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Abstract—We demonstrate 17 dB extinction
ratio in an electrically gated graphene-integrated
silicon photonic crystal cavity by applying -1.2 V
gate voltage. The shift of resonance wavelength
for the same voltage range is 0.75 nm. The size of
the graphene layer is only 5 um?.

l. Introduction

Since graphene’s fermi level can be tuned by
applying an electric field [1,2], it is an attractive
candidate for light modulation. Several waveguide
integrated graphene devices have already been
studied, both theoretically and experimentally [3-8].
However, when integrated on straight waveguides,
the graphene layer should be sufficiently long to
achieve a high extinction ratio (ER). Integrating
graphene with resonant structures such as photonic
crystal (PhC) cavities enhances the interaction of the
optical field with the graphene layer [9,10] and
strongly reduces the required graphene length. As a
consequence the device capacitance and the power
consumption under high speed modulation will be
considerably reduced. In this work, we investigate the
impact of the fermi level shift on the transmission of
a graphene integrated 1D PhC through ion gel gating.

1. Fabrication

An array of 1-D PhC nano-cavities integrated with
grating couplers were fabricated on a 300 mm SOI
wafer in a CMOS pilot line using 193 nm immersion
lithography. Micron sized CVD graphene layers
protected by resist were then transferred on the cavity
with an automated commercial transfer printer, X-
Celeprint, model pTP-100, (see [11] for more
details). After cleaning the transferred graphene,
palladium contact pads were fabricated on both sides
of the graphene layer. The second contact is required
only for characterizing the graphene sheet resistance.
Finally, a polymer electrolyte consisting of a mixture
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LiCIO4:PEO in a weight ratio 1:10 is spin-coated on
the sample. Figure 1 is the image of the sample after
fabrication.

Fig. 1. The fabricated device, showing graphene on the PhC cavity
and palladium pads in both side of graphene. lon gel is coated on
the sample after metal pads lift-off.

IlI. Characterization

A CW laser is coupled in and out of the waveguide
through grating couplers. The graphene fermi level is
tuned by applying a gate voltage V¢ between one of
the contacts of the device under study and a contact
of an identical device directly next to it. The
neutrality point is determined by measuring the gate
voltage dependent resistance Rps of the device under
study. The neutrality point is found at 0.8 Volt,
equivalent with a chemical potential pc = 0.1 eV.

Figure 2.a plots the spectrum of a cavity for different
applied gate voltages. Starting from the neutrality
point at 0.8 Volt, the transmission increases as the
voltage becomes more negative. This indicates the
graphene layer becomes more transparent, as
expected. For positive voltages this effect is weaker
as the transferred graphene is intrinsically p-doped.
As can be seen from Figure 2.b, applying only -1.2
Volt results already in an extinction ratio (ER) as
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high as 17.2 dB. With increasing the drive voltage to
2 Volt, from -1.2 to 0.8 Volt (the neutrality point of
graphene), the ER further increases to 19dB.

The gate voltage dependent quality factor is extracted
by fitting a Lorentzian function to the transmission
spectra. It increases from 900 at 0.8 Volt to about
1800 at -1.2 Volt. The shift of the resonance
wavelength for the same voltage range is 0.8 nm
(Figure 3). This strong blue shift with decreasing
voltage indicates there is not only a strong
modulation of the imaginary part of graphene’s
refractive index but also of its real part, resulting in a
phase shift. In line with what is expected from
theory, this change in the real part is in particular
relevant if the chemical potential comes close to
0.4eV, or for gate voltages below 0 Volt.

The shift of the cavity resonance and its line width
vary linearly with the gate-dependent dielectric
constant of graphene. The theoretical fits in Figure 3
are obtained as I'r = I'r® + alm[eg(w)] for the cavity
line width and Ar = Ar® + PRe[eg(w)] for the cavity
resonance wavelength [10]. The theoretical Q factor
is then calculated from the line width and cavity
resonance.
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Fig. 2. a) The transmission of the device versus wavelength for
different gate voltages. b) The transmission versus gate voltage,
showing the ER.
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The size of the graphene covering the 1D PhC
(Apmx5 pm) is very small compared to most earlier
demonstrated devices. This opens prospects for high
speed modulation and low power consumption.
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Fig. 3. The quality factor and cavity resonance versus gate

voltage. Open and solid circles indicate the theoretical and
experimental data, respectively.

V. Conclusion

In summary, we demonstrated a graphene based
switch exhibiting an ER of 17 dB for an applied gate
voltage of only -1.2 Volt. The size of the graphene
layer is only 1umx5um, showing the strong potential
for realizing compact high speed electro-optical
modulators. To broaden the optical bandwidth of the
device, a coupled cavity design optimized for
achieving a flat passband could be designed.
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