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Abstract— One key challenge encountered by photonic
integrated circuit is to couple light to and from optical fibers
efficiently. The standard fiber used for telecommunication or
data communication is single-mode fiber (SMF), which has a
mode field diameter (MFD) of less than equal to 10pm at 1550
nm. Efficient coupling from SMF to waveguide with size of
hundreds of nanometers is a challenge due to the large mode
field mismatch. This problem is usually addressed using two
solutions, in-plane or butt edge coupling and out plane (vertical)
grating coupling. To ensure good coupling efficiency along with
practical feasibility, the grating on freestanding HEMT inspired
GaN optical waveguide is a suitable choice for desired
wavelength profile with high sensitivity. In this paper, the
vertical gratings are introduced on freestanding HEMT inspired
GaN optical waveguide for high pressure sensor applications.
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I. INTRODUCTION

After successfully integrating thermal stress and high
pressure in GaN-based HEMT optical waveguides [1], study
of the AIN-Grating incorporated AlGaN/GaN/AIN optical
waveguide for high-pressure sensing applications using SiC
substrate is intended. In this paper, with the help of previous
results [2], the freestanding AIN-grating incorporated HEMT
inspired AlGaN/GaN/AIN optical waveguide is designed for
various GaN core and AIN thicknesses. For creating HEMT
inspired AlGaN/GaN/AIN optical waveguide, the COMSOL
Multiphysics Wave Optics and Structural Mechanics module
are used [3]. After successfully optimizing the grating width,
pitch and structure, SiC substrate thickness of 35um and AIN
thickness of 90nm is fixed that acts as a nucleation layer. The
GaN thickness is initially set at 5um with Alg2sGag7sN
thickness of 30nm. The 35um thick SiC is etched from
backside using inductively coupled plasma reactive ion
etching (ICP-RIE) method [4]. After the etching process, the
HEMT inspired waveguide becomes freestanding waveguide.
Further to incorporate the grating structure on the bottom layer
of AIN 1um width is etched with the same ICP-RIE method
with the pitch of 1um at the input and output side. The bottom
of the grating inscription left side (Fig. 1) is dedicated to the
input light while the right side for output light. The high
pressure is applied from the base of the freestanding HEMT
inspired waveguide. The cross-sectional diagram of AIN-
grating incorporated freestanding HEMT illuminated
AlGaN/GaN/AIN optical waveguide pressure sensor proposed
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here is shown in Fig. 1. In this work, the temperature initially
fixed at 30°C and GaN material will withstand pressure up to
150MPa via AIN grating. In sync with previous work reported
in references [1] and [2], the pressure range is considered
between 90MPa to 150MPa with the transmission range of
1000-2000nm to explore better sensitivity when sensor is
exposed to extreme pressure.
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Figure 1. Schematic diagram of the AIN-grating incorporated free standing
HEMT structure optical waveguide.

Il. GAN CORE THICKNESS OPTIMIZATION

After the optimization of grating width and pitch of AIN
cladding [5-6] for the proposed free-standing HEMT inspired
AlGaN/GaN/AIN optical waveguide, the pressure range is
varied between 100MPa to 120MPa, and further extended up
to 150MPa. Initially, the GaN core thickness is fixed at 5um
with AlGaN layer thickness of 30nm, and the nucleation layer
is 80nm. Now the pressure is applied at the bottom of the
device; precisely to the AIN layer. The light is launched into
the input port, and the output light is observed in the right-side
port (Fig. 1). Using the FEM analysis, the transmission
spectrum is evaluated for the wavelength range of 0.5um to 3
um. The corresponding transmission plot is depicted in the
Fig. 2(a). From the observation, precisely at 1700nm, the
transmission of light varies linearly with small change. For the
rest of the few wavelengths, transmission of light changes but
randomly. Due to the lower transmission sensitivity at
1700nm, the GaN core thickness optimization is necessary
further to achieve high sensitivity.

For optimizing the GaN core thickness, the GaN core
thickness is reduced from 5um to 4.1um with an decrement of
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Figure 2. (a) The transmission spectrum of AIN grating incorporated freestanding inspired HEMT structure waveguide under different pressure at the GaN core
thickness of 5um; (b) Sensitivity plot for different GaN core thickness under different pressures; (c) The transmission spectrum of GaN core thickness of 4.9um
with grating thickness of 82nm; (d) The sensitivity plot for GaN core thickness of 4.9um with grating thickness of 82nm under the pressure range of 100MPa to

150MPa.

0.1um. While tuning the GaN core, the light transmitted with
different wavelengths and is portrayed in the Fig. 2(b) for
different core thicknesses. Interestingly, 4.4, 4.7 and 4.8um
core thicknesses show the linear changes from low
transmission power to high power transmission at the
wavelength of 2000,1600 and 1700nm, respectively. The rest
of core thickness 4.1, 4.5 and 4.9um shows the transmission
variation from high to low. Among all, 4.5um core thickness
gives linear changes in two wavelengths, namely 1400nm and
1600nm, with less sensitivity. Compared to all GaN core
thicknesses, 4.9um core thickness shows high sensitivity to
the pressure range of 100 to 150MPa. The linear relation
between varying pressure and transmission intensity suggests
that pressure sensing can be done using a simple photodetector
based power meter.

Further the AIN grating thickness is scanned and
optimized for better performance. For this optimization, minor
steps of 1 nm are used because the grating width and pitch as
well as GaN core thickness are already optimized. For this, the
grating thickness of 78, 79, 81, and 82nm are chosen. Again,
with small variation, nonlinearity in transmission is observed
except at 82nm thickness. Interestingly, at 82nm thickness,
linear but sensitivity in a reverse manner is observed i.e. with
increase in pressure, transmission increases but the
phenomenon is observed at a wavelength of 1700nm. The
corresponding transmission and sensitivity plot is shown in the
Fig. 2(c) and 2(d). These analyses of incorporating the AIN
grating over freestanding HEMT inspired GaN optical
waveguides show high sensitivity at a wavelength regime with
high sensitivity. Further by tuning parameters/dimensions of
the whole device structure, the pressure range can be varied.

I1l. CONCLUSION

In this paper, an AIN grating embedded freestanding
HEMT inspired AlGaN/GaN/AIN/SiC optical waveguide
based high-pressure sensor for harsh environment studies is
proposed. To obtain the high sensitivity and desirable
wavelength regime width and pitch of the gratings as well as

GaN core and AIN thickness is essentially tuned. The
proposed sensor yields high sensitivity at the desired
wavelength of 1900nm and 1700nm by carefully adjusting all
the design parameters. The proposed pressure sensor design
can be utilized to develop economical sensor with high-
temperature stability. The grating embedded HEMT based
optical sensor plays a major role in the near future for extreme
surroundings  discovered at defense and industrial
environments.
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