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ABSTRACT
Phase change materials such as vanadium dioxide (VO2) could enable new functionalities in the silicon pho-

tonics platform. Here, we propose a hybrid VO2/Si waveguide switch enabled by a SiO2 upper-cladding with an
on-top microheater. The feasibility of fabricating this device is demonstrated by experimentally depositing a SiO2

upper-cladding with plasma-enhanced chemical vapor deposition (PECVD). Results show power consumption
of 260 µW and switching speed of 4.8 µs with an extinction ratio of around 20 dB for a 2-µm-long switch.
Keywords: vanadium dioxide, phase change material, microheater, switch, silicon photonics.

1 INTRODUCTION

Integration of CMOS-compatible materials with unique properties such as phase change materials in the
silicon photonics platforms can enable new functionalities in photonic integrated circuits (PICs) [1]. Among
the phase change materials, vanadium dioxide (VO2) exhibit an insulator to metal transition (IMT) that can
be triggered by different stimuli such as temperature, light or electric field [2]. Hybrid VO2/Si devices using
microheaters to induce the IMT has been demonstrated [3], [4]. However, the power consumption is still too
high because the microheaters are not optimally located with respect to the VO2/Si waveguide since they are
laterally placed. By using an upper-cladding, the microheater could be placed on top of the hybrid waveguide
and thus, the power consumption be drastically reduced.

In this work we design an optimum VO2/Si switch with on-top microheater by using a SiO2 upper-cladding.
Furthermore, feasibility of using of using plasma-enhanced chemical vapor deposition (PECVD) for depositing
SiO2 without affecting the VO2 properties is experimentally demonstrated.

2 SWITCH DESIGN

Fig. 1 depicts the proposed hybrid VO2/Si waveguide switch comprising a silicon waveguide with a VO2

patch on top. The hybrid waveguide switches between a low- and high- loss state when the VO2 is in the
insulating and the metallic phase, respectively. The IMT is triggered by placing a microheater on top of the
hybrid waveguide. Typically, CMOS-compatible metals are used as heaters in PICs. Hence, the high loss induced
by metals requires gaps of around one or two microns. In this case, a transparent conducting oxide such as
indium tin oxide (ITO) is utilized. By using a low-loss ITO microheater, the gap between the waveguide and the
heater can be reduced to hundreds of nanometres and thus, both power consumption and the switching speed
could be improved [5].
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Figure 1: Illustration of the proposed hybrid VO2/Si waveguide switch triggered by an on-top ITO microheater.
The inset shows the cross-section of the structure used for simulations
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Figure 2: (a) Optical loss as a function of the switch length for a gap of 200 nm. Results are shown for both
polarizations and VO2 states at λ = 1550 nm. (b) TM mode propagation, |Ey|, through a 2-µm-long switch for
both VO2 states and 200 nm gap.

The VO2 IMT is fully achieved for temperatures of around 80 oC. Taking into account that the microheater
temperature depends inversely with its length for a given power consumption, the latter could be decreased
by shortening the VO2/Si switch. Finite element method (FEM) simulations were carried out to obtain the
temperature steady state and temporal response. Simulations were done considering values for the gap ranging
between 200 nm and 2 µm. On one hand, the power consumption per unit length ranges between 130 and 270
µW µm−1. Because of the low thermal conductivity of SiO2, power consumptions lower than the milliwatt can
be achieved if the switch length is in the order of microns. On the other hand, rise/fall times of the switch go
from 4.8 to 16.6 µs. Therefore, small gaps are highly preferred since the power consumption and switching
speed could be two- and three- fold improved, respectively.

The influence of the ITO heater optical loss was investigated by calculating the optical mode of the switch
for TE and TM polarization and both VO2 states. Optical modes were obtained by FEM and using refractive
index values of 3.21 + j0.17 and 2.15 + j2.79 for VO2 in the insulating and metallic states, respectively [6].
Due to the ultra-low optical loss of ITO, optical losses are ultimately determined by the VO2. Therefore, gaps
as low as 200 nm can be used. Fig. 2a shows optical loss as a function of the switch length for a 200 nm
gap. For a 2-µm-long switch and TM polarization, optical losses of 1.86 and 19.13 dB for the insulating and
metallic states could be attained, respectively, with a power consumption of 260 µW and a switching speed of
4.8 µs. The optical behaviour was confirmed by 3D finite-difference time-domain (3D-FDTD) simulations as
depicted in Fig. 2b.

3 EXPERIMENTAL RESULTS

3.1 VO2 Optical Properties with a SiO2 PECVD cladding

Covering the VO2 with a SiO2 cladding by PECVD has been reported not to be possible because the IMT
would be supressed, with the VO2 layer stabilized to the metallic phase even at room temperature [7]. In the
present work, however, we have been able to keep VO2 properties after being covered by SiO2 using PECVD.
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Figure 3: VO2 complex refractive index, n + jκ, at λ = 1550 nm as a function of the temperature for: (a,b)
air and (c,d) 700-nm-thick SiO2 claddings.
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Figure 4: (a) Optical image of the hybrid VO2/Si waveguide covered with 700 nm SiO2 deposited by PECVD.
(b) TE normalized losses as a function of the temperature. Dashed line stands for the noise floor of the
photodetector. (c,d) Optical images of a VO2 patch at (c) 30 oC and (d) 80 oC.

A 40-nm-thick VO2 layer was grown by molecular beam epitaxy (MBE) on a silicon substrate. The sample was
characterized by spectroscopic ellipsometry on a hot plate heated between room temperature and 120 oC. Then,
a 700-nm-thick SiO2 cladding was deposited by PECVD and characterized using the same method. Fig. 3 show
the obtained refractive index of the VO2 layer with air and SiO2 claddings as a function of the temperature.
As it can be noticed, for both claddings, the VO2 exhibits the IMT around 60 oC with similar values on the
refractive index.

3.2 On-chip Thermo-optic Tuning Performance of the Switch

The performance on-chip of the VO2 covered with SiO2 by PECVD was also investigated. The same
thickness VO2 and SiO2 upper-claddings layers were deposited on silicon waveguides (Fig. 4a). The phase
change of the VO2 was achieved by heating the sample with a Peltier. Fig. 4b shows the normalized optical
losses for TE polarization and a 20-µm-long switch. Similar IMT was obtained, though in this case, the induced
optical losses in the metallic state were limited by the noise floor of the photodetector. Because of this, the
IMT stops at around 65 oC whereas in ellipsometry measurements stopped around 80 oC. Finally, the IMT of
VO2 was also confirmed by observing a change in both color and transparency as shown in Figs. 4c and 4d.

4 CONCLUSIONS

In this work, an ultra-compact and ultra-low power absorption switch has been proposed by using a VO2/Si
waveguide. Both features are enabled by using a SiO2 upper-cladding with a low-loss ITO microheater on
top. Results show an extinction ratio of around 20 dB between the VO2 insulating and metallic states for a
2-µm-long switch together with a power consumption of 260 µs and switching speed of few microseconds.
Furthermore, the feasibility of using PECVD for depositing the SiO2 upper-cladding has been experimentally
on-chip demonstrated.
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