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Abstract
In this work, we have studied the effect of drain voltage on drain current in single-
heterojunction AlGaN/GaN high electron mobility transistors (HEMTs). Also, we have
studied the effect of gate voltage on drain current in same set of HEMTs. The effect of
aluminium mole fraction on drain current is also studied in the HEMTs designed with
AlGaN nano-layers. This work may be helpful to realize the characteristics of HEMT based

sensors in future.
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INTRODUCTION

Recently, Brown has mentioned the brief
history of gallium nitride (GaN) based
technology related to the commercial market
of power electronics. GaN is proved to be an
efficient material due to its energy band gap.
Also, the experimental process steps for GaN
are briefly mentioned. GaN is highly suitable
to fabricate the high electron mobility
transistors. Brown has performed the
experimental modeling of AIGaN/GaN
enhancement mode HEMTs [1].

Few authors have proposed the theoretical
model of AlGaN/GaN HEMTSs using Robin
boundary condition. They have theoretically
demonstrated the variations in 2DEG sheet
concentration with respect to gate voltage [2].
In a couple of earlier reports, the effects of
electrical parameters and structural parameters
on drain current have been studied in GaN
based HEMTs [3, 4]. Few authors have
theoretically presented the analytical models
on GaN based HEMTSs by brief comparisons
with experimental models [5-8]. Few other
authors have reported many physics based
analytical models on GaN based HEMTSs
towards the applications in power electronics
industry [9-19]. HEMTs may be useful in
sensor technology also [20, 21].

In this work, we have studied the effect of
drain voltage on drain current in AlIGaN/GaN
HEMTSs. Also, we have studied the effect of
gate voltage on drain current in the same set of
HEMTSs. Next, we have studied the effect of
aluminium mole fraction on drain current in
the same set of HEMTs designed with AlGaN
nano-layers. These studies have been
performed wusing the SILVACO-ATLAS
software tool. Our studies may be useful to
fabricate the GaN  based HEMTs
experimentally in future.

DESIGNS OF SIMULATED
STRUCTURES

In this work, a representative cross-sectional
view of the microelectronic  single-
heterojunction AlGaN/GaN HEMT structures
is shown in Figure 1. The cross-sectional
dimensions of different portions of these
designed HEMT-structures are given below:
(A) Source dimensions are 500 nm
(length)x100 nm  (height); (B) Drain
dimensions are 500 nm (length)x100 nm
(height); (C) Gate dimensions are Lg
(length)x500 nm (height); (D) Total horizontal
length of the device is 9500 nm; (E) GaN
thickness is 500 nm; (F) Sapphire thickness is
1000 nm; and (G) Source to gate fixed
distance is 3000 nm. In this work, the gate
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Fig. 1: Representative schematic diagram of
the single-heterojunction AlGaN/GaN HEMT
structures is shown.

length (Lg) is varied with the following
lengths as 1.4, 1.9, 2.4, 2.9, and 3.4 micron.
With the variation in gate length, the source to
gate distance is fixed (3000 nm), but the gate
to drain distance is variable. The selected
thicknesses of AlGaN nano-layersare29 nm,
31 nm, 32 nm, 33 nm, and 34 nm. The selected
aluminium mole fractions (x) are 0.10, 0.15,
0.20, 0.25, and 0.30. In this work, total 25
individual HEMT-structures are designed and
simulated according to the selected
combinations of structural parameters. GaN
and sapphire are chosen as the materials to
design the HEMT structures according to the
already  reported comparative  material
properties with respect to other materials [1,
2]. In this work, the AIGaN doping
concentration is maintained as 1x10%* cm™ in
each HEMT structure.

RESULTS AND DISCUSSION

In the first group of HEMTs, the AlGaN
thickness (T) is 29 nm and gate length (Lg) is
1.4 micron. According to Figure 2, drain
current  increases  with  drain  voltage
corresponding to the AlGaN thickness (T) of 29
nm, gate length (L) of 1.4 micron and gate
voltage (Vg) of 0 volt [3, 4]. In Figure 2, the
drain current increases due to higher aluminium
mole fraction (x). According to Figure 3, drain
current  increases  with  drain  voltage
corresponding to the AlGaN thickness (T) of 29

nm, gate length (Lg) of 1.4 micron and gate
voltage (Vg) of -1 volt [3, 4]. In Figure 3, the
drain current increases due to higher aluminium
mole fraction (x). According to Figure 4, drain
current  increases  with  drain  voltage
corresponding to the AlGaN thickness (T) of 29
nm, gate length (Lg) of 1.4 micron and gate
voltage (Vg) of -2 volt [3, 4].

0.04 4

Drain Current (A)

0.00 4

0 3 6 9 12 15
Drain Voltage (V)
Fig. 2: The variation of drain current with
respect to drain voltage is shown
corresponding to the gate voltage (V¢) of 0
volt, gate length (Lg) of 1.4 micron and AlGaN
thickness (T) of 29 nm. The variation of drain
current is also shown with respect to
aluminium mole fraction (x).

T=29 nm
LG=1.4 pm
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0 3 6 9 12 15

Drain Voltage (V)

Fig. 3: The variation of drain current with
respect to drain voltage is shown corresponding
to the gate voltage (Vg) of -1 volt, gate length
(L) of 1.4 micron and AlGaN thickness (T) of 29
nm. The variation of drain current is also shown
with respect to aluminium mole fraction (x).
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Fig. 4: The variation of drain current with
respect to drain voltage is shown
corresponding to the gate voltage (V) of -2
volt, gate length (Lg) of 1.4 micron and AlGaN
thickness (T) of 29 nm. The variation of drain
current is also shown with respect to aluminium
mole fraction (x).
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Fig. 5: The variation of drain current with
respect to drain voltage is shown
corresponding to the gate voltage (Vg) of -3
volt, gate length (L) of 1.4 micron and AlGaN
thickness (T) of 29 nm. The variation of drain
current is also shown with respect to aluminium
mole fraction (x).

In Figure 4, the drain current increases due to
higher aluminium mole fraction (X).
According to Figure 5, drain current increases
with drain voltage corresponding to the
AlGaN thickness (T) of 29 nm, gate length
(Lg) of 1.4 micron and gate voltage (V) of -3
volt [3, 4].

T=29 nm
LG=1 4 um

0.03 - VD=1 \'}
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—— x=0.30

0.00 /
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Fig. 6: The variation of drain current with
respect to gate voltage is shown corresponding
to the drain voltage (Vp) of 1 volt, gate length
(L) of 1.4 micron and AlGaN thickness (T) of 29
nm. The variation of drain current is also shown

with respect to aluminium mole fraction (x).
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0.20
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Drain Voltage (V)
Fig. 7: The variation of drain current with
respect to drain voltage is shown
corresponding to the gate voltage (V¢) of 0
volt, gate length (Lg) of 1.9 micron and AlGaN
thickness (T) of 31 nm. The variation of drain
current is also shown with respect to
aluminium mole fraction (x).

In Figure 5, the drain current increases due to
higher aluminium mole fraction (x). In Figure
6, drain current is higher at higher gate voltage
corresponding to the AlGaN thickness (T) of
29 nm, gate length (Lg) of 1.4 micron and
fixed drain voltage (Vp) of 1 volt [3, 4]. Also,
in Figure 6, the drain current is higher due to
larger aluminium mole fraction (x).

©ONSTC (2020) 6-14 © STM Journals 2020. All Rights Reserved Page 8




Effects of Drain Voltage, Gate Voltage and Aluminium Mole Fraction

Dutta et al.

0.16

T=31 nm

Drain Current (A)

0 3 6 9 12 15
Drain Voltage (V)

Fig. 8: The variation of drain current with
respect to drain voltage is shown
corresponding to the gate voltage (V) of -1
volt, gate length (Lg) of 1.9 micron and AlGaN
thickness (T) of 31 nm. The variation of drain
current is also shown with respect to
aluminium mole fraction (x).

T=31 nm
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Vg=2V
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Drain Voltage (V)
Fig. 9: The variation of drain current with
respect to drain voltage is shown
corresponding to the gate voltage (V) of -2
volt, gate length (Lg) of 1.9 micron and AlGaN
thickness (T) of 31 nm. The variation of drain
current is also shown with respect to
aluminium mole fraction (x).

In the second group of HEMTSs, the AlGaN
thickness (T) is 31 nm and the gate length
(Lg) is 1.9 micron. In Figures 7 to 11, the
variations in drain current are shown with
respect to drain voltage, gate voltage and
aluminium mole fraction corresponding to the

AlGaN thickness (T) of 31 nm with gate
length (Lg) of 1.9 micron. Drain current
variations with respect to drain voltage, gate
voltage and aluminium mole fraction in
second group of designs show similar trends
as that of first group of designs [3, 4].
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Fig. 10: The variation of drain current with
respect to drain voltage is shown
corresponding to the gate voltage (V¢) of -3
volt, gate length (Lg) of 1.9 micron and AlGaN
thickness (T) of 31 nm. The variation of drain
current is also shown with respect to
aluminium mole fraction (x).
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Fig. 11: The variation of drain current with
respect to gate voltage is shown
corresponding to the drain voltage (Vp) of 1
volt, gate length (Lg) of 1.9 micron and AlGaN
thickness (T) of 31 nm. The variation of drain
current is also shown with respect to
aluminium mole fraction (x).
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Fig. 12: The variation of drain current with
respect to drain voltage is shown
corresponding to the gate voltage (V) of 0
volt, gate length (Lg) of 2.4 micron and AlGaN
thickness (T) of 32 nm. The variation of drain
current is also shown with respect to
aluminium mole fraction (x).
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Fig. 13: The variation of drain current with
respect to drain voltage is shown
corresponding to the gate voltage (V) of -1
volt, gate length (Lg) of 2.4 micron and AlGaN
thickness (T) of 32 nm. The variation of drain
current is also shown with respect to
aluminium mole fraction (x).

In the third group of HEMTs, the AlGaN
thickness (T) is 32 nm and the gate length (L)
is 2.4 micron. In Figures 12 to 16, the
variations in drain current are shown with
respect to drain voltage, gate voltage and
aluminium mole fraction corresponding to the
AlGaN thickness (T) of 32 nm with gate

length (Lg) of 2.4 micron. Drain current
variations with respect to drain voltage, gate
voltage and aluminium mole fraction in third
group of designs show similar trends as that of
first group of designs [3, 4].
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Fig. 14: The variation of drain current with
respect to drain voltage is shown
corresponding to the gate voltage (V¢) of -2
volt, gate length (Lg) of 2.4 micron and AlGaN
thickness (T) of 32 nm. The variation of drain
current is also shown with respect to
aluminium mole fraction (x).

0.084 T=32 nm

Drain Current (A)

0 3 6 9 12 15
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Fig. 15: The variation of drain current with
respect to drain voltage is shown
corresponding to the gate voltage (Vg) of -3
volt, gate length (Lg) of 2.4 micron and AlGaN
thickness (T) of 32 nm. The variation of drain
current is also shown with respect to
aluminium mole fraction (x).
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Fig. 16: The variation of drain current with
respect to gate voltage is shown
corresponding to the drain voltage (Vp) of 1
volt, gate length (Lg) of 2.4 micron and AlGaN
thickness (T) of 32 nm. The variation of drain
current is also shown with respect to
aluminium mole fraction (x).
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Fig. 17: The variation of drain current with
respect to drain voltage is shown

corresponding to the gate voltage (V) of 0
volt, gate length (Lg) of 2.9 micron and AlGaN

thickness (T) of 33 nm. The variation of drain
current is also shown with respect to aluminium
mole fraction (x).

In the fourth group of HEMTSs, the AlGaN
thickness (T) is 33 nm and the gate length (Lg)
is 2.9 micron. In Figures 17 to 21, the
variations in drain current are shown with
respect to drain voltage, gate voltage and
aluminium mole fraction corresponding to the
AlGaN thickness (T) of 33 nm with gate
length (Lg) of 2.9 micron. Drain current
variations with respect to drain voltage, gate
voltage and aluminium mole fraction in fourth
group of designs show similar trends as that of
first group of designs [3, 4].
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Fig. 18: The variation of drain current with
respect to drain voltage is shown corresponding
to the gate voltage (Vg) of -1 volt, gate length
(L) of 2.9 micron and AlGaN thickness (T) of 33
nm. The variation of drain current is also shown
with respect to aluminium mole fraction (x).
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Fig. 19: The variation of drain current with
respect to drain voltage is shown corresponding
to the gate voltage (V¢) of -2 volt, gate length
(L) of 2.9 micron and AlGaN thickness (T) of 33
nm. The variation of drain current is also shown

with respect to aluminium mole fraction (x).
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Fig. 20: The variation of drain current with
respect to drain voltage is shown corresponding
to the gate voltage (V¢) of -3 volt, gate length
(Lg) of 2.9 micron and AlGaN thickness (T) of 33
nm. The variation of drain current is also shown

with respect to aluminium mole fraction (x).
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Fig. 21: The variation of drain current with
respect to gate voltage is shown
corresponding to the drain voltage (Vp) of 1
volt, gate length (Lg) of 2.9 micron and AlGaN
thickness (T) of 33 nm. The variation of drain
current is also shown with respect to
aluminium mole fraction (x).

In the fifth group of HEMTSs, the AlGaN
thickness (T) is 34 nm and the gate length (Lg)
is 3.4 micron. In Figures 22 to 26, the
variations in drain current are shown with
respect to drain voltage, gate voltage and
aluminium mole fraction corresponding to the
AlGaN thickness (T) of 34 nm with gate
length (Lg) of 3.4 micron. Drain current
variations with respect to drain voltage, gate
voltage and aluminium mole fraction in fifth
group of designs show similar trends as that of
first group of designs [3, 4].
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Fig. 22: The variation of drain current with
respect to drain voltage is shown
corresponding to the gate voltage (V) of 0
volt, gate length (Lg) of 3.4 micron and AlGaN
thickness (T) of 34 nm. The variation of drain
current is also shown with respect to
aluminium mole fraction (x).
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Fig. 23: The variation of drain current with
respect to drain voltage is shown corresponding
to the gate voltage (V¢) of -1 volt, gate length
(Lg) of 3.4 micron and AlGaN thickness (T) of 34
nm. The variation of drain current is also shown
with respect to aluminium mole fraction (x).
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Fig. 24: The variation of drain current with
respect to drain voltage is shown corresponding
to the gate voltage (V¢) of -2 volt, gate length
(Lg) of 3.4 micron and AlGaN thickness (T) of 34
nm. The variation of drain current is also shown
with respect to aluminium mole fraction (x).
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Fig. 25: The variation of drain current with
respect to drain voltage is shown corresponding
to the gate voltage (V¢) of -3 volt, gate length
(Lg) of 3.4 micron and AlGaN thickness (T) of 34
nm. The variation of drain current is also shown
with respect to aluminium mole fraction (x).
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Fig. 26: The variation of drain current with
respect to gate voltage is shown
corresponding to the drain voltage (Vp) of 1
volt, gate length (Lg) of 3.4 micron and AlGaN
thickness (T) of 34 nm. The variation of drain
current is also shown with respect to
aluminium mole fraction (x).

CONCLUSIONS

In our work, total five sets of HEMTs are
designed to study the drain characteristics. The
drain current is found to be higher at higher
drain  voltage in  single-heterojunction
AlGaN/GaN HEMTSs. Also, the drain current
is found to be higher at higher gate voltage in
the designed HEMTSs. Further, the drain
current is observed as higher due to higher
aluminium mole fraction in the HEMTSs
designed with AlGaN nano-layers. Our work
may be helpful to analyze the characteristics of
HEMT based sensors in future.
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