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Abstract A passively Q-switched (PQS) Tm: YAP laser in the 2 pum waveband is introduced. A linear cavity structure of
the Tm: YAP laser is chosen in the experiment. A laser diode with an output central wavelength of 792 nm is used as the
pump source, and a saturable absorber prepared by a new two-dimensional material of black phosphorus is used as a PQS
modulation device for the Tm: YAP laser. In the continuous wave mode, an output power of 1.0 W is obtained with an
output central wavelength of 1994. 8 nm from the Tm: YAP laser under the pump power of 8.8 W, corresponding to a
slope efficiency of 17. 3%. Under the PQS regime, an average output power of 0. 9 W and a minimum pulse width of 1. 3 ps
at 135. 8 kHz are acquired from the Tm: YAP laser at 1986. 7 nm under the pump power of 8.8 W, corresponding to a
slope efficiency of 14.2%. In addition, the beam quality factor of M=1.10 and M;/=1. 06 are measured from the PQS

Tm:YAP laser under an average output power of 0. 9 W.
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Fig. 4 Output characteristics of the pulsed laser when the pump power is 8.8 W. (a) Single pulse waveform; (b) pulse train
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Table 1  Output characteristics of PQS solid-state laser in 2 pm band based on black phosphorus saturable absorber

Laser crystal Output spectra /nm  Pulse width /ps  Repetition rate /kHz ~ Output power /W Peak power /W Ref.
Tm:YAP 1986 1.31 135.75 0.85 4.78 Now
Tm:YAP 1988 1.78 19.25 0.15 4.40 [20]

Tm, Ho:LuVO, 2056 2.83 128. 30 0.86 2.37 [21]
Tm, Ho:GdVO, - 4.48 71.84 0.37 1.15 [22]

thulium-doped fiber laser based on 0.3 nm diameter

4 z':,:': I/E\A single-walled carbon nanotubes at 1.95 pm[J]. Chinese
A T80 0 S ) 0 T R Optics Letiers, 2017, 1504) 4140341406,

Wy B Ky 35 R S b ST BT Ak (6] TR, Wtk X, % . BOEHE A 2 pm Tm: YAG
” B2 85 mm BOLIRRIE T, 52 T R Ot 78 KR4 £ 60 B B ST, 21 51 506 T,
Tm: YAP FABOE R i . MR R K 8.8 W 2018, 47(8): 0830003,

B, PQS 1 = Tm: YAP ¥t #% % b bk op 98 B2 Wang C L, Xie S'Y, Liu H, et al. Theoretical study of
1.3 ps, FA N B EE & 0 R R 135. 8 kHz, FE W {H T & 2 um Tm: YAG laser with wavelength switchable
4.8 W, Tm: YAP ¥ 58 i & v 3 Kk accurately for lidar[J]. Infrared and Laser Engineering,

VTEN = 2 S 1l 2018, 47(8): 0830003.

1986. 7 nm i OLAURE S E M AR R LT 1y e espte, maon, 6T 1A T 005
o Bk B9 (R AR/ T 110, A0 L 930 5 KBRS BE O 2= B AL 0 0 0 7 Q 9RO 5 . o RO , 2020,
—0.742° y=—0.782", Z&5 L —HUET T BT 47(11): 1101001.

ot R R AL AR T Sy 1 BB A S 1 PQS R A A, S A Liu H Y, Chang J H, Feng X X, et al. Research on
ik wp 5 B R TR SRR i WA T 2 A TG RS 1Y double passively Q-switched laser based on graphene
SEHE A BT HE 20 S T AR R K (A A 2 Mmﬁ&%‘@ quantum dots and molybdenum disulfide[J]. Chinese

Journal of Lasers, 2020, 47(11): 1101001.

ap RO S u
A [ A s 4 o S92 B L [8] Novoselov K S, Geim A K, Morozov S V, et al.

5 # X B Electric field effect in atomically thin carbon films[J].
Science, 2004, 306(5696): 666-669.

[1] Tian J, Ke Y, Cong W, et al. Ultrafast fiber lasers [9] Bao Q L, Zhang H, Wang Y, et al. Atomic-layer
mode-locked by two-dimensional materials: review and graphene as a saturable absorber for ultrafast pulsed lasers
prospect[J]. Photonics Research, 2020, 8(1): 78-90. [J]. Advanced Functional Materials, 2009, 19(19): 3077-

(2] #NBE, BRJR, A%, & ST A A BIGI KPUR Q 3083.

BB Tm: LuAG #0628 (70 9 3 22 4, 2019, 68(10): [10] Zhang H, Virally S, Bao Q L, et al. Z-scan
104207. measurement of the nonlinear refractive index of graphene
Sun R, Chen C, Ling W J, et al. Watt-level passively Q- [J]. Optics Letters, 2012, 37(11): 1856-1858.

switched mode-locked Tm: LuAG laser with graphene [11] Coleman J N, Lotya M, O’ Neill A, et al. Two-
oxide saturable absorber[J]. Acta Physica Sinica, 2019, dimensional nanosheets produced by liquid exfoliation of
68(10): 104207. layered materials[J]. Science, 2011, 331(6017): 568-571.

[3] \w, 2%, S, & Hk oL R IR A [12] LiL K, YuYJ, Ye G J, et al. Black phosphorus field-
WK A [T 62 K% TR, 2017, 25(7): 1697- effect transistors[J]. Nature Nanotechnology, 2014, 9(5):
1704. 372-377.

LuXY, LiX B, Qin W B, et al. Retrieval of horizontal [13] Liu H, Neal A T, Zhu Z, et al. Phosphorene: an
distribution of aerosol mass concentration by micro pulse unexplored 2D semiconductor with a high hole mobility
lidar[J]. Optics and Precision Engineering, 2017, 25(7): [J]. ACS Nano, 2014, 8(4): 4033-4041.

1697-1704. [14] Tran V, Soklaski R, Liang Y F, et al. Layer-controlled

[4] WRE ., B, AT, F . EEMOLHIL Risley B 5L band gap and anisotropic excitons in few-layer black
FHEH RG] 6 K TR, 2019, 27(7): 1444-1450. phosphorus[J]. Physical Review B, 2014, 89(23): 235319.
Zeng HM, Li S, Zhang Z Y, et al. Risley-prism-based [15] Hanlon D, Backes C, Doherty E, et al. Liquid exfoliation
beam scanning system for mobile lidar[J]. Optics and of solvent-stabilized few-layer black phosphorus for
Precision Engineering, 2019, 27(7): 1444-1450. applications beyond electronics[J]. Nature Communications,

[5] Chen Y P, Zhai J P, Xu X T, et al. Mode-locked 2015, 6: 8563.

0114006-5



$£605 F1H/2023F 1 H/HAEESBFFHE

[19]

LuS B, Miao L L, Guo Z N, et al. Broadband nonlinear
optical response in multi-layer black phosphorus: an
emerging infrared and mid-infrared optical material[J].
Optics Express, 2015, 23(9): 11183-11194.

Chen Y, Jiang G B, Chen S Q, et al. Mechanically
exfoliated black phosphorus as a new saturable absorber
for both Q-switching and Mode-locking laser operation
[J]. Optics Express, 2015, 23(10): 12823-12833.

Sun X L, Nie H K, He J L, et al. Passively Q-switched
Nd: GdVO, 1.3 pm laser with few-layered black phosphorus
saturable absorber[J]. IEEE Journal of Selected Topics in
Quantum Electronics, 2018, 24(5): 1600405.

Zhang C X, Chen Y, Fan T J, et al. Sub-hundred
nanosecond pulse generation from a black phosphorus Q-
switched Er-doped fiber laser[J]. Optics Express, 2020,

[22]

0114006-6

28(4): 4708-4716.

Chu Z Z, LiuJ, Guo Z N, et al. 2 pm passively Q-
switched laser based on black phosphorus[J].
Materials Express, 2016, 6(7): 2374.-2379
LiLJ, Li T X, Zhou L, et al. Passively Q-switched
diode-pumped Tm, Ho: LuVO, laser with a black
phosphorus saturable absorber[J]. Chinese Physics B,
2019, 28(9): 094205.

FREZE.ETRBENE DN QMK Tm, Ho: LuvO,/
Tm, Ho:GdVO, B 4O H AR WPFFE[D]. M5 /R U B /R 15
BT R2%, 2020: 36-42.

Li T X. Passively Q-switched mode operation of Tm, Ho:
LuVO,/Tm, Ho: GdVO, laser with BP
absorber mirror[D]. Harbin: Harbin University of Science
and Technology, 2020: 36-42.

Optical

saturable



	1　引言
	2　实验装置
	3　分析与讨论
	4　结论

