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In this work, a structural optimisation is performed on the basis of DC and RF performances of high electron mobility
transistors (HEMTSs) in nano-scale regime by simulation results obtained from SILVACO-ATLAS physical simulator. The
formation of quantum well is demonstrated at unbiased condition in each type of these HEMT structures. In DC analysis of
each structure, the variations in drain current are studied with respect to drain voltage, gate voltage and doping
concentration. Also, the variations in transconductance are studied with gate voltage and doping concentration
corresponding to each structure. In RF analysis, the variations in current gain cut-off frequency and power gain cut-off
frequency are studied with gate voltage and doping concentration corresponding to each structure. The DC and RF
performances are observed to be the highest for modified HEMT structure with inserted InN atomic layer (0.36 nm thick)
having AlGaN doping concentration of 4x10'® cm™ among all designed structures in this work. To investigate the effect of
doping concentration on DC and RF performances in nano-scale regime is one novelty in this work. Our work may be
helpful in the applications related to biomedical sensors. Also, our work may be suitable for high frequency applications.
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1 Introduction

From the last few years, the GaN-based HEMT has
been thoroughly studied for its vast applications as
high frequency and high power devices'. Apart from
all GaN devices, for the presence of two-dimensional
electron gas (2DEG), AlGaN/GaN HEMT attracts the
attention of various research groups’. Recently, few
authors have derived an analytical model on drain
characteristics of GaN based single-heterojunction
HEMTSs'. According to that model, the drain current is
higher at lower gate length in designed HEMT
structures'. Chattopadhyay and Tokekar have
developed another model on drain characteristics
involving the effects of self-heating along with non-
linear polarization in AlGaN/GaN HEMTs®. That
analytical model shows good agreements with
experimental results reported by other authors®. Also,
Chattopadhyay and Tokekar have reported other
analytical models on gate capacitance and
transconductance related to GaN based single-
heterojunction HEMTs™ *. This model includes the
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effect of strain relaxation, donor neutralization and
free carrier generation in the AlGaN layer.

Again, according to a charge-control model, GaN
based single-heterojunction HEMTs may be used in
microwave frequency applications’. In 2011,
S Khandelwal et al. have presented a physics-based
analytical model for 2-D electron gas density in
AlGaN/GaN HEMTs®. Later on S Khandelwal et al.
have reported many analytical models on GaN based
single-heterojunction HEMTs related to intrinsic
charge7, surface potential7, C-V characteristics’, -V
characteristics®, and gate current®. In 2013, Yigletu
et al. have demonstrated a compact charge based
model for current and capacitance of AlGaN/GaN
HEMTs'. In the next year, Ghosh et al. have reported
a gate current model of AIGaN/GaN HEMTs'!. Also,
they have reported the capacitance modelling of
GaN based single-heterojunction HEMTs for
proper switching behaviour'”. Further, they have
demonstrated one analytical model on GaN based
HEMT for thermal noise". Again, another model on
2DEG charge density has been derived related to
GaAs HEMTs'".
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Recently, few authors have investigated the effects
of mole fraction, doping concentration, gate length
and nano-layer thickness on drain characteristics
of single-heterojunction AlGaN/GaN HEMTs in
Nanoelectronic regime'> '°. From these studies, higher
drain currents have been observed in AlGaN/GaN
HEMTs. Again, for higher current capability, nanoelectronic
AlGaN/GaN HEMTs may be applicable to design and
fabricate the biomedical sensors'’. In 2018, Tai et al.
developed a bio-sensor to screen for fibrinogen in
clinical plasma samples using AIGaN/GaN HEMTs'®,
In the same year P Pal ef al. have reported modelling
and simulation of AlIGaN/GaN HEMTs". Recently, in
2020 Mishra et al. have designed a biomedical sensor
using Normally-OFF AlGaN/GaN HEMTs.

Also, other simulation results are available to
realise the electrical characteristics of HEMTs related
to different semiconductor materials. In 2015, Miao
et al. have introduced InN layer in the HMETs to
increase the breakdown voltage®'. Again, the effects
of Al-mole fraction have been studied in AlGaN
barried HEMT and GaN and InGaN channel HEMT
with Ing 7Alypg;N barrier®”. In 2019, Mohapatra et al.
have studied high frequency performance of
AlGaN/GaN HEMT with SiC substrate. From this, the
author have obtain an extrinsic current gain cut-off
frequency (Fr) of 78.9 GHz™. Therefore from all the
above literatures, it has been observed that, it is very
essential to study the effect of doping concentration
on drain current, transconductance, current gain cut-
off frequency and power gain cut-off frequency to get
maximum device performance.

In this work, the drain
Nanoelectronic conventional single-heterojunction
GaN based HEMTs along with modified
Nanoelectronic GaN based HEMTs are studied with
respect to drain voltage and gate voltage according to
the DC analysis. Also, by the DC analysis, the
variations in transconductance with gate voltage are
studied in the designed HEMT structures. Variations
in current gain cut-off frequency and power gain cut-
off frequency with gate voltage are studied in the
designed HEMT structures by the RF analysis. The
effects of inserted aluminium nitride (AIN) atomic
layer and inserted indium nitride (InN) atomic layer
on DC and RF performances are investigated.
According to the above mentioned systematically
performed investigations, this study may be suitable
for the research area related to biomedical sensors and
high frequency applications.

characteristics of

2 Designs of Simulated Structures
2.1. Designs of conventional HEMTs

Figure 1 shows a representative designed-
structure of conventional HEMTs. The ohmic
positions of source, gate and drain are clearly
shown in the schematic diagram. The widths of
source, gate and drain are 150, 300 and 150 nm
respectively. The distance between source and gate
is 200 nm. The distance between gate and drain is
600 nm. For improving the breakdown voltage, the
gate to drain distance is increased as compared to
the gate to source distance. It has been reported that
the breakdown voltage of HEMT depends on the gate
to drain distance. As the gate to drain distance
increases, the critical field for breakdown is obtained
at higher drain voltage®. Again, by reducing the gate
to source length, the electric field component along
the channel enhanced providing an increase in carrier
density under the gate’. A GaN cap layer having 1
nm of thickness is designed below the gate. An
Aly3Gag ;N nano-layer having 10 nm of thickness is
designed below the cap layer. A GaN layer having
21 nm of thickness is designed below the Aly;Gay;N
nano-layer. Another GaN layer having 48 nm of
thickness is designed just above the sapphire substrate.
Ga-faced GaN is used. Ga-faced GaN is more
chemically inert than chemically active =N-faced GaN.

|—300 nmf’
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'nm| 200 600 nm
nm Gate nm
® GaN (1 nm)
2 .E
= Alp3GagsN (10 nm) =
S
R [=
GaN (21 nm)
GaN (48 nm)

Fig. 1 of the

— A representative
Nanoelectronic GaN/AlGaN/GaN HEMTs is shown (cross-
sectional view).

schematic diagram
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Now, Ga-faced GaN has a growth direction of [0001]
according to the already published literature®. Total 4
individual conventional HEMTs are designed having
distinction among each other due to different
Alp3GagsN  doping concentrations. The doping
concentrations of Aly3GagsN layer in these designed-
structures are 1x10"™ em?, 2x10"™ ecm”, 3x10"™ cm™,
and 4x10" cm”.

2.2. Designs of HEMTs with inserted atomic layers

In Fig. 2, the conventional HEMT is modified only
by inserting one aluminium nitride (AIN) atomic layer
having 0.36 nm of thickness with the expectation of
better DC and RF performances with respect to the
conventional HEMT. Similarly, in Fig. 3, the
conventional HEMT is separately modified only by
inserting one indium nitride (InN) atomic layer having
0.36 nm of thickness with the expectation of better
DC and RF performances than conventional HEMT.
Due to the insertion of InN layer between the AlGaN
and GaN layers, the mobility is increased and the
high-frequency performance is improved®. It has
been reported that the atomic layer of InN above the
GaN layer produces high quality HEMT device as it
reduces the defects due to the lattice mismatch
between the layers®’. Already many researchers have
deposited atomic layers of different thickness using
the plasma enhanced atomic layer deposition
(PE-ALD) technique. The growth per cycle (GPC) for
AIN is 0.6 A/cycle and that for InN is 0.36 A/cycle®™°.

300 nm-|

150
Inm| 200 T
nm At 600 nm
GaN (1 nm)
o =
e Alp.3GaosN (10 nm) g
= AIN (0.36 nm) =)
[72]
GaN (21 nm)
GaN (48 nm)
Fig. 2 — A representative schematic diagram of the
Nanoelectronic  GaN/AlGaN/AIN/GaN HEMTs is shown

(cross-sectional view).

In this present simulation, 3.6 A ie. 0.36 nm is
considered for AIN layer and for InN layer which can
be grown above the GaN layer by depositing 6 cycles
and 10 cycles for AIN and InN respectively using PE-
ALD technique. Also, a comparison for better DC and
RF performances can be made between the modified
structures of Fig. 2 and Fig. 3.

In the category of modified HEMTs shown by
Fig. 2, total 4 individual modified HEMTs are
designed having distinction among each other due to
different Aly3Gag;N doping concentrations. The
doping concentrations of Aly;Gag7N nano-layer in
these designed-structures of Fig. 2 are 1x10"™ cm?,
2x10" crn'3, 3x10"® ecm?, and 4x10"™ cm™®. In the
category of modified HEMTs shown by Fig. 3, again,
total 4 individual modified HEMTs are designed
having distinction among each other due to different
Aly3Gag;sN  doping concentrations. The doping
concentrations of Aly3GagsN nano-layer in these
designed-structures of Fig. 3 are 1x10" cm?,
2x10" cm'3, 3%10" em™, and 4x10'® cm™.

3 Models Used in Simulation

In this research paper, all the simulation results are
obtained by the SILVACO-ATLAS physical
simulator using the following models: Shockley Read
Hall (SRH), Polarization model, field dependent
mobility (FLDMOB), concentration dependent
mobility (CONMOB), and Fermi Dirac statistics.
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Drain

Source
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Fig. 3 — A
Nanoelectronic

representative
GaN/AlGaN/InN/GaN  HEMTs is
(cross-sectional view).

schematic diagram of the
shown
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Phonon transition occurs due to the defects in
semiconductor. SRH model is used to account this
phonon transition. Also, SRH model is used to
represent the carrier generation-recombination
process along with fixing the minority carrier lifetime.
The calculation of field dependent mobility is used by
specifying the FLDMOB in MODEL statement.

A polarisation model is used in SILVACO-ATLAS
simulation. CALC.STRAIN syntax is used inside this
polarisation model to calculate the following: (a) strain
from the lattice mismatch, and (b) piezoelectric
polarization. Again, POLAR.SCALE is used which
specifies a constant scale factor multiplied by the
calculated spontaneous polarisation and piezoelectric
polarisation. The value of POLAR.SCALE is
used as 0.8.

Again, FLDMOB model is used for high electric
field velocity saturation in HEMT. The mobility due
to doping concentration is calculated by specifying
CONMOB in MODEL statement of SILVACO-
ATLAS program. Again, lateral field mobility and
standard concentration dependent mobility are
specified by using Fermi-Dirac statistical model in
simulation. It is a statistical approach to reduce the
carrier concentration at heavily doped regions.
POLARIZATION model is used to calculate the
polarization charge density due to the presence of
spontaneous polarization and piezoelectric
polarization at AIGaN/GaN HEMT. The Newton-trap
numerical solver is used in device simulation of this
research paper.

4 Results and Discussion
4.1. DC and RF performances of conventional HEMTs at any
particular AlGaN doping concentration

Figures 4 to 7 show the DC performance of
conventional HEMTs having different AIGaN doping
concentrations. Figure 4 shows the conduction band
engineering of conventional GaN/AlGaN/GaN HEMT
at AlGaN doping concentration of 2x10"™ cm™ to
form the quantum well at heterojunction for electron
confinement generating a two dimensional electron
gas (2DEG). As, GaN is a narrow bang gap material
compared to the AlGaN. Hence, at the hetero-
interface between AlGaN and GaN, the conduction
band bending is observed forming the quantum well.
Figure 5 shows the variations of drain current with
drain voltage at different fixed gate voltages,
corresponding to the conventional HEMTs at different
AlGaN doping concentrations'?'. According to Fig. 5,

AlGaN Doping Concentration = 2 x 10" cm™
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Fig. 4 — The formation of quantum well is directly demonstrated
from SILVACO-ATLAS physical simulator for Nanoelectronic
GaN/AlGaN/GaN HEMT at the AlGaN doping concentration of
2x10" em™. This quantum well is obtained at the unbiased
condition.

GaN / AlGaN / GaN HEMT
0.22

T T T T T T T —
1 — AlGaN Doping Concentation = 4x10" cm® Vg =ov

0204 _ _ AlGaN Doping Concentation = 3x10" cm® . -V 4

0.18 - - - - - AlGaN Doping Concentation = 2x10® cm® = 2V
{—-—- AIGaN Doping Concentation = 1x10" cm* V =3V ]

0.16
0.14-
0.12 —
0.10 —
0.08 -

0.06

Drain Current (A/mm)

0.04

0.02

0.00 {

L B B B L B
10 11 12 13 14 15
Drain Voltage (V)

Fig. 5 — The variations in drain current with drain voltage are
shown at different gate voltages for different AlGaN doping
concentrations corresponding to GaN/AlGaN/GaN HEMTs.

the drain current increases with drain voltage at any
particular fixed gate voltage (V,) and at any particular
AlGaN doping concentration” *'. Also, the drain
current is larger at higher gate voltage (V,) at any
particular AlGaN doping concentration ™', As
GaN/AlGaN/GaN HEMT is normally-ON device, the
maximum drain current has been observed at a gate
voltage of zero volt.

According to Fig. 6, the drain current is larger at
higher gate voltage for fixed drain voltage (V) of 5
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volt at any  particular AlGaN  doping
concentration'>'®. From this, a cutoff voltage of -2
volt has been observed. As mentioned earlier, this
device is Normally-ON type, so, it will turn off only
after giving negative voltage at gate terminal. Also,
according to Fig. 7, the transconductance gets a peak
around the gate voltage of 1 volt at any particular
AlGaN doping concentration’”*'. Fig. 8 shows the RF
performance of conventional HEMTs at fixed drain
voltage (V4) of 5 volt at any particular AlGaN doping
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Fig. 6 — The variations in drain current with gate voltage are
shown at the fixed drain voltage (V4) of 5 volt for different
AlGaN doping concentrations corresponding to GaN/AlGaN/GaN
HEMTs.
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Fig. 7 — The variations in transconductance with gate voltage are
shown at the fixed drain voltage (V4) of 5 volt for different
AlGaN doping concentrations corresponding to GaN/AlGaN/GaN
HEMTs.

concentration. According to Fig. 8, the current gain
cut-off frequency (Fr) gets a peak around the gate
voltages of 0 volt to 0.5 volt at any particular AlGaN
doping concentration®'. It has been observed that at a
doping concentration of 4x10" ¢cm™, a current gain
cut-off frequency of 90 GHz has been obtained. Also,
according to Fig. 9, the power gain cut-off frequency
(Fmax) gets a peak around the gate voltages of 0 volt to
0.5 wvolt at any particular AlGaN doping
concentration®'. Here, a power gain cut-off frequency
of 160 GHz has been observed at a doping
concentration of 4x10'® cm™.
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Fig. 8 — The variations in current gain cut-off frequency with
gate voltage are shown at the fixed drain voltage (V4) of 5 volt for

different AlGaN doping concentrations corresponding to
GaN/AlGaN/GaN HEMTs.
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Fig. 9 — The variations in power gain cut-off frequency with gate
voltage are shown at the fixed drain voltage (V,) of 5 volt for
different AlGaN doping concentrations corresponding to
GaN/AlGaN/GaN HEMTs.
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4.2. Effect of AlGaN doping concentration on DC and RF
performances of conventional HEMTs

According to Fig. 5 and Fig. 6, the drain current is
higher for higher AlGaN doping concentration of
GaN/AlGaN/GaN  HEMT at any particular
combination of drain voltage and gate voltage' '.
According to Fig. 7, the transconductance is higher for
larger AlGaN doping concentration of
GaN/AlGaN/GaN HEMT at any particular gate voltage
corresponding to the fixed drain voltage (V) of 5 volt.
According to Fig. 8, the current gain cut-off frequency
(Fr) is higher for larger AlGaN doping concentration of
GaN/AlGaN/GaN HEMTs at any particular gate
voltage corresponding to the fixed drain voltage (V) of
5 volt. According to Fig. 9, the power gain cut-off
frequency (Fn.x) is higher for larger AlGaN doping
concentration of GaN/AlGaN/GaN HEMTs at any
particular gate voltage corresponding to the fixed drain
voltage (Vy) of 5 volt.

4.3. DC and RF performances of HEMTs with inserted
atomic layers

Figure 10 shows the formation of quantum well in
modified HEMT structure with inserted AIN atomic
layer, to generate the 2DEG. Due to the large band gap
of AIN layer, increased conduction band discontinuity
has been observed at the junction of AIN and GaN
layer. Hence, the depth of the quantum well is slightly
increased resulting into the increase in 2DEG density.
Fig. 11 to Fig. 15 show the DC and RF performances
of GaN/AlGaN/AIN/GaN HEMTs. Fig. 11 and Fig. 12
show the increasing drain current with drain voltage for
any particular gate voltage at any particular AlGaN
doping concentration corresponding to the structure
with inserted AIN atomic layer”. For higher 2DEG
density slight increase drain currents have been
observed in this device than conventional HEMTs. Fig.
13 shows the variations in transconductance with gate
voltage for the fixed drain voltage (V4) of 5 volt at
different AlGaN doping concentrations
corresponding to GaN/AlGaN/AIN/GaN HEMTs. The
transconductance gets a peak at the gate voltage of 0.5
volt for any particular AlGaN doping concentration
corresponding to the GaN/AIGaN/AIN/GaN HEMTs.

Figure 14 shows the variations in current gain cut-
off frequency with gate voltage at the fixed drain
voltage (V4) of 5 volt for different AIGaN doping
concentrations corresponding to
GaN/AlGaN/AIN/GaN HEMTs. The current gain cut-
off frequency gets a peak at the gate voltages from 0.1
volt to 0.6 volt corresponding to different AlGaN

doping concentrations. Figure 15 shows the variations
in power gain cut-off frequency with gate voltage at
the fixed drain voltage (V4) of 5 volt for different
AlGaN doping concentrations corresponding to
GaN/AlGaN/AIN/GaN HEMTs. The power gain cut-
off frequency gets a peak at the gate voltages from 0
volt to 0.5 volt corresponding to different AlGaN
doping concentrations. From Fig. 14 and Fig.15, it
have been observed that the current gain cut-off
frequency and power gain cut-off frequency
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Fig. 10 — The formation of quantum well is directly
demonstrated from SILVACO-ATLAS physical simulator for
Nanoelectronic GaN/AlGaN/AIN/GaN HEMT at the AlGaN
doping concentration of 2x10" em™.  This quantum well is

obtained at the unbiased condition.
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Fig. 11 — The variations in drain current with drain voltage are
shown at different gate voltages for different AlGaN doping
concentrations corresponding to GaN/AlGaN/AIN/GaN HEMTs.
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Fig. 12 — The variations in drain current with gate voltage are
shown at the fixed drain voltage (V4) of 5 volt for different
AlGaN doping concentrations corresponding to
GaN/AlGaN/AIN/GaN HEMTs.
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Fig. 13 — The variations in transconductance with gate voltage are
shown at the fixed drain voltage (V4) of 5 volt for different AlIGaN
doping concentrations corresponding to GaN/AIGaN/AIN/GaN
HEMTs.

significantly increased due to the insertion of AIN
atomic layer, which can be useful for high frequency
applications.

Figure 16 shows the formation of quantum well in
modified HEMT structure with inserted InN atomic
layer, to generate the 2DEG. Here, deep and thin
quantum well can be observed in the InN atomic layer,
as the band gap of InN layer is very small. Again,
Fig. 17 to Fig. 19 show the DC performance of
GaN/AlGaN/InN/GaN HEMTs. Fig. 17 and Fig. 18
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Fig. 14 — The variations in current gain cut-off frequency with
gate voltage are shown at the fixed drain voltage (V4) of 5 volt for

different AlGaN doping concentrations corresponding to
GaN/AlGaN/AIN/GaN HEMTs.
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Fig. 15 — The variations in power gain cut-off frequency with
gate voltage are shown at the fixed drain voltage (V4) of 5 volt for
different AlGaN doping concentrations corresponding to
GaN/AlGaN/AIN/GaN HEMTs.

show the increasing drain current with drain voltage for
any particular gate voltage at any particular AlGaN
doping concentration corresponding to the structure
with inserted InN atomic layer. As per Fig. 16, the
2DEG density is increased due to the higher quantum
well depth resulting higher drain current. For this
reason, this type devices can be useful for biomedical
sensor applications which will give the higher
sensitivity'’. Fig. 19 shows the variations in
transconductance with gate voltage for the fixed drain
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Fig. 16 — The formation of quantum well is directly
demonstrated from SILVACO-ATLAS physical simulator for
Nanoelectronic GaN/AlGaN/InN/GaN HEMT at the AlGaN
doping concentration of 2x10" cm?®. This quantum well is

obtained at the unbiased condition.
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Fig. 17 — The variations in drain current with drain voltage are
shown at different gate voltages for different AlGaN doping
concentrations corresponding to GaN/AlGaN/InN/GaN HEMTs.

voltage (V4) of 5 volt at different AlGaN doping
concentrations corresponding to GaN/AlGaN/InN/GaN
HEMTs. The transconductance gets a peak at the gate
voltages from -0.8 volt to 0.4 volt at the fixed drain
voltage (Vq4) of 0.5 volt for any particular AlGaN
doping  concentration  corresponding to  the
GaN/AlGaN/InN/GaN HEMTs.

Figure 20 shows the variations in current gain cut-
off frequency with gate voltage at the fixed drain

GaN/AlGaN / InN / GaN HEMT
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Fig. 18 — The variations in drain current with gate voltage are
shown at the fixed drain voltage (V4) of 5 volt for different
AlGaN doping concentrations corresponding to
GaN/AlGaN/InN/GaN HEMTs.

GaN / AlGaN / InN / GaN HEMT
T T T T T T T
— AlGaN Doping concentration = 4x1 0'%cm

1000

900 AlGaN Doping concentration = 3x1 0"%cm

4 — AlGaN Doping concentration = 2x1 0'%cm
800

3
3
-3
3

— AlGaN Doping concentration = 1x1 0"%cm

700
600 —-
500 :
400 —.

300

Transconductance (mS/mm)

200

—TTT"TT7TT T T T T T T
6 5 4 3 2 414 0 1 2 3 4 5 6 7 8

Gate Voltage (V)

Fig. 19 — The variations in transconductance with gate voltage are
shown at the fixed drain voltage (V) of 5 volt for different AlGaN
doping concentrations corresponding to GaN/AlGaN/InN/GaN
HEMTs.

voltage (Vg) of 5 volt for different AlGaN doping
concentrations corresponding to GaN/AlGaN/InN/GaN
HEMTs. The current gain cut-off frequency gets a peak
at the gate voltages from -0.8 volt to - 0.2 volt
corresponding to  different = AlGaN  doping
concentrations of GaN/AlGaN/InN/GaN HEMTs.
Fig. 21 shows the variations in power gain cut-off
frequency with gate voltage at the fixed drain voltage
(Vq) of 5 wvolt for different AlGaN doping
concentrations corresponding to GaN/AlGaN/InN/GaN
HEMTs. The power gain cut-off frequency gets a peak
at the gate voltages from -1.0 volt to - 0.4 volt
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corresponding  to  different =~ AlGaN  doping
concentrations of GaN/AlGaN/InN/GaN HEMTs.
Here, maximum obtained F1/F . is 726/892 GHz. So,
GaN/AlGaN/InN/GaN is suitable for high frequency
applications.

4.4. Effect of AlIGaN doping concentration on DC and RF
performances of HEMTs with inserted atomic layers

According to Fig. 11 and Fig. 12, the drain current
is higher for higher AlGaN doping concentration of
GaN/AlGaN/AIN/GaN HEMT at any particular
combination of drain voltage and gate voltage'> '.
According to Fig. 13, the transconductance is higher
for larger AlGaN doping concentration of
GaN/AlGaN/AIN/GaN HEMT at any particular gate
voltage corresponding to the fixed drain voltage (Vq)
of 5 volt. According to Fig. 14, the current gain cut-
off frequency (Fr) is higher for larger AlGaN doping
concentration of GaN/AlGaN/AIN/GaN HEMTs at
any particular gate voltage corresponding to the fixed
drain voltage (V) of 5 volt. According to Fig. 15, the
power gain cut-off frequency (Fn.x) is higher for
larger AlGaN doping concentration of
GaN/AlGaN/AIN/GaN HEMTs at any particular gate
voltage corresponding to the fixed drain voltage (Vg)
of 5 volt.

According to Fig. 17 and Fig. 18, the drain current
is higher for higher AlGaN doping concentration of
GaN/AlGaN/InN/GaN HEMT at any particular
combination of drain voltage and gate voltage'> '.
According to Fig. 19, the transconductance is higher
for larger AlGaN doping concentration of
GaN/AlGaN/InN/GaN HEMT at any particular gate
voltage corresponding to the fixed drain voltage (Vg)
of 5 volt. According to Fig. 20, the current gain cut-
off frequency (Fr) is higher for larger AlGaN doping
concentration of GaN/AlGaN/InN/GaN HEMTs at
any particular gate voltage corresponding to the fixed
drain voltage (V4) of 5 volt. According to Fig. 21, the
power gain cut-off frequency (Fp.) is higher for
larger AlGaN doping concentration of
GaN/AlGaN/InN/GaN HEMTs at any particular gate
voltage corresponding to the fixed drain voltage (Vq)
of 5 volt.

4.5. Comparative study among HEMT structures of this work

According to the DC analysis of designed HEMTs
in this work, the structures with inserted AIN atomic
layer have better performance by providing higher
drain current and higher transconductance than those
of conventional HEMTs at any particular AlGaN

doping concentration. Again, structures with inserted
InN atomic layer have better DC performance
providing higher drain current and higher
transconductance than those of structures with
inserted AIN atomic layer at any particular AlGaN
doping concentration. Hence, HEMT structures with
inserted InN atomic layer may be suitable for
applications in biomedical sensors with requirements
of higher drain current according to the simulation
results of this work, at any particular AlIGaN doping
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Fig. 20 — The variations in current gain cut-off frequency with
gate voltage are shown at the fixed drain voltage (V4) of 5 volt for
different AlGaN doping concentrations corresponding to
GaN/AlGaN/InN/GaN HEMTs.
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Fig. 21 — The variations in power gain cut-off frequency with
gate voltage are shown at the fixed drain voltage (V4) of 5 volt for
different AlGaN doping concentrations corresponding to
GaN/AlGaN/InN/GaN HEMTs.
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concentration' . Again, HEMT structures with

inserted AIN atomic layer have better RF performance
than conventional HEMTs in this work, at any
particular AIGaN doping concentration. Also, HEMT
structures with inserted InN atomic layer have better
RF performance than HEMT structures with inserted
AIN atomic layer at any particular AlGaN doping
concentration. Therefore, the modified HEMT
structures with inserted InN atomic layer may be
suitable for high frequency applications according to
the simulation results of this work, at any particular
AlGaN doping concentration" %,

5 Conclusions

In this work, three individual types of nitride-based
Nanoelectronic HEMT structures are designed
according to the choice of materials, as follows:
(a) conventional = GaN/AlGaN/GaN  HEMTs,
(b) GaN/AlGaN/AIN/GaN HEMTs, and
(c) GaN/AlGaN/InN/GaN HEMTs. In each type of
these structures, the individually chosen AlGaN
doping concentrations are 1x10" cm™, 2x10'® ecm™,
3x10"™ cm™, and 4x10"™ cm™. The effect of doping
concentration on DC and RF performances is
systematically  investigated according to the
simulation results produced by SILVACO-ATLAS
physical simulator. The quantum well depth in
GaN/AlGaN/InN/GaN HEMT is higher than other
two designed structures at any particular AlGaN
doping concentration, to produce higher drain current
due to higher 2DEG density.

According to the DC analysis, the drain current is
highest in GaN/AlGaN/InN/GaN HEMT than other
two structures, at the AlGaN doping concentration of
4x10"™ cm®. The transconductance is highest in
GaN/AlGaN/InN/GaN HEMT among the designed
structures, at the AlGaN doping concentration of
4x10" cm™. Also, according to RF analysis, the current
gain cut-off frequency and power gain -cut-off
frequency are individually highest for
GaN/AlGaN/InN/GaN HEMT among the designed
structures, at the AlGaN doping concentration of
4x10" cm™. Therefore, the DC and RF performances
are better at higher AlGaN doping concentration.
Hence, this work may be suitable in sensor related
applications and high frequency applications.
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