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Fig. S1 Optical images of 2D materials integrated on optical fibre. a Optical image of bare
graphene integrated on optical fibre. b Optical image of heterostructure (with an BN thickness of

55 nm) integrated on optical fibre.



Fig. S2 Schematics for the encapsulation of optical fibre integrated with 2D materials. a
Optical fibres are aligned using multi-axis stages with power monitored to achieve maximum
transmittance. b The fibre junction is covered with UV curing resin. ¢ The UV curing resin is cured

by a UV light. d The fibre junction is encapsulated inside a quartz tube for enhancement.
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Fig. S3 Internal optical field intensity distribution (a) and transmission measurement (b) of
the heterostructure (with an BN thickness of 55 nm). a The optical field intensity at graphene

position is significantly suppressed. b No obvious saturable absorption effect is observed.
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Fig. S4 Fibre laser output power as a function of pump power with the graphene-SA and
heterostructure-SA integration. With excitation power increasing, the output power grows

linearly. No photodamage is observed when the pump power (980 nm) reaches 92.5 mW.
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Fig. S5 The comparison of averaged spectrum (grey line) and DFT spectrum (red line) with
heterostructure-SA. The observed relative attenuation of Kelly sidebands in DFT trace originates

from fundamental detection constraints of continuous-wave components inherent to DFT approach.



Fig. S6 Output polarization states distribution on the Poincaré sphere with the modulation
of automatic polarization controller (APC). Nearly full polarization states can be achieved in

our experiments.
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Fig. S7 Statistics on integral intensity of the fibre laser output states without any SA. When
intracavity polarization states are traversed with APC, no mode-locking state is achieved by

nonlinear polarization rotation effect merely in the fibre laser without SA.
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Fig. S8 Schematics for the self-amplitude modulation (SAM) coefficient combined of
nonlinear polarization rotation (NPR) from polarization controller (PC) and saturable
absorption. a When bare graphene-SA is incorporated, the intracavity total SAM coefficient (blue
solid line) is contributed by NPR (grey dashed line) and weak saturable absorption (blue dashed
line). Variations in the PC status lead to changes in total SAM coefficient due to NPR. Mode-
locking is achieved once the total SAM coefficient exceeds the mode-locking threshold (red
dashed line). b When heterostructure-SA is incorporated, the high SAM coefficient for saturable
absorption causes higher intracavity total SAM coefficient (orange solid line), thus promoting

mode-locking operation under most PC status.
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Fig. S9 Ultrafast all-fibre laser based on heterostructure-SA without polarization controller.
a Schematic of the mode-locked all-fibre laser. The optical components consist of a laser diode
(LD), wavelength-division multiplexer (WDM), erbium-doped fibre (EDF), isolator (ISO) and
heterostructure-SA. b Spectrum of the output laser. The central wavelength and spectral bandwidth
(AML) are 1565.5 nm and 5.7 nm, respectively. ¢ Output pulse train from the all-fibre laser. The
repetition rate is 13.4 MHz. d Autocorrelation trace with full width at half maximum of ~1.07 ps,
fitted by a Gaussian function.
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Fig. S10 Long-term stability of fibre laser mode-locked by heterostructure-SA. a Pulse width
of the fibre laser remained stable under continues operation. Data points were collected every 15
minutes over the entire 9-day test period, with a total fluctuation of less than 30 fs. b Spectral
stability of the ultrafast fibre laser. Data points were collected every 20 seconds during the 6-hour

test period, with no spectral shift observed.
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Table S1 | Comparison of 2D material-based saturable absorbers

Material Waz:l:::;l)lgth a0 (%) (MWI scm'z) (Xzs;;_ 5 Reference

Graphene 1566 4.2 62.9 6.7 This work

Heterostructure 1565 5.0 22.0 22.7 This work
Graphite 1567 33 53 6.2 Ref.!
Graphene 1559 1.3 266 0.5 Ref?
Graphene 1608 0.2 75.6 0.3 Ref?
Graphene 1570 5.7 61.9 9.2 Ref.?
Graphene 1559 2.9 53.2 5.4 Ref?
MoS: 1556 2.7 137 2.0 Ref.®
MoS: 1570 43 34 12.6 Ref’
WS2 1557 1.0 600 0.2 Ref®
WSz 1558 1.2 25 4.8 Ref”’
BP 1555 10.0 15.0 66.7 Ref !
GaSe 1555 6.4 72 8.9 Ref.!!
SbaTes 1565 6 31 19.3 Ref.!?
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