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Abstract

In this paper, the square-wave pulses were experimentally investigated in a bidirectionally
pumped passively mode-locked thulium-doped fiber laser, basing on the nonlinear polarization
rotation (NPR) technique. For the cavity length of 125 m, when the pump power is increased to 14
W, the square-wave pulse with a maximum pulse width of 24.5 ns is obtained, and the output
power is 45.8 mW. The center wavelength is 2053 nm, the spectrum width is 7 nm, the repetition
frequency is 1.63 MHz, and the signal-to-noise ratio up to 60 dB. With the increase of the pump
power, the pulse width of the square wave is linearly increased, and the peak power of the pulse is
stabilized at 1.32 W. Furthermore, the influences of cavity length on the output characteristics of
square-wave pulse are also discussed.
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1. 518

BN 2 pm BB ROLR, BARIFMAAEEN, €8 RS EEE. BosliE., Bok
TR AR B SE T RGN, HAT 5T 2 R[] o] R B 5 ik ik vh B A R
2 cm BINBO sz, SIS mAEENBOHH, EESAE RS, LK. SRBOLFEL. &
AR B 5 25 T B BT 2] [3]. Rk, FFRE 2 um W7 SRS A O A B
SRR HANME -

AT, BT i RPUKE . SR 00 S0 2 s BB B B0, 8 T AN s A4 (SA) B AR TE
B sh BB E g — B R AT 2 —. 1B SA FIRIERME R T 2ARtEE 2, H SA TR KM
SA HEMMRARKRR, EHHPE —ErRMRMAE. HET SA B A, FELEMmIRIEH: (NPR)SI
PR AR T 3E T S K G AR ok 2%, R NPR BUBOE LR O R A R 2 B I s, angs iy S8 infa
B, BHRESEIE, e, R, NPR SUBOGLT OGRS It B X el R4S E, SRR
HTZ BT 7T 0% . 1992 4F, Matsas 25 N\ B IRAE NPR BB E L 4RO 28 3R 15 1 30 B2 Ab e ik Hi (4]
2011 4, X7 ERSE NFI A NPR BB H ARESA B0 I IR 7 sREE 7 I[5]. 2012 4F, 5KaA%%
AAE NPR BB LA e g SEBL T 1716 ns T8 7 de B ikl i [6]. 2014 4F, /MRS A FIFEH
NPR G AR NS EOCLFTBOR S T 3R45 T 240 W IT7 MK [7]. 354K, ik oh 2 pm OGO
ARG RATIIE. 2013 45, FEESE AR A SBIE1E nT i Anmsomk, o sEal T sk gE o
260 nJ. KA 2025 nm O 4H[8]. 2015 4F, Azooz £ NI RN KE1FH] T THEWRKAE 1951.8
nm AP HE B BB A O G AR [9]. 2018 4F, 4RSS N ERAGEEAE R A A, SEEL T A ik
K 1926 nm BB OB R [10]. [F4E, T RAXEE AR A NPR BUEH RSB ZEBOCE T 7%
FINF LA ST [11]. 5 BTk, NPR BUEH AT ZH0 8 T KA 1 pm M1 15 pm GLFROLRE+,
MAE 2 um 3 BOGLF O 2 R B IRIE . A SR NPR BB E R SZEL 1 354 B A1 W06 2% 10 77 % ik
g, SRR T A T I Ik ) A R AR AR S
2. KWRE

1 A Jeer S 2 pm ok 55 AT U O B BB K AR R AT O 28 1 S 00 2 BRI, ISR Il AN IR
TEIE s Fi 7 SO RO 39 - S8 P PN YR (Pumpl, Pump2), P94~ 793/2000 nm 3 7 & F 4%
(WDM1, WDM2), WA= mIREHIZE(PCL, PC2), — 90:10 (KL HE#4 23(0C1), X ZB4E
ZF(TDF), SMF-28 HLiE004f, JeAFRREs#5(1SO), Fra et Ry 17 m. 5258 R A 2 3 E Nufern
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Figure 1. Schematic diagram of experimental structure
of thulium-doped mode-locked fiber laser
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3. KWERSL

KN 125 m IS, B NSRRI T 262 6 W, A A R 1 R 4 1) 4% B0 3 — g FE R, @il — B 9 1 GHz
17~ %5 (MDO3102, Tektronix, 3 [E)FImidt iRk, AW RIRR E MBUIkP . 25, HE—5Hn
Th 2 R0 RE fm P 428 1) 25 A0 B, Be A9 BARE I 7 BB ik v o 14 2 45 AR IRV DI 30 14 W B, SB[
T3 BRI ST R AN R o 18] 2(a) 2 7 Bk e ], A0 2053 nm, 3 dB BN 7 nm,
GRS = MICARIEIT . 14 2(0) R S ik B 380, ki 96 B2 24.5 ns. €] 2(c) /2 FAiE 4 i i (R &
S@FSW, Rrohde-Schwarz, i [ ) #3 (30 AT « 1 1] 2(c) T UL, J7 P A ik o 1 28 A% 1.63 MHz,
fEEEELZ) 0N 60 dB, RUAMGE S EAMRIFMREM. K 2(d)%4 1 THERTLEN 200 MHz i #O6HISE,
AT DA HE SR AT ()0 B T B TR A A, TR R A0 D 40.8 MHz, 5 5 ki 58 BE 24.5 ns TE BT R
bR & [12].

TEARFRIE 25 AT K AR I RTHE T, B EIOA R B 1 B ET, ARG — DR 9E T i Koxd 75 38
Jok it R R R . B 3(a) 1 3(b) 1 3(c)rdlgh T s 125 my 175 m. 225 m B 7 I ik
BRI 2 1A . AT LU AN [ s AR kb i T AR A i 380 — B0, 7R8I 3N 6 W, ik
W RNIEETE, WG E S 8 W i, kb 2RI AR, GRS3GInThZ kb 56 2 K. 40
DiZE N 8 W NS 14 W INF, = bl K 1) 7 B ke 6 FE 43 AT 2 A 7.0 ns~22.6 ns, 7.1 ns~24.8 ns, 10.3
ns~30.6 ns. {EMGINThERFE R, BRI TR AEE R e 3l , (R KPR IERT IR 5E i F v, ok#d
GRAAE T K TAEIRTS o UAh,  J7 B Bk A HR I 46 2 R B AE — AN AR AR B, BRIV FT s (e 2 0 2R 4t
HIRN . 175 m A1 225 m K Tm SCEFHOEREH) 3 dB A % W48 7 nm,  H AL R 5 K 125 m (1)
WOAR A A R JE A R ], X BLAS P45 H A B ) SR 56

B 4 g5 TR TR T 1 5 0 Bk v i H Th 6 Bk 5 © e et DA S W Th %6 B AR T D 3R I AR A G &R
ML A(a)H o] DLE H i H DR B IR D) 3 3G i 24K . IS KR 125 m i, i DR B 2R i o % Ap
IR IR, RN 14 W I, 1535 K145 H TN 45.8 mW. [ 4(b) ik B Bl 420 Th 2% 1)
AR FR, Hikh o FE BE ST Th R 3 N R MK, TEAHF IR T, KB ot a4 H bk iR
B. (EIEKN 225 misf, 753k 98 T N 30.6 ns. M 4(c) T LLE Y, Ky 225 m (R3O ik v
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Figure 2. Square-wave pulse emission at the pump power of 14 for the cavity length of 125 m, (a) optical spectrum, (b)
temporal profile of single pulse, (c) radio-frequency spectrum with 3 MHz span, and (d) radio-frequency spectrum with 200

MHz span
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Figure 3. The evolution of square-wave pulse with increasing pump power for the cavity length of (a) 125 m, (b) 175 m, and

(c) 225 m
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Figure 4. (a) Output power, (b) Pulse width, (c) Pulse energy, and (d) Peak power as functions of pump power
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