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Abstract

The goal of this manuscript is to use the Silvaco Atlas TCAD simulator to investigate
the effect of some parameters on the current-voltage characteristics of a high-electron-
mobility transistors devices based on AlyGa;x\N/GaN, Advanced Al,Ga;xN/AIN/GaN
heterostructures with GaN channel layer and AIN spacer layer. It is demonstrated that
numerical simulation can be used effectively in the development of HEMTs. We
looked into the effect of the GaN thickness layer on the current-voltage characteris-
tics, as well as the effect of the 6 -doped layer within Al,Ga;«N barrier layer, the ef-
fect of the spacer thickness is also considered. Among the sample structures we used
for our computations, our calculations reveal a low threshold voltage value and the
maximum transconductance. Our structure with GaN channel layer thickness of 200
nm, Al content of x = 0.2 with a & -doped layer of n = 5 x 10*® cm™, we find that the
maximum saturation current.

Keywords: Silvaco Atlas TCAD, AlGa;-N/GaN,s-doped layer, HEMTs, AIN .

on developing electronic systems for
defense applications [10] [11]. The

I. Intr ion i i i
troductio United States and Japan, pioneers in

GaN physical properties make it the GaN research, are still ahead of Europe
most widely used wide bandgap mate- In the research of GaN [12], the United
rial in active circuit design[1][2]. Its States and Japan are still ahead of Eu-
intrinsic qualities  (high breakdown rope, whose resources invested in the
fields[3][4], high thermal conductivity, field are much larger than those de-
high electron density, good saturation ployed in Europe. [13] [14].

speed[5][6]) give it very good perfor- The HEMTSs based of AlGaN/GaN are
mance at high frequencies [7], whether of great interest for design of micro-
for power or low noise applications[8] wave monolithic integrated circuits
[9]. (satellite receivers, high frequency
Historically, the 1990s saw the emer- switches and low power amplifiers
gence of a high-bandwidth semicon- ....) [15] [16] because its properties

ductor industry with a primary focus
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are consistent for high frequency and
power [17][18].

The first HEMTs transistors appeared
in 1980 (Fujitsu, Thomson)[19], where
they appeared as an evolution of
MESFET (Metal Semiconductor Field
Effect Transistor) type transistors
made from semiconductors IlI-V of
GaAs type[19] [20]. In 1985, HEMT is
presented as a microwave component
unique in the world, the first GaN-
based transistor (HEMT) appeared in
1993[21].

The proposed structures of Al-
GaN/GaN HEMTs devices were im-
proved .In this work we investigate the
impact of thickness of the channel
(GaN) and doping concentration within
(AlGaN) layer on the current -voltage
characteristics using The Atlas TCAD
simulator, In addition, we are simulat-
ing by varied the different important
device parameters (Al molar fraction,
and thickness of AIN interlayer). Our
structure simulated find the maximum
drain source saturation current 43 A/m.
With a thickness of the channel is 200
nm and existence 15 nm AIN interlay-
er.

Il. Principe of HEMT

Figure.l shows the principle in a
HEMT is the alignment to form ahet-
erojunction of two semiconductor ad-
jacent (AlGaN and GaN) [22] [23].
the donor (carrier supply) of AlGaN
layer supplies electrons to the 2-DEG
(two-dimensional electron gas)[24] In
a typically doped AlGaN / GaN HEMT
device [25], The 2DEG was built on

the interface AlyGa;—,N/GaN even if
all the layers are grown without doping
[26]. In addition , due to piezoelectric
effect in the material system[25] [26],
the doping contribution to the concen-
tration of the 2DEG sheet carrier is
stated to be less than 30 % [27].

Schottky

Gate
barrier

Channel Substrate

Ec

Si donors

Dimensional
Electron Gas
(2DEG)

Figure 1. Band diagram of AlGaN/GaN
HEMT, at equilibrium [26].

I11. Electrical Characteristics

By applying a gate-source voltage to
the device. Primarily, the | -V is asso-
ciated with the sheet carriers density ng
[28]. Indeed, any action on the Vgs has
the effect of modifying the channel's
electronic population which varies the

density of the electrons ng.the current
drain-source is given by [29].

Ips = WupqngE €Y

Un: the mobility of carriers.
W : the width of channel layer

As the current is constant in the chan-
nel, Eq (1) to be integrated from source
- drain. [30] :

Wy Co Vis
. (Ve = VendVps — N (2)

Where Vps is much lower than (Ve-
V), Eq (2) becomes [28] :

Ips =

Wu,Co(Vg — Ver)V,
L = tnCo (Vg th) DS/L (3)

The current of drain -source saturation
given by[30]:

Wu,Co
Ipssat = 57— Vo = Ve)*  (4)

IV. Results and discussions
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The AlGa;xN/AIN/GaN HEMT inves-
tigated is shown schematically in fig-
ure 2, we use 600 nm an insulating
substrate (SiC). The channel is made of
GaN (UID), the background n-type
doping concentration in this layer is
Npi;= 10 cm™, the thickness of the
GaN buffer layer was varied in the
calculations. The structure consisting
of 50 nm an intentionally doped
AlGa; «N barrier layer with a delta-
doping profile Np (8) that defines the
concentration of electrons in the chan-
nel , and this layer on a spacer layer of
AIN with various thicknesses with Npy
= 10% cm™. Also, all structures were
simulated with a gate length of 2 um
and a source-to-drain spacing of 8 um.
In addition, for numerical simulation
of the electrical output and transfer
characteristics, we use the Atlas TCAD
simulator software.

Figure 2. Schematic of Al,Ga,;_,N
/AIN/GaN HEMT studied.

IV.1. Variation in Thickness of AIN
layer

Figure.3 shos calculations of the elec-
trical output characteristics of Al,Ga;.
«N/GaN HEMT at Vgs = 0, and we
varied a thickness of AIN interlayer
with a concentration doping of barrier
layer Alg,GagsN is Np (3) = 5 x 10%®
cm™. It can be seen that the drain-to-
source current is much larger with the
existence of AIN layer. This is primari-
ly due to the increased concentration of
2DEG. According to the calculated
curves we can observe that the drain-
to-source current increases with in-
creasing of the thickness AIN layer.
The transfer characteristics of the tran-
sistor at Vps = 0 V are shown in Figure
4, according to the estimated curves. It
has been accomplished here that high
electron sheet concentration by reduc-
ing impurity scattering, increasing
electron mobility within the channel,
and increasing device transconduct-
ance.
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Figure 3. Output characteristics of
Aly,Gag gN/GaN calculated using the Atlas
TCAD simulator, for different thickness of

AIN at Vg = 0.
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Figure 4. Transfer characteristics of
Aly,GaggN/GaN calculated using the Atlas
TCAD simulator, for different thickness of

AIN at Vps=0V.

1VV.2.Variation in Thickness of Al-
GaN layer

In this section, we have fixed the
thickness of AIN at 15 nm, and we
varied the thickness of the GaN in the
simulation. at Vg = 0 V .The drain
current increases significantly with 200
nm of AlGaN barrier layer thickness,
as can be seen. Simultaneously, a re-
duction in barrier-layer thickness re-
sults in a considerable rise in transcon-
ductance. However, despite of the cur-
rent-collapse effect, a decrease in the
drain current in the region of small
thicknesses of the AlGaN barrier layer
makes it impossible to achieve a suita-
bly high power density in a transistor
made from such a structure. Moreover,
the Transfer characteristics at Vps = 0
V, reported in Figure. 6, according to
the curves that have been calculated,
the influence of GaN thickness chan-
nel is Almost the same parameter AIN
spacer layer .
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Figure 5. Output characteristics of
Aly,GaggN/GaN calculated using the Atlas
TCAD simulator, for different thickness
GaN channel Vgs=0 V.
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Figure 6. Transfer characteristics of
Aly,GaggN/GaN using the Atlas TCAD
simulator, for different the thickness GaN
channel at Vps =0 V.

IV.3.Variation Al composition with-
in AlyGay« N the barrier Layer

As shown in figure.7 the results of Ips
(Vps) characteristics at Vgs =0, We
varied the percentages of the aluminum
mole (20%, 30%, and 38%) , for x =
0.2 we find the maximum drain source
saturation current of compared with
those obtained with x = 0.3, and 0.38.
Furthermore, the results obtained show
that an increase transconductance and
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efficiency of HEMT device, and all
this we can achieve by varied Al molar
fraction in the AlGaN layer.
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Figure 7. Output characteristics of
Aly,GaggN/GaN calculated using the Atlas
TCAD simulator, for different Al molar
fraction Vgs =0 V.
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Figure 8. Transfer characteristics of
Aly,GaggN/GaN calculated using the Atlas
TCAD simulator, for different Al molar
fraction Vps =0 V.

IV.4. Variation in donor concentra-
tion within AlyGa;«x N barrier layer

For the effects of d8-doping on the
Alp,GaggN, the maximum transcon-
ductance of HEMTSs device depends on
the maximum carrier sheet density in
the channel at the AlyGa;«N/GaN in-
terface, the carriers in the electron

channel are generally transferred from
AlyGa;«N barrier to the hetero-
interface. Therefore, doping of Al,Ga;.
«N barrier is necessary to achieve high
electron sheet concentration and
therewith high device transconduct-
ance [18].

We varied the Np donor concentration
within the Alg,GaggN barrier layer,
and fixed other parameters, we obtain
our results in figure.9, the results of
output characteristics visualize that
intentional doping barrier layer is nec-
essary for obtaining high transconduct-
ance, the drain-to-source current in-
creases with increasing 8-doping level
within the Aly,GaggN layer, With the
highest doping concentration, that is
Np(8) = 5x 10" cm 3, the device ex-
hibits the highest drain saturation cur-
rent as shown in Figure 9.

Additionally, we found that the influ-
ence of (Np) is relatively small as we
can see from figure. 10. The results
obtained in this work are similar to
those obtained by Bouguenna et al [30]
who found the same trends in the var-
iation of the current with respect to the
donor concentration.
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Figure 9. Output characteristics of
Aly,Gag gN/GaN calculated using the Atlas
TCAD simulator, for different donor con-
cetration in AlGaN Vgs=0V.
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Figure 10. Transfer characteristics of
Aly,Gag gN/GaN calculated using the Atlas
TCAD simulator, for different donor con-

centration Vps =0 V.

IV.5. Simulation at different volt-
ages

In this section, figures. 11 and 12
shows current—voltage characteristics
with different values of Vps and Vgs
,respectively.Our calculations were
varied from -0.1 V to 0.2 V,with in-
creasing Vg, the increase in the calcu-
lated drain voltage. The effect of gate
leakage may however be included in
the simulations.
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Figure 11. Transfer characteristics of
Aly,GaggN/GaN calculated using the Atlas
TCAD simulator, for different voltage
Vps.

The output characteristics results are
plotted and a high drain current is ob-
served when the voltage at the gate is
lower as shown in figure.11, Accord-
ing to the calculated curves ,we find
(Ipsmax =505 mA/mm at Vps =-0.1 V)
,and the threshold voltage of our struc-
ture is 0.5 V when a voltage of drain -
to- source is 0 V.
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Figure 12. Output characteristics of
Aly,GaggN/GaN calculated using the
Atlas TCAD simulator, for different volt-
age Vs .

V. Conclusions

In our results of simulation we showed
the electrical characteristics of HEMT
based of AlGaN/GaN by the silvaco
Atlas simulator. The influence of
thickness AIN interlayer on the cur-
rent-voltage characteristics of AlGaN/
/GaN heterostructures has been con-
sidered, additional studies related to
the influence of other parameters. Our
results show a clear field-effect at posi-
tive bias voltages with Vi, = 0.3 V. The
highest of current drain-source de-
pendent with the Al content and the
thickness and the donor concentration
within AlGaN barrier layer, for a
structure with 15 nm of spacer layer,
Np(8) =5 x 10™ cm™, and Al fraction
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molar of the barrier layer x =20%, For
this device, the transfer characteristics
show a low threshold voltage value
and the highest maximum transcon-
ductance gm, the concentration of the
donor in the AlGaN layer is a less sig-
nificant factor compared to other pa-
rameters leading to the change in the
current value of in channel.
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