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Short-Pulse Fiber Lasers Using Graphene
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Graphene, along with carbon nanotube (CNT), has interesting and useful, not only electronic but also
photonic, properties. For fiber lasers, they are very attractive passive mode lockers for ultra-short pulse
generation, since they have saturable absorption with inherently fast recovery time (< 1 ps). In this
paper, we review the photonic properties of graphene and our recent works on fabrications of fiber
device and applications to ultra-short pulse mode-locked fiber lasers.
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Fig. 1 Passively mode-locked laser using saturable ab-
sorber (SA).
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Fig. 2 Linear optical absorption (a) and saturated absorp-
tion in graphene.
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Fig. 3 An example of saturable absorption properties a
single-layer graphene. (Reprint from Ref.m)
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Fig. 4 Empirical fits of wavelength dependence of satura-
tion intensities of graphene and CNT thin film.
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Table 1 A comparison of SA properties of SESAM, CNT, and Graphene.

SESAM CNT Graphene
Recovery time 10—-30 ps ~1ps ~0.2 ps
Lo . . 2 ~10 MW/cm® 1000 — 10 MW/cm®
Saturation intensity 10 MW/em (in case E, is used) (depends on Wavelength>
. . 200 — 500 nm > 1000 nm
Absorption bandwidth 1030 nm (depends on diameter distribution) (almost wavelength independent)
Ratio of saturable to
. >4 <1 ~1
nonsaturable absorption
~370 GW/em’ ~50 kW/cm® ~2 GW/em’
Damage threshold
(peak power) (average power) (peak power)
Fabrication Complex Simple Simple
Fiber compatibility Not good Good Good
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Fig. 7 Fiber-type Graphene-SA devices. (a) Graphene film sandwiched in between fiber connectors (b) A tapered fiber coated
with graphene film at the taper waist (c) A side-polished D-shaped fiber with Graphene film on the flat surface.
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