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Improved electrical characteristics of AlxGa1−xN/GaN High Electron Mobility
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This research aims to study the impact of some physical and structural parameters on the I-V characteristics of a high electron mobility
transistors (HEMTs) based on AlxGa1−xN/GaN. We investigate the effect of the GaN buffer layer thickness and the impact of other properties
of the materials such as aluminum mole fraction and doping concentration, the Al0.2Ga0.8N/GaN heterostructures with 400 nm of buffer
layer and a layer doped withn = 4× 1018 cm−3, for this structure we find the maximum saturation current of 420 mA/mm. The proposed
model included GaN buffer layer and Al content were derived from our developed I-V characteristics. The proposed model is in excellent
agreement with the simulated I-V characteristics and experimental results.
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1. Introduction

AlGaN/GaN-based high electron mobility transistors have
been explored for high frequency, high power switching ap-
plications as III-V materials that have high electron saturation
velocity (> 2.5×107 cm/s, 2.5 times of that of silicon) , high
chemical stability and high breakdown field (> 3 MV/cm, 10
times of that of silicon) [1,2].

Due to their superior properties compared to other mate-
rials, materials based on III-V semiconductors and its alloys
have become the prospect of an efficient microwave power
device [3-7]. Frequently, the breakdown of a GaN-based
HEMTs is determined by the sub threshold drain current ex-
ceeding the standard value of 1 mA/mm [8].

The basic principle of HEMTs is the formation of a het-
erojunction by two semiconductors at different bandgaps.The
concentration of two dimensional electron gas (2DEG) can
be controlled by doping the AlxGa1−xN layer and Al con-
tent [9,10]. The performance enhancement of AlGaN/GaN
heterostructures can be accomplished with high carrier sheet
concentration (1013 cm−2) beyond those possible in other III-
V material systems by a significant margin [11-15].

The analysis of I-V characteristics of the device perfor-
mance is a crucial step for the development of a physics based
compact model for devices [16]. The I-V characteristics of
AlGaN/GaN HEMTs were presented in the model proposed

in Refs. [16,17] based on the device physics. However, the ef-
fect ofδ -doping the AlGaN barrier layer and the GaN buffer
layer thickness were not taken into consideration.

In this paper, the current - voltage study has been simu-
lated using 2D Silvaco Atlas device simulation software. The
derivation of the core current model is presented in Sec. 2.
Our improved devices of the AlGaN/GaN HEMTs were ex-
amined to see how certain parameters influenced the I-V
characteristics in Sec. 3. To assess and put into practice the
proposed model in [16,17], the transfer and output character-
istics results and experimental data [18] are compared.

2. Model development for drain current

2.1. Core drain current

The drain to source current model is mainly derived from the
charge control model reported in Ref. [19]:
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TABLE I. List of symbols.

Symbol Description

q Elementary charge

µ Carrier mobility

W Channel width

L Channel length

dc GaN channel layer thickness

db AlGaN barrier layer thickness

ε Permittivity of AlGaN barrier layer

ns 2DEG density

nD Charge carrier concentration at drain

γ0 Constant estimated experiment [21]

Vth Threshold voltage

Ef Position Fermi level

E0 Energy of the first subband

Vg0 Applied gate voltage

VOFF Cut-off /threshold voltage

φeff (x) Schottky barrier height

E
AlxGa1−xN
g The energy band gap of AlxGa1−xN layer

EGaN
g The energy band gap of GaN layer

D The conduction band density of state

wherens andnD can be calculated iteratively from Eq. (3)
(reported by [16]):
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where

Vg0 = Vg − VOFF, (4)

whereVOFF is the cutoff voltage
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The total induced polarization at the interface is given by
[20]:

σtotal = Ppz − Psp. (6)

Table I illustrates the standard definitions of the symbols
used.

3. Device structure

Our simulations of the AlGaN/GaN-based HEMTs transistor
were carried out using the structure shown in Fig. 1. This
structure is formed by a AlxGa1−xN barrier layer of 30 nm
intentionallyδ -doped with anND dopant, and 50 nm of GaN
channel layer doped with an approximated doping level of

FIGURE 1. Cross sectional AlxGa1−xN/GaN HEMT structure in
our study.

3× 1017 cm−3, and GaN buffer layer deposited on an Al2O3

insulating sapphire substrate. All structures were simulated
with a gate length of 2µm and a source-to-drain spacing of
5 µm. The thickness of the GaN buffer layer is taken as a
variable parameter in our calculations. In addition, we em-
ployed the 2D Atlas TCAD simulator software for numerical
simulation.

4. Results and discussions

4.1. Influence of GaN buffer layer thickness

Figure 2 illustrates theIDS − VDS characteristics calculated
of HEMT AlGaN/GaN, we report that the drain current thick-
ness of the GaN layer are inversely proportional. However,
theIDS current atVGS = 0 is considerably huge as a result
of the high conductivity of 400 nm thick GaN layers.

FIGURE 2. Comparison of modeled results (symbols) with Silvaco
ATLAS data (solid line) output characteristics of Al0.2Ga0.8N/GaN
HEMTs for different GaN buffer layer thickness values.
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FIGURE 3. Comparison of modeled results (symbols) with
Silvaco ATLAS data (solid line) transfer characteristics of
Al0.2Ga0.8N/GaN HEMTs for different GaN buffer layer thickness
values.

Figure 3 illustrates the transfer characteristics of our
structure whenVDS = 0 , the curves indicate that we can
reach a high electron density, by firstly reducing impurity
scattering and improving the transconductance of our devices
and also by increasing the electron mobility in the channel.

4.2. Influence ofδ-doping the AlGaN barrier layer

In this section we investigated the impact of varying the con-
centration of donorsND(δ) within the Al0.2Ga0.8N barrier
layer and take 400 nm for GaN buffer layer. The results are
summarized in the Fig. 4, where the output characteristics
shows that the intentionalδ- doping barrier layer is necessary
to obtain high transconductance. In addition, we can clearly

FIGURE 4. Comparison of modeled results (symbols) with Silvaco
ATLAS data (solid line) output characteristics of Al0.2Ga0.8N/GaN
HEMTs for the different values ofND(δ).

FIGURE 5. Comparison of modeled results (symbols) with
Silvaco ATLAS data (solid line) transfer characteristics of
Al0.2Ga0.8N/GaN HEMTs for the differentND(δ) values.

notice in Fig. 4 the strong influence of the dopantND(δ). It
is observed here that the source current increases with the in-
crease inδ -doping concentration.IDmax = 420 mA/mm for
ND(δ) = 4× 1018 cm−3. The calculationIDS − VGS char-
acteristics reveals that the intentional doping of AlGaN layer
is important for obtaining high transconductance.The compo-
nent exhibits the largest drain saturation current because the
barrier layer has the highest doping concentration, as seen in
Fig. 5.

4.3. Influence of the molar fraction

Figure 6 shows illustrates the output characteristics of
AlxGa1−xN/GaN HEMT For different mole fraction values
in the AlxGa1−xN barrier layer. Our study reports that with
a mole fraction ofx = 20%, our device achieves the largest
source saturation current.IDssat = 420 mA/mm as com-

FIGURE 6. Comparison of modeled results (symbols) with
Silvaco ATLAS data (solid line) of output characteristics of
AlxGa1−xN/GaN HEMTs for different Al content.
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FIGURE 7. Comparison of modeled results (symbols) with
Silvaco ATLAS data (solid line) transfer characteristics of
AlxGa1−xN/GaN HEMTs for different Al content.

FIGURE 8. Comparison of modeled results (symbols) with Silvaco
ATLAS data (solid line) output characteristics of Al0.2Ga0.8N/GaN
HEMTs for different gate voltage values.

pared to result available with mole fractions ofx = 30%
andx = 25%. TheIDS − VGS characteristics are shown in
Fig. 7, where the HEMT device exhibits a low threshold volt-
age forx = 20%, the results show that an improvement in
the transconductance and the performance of the normally
HEMT components can be accomplished by changing the
aluminum mole fraction in the AlxGa1−xN barrier layer.

4.4. Simulation at different voltages

The characteristics of current and voltage are shown in Fig. 8.
When the gate-to-source voltage changed from - 4 to + 2 V,
a distinguishable field-effect was observed calculated using
this device. However the effect of gate leakage can be in-
cluded in the simulations, The results ofIDS − VDS charac-
teristics are plotted, we can observe a high drain current when
the gate voltage is lower. It demonstrates strong agreement

FIGURE 9. Comparison of modeled results (symbols) with Sil-
vaco ATLAS data and experimental [18] of output characteristics
of Al0.2Ga0.8N/GaN HEMTs.

FIGURE 10. Comparison of modeled results (symbols) with Sil-
vaco ATLAS data and experimental [18] of Transfer characteristics
of Al0.2Ga0.8N/GaN HEMTs.

with the normally-off HEMT devices, according to the
curves, we find (IDs max = 900 mA/mm atVDS = 2 V).

Our reported data can obviously find a strong agreement
with experimental data reported by khanet al [18] as illus-
trated in both Fig. 9 and 10. In Fig. 9, the effects of self
heating are not considered in the simulated and the charge
transport model ofIDS − VDS characteristics, when the lat-
tice temperature increases due to the self-heating effect, the
current is remarkably downshifted, and a significant decline
in device performance occurs. We can also report the pos-
itive correlation between the maximum lattice temperature
and power according to simulation results, this effect of self-
heating is reported previously in Ref. [22].
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5. Conclusion

In our simulation results, we investigated the I-V character-
istics of AlGaN/GaN-based HEMTs by Atlas TCAD simu-
lator. The influence of the GaN buffer layer thickness on
the electrical characteristics of the AlGaN/GaN heterostruc-
ture is considered, other influence parameters are also taken
into consideration. The enhancement of drain-source current
is due to Al molar fraction and donor concentration within
AlGaN barrier layer, in this layer the donor concentration is
a more decisive factor than the other parameters that influ-

ences the channel’s current increase. Additionally, we find
that for VGS = 2 V, a device with a 400 nm buffer layer,
ND(δ) = 4×1018 cm−3, and a20%. Al concentration in the
barrier layer are the perfect possible parameters choices for
our study that exhibits drain source saturation current values.

Among the simulated HEMT structures, the transfer char-
acteristics in this structure exhibit the lowest threshold volt-
age value and the highest maximum transconductance. The
results of proposed models for our device I-V characteristics
for different several parameters illustrate a superb agreement
with 2D Atlas TCAD data.
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