
(a) TEM image (b) Raman spectroscopy

B3 MWCNT 9 530 R 4F 45 &
Fig.3 Experimental characterization of MWCNTs

I P AR 0 0 1k SR AIE S Bk 4 K B T A0 AN WA (Saturable Absorber, SA) B G AR LR P 1 L ST g6 %
B AN A Ca) i RS2 5 o i 9 O TR 2 NPR SR B B0 ik w6 21 B0O6 2% (B & 026 . 20 MHaz; ik ih 45 2L if
] :8 ps; HL A :1 560 nm) . A Y K b 80O 38 4 — A AT 98 502 80 2% X O T kAT YL 2 )R E i — A
3 ABHEA A 5 T I s DA 0 O o BT FE A [ B A, — O B AR I SO ) — OB E IR
DU 375 5 B4 LI B i AR 98O B — A G 8 D 23 1 [ B %o 79 S A9 D S A W 5 e LA P A
3 B8 A B IR 4 () i AR G2 F R L AT LUE I AE 1560 nm I3 1 118 31 206 1 08 05 %) 37 1 8 B2 Ay
4.5 %0 HXT I B RIS BE S 7.2 MW /em®. 8K L B S YR 3 N, MWCNT 76 1.5 pm 40 BoR ) i & 1)
AT SR

48
S d6f
Saturable absorber 3
Attenuator 2
3dB coupler Probcbeam &
§ 4 r - = Experiment
= o
N —— Fitting curve
l:ulse Reference beam -'/ ———————————————————————————————————
aser 42t . . .
0 10 20 30
Intensity/(MW-cm™2)
(a) Schematic of P-scan device (b) Saturable absorption characteristics at 1.5 pm

H4 PH#HEREMER

Fig.4 P-scan device and results

0314003~ 4



ERE, & BT OBORLT YT QHR L MOt

2 SNGEE

S 50 2 R AL A PR TE R S5 A, I 5 R IR SR 600 mW Y 980 nm 2 A FH I (pump) H
980/1 560 nm /& H#% (Wavelength Division Multiplexer, WDM) #i-& i A IEKE N EIR K E S 50 cm
(358 L1 25 % £F (Erbium-Doped Fiber, EDF) (Er110-4/125, LIEKKID) .4 25 Y6 £F % 4 — /™ % JC ¢ b 25 o8
(Polarization Independent Isolator, PI-ISO) ¥ B f5 18 I 1 P9 306 14 B 1) 4% i o B 5 4 i Tl i 3 — MR
O AT AL FR R T 2 4F (SA-MSC) R S Q A 2% 5 56 B U UK 8 Ik p A 2k 2t 16 A /A58 28 1 #8 5 % o o
(Output2) i i A P Y HEAS G BRSO 2T it i i 114 76 28 3k — A O I 42 1 % )5 32 4 21 10/90 Han iR #&
@ (Output Coupler, OC), fii HH #5 & &% 1Y 75 — v 1% 45 171 43 52 0 4%, 20 00— 1> 56 % 19 3R 38 4k 5. PC1
(Polarization Controller) FF 5 3t i Ik v 6 0 S R R A, PC2 A a3 LAt dd 91 25 19 0 DA SE 30 88 oy
Al 32 1% 4 1) A ) O A1 2R SO AR L R N 2 8O N 10/90 #EA #1910 D6 i 1 A L 2 ' % 0 A A
(Optical Spectrum Analyzer, OSA) (YOKOGAWA, AQ6370C) . 7~ I #8 ( Oscilloscope, OSC) (DPO
7254C) SR HT AL (Anritsu MS2724C) FZ R (Gentec-EO, MAESTRO) K M 5 i 1 #0O6 bk o (9 56 33 A
o R %) i L < Dk RO 8 D6 BRE H RCEE AR Output2 48 CCD ARBLIN S

Output2
R - CCD
FMF PC2
Collimator
== t—
SA-MSC PCI
1SO ocC

EDF

D) g, o

Pump ::

[EETT

A5 ETHIBEAMBHEA QERELRAHALERE

Fig.5 Device diagram of passive Q-switched cylindrical vector beam fiber laser based on few mode fiber
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(a) Angularly polarized beam  (b) The intensity distribution of angularly polarized beam under rotation of the linear polarizer

(c) Radially polarized beam (d) The intensity distribution of radially polarized beam under rotation of the linear polarizer
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Fig.8 Pattern of angularly polarized and radially polarized beam
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