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Fig. 1. (color online) Schematic diagram for depositing

®e
.

graphene on the fiber end face by optical radiation.
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Fig. 2. (color online) Images of the fiber end face after

the graphene was deposited.
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Fig. 3. (color online) Experimental setup of laser.
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Fig. 4. (color online) (a) Oscilloscope trace; (b) spec-

trum of bright pulse train.
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Fig. 5. (color online) (a) Oscilloscope trace; (b) spec-

trum of dark-bright pulse pairs train.
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trum of dark pulse train.
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2 0
A \ E —24
7 A s m
/i \\\r/ o -48 T
/ P 3 —72 B
i Y v o
2 -96 ™=
# —120
770
a0
AR
S0 w‘?gg
&
v EZA S
yZ
—100 —60 —20 20 60 1020 1040 1060 1080 1100
i) /ps Pk /nm
10 WERkd  (a) WML, (b) et
Fig. 10. (a) temporal evolution, (b) spectrum evolution of dark pulse.
1.05 =
DOS-! 0
J0.84 = ﬁ B 35 o
Ho.63 < - B =
a2 2 o B
0423 —105 &=
0.21 & S —140
770 :— 770
nw\i 0 a— ez
vy <~
@) 50 @% in gz é\@%
o R EE
Z 70
—100 —60 —20 20 60 100 1020 1040 1060 1080 1100
I 18] /ps 1 /nm
11 WAk (a) BHEEEAL; (b) SBikEL

Fig. 11. (a) temporal evolution, (b) spectrum evolution of dark-bright pulse pairs.
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Abstract

Graphene has recently been proposed as an attractive material in saturable absorption (SA) applications due to its
broad operation range, low saturation power, easy fabrication, high reliability, and quick recovery time. In this paper, we
use laser-induced deposition to prepare graphene saturable absorber, and apply it in a mode-locked all-normal-dispersion
(ANDi) Yb-doped fiber laser to experimentally investigate different operational states. By adjusting a polarization
controller (PC) and the pump power, bright pulses, dark-bright pulse pairs and their second-harmonic pulses, as well
as dark pulses and their second, third-harmonic pulses can all be obeserved. In particular, it is the first time to our
knowledge to report on the formation of dark-bright pulse pairs, dark pulses and their harmonic mode locking (HML)
counterparts in graphene-based passively mode-locked Yb-doped fiber laser with ANDi cavity. Accoding to simulation,
the main causes of these pulses are different cavity nonlinear effects which result from the fiber mode-lock members
including graphene. Bright pulses, dark pulses and dark-bright pulse pairs are determined both by the laser structure
and their own initial signals. Bright pulse harmonic generation is ascribed to the noise gains which form new components.
However, it is found that the multiple-time repetition rate of dark pulses is a result of square pulse splitting of each

component. This consequence may be of potential application in new type mode-locked fiber lasers.

Keywords: fiber laser, graphene, dark pulse, harmonic

PACS: 42.55.Wd, 42.60.Fc, 42.65.Tg, 78.67.Wj DOI: 10.7498/aps.64.194205
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