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Abstract A passively 2 ym Q-switched mode-locked thulium-doped fiber laser by using graphene saturable absorber
on tapered fiber is experimently demonstrated. The pulse evolution with the increase of the pump power is discussed
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in the experiment. Finally stable Q-switched mode-locked pulse is obtained. Stable Q-switched pulse trains occurr at
390 mW pump power and the repetition rate is 19.5 kHz. When the pump power increases to 490 mW, Q-switched
mode-locked pulse can be obtained. The Q-switched frequency is recorded with a frequency of 30.2 kHz and the
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mode-locked frequency is 19.5 MHz. After increasing the pump power to 610 mW, the mode-locked pulses are filled
lasers; fiber lasers; thulium-doped fiber; graphene; Q-switched mode-locked
140.3510;140.3280;140.307

up with the Q-switched envelope. The Q-switched frequency is 44.9 kHz and mode-locked frequency is still 19.5 MHz.
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Fig. 1 Schematic setup of the passively Q-switched mode-mocked thulium-doped fiber laser
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Fig. 2 (a) Optical spectrum of the thulium-doped fiber laser at 390 mW; (b) pulse trains
of the thulium-doped fiber laser at 390 mW
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Fig. 3 (a) Optical spectrum of the thulium-doped fiber laser at 490 mW; (b) pulse trains
of the thulium-doped fiber laser at 490 mW
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of the thulium-doped fiber laser at 610 mW
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Fig.5 (a) Single Q-switched mode-locked pulse in Fig. 3(b); (b) single Q-switched mode-locked pulse in Fig. 4(b)
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Fig. 6 Q-switched repetition frequency as a function of pump power

4 4k ©

JHIE T A LR A5 0 1 SR R B Q BIUBEIB AR P WOk S8  BFST T I8 0 Bk ol S 25 il 3 D0 R i v A
SRR IF R AR B T R N9 Q BBk k. I E 355 H) 390 mW I F A HBUE Q R . B M E K
19. 5 kHz, 452 D14k 5] 470 mW BT 46 BU Q BUBIBL % . ¥ Q fu2 T B4 g 30. 2 kHoz. SOk Ik of
FEFRN 19.5 MHz, 43z DI RAH] 610 mW i B sh 2 B1 0 Q .4 . IL I I Q f0.% & & R Hy
44. 9 KHz BB R o S AR %6475 0 19. 5 MHz, %74 Q BUBIB S 4R WOR AL AT )32 T s i T Ok B
I7 AR LT R S 4

s102014-4



i A W %

1

e~

ol

o

-

oo

10

11

12

13

15

& £ X #

K Tamura, E P Ippen, H A Haus, et al..77-fs pulse generation from a stretched-pulse mode locked all-fiber ring laser[J]. Opt Lett,1993,
18(13):1080—1082.
C Honninger, R Paschotta, F Morier-Genoud. Q-switching stability limits of continuous-wave passive mode locking[ J]. J Opt Soc Am B,
1999,16(1) :46—56.
L E Nelson, E P Ippen, H A Haus. Broadly tunable sub-500 fs pulses from an additive-pulse mode-locked thulium-doped fiber ring laser[J].
Appl Phys Lett,1995,67(1):19—21.
Q Wang, T Chen, B Zhang. All-fiber passively mode-locked thulium-doped fiber ring oscillator operated at solitary and noise like modes[J].
Opt Lett,2011, 36(19): 3750—3752.
Qingging Wang, Tong Chen,Botao Zhang. All-fiber passively mode-locked thulium-doped fiber ring laser using optically deposited graphene
saturable absorbers[J]. Appl Phys Lett,2013,102 (13):131137.
Qingqging Wang, Tong Chen, Mingshan Li. All-fiber ultrafast thulium-doped fiber ring laser with dissipative soliton and noise-like output in
normal dispersion by single-wall carbon nanotubes[ J]. Appl Phys Lett,2013,103(1):011103.
Liu Jiang,Xu Jia, Wang Qian, e al.. High-pulse-energy passively mode-locked 2. 0 pm thulum-doped ultrafast all-fiber laser[J]. Chinese J
Lasers,2012,39(6):0602009.
XOVLL R M E W, L mBER 2GS A B 2. 0 pm BRI R Ik mfOGEF OB L], P IEEOE . 2012,39(6) :0602009.
Wang Pu.,Liu Jiang. Progress and prospect on ultrafast Tm-doped fiber lasers at 2 um wavelength[ J]. Chinese ] Lasers,2013,40(6):
0601002.
OB YL 2.0 pm B K el AR OGRS I T TR R LT ] E#0%.2013,40(6) : 0601002,
Xiong Wang, Pu Zhou, Xiaolin Wang. Pulse bundles and passive harmonic mode locked pulses in Tm-doped fiber laser based on nonlinear
polarization rotation[ J]. Opt Express,2014,22(5) :6148—6153.
Jianfeng Li, Zuxing Zhang, Zhongyuan Sun. All-fiber passively mode-locked Tm-doped NOLM-based oscillator operating at 2-um in both
soliton and noisy-pulse regimes[J]. Opt Express,2014,22(7) ;7875—7882.
Minwan Jung,Junsu Lee,Joonhoi Koo. A femtosecond pulse fiber laser at 1935 nm using a bulk-structured Bi, Te; topological insulator[ J].
Opt Express,2014,22(7):7865—7874.
Ke Yin, Bin Zhang, Weigiang Yang. Flexible picosecond thulium-doped fiber laser using the active mode-locking technique[ J]. Opt Lett,
2014,39(14) :4259—4262.
Kuei-Huei Lin, Jung-Jui Kang, Hsiao-Hua Wu. Manipulation of operation states by polarization control in an erbium-doped fiber laser with
a hybrid saturable absorber[J]. Opt Express,2009,17(6):4806—4814.
Qiwen Sheng, Ming Feng, Wei Xin. Actively manipulation of operation states in passively pulsed fiber lasers by using graphene saturable
absorber on microfiber[]]. Opt Express,2013,21(12):14859—14866.
Z B Liu, M Feng, W S Jiang. Broadband all-optical modulation using a graphene-covered-microfiber[J]. Laser Phys Lett,2013,10(6):
065901.

=EHRE: TR

s102014-5



