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Abstract

Research Progress of Pulsed Mid-Infrared Fiber Lasers
Wei Chen, Shi Hongxia, Luo Hongyu, Xie Jitao, Zhai Bo, Yuan Fei, Liu Yong

Using Two-Dimensional Materials

State Key Laboratory of Electronic Thin Films and Integrated Devices, School of Optoelectronic Information,

University of Electronic Science and Technology of China, Chengdu, Sichuan 610054, China

Pulse fiber lasers operating at 3 pm mid-infrared spectral region have numerous applications in defense,
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military, biomedicine and atmospheric communication. The graphene two-dimensional materials have drawn great
sulfide. The mechanism and characteristics of the pulse mid-infrared fiber lasers based on these two-dimensional

attentions as saturable absorbers in the mid-infrared spectral region owing to their highlighted advantages such as

— .

convenient integration and compact all-fiber structure. We introduce the atomic structures and the optical properties
of two-dimensional materials including graphene, black phosphorus, topological insulators, and transition metal
lasers are also discussed.
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materials are introduced. Recent experimental achievements in the area of mid-infrared pulse fiber lasers utilizing
Al
'ﬁ‘?ﬁ

two-dimensional materials are summarized. The future prospects of two-dimensional materials based pulse fiber
lasers; pulsed lasers; two-dimensional materials; mid-infrared spectral region
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Fig. 1 Schematic of the saturable absorption in graphene!'”
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Fig. 2 Experimental setup of the graphene passively Q-switched Er’" -doped ZBLAN fiber laser
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Fig. 3 Atomic structure of black phosphorus
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Fig. 4 Light absorption process in black phosphorus®"

AN TR) JE B RS T o 7 1 BB KT, FE G & T mT W ACE Z2 14 Y - T AR AR B R 11 8 R R

FEEAN H —Fh e 2 B EL A DA B0 0 A BR A A T DA SIS ()R BEIRAS R L Y R BRAE
FEGB & T AT W ISR 22 1) S T AR AR B R R R AR S SA T K O i 7R AR O T RE . kBl
S I AR FH R AR AR B (1 = 206 P WS e i e 2 P A A 38 17 A P T o PR %) B 7 A B0 1% A ) S B A AR A
7T 7 A Tk DA SR R Q SRR I Ik e £F OB AR R AETE 1.5 pm P BEREHE Y S ERIINK W Luo
UV T LR R E LS R T 1532~1570 nm BRI CLT O . UL 7E LR BEME SA FE 2 pm B BE
M £T SO 7 L AH gk gl Hi 0

2015 4F, 1328 18 K24 B0 Qin 2555 P RIRIE T 7E 2.8 pom P BY B BEH Q JCABOG R L B S % S 4]
SR PRI 5256 25 4 S0 T R B WK o o . AT WA R B R R B 2 R A RS S R EE S L E
Sy S SFF LT A R oA A H A R B R AR RN GE AR B0 1590 R 9 pl/em®™, SEEG R WAl 5 BTR, DA
976 nmiEOE TS 4 m KB EXYT 1 ZBLAN OGS 3 B H /MK SE N 1.18 ps B WIHR K 63 kHz A
Q Wk, rh PR AL T 2779 nm, B Kk g fE A1 R D) E 0 7.7 pJ R0 485 mW, [R A R 2 AL SOk
(58 Ry 2R P 25 4, DLW 1) 980 o) SR B R A 43 300 19 % F 9 pleem 2R ] 4.2 m K9 Er'" : ZBLAN %
LR S T MK TE N 42 ps. H AR N 24 MHz 09 ik i B s K 2783 nm, i K8 1 I R R
613 mW, kgt 25.5 n],

Er:ZBLAN
976 nm laser diode F F M

M, BIP-SAM
B 5 ST RBEHIE QB Er' 1 ZBLAN YL B0 #5525 4k 5 e O
Fig. 5 Experimental setup of the passively Q-switched Er*" : ZBLAN fiber laser based on black phosphorus®®
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Fig. 7 Experimental setup of the passively Q-switched Ho®" -doped ZBLAN fiber laser based on the TI:Bi, Te; SA®
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Fig. 8 Schematic setup of TI:Bi, Te; SA Q-switched Er* " -doped ZBLAN fiber laser®”
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Fig. 9 Three-dimensional schematic representation of a typical MX, structure
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Fig. 10 Experimental setup of passively Q-switched Ho*" /Pr*" co-doped fluoride fiber laser using WS, "
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Table 1 Progress of pulsed mid-infrared fiber lasers based on 2D materials

Wavelength / Peak
SA MDSPI /PF AO /mW PD RR PE SE /% Ref.
nm power /W

Graphene — 2783 62 2.9 ps 37kHz 1.7 p) 0.58 10.5 [18]
Graphene - 2930 102 1.2 ps 92 KHz 1.1 pJ 0.95 8.9 [43]
Graphene 10% 2 MWecem ™ ? 2784.5 18 42 ps 25 MHz 0.7 n] 16.7 - [21]
BP 15% 9 pJeem™? 2779 485 1.2 ps 63 kHz 7.7 p] 6.53 10.6 [58]
BP 19% 9 pJecm 2 2783 613 42 ps 24 MHz 25.5 n] 610 — [59]
BP 41.2% 3.77 MWeem™? 2970.3 309 2.4 ps 62 kHz 4.9 pl) 2 11.35 [23]
BP 41.2% 3.77 MWeem ™2 2866.7 88 8.6 ps 14 MHz 6.3 nJ 730 19.5 [23]
Bi;Te; 51.3% 2.12 MWecem™? 2979.9 327 1.4 ps 82 kHz 4.0 p) 2.91 11.6 [24]
Bi,Te;  40.6% 1.59 MJecm ™2 2791.2 856 1.3 ps 92 kHz 9.3 ) 7.15 18 [25]
WS, 29.4% 1.24 MWecm ™ ? 2865.7 48 1.6 ps 132 kHz  0.42 p] 0.26 17.9 [79]

Note: SA, saturable absorber; MDSPI, modulation depth and saturation peak intensity; PF, pluse fluence; AO, average

output; PD. pulse duration; RR, repetition rate; PE. pulse energy; SE. slope efficiency; BP. black phosphorus
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