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Fabrication process of the graphene-on-silicon slot waveguide photodetectors

(a) silicon slot waveguides fabrication processes (b) Fabrication processes of graphene-on-silicon slot waveguides
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Fig. S1 Fabrication process of the graphene-on-silicon slot waveguide photodetector.
The schematic illustration of the fabrication process of the graphene-on-silicon slot waveguide photodetector is shown in Fig. S1. The
silicon devices were fabricated on a commercial silicon-on-insulator (SOI) wafer (SOITEC Inc.) with 250 nm top silicon layer and 3.0 um
buried oxide (BOX). Patterns of silicon devices were defined by using standard electron-beam lithography (EBL) (Elionix ELS 7800) with
80 kV beam voltage and positive electron beam resist ZEP-520A. The grating coupler and waveguide structure were then transferred to
the wafer by deep reactive-ion etching (Oxford Plasma Lab 100) with a mixture gas of C4Fg, SFsand Ar.

Next, a commercial chemical vapor deposition (CVD) grown graphene sheet on copper foil (Graphene Laboratories Inc.) was
spin-coated with 200nm polymethyl methacrylate (PMMA) layer on top. The copper substrate was then removed by wet etching with
ammonium persulfate solution ((NH,),S,05 0.44 mol/L). The graphene supported by PMMA was rinsed by deionized water and
transferred onto the silicon chip. After dried in the air, the silicon chip was baked at 150 °C for 15 minutes to soften the PMMA resist,
allowing better contact between graphene sheet and the silicon devices. The chip was then baked at 80 °C for 30 minutes on a hotplate to
improve adhesion of the graphene sheet to the silicon chip. Next, EBL was applied to define the PMMA mask on the graphene-on-silicon
slot waveguide. Oxygen plasma etching (Oxford Plasma Lab 80) was used to remove the graphene area that was exposed. Finally, the
PMMA was removed by acetone. Scanning electron microscope (SEM) images of the fabricated graphene-on-silicon slot waveguide
devices were shown in Fig. S2 (a), (b). Micro Raman spectroscopy was applied to characterize the monolayer graphene on the slot

waveguide. The Raman spectrum, collected with 512 nm excitation, was shown in Fig. S2 (c). The G and 2D peaks were at 1588 cmand



2690 cm™?, and the intensity ratio was less than 0.5, indicating a monolayer graphene [S1].
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Fig. S2 (a) SEM image of the subwavelength grating. (b) SEM image of the graphene-on-silicon slot waveguide. The area with and without graphene can be
clearly identified. (c) Raman spectrum of the graphene integrated on the silicon slot waveguide.

Saturable absorption measurement of the graphene-on-silicon slot waveguide device

Saturable absorption in graphene-on-silicon slot waveguide with 17 um-long graphene integrated on top was measured with a pulsed laser.
The experimental set up was shown in Fig. S3 (a). The pulsed laser source was a home-built gain-switched laser with 50 ps pulse width
and 1 MHz repetition rate at a center wavelength of 1555.65 nm. The laser was amplified and the output was subsequently filtered by an
optical bandpass filter. The transmission of the graphene-on-silicon slot waveguide as a function of the coupled pulse energy is shown in
Fig. S3 (b). At low pulse energy, the transmission is independent of the energy. At high pulse energy, the increased concentration of the
excited electrons resulted in band filling and blocked some absorption [S2], leading to a stronger transmission. As shown in Fig. S3 (b), the
transmission increased rapidly when the coupled input pulse energy was larger than 20 pJ. When the pulse energy was 0.167 nJ the
transmission was 44% larger than the low power regime. The in-plane saturable absorption can be modeled by the two-stage saturable

absorption model [S2]
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where o5 and os are the saturable and non-saturable absorption components, Es is the saturation pulse energy. From curve fitting, the
values of ais, oiys and Es are obtained as 0.05 um'l, 0.019 um'l, and 213 pJ, respectively. The saturation energy was relatively low comparing
to the 3.9 nJ [3] in the case of the graphene-on-silicon channel waveguide. The reason is that the optical interaction was significantly

enhanced in the graphene-on-slot waveguide configuration. Also, a smaller area of graphene is used on the silicon slot waveguide.
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Fig. S3 (a) Schematic of the saturable absorption measurement setup. (b) Saturable absorption measurement of graphene-on-silicon slot waveguide.



Photoresponse measurement of the graphene-on-silicon slot waveguide photodetector

The amplified CW laser (HP 8168F) at 1550 nm was coupled into the waveguide through the grating coupler. The bias voltage was supplied
by a Keithley 2400 source meter which also recorded the current. For each chosen optical power, the bias voltage was swept twice, once
with (l,n) and once without the light (lo). The photocurrent was subtracted from the two measurements (lon-los). In the dynamic response
measurement, the laser was modulated with a 1 kHz 50% duty cycle square wave with a coupled power of 0.5 mW. The bias voltage was 2
V. The photocurrent was then amplified by a current sensitive preamplifer and recorded by a 500 MHz oscilloscope. The recorded

waveform was shown in Fig.54 (a). Fig. S4 (b) shows the enlarged details of the rising ridge of the photocurrent. The rise time of the

photodetector was ~50 Ls.
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Fig. S4 (a) Dynamic response of the graphene-on-silicon slot waveguide photodetector, with a 1K Hz square wave excitation. (b) The enlarged details of the

rising edge of the photocurrent, of which the rise time was ~50 pis.
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