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Abstract
The objective of this paper is to simulate the effect of a BGaN back-barrier on performances of a high
electron mobility transistor (HEMT) based on AlGaN/InGaN, by using TCAD 3D Silvaco simulator. We
simulate some DC and AC characteristics; we note that with only 60 nm BGaN back-barrier layer and 3%
of boron in BGaN, HEMT shows improvement of 33.34% in the maximum drain current, 64.7 % in the
transconductance, 19% in the threshold voltage, 50% the drain-induced barrier lowering, 34.67% in the
subthreshold swing, 20% in the breakdown voltage, 10.18% in the cut-off frequency, 12% in the maximum
oscillation frequency, and record high ION/IOFF of over 1012.9. 

Introduction
The synthesis The development of civil and military communication systems, such as radar or mobile
telecommunications, requires electronic components capable of generating high power levels in the
microwave domain1 New technologies are being explored to meet these two operating criteria. The high
electron mobility �eld effect transistor (HEMT), combined with wide band gap semiconductors such as
Gallium Nitride, appears to be an excellent candidate for this type of application.2 In fact, this HEMT
based on AlGaN/InGaN heterostructure has both a high density of carriers con�ned to the heterojunction
and high electronic mobilities. Cut-off frequencies up to several tens of gigahertz are also obtained.

Exploring new materials and their properties is one of the most important things to expand the range of
applications. In most cases, this translates into new band gap gaps or network parameters that dictate
the mechanical, electrical, or optical behavior of a device.3 It allows for band engineering and to obtain a
new wavelength or new electrical properties. Among the nitride-based semiconductors that have a wide
band gap, a new class of materials has emerged based on the boron alloy, electrochemical �lms, BGaN
alloy is a new material that has not been studied very much until now. Recently, a Japanese team has
shown the possibility of developing the BGaN ternary by incorporating a small molar fraction of boron
into GaN (up to 1% boron) 4 Beyond this small percentage, the fundamental di�culty is to avoid phase
separation GaN-BN in which the alloy is no longer formed, rich zones in boron or rich in gallium appear in
the layer.

Our work �ts into this context; it consists in simulating the electrical performances of a AlGaN/InGaN
HEMT which contains a boron gallium nitride (BGaN) back-barrier layer under the (InGaN) channel layer
and comparing them to those of the transistor without this back-barrier layer.

Proposed structure and simulation model

The ideal Several works exist on the AlGaN/InGaN HEMT structures but very little on the
AlGaN/InGaN/BGaN HEMT. The purpose of our work is therefore to make a comparison between these
two structures, we use Silvaco software under the module DevEdit 3D and Atlas to obtain different
characteristics.
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The structures of the proposed AlGaN/InGaN HEMTs without and with BGaN back-barrier layer are shown
in Fig. 1. (a) and (b). We consider H4-SiC substrate, 69 nm of undoped GaN buffer layer, 10 nm of
undoped In0.2Ga0.8N channel layer, 1 nm of undoped In0.2Ga0.8N spacer layer, 8 nm of Al0.1Ga0.9N delta

layer with a donors doping density of 3×1018cm-3, 5 nm of undoped Al0.1Ga0.9N Schottky layer, 5 nm GaN

of cap layer (source), and 13 nm of GaN cap layer (drain) with donor doping density of 5×1018cm-3. Drain
and Source ohmic contacts were performed by alloying evaporated gold metal5 , and deposited on GaN
cap layer. In (b)-HEMT, we add 60 nm of B0.03Ga0.97N back barrier layer under the channel. The starting
point for our simulations is a basic structure shown in Fig. 1. (b). The structure dimensions are 1.0 × 1.0 ×
1.0 × 103 nm3.

As shown in �g Fig. 1.(c); the source has hollow square shape, the drain has rectangle shape, and the
gate is placed on non-heavily doped semiconductor to generate the Schottky contact by using gold which
has a work function of 4.55 V.

An empirical new model, relating walkout parameters and device structure, has been developed the key
geometrical layout parameters with the gate dimensions of 600 × 50.0 × 600 nm-3.

Semiconductor device physics consists of setting equations densities such as Poisson’s equation and
continuity equation for both electrons and holes under steady-state conditions.6,7

The simulation was performed in 3D with GUMMEL-NEWTON as the numerical method to resolve
Poisson and continuity equations.

The Poisson equation makes it possible to establish a relationship between the variations of the
electrostatic potential and the density of the electric charge.

where ε is the electrostatic potential, ψ is the local permittivity, and ρ is the local space charge density.

The continuity equations describe the temporal variations of the charge densities (electrons, holes); they
are de�ned by the Eq (2) and (3).

where n and p are the electron and hole concentrations, Jn and Jp
are the electron and hole current densities, Gn and Gp are the generation rates for electrons and holes, Rn
and Rp are the recombination rates for electrons rates for electrons and holes, and q
is the magnitude of the charge on an electron.

The basic band parameters for de�ning heterojunctions in Blaze are bandgap parameter, electron a�nity,
permittivity, and mobility.

The Energy band gap of the BxGa1-xN depending on the boron fraction can be approximated using a

modi�ed Vegard’s law including the bowing parameter (b)8,9, in addition to the linear interpolation; this is
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given by Eq. (4).

Table 1. The relevant material for (BxGa1-xN) at x=0.03 parameters used in this simulation.

Parameter Symbol Value

Electron a�nity (eV) χ 4.1

Permittivity (F/m) 9.7

The electron mobility (cm²/Vs)

The hole mobility

μe

µh

30

20

Results And Discussions
Generally, accurate simulation saves expensive technological efforts to obtain remarkable improvements
of device characteristics.14 The AlGaN/InGaN HEMT with and without BGaN Back-barrier layer was
simulated using Silvaco ATLAS simulator.

The drain current (Id) versus drain voltage (Vd) (output characteristic) for (a)-HEMTs and (b)-HEMTs.

At Vg = − 3.0 V, − 2.5 V, − 2.0 V, − 1.5 V, − 1.0 V, − 0.5 V and 0.0 V are shown in Fig. 1a and b respectively.

At Vds = 10 V and Vg = 0 V; we obtain a maximum drain current of 6200 µA/mm and 9300 µA/mm,
respectively for (a)-HEMTs and (b)-HEMTs. 

The use of a BGaN back-barrier layer, the resistivity of the buffer layer under the channel increases and
creates an electrostatic barrier, which prevents electron leakage from the channel to the substrate; then
the drain current increases.15

The transfer characteristic is shown in Fig. 3. we obtain a threshold voltage (Vth) of about −4.25 V and −
3.5 V, respectively for HEMT with and without BGaN back-barrier layer.

Fig. 4. Shows the transconductance (Gm) as a function of the gate-source voltage (Vgs), with a �xed
drain-source voltage (Vds) equal to 10 V, at room temperature. The maximum extrinsic transconductance
is 3168.8 µS/mm and 9002.3µS/mm, respectively without and with boron.

Fig. 5 shows the evolution of the logarithmic plot of the drain-source current (Ids) versus to the gate-
source voltage (Vgs), with a �xed drain-source voltage (Vds) equal to 10 V, at the room temperature. We
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use the logarithmic plot to calculate the Ion/Ioff ratio. For the (b)-HEMT with the back-barrier, the Ion = 10-

2.0 A and Ioff = 10-14.9 A resulting in an Ion/Ioff ratio of 1012.9.

The incorporation of boron in GaN increases the resistivity of the BGaN back-barrier layer and improves
the mobility of the carriers in the active layer; this layer makes the buffer layer more resistant so that the
leakage of electrons from the channel to the substrate becomes more di�cult, it serves as an
electrostatic barrier.

Where we notice that without the back-barrier (a)-HEMT, the Ion = 10-2.2 A and the Ioff =10-7.8 A resulting
in an Ion/Ioff ratio of 105.5 , so the (b)-HEMT exhibit an Ion/Ioff ratio better than the (a)-HEMT because of
the BGaN Back-barrier.We get an Ion / Ioff ratio that is almost 107.4 times larger for (a)-HEMT.

The sub-threshold swing (SS) is determined on the log (Ids) characteristic as a function of Vgs. It
corresponds to the gate-source voltage to be applied to reduce the drain current by one decade. It is
obtained for Vgs values close to the pinch, and is de�ned in mV/dec (variation of Vgs when Ids is divided
by ten).

Fig. 6a and b Shows the transfer characteristics: the drain-source current (Ids) as a function of gate
source voltage (Vgs) while the drain voltage was �xed at 2.0 V and 15.0 V, and the gate-source voltage
was swept from 0.0 V to -10.0 V.

The Drain Induced Barrier Lowering (DIBL) is an important parameter describing electrostatic integrity of
the High Electron Mobility Transistor (HEMT).

We calculate the Vth threshold voltage for two different values of Vds: 2.0 V and 15.0 V For without boron
; Vth = - 3.6 V and Vth = -3.8 V and with boron Vth = - 4.4 V and Vth = -4.8 V , respectively. Abs [ΔVth /
ΔVds] ratio corresponds to the DIBL. We obtain a DIBL of 15 mV/V, 30 mV/V without and with boron
respectively .

SSwith boron= ΔVgs/Δlog(Ids) = ΔVgs/dec = [-4.6+4.75]

V/dec = 0.150 V/dec = 150 mV/dec.

SSwithout boron = ΔVgs/Δlog(Ids) = ΔVgs/dec = [-3.5+3.6]

V/dec= 0.10 V/dec = 100 mV/dec.

Fig. 7a and b. Shows the gate-leakage current as a function of gate-source voltage, while the drain bias is
�xed at Vds=10.0 V and the gate source is swept from Vgs 0.0 V to - 10.0 V without and with BGaN .

For (a) HEMT device based on nitride materials. The gate-leakage current is invariant with the gate bias,
the device offers a gate leakage only of 9.10-7 A at 0.2 V gate bias.
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For the (b)-HEMT with the back-barrier, the gate-leakage current is invariant with the gate bias, the device
offers a gate leakage only of 7.10-35 A at -0.2 V, where we notice that with the back-barrier (b)-HEMT, the
gate leakage only of 7.10-35A. This extremely low value is evident to indicate the high quality of the
device

The frequency device performance is studied by small-signal AC analysis, the cut-off frequency (ft) and
the maximum oscillation frequency (fmax). We study the in�uents of a BGaN back-barrier on
characteristics RF of an high electron mobility transistor (HEMT). Fig. 8a and b shows two important
parameters in high frequency which are the cut-off frequency (ft) for which the modulus of the current
gain is equal to 1 (0dB) and the maximum oscillation frequency (fmax) for which the modulus of the
current gain is equal to 1 (0dB), at Vgs = 0 V and Vds = 10V. the (ft)without Boron of 102.25 GHz , the (fmax)

without Boron of 878.5 GHz and the (ft) with Boron of 117.5 GHz , the (fmax) with Boron of 995.2 GHz respectively.

When the boron added , the BGaN ternary compound becomes more resistive and opposes better the
leakage of the charge carriers towards the substrate.

Table.2 The most important results found are summarized.

Device’s characteristics of HEMT HEMT
AlGaN/InGaN

HEMT
AlGaN/InGaN/B0.03Ga0.97N

Drain current Ids ( µA/mm) 6200 9300

Threshold voltage Vth ( V ) -3.5 -4.25

Transconductance gm ( µS/mm ) 3168.8 9002.3

Drain Induced Barrier Lowring DIBL
(mV/V)

15 30

Sub-threshold Swing SS ( mV/dec ) 100 150

Gate-leakage current ( A ) 9.10-7 7.10-35

Ion/Ioff ratio 105.5 1012.9

Cut-off frequency ft (GHz) 102.25 117.5

Maximum oscillation frequency fmax( GHz
)

878.5 995.2

Conclusion
The In this article we presented the static and dynamic results obtained by AlGaN/InGaN HEMT on H4-
SiC substrate transistor simulation with and without B0.03Ga0.97N back- barrier layer analysis have been
performed using 3D SILVACO-TCAD software.
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The DC and AC properties were compared and investigated, our results allow us to conclude that device
performance continuously augment with of B0.03Ga0.97N back- barrier layer. It is found that the saturation
drain current , the peak transconductance , SS, DIBL, the cut-off frequency (ft), the maximum oscillation
frequency (fmax) and rapport ION/IOFF increases identically with B0.03Ga0.97N back- barrier layer.

It can be said that a layer of BGaN can be very resistive with only a few percent boron, which could be
very interesting for devices such as HEMTs, the proposed device structure is promising for high-
performance and high-speed applications.
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Figures

Figure 1

3D view of the AlGaN/InGaN and AlGaN/InGaN/B0.03Ga0.97N HEMTs
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Figure 2

Output characteristic of Al0.1Ga0.9N/In0.2Ga0.8N (a)-HEMT and (b)-HEMTs.
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Figure 3

Transfer characteristics of AlGaN/InGaN and AlGaN/InGaN/B0.03Ga0.97N HEMTs.
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Figure 4

Transconductance of AlGaN/InGaN and AlGaN/InGaN/B0.03Ga0.97N
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Figure 5

Leakage current of the HEMT AlGaN/InGaN and HEMT AlGaN/InGaN/B0.03Ga0.97N and input
characteristic with Vds = 10.0 V.
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Figure 6

Transfer characteristic of (a)-HEMT and (b)-HEMT for different drain-source voltages (Vds = 2V, Vds = 15
V).
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Figure 7

Leakage current of (a)-HEMT and (b)-HEMT for input characteristic with Vds = 10.0 V).

Figure 8

Microwave characteristics ft of the studied a)-HEMT and (b)-HEMT and Microwave characteristics fmax
of the studied (a)-HEMT and (b)-HEMT .


