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I. INTRODUCTION

Silicon photonics has emerged as one of the
matured integrated photonics technology plat-
forms. The ability to scale-down the size of the
circuit; thanks to high refractive index and fur-
ther more using the existing microelectronics
fabrication facility for high volume production.
In addition, various functionalities, such as,
compact wavelength filters, high-speed modu-
lators, hybrid lasers were developed in order
to exploit silicon. However, all these develop-
ments relied on crystalline silicon. In spite of
its superior material quality, crystalline silicon
restricts innovation and integration possibili-
ties. In this paper I present an alternative mate-
rial technology to encounter the limitations of
crystalline silicon without much compromise
on the advantages of crystalline siticon.

1I. AMORPHOUS SILICON

Amorphous silicon is one of the material
phase (allotropy) of silicon, where the silicon
network at disordered unlike crystalline silicon
which has ordered Si atom arranged in tetra-
hedral structure. Initially developed for mi-
croelectronics and solar cell applications, dis-
tinct electrical and optical properties are now
being explored for wider applications, includ-
ing integrated photonics. In integrated photon-
ics amorphous Si is deposited as thin layer on
a substrate at relatively low temperatures (20~
400°C). The low temperature depositions is
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Figure 1. simul.

necessary to maintain the amorphous nature of
the material unless it will be crystallized form-
ing polycrystalline silicon. Plasma enhanced
chemical vapour deposition is a popular micro-
electronics fabrication process by which amor-
phous silicon can be deposited. Figure 1 shows
the deposition chamber with which amorphous
silicon is deposited. The film is deposited by
breaking down silicon containing gas(silane-
SiH4) in presence of a dilution gas(Helium).
There are various deposition parameters which
can be tuned to modify the film properties.
Various material properties such as, density,
stress, optical absorption, and crystallinity can
be tuned. For photonic application low optical
absorption is one of the prime requirement to
achieve low-loss photonic circuits. Thus, the
process parameters were tuned to achieve low-
loss amorphous.

111. PHOTONIC DEVICES IN AMORPHOUS
SILICON

To demonstrate the viability of the deposited
amorphous silicon for integrated photonics we
have fabricated photonic devices in it. Fig-

Figure 2. simul.

ure 2 illustrates the process flow for fabri-
cating photonic devices in amorphous silicon.
The devices were fabricated using high volume
microelectronics fabrication facility at IMEC,
Leuven. All the processing were performed on
a 200 mm silicon wafer to demonstrate the via-
bility for industrial deployment of this process.
To demonstrate the low-loss nature of the de-
posited material, waveguides were fabricated
with varying length to characterize the prop-
agation loss. we demonstrated a propagation
loss of 3.45 dB/cm was achieved for high con-
finement waveguide of 480 nm wide and 220
nm thick [2]. This is lowest propagation loss
reported for this dimension.

A. Single layer circuit: wavelength selective
devices

Apart from waveguides we have also fab-
ricated wavelength selective devices such as,
ring resonator filters and mach-zhender inter-
ferometers. The devices were fabricated as
shown in fig. 2. A broad band light is couple in
and out the chip using a grating fiber coupler.
The light output is measured using a spectrum
analyzer to characterize the speciral response
of the devices. Figure 3 shows the spectral re-
sponse of one of the mach-zhender interferom-
eters,
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Figure 4. simul.

B. Multilayer circuit: Optical via’s

To take real advantage of the deposited sil-
icon, double layer photonic circuit was fab-
ricated. In order to coupled both the layers
gratings were used to coupled light between
the layers. The process flow shown in fig. 2
was used to define the first layer and the next
layer is defined by repeating step 2-9. Figure
4 shows the cross section of the fabricated op-
tical via and the transmission spectrum of an
optical via. we have measured an efficiency of
11% experimentally, while simulations shows
that the efficiency can be increase to S0 %.

IV. CONCLUSIONS
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