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Abstract

We reported on the generation of harmonically mode-locked rectangular pulses in a long cavity
figure-eight fiber laser. The mode-locked spectrum was broad and smooth and its pulse profile
appeared to be the rectangular shape on the oscilloscope. However, the pulse type was confirmed
as noise-like pulse by an autocorrelator, namely noise-like rectangular pulse. By adjusting the la-
ser parameters, such as polarization controllers and pump power, up to 5th harmonic mode-
locked noise-like rectangular pulse was achieved. It indicates that the energy of noise-like rec-
tangular pulse in the fiber laser cannot be increased infinitely, but it may split into multiple pulses,
leading to the phenomenon of harmonically mode-locked rectangular pulse. The obtained results
may be useful for enhancing the understanding of the mechanism and characteristics of noise-like
rectangular pulse.

Keywords

Fiber Laser, Noise-Like, Rectangular Pulse, Harmonic Mode Locking

RO e L T
SIS

FHR, FUX, FEXF, KK



http://www.hanspub.org/journal/app
http://dx.doi.org/10.12677/app.2014.46015
http://www.hanspub.org
mailto:zcluo@scnu.edu.cn
http://creativecommons.org/licenses/by/4.0/

T BB I P T SRR P B DG A ROL S BT AL

PRI R 25 RO TR AR, [ AREMIDE T IR B S de R seie s, 1M

Email: zcluo@scnu.edu.cn

Wk H . 20144F5 H10H; &REIEI: 20144F6H11H; FAHW: 20144F6H20H

=

AWK “8” FRBE LGRS b A B BT B BT T SEIBT R . S RE Bk RA N
HISEHOEHE, fEnias SR ARk, B BB IESEH R Sk, RIS J7 bk . SEie
HOER AT BOLRE N SE, WHRIREHISARBIRE, R T RIESHHE B BAREIIRFS I7 Bk -
LWERRY, A BOLRR NIRRT WAk FIE ] TR A e B, MRE X4 T
FEAE Rk 3R BB SR TT BRI R o BT I0 45 A A Tt — 25 B AR SR8 5 7 Bk I LA A5 4

XA
KABOLER, FIRFHE, TTRkke, BB

1. 518

Bl S B O O A8 T AR SRR R BRIV AE Yl Ut BN,
1M HAE AR RO AW a2 S U A V7R N AN, PR — B2 31 2 IR R[]
MO G SFAF S B Ik v th T DU RSO A 91 NJE SR R e B R [2] [3] ARG MR
R [4] [5]838 F S AT AR ISR SR SE 6] [7]. — Mok, FEREShBUOELREOL S T R AR M ki B &
Bl oSt ERIEAR o AR, — i 2L B ki e L] - #ERGIT-JL 9% (dissipative soliton resonance, DSR)
SR Tz EFSE[8]-[12]. DSR MR SEAE 2008 - Akhmediev 56 A#E3Kf# Cubic-quintic Ginzburg-
Landau (CGL)J5 2Rt & BEAERAN TR BGL R, MBI —FH A I IR IS, BB A
SR RS BR B E ISR T, TR — PRI IR . R Bl S Z i D2 R W n,  7E7R %
a bRk, ELHK R ORI K, AR KR D 2R AR R — R A, AR Z ke e SR DSR ik
M[9]. TAETE DSR DX I I BRIk i A Ay A2 S ok v 23 24 AN T 9 R e 20 2% s BB ik ol 6 B 1) — P
Wogtz. BfifE, DSR ILRAE AL M ImdiR e i B A WO 88 [13]-[15]F0 “8” F AL L 28 th 15 2 S8
WESE[16]. HIT- DSR 773 k2 Re s SBLHCA i 73 24 10T, BRI TGS T SE R B IR 2 A7 IR 26
PEW FT A A B

AR, TER B BB AT O A T, L 9 25000 2 S B8 26 A (115, 228 2 WL 31 07 8k Ik [8]-[ 18] -
T WK AT O GRS R B, LRSS S DSR BLG AR . ART, SLEGETOE A T 3RS T
BRI, RS TR AT SR 1 7 e Bk b 2 5 TE RS 4 45 M I s — ATkl . BRI, BRI 22 51
—NMAE, FEGAF OGS R A e R T 77 ek B £ S DSR I G IX A 3 Th e Bk b A
W7 Fe B R AREAE RS 7 AR AE SRl , FRAT TSR B T — Bl AL I 75 B ikt , ‘& B 5 DSR ik J LT A8 [R] B4R 1 [19] 6
SR, 18T E A SAIIRE, M7 K AR i 2R R [20]-[22] S5 IRATIERA =ik 135 nd [)KM s
TPk DRSS 7S 7 I ik bt T DA D — R RS s RE R KT & AR . (R, IR PR i
Jikr i RE B 75 BR DSR kih—FEREES TOPRIG K 2 7E— @ 5% T B2 KA 2L Ak, AT
— R “8” FADKLEO L ARk — B AT 5T N R T K A AR . SEEH AT 4R OB IE N
PR dz fil B RAS IR, A IS 75 7 Y ok b 2 R BBk v 23 2 I B 5%, AN T B 1 S Bt 7 e ko o 52


mailto:zcluo@scnu.edu.cn

W B P 7 Bk b B DG £ O A BIWE 7T

G5 RARN], M T Bkt JFAE T MR DSR Mk —FEJC PRI KK RE 5, TR A — € 61 N &7 A ik
oy, MBS KBS . W TS RAT R T it D B AR SR P 5 B (R A R A

2. SLINEE

SRR <87 FRDELBEOLEE 1 R, “87 TR 4 B AR LR M ORI R B A B
BRI, BATEE — 2 x 2 1) 3 dB MG aiE k. A —B 4 m BT ZF1E 3 254 il
O BUE -15 psinm/km, 3£ H B — & 976 nm [FES GO 880 AT 30 A TERE NI T —B 750 m
IR EET, B EEUE SR 17 psinm/km. Ji P Bkt 1) i A5 0 P AR AR i i 2k i 4 . 54k, PR
IR B 2 FH R ORI MO IIg 3 07 ) o i Y IO G — A 30:70 ARG, SRS RATRI DG
{X(OSA, Anritsu MS9710C)Fl7r i #%(LeCroy Wave Runner 104MXi, 1 GHz)xt Hk ATl & . 9256 5%
30:70 HIDGLF AN G 282 9 T i ik B SE R I RE R . kI P S R M 5 1 AR DR ORI

3. XRER5ITR

LI, T NALM B A R OR0sE, DR i o id 2 0 5 P A R P22 2, OB & T LU F)
B RSB A E Y 68 mW. Dy VIR B AF OBIROIRAS, ARSI DI ) 125 mw
S CTE AN SRFE o AN AR AP OE A0 S IR 4 RENE IRIFBIBUIRGS . 1 2 40 T R IR
9125 mW I IR HE BT E RS R o 18] o FTLAFE 21, B3 R ik R DL 3 P i Ky 1566.14 nm, 3 dB
N 8.32 nm, FFHEAEHR KRR, Wk 2(a)F. 15 2(0) N B as R K 5 Bkt 51, et
Jik i HE A 264.1 kHz, ZBOGERFESUK . 14 2(0) R D AT ke, AT AR BR B As B
ARk O Tk, K98y 48.137 ns. BEAh, AEARHE R HAH IR T, i g R Bk 98
FEBREZ G, TRk AR AGRIFAAZ . R, ASEIIRA Tkt S DSR J5 kot BA JLT-4H

30% Pump
Output Coupler 980nm
P C D P i "Po

PC1

Figure 1. Schematic of the proposed figure-eight fiber laser
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Figure 2. Mode-locked operation at the fundamental repetition rate (a) Mode-
locked spectrum; (b) Mode-locked pulse-train
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Figure 3. Autocorrelation trace of the mode-locked
pulse-train
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Figure 4. Spectrum of the harmonic mode locking
operation
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Figure 5. Harmonic mode locking operation (a) Recorded pulse-train; (b) Corresponding au-
tocorrelation trace
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Figure 6. 3th, 4thand 5th harmonic mode-locked
pulse-trains at the pump power of 350 mW
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