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Abstract— in this work, we investigate electrical characteristics
of a novel gallium-nitride (GaN) based high electron mobility
transistor (HEMT) that its insulator layer is recessed into the
barrier and its barrier layer is recessed to the buffer layer at both
source and drain sides. The recessed region of the insulator layer
has the same length and thickness compared to those of the
recessed region of the barrier layer. We investigate main device
electrical parameters for instance drain current, threshold
voltage, maximum output power density, DC trans-conductance,
gate capacitance and cut off frequency (fr) by means of two
dimensional ATLAS software. According to the Simulation
results, insulator and barrier recess in the simulated structure
improves drain current, maximum DC trans-conductance (gm),
cut off frequency and maximum output power density compared
to the conventional transistor. The investigated device has less
gate capacitance than that in the conventional one. Also, the
proposed structure has a negative shift in the threshold voltage.

Keywords- GaN HEMT; Drain Current; Output Power Density;
DC Trans-Conductance; Gate Capacitance

I. INTRODUCTION

The In the last decade, gallium nitride (GaN) semiconductors
and their alloys (AlGaN, InGaN) have emerged as the most
promising materials in a wide range of applications.
AlGaN/GaN high electron mobility transistors (HEMTs) can
be applied in high-power and high-frequency purposes,
extensively. Because, these devices have excellent material
properties such as large band gap, high saturated electron
velocity, high breakdown electric field, strong spontaneous
and piezoelectric polarization fields, and good radiation
protection. AlGaN/GaN HEMTs application in high power
and high frequency circuits is more than AlGaAs/GaAs based
HEMTSs due to its superior material characteristics [1-7]. We
can change transistor Structure to enhance its electrical
characteristics. For instance, gate or channel recess in
MESFETs enhances their electrical features [8-10]. This
induces that recessed insulator and barrier may improve the
HEMT characteristics. In this research, we simulate the
electrical features in a HEMT structure with recessed insulator
and barrier at both source and drain sides. The recess length
and width of insulator to the barrier layer are equal to those of
barrier layer into the buffer. We investigate some electrical
parameters such as drain current, threshold voltage, maximum
output power density, maximum DC trans-conductance, gate
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capacitance and cut off frequency of the proposed structure
and compare to those in the conventional structure by means
of ATLAS simulator.

In section II, we clarify device structure in the new and
conventional transistors and the models applied in the
simulator. Tn section IIT, recessed insulator and barrier impact
on the drain current, threshold voltage, gm, gate capacitance
and cut off frequency of the proposed and conventional
devices are simulated and compared in details.

II. DEVICE STRUCTURES

Device structure of the conventional [3] and proposed
transistors are exposed in figures 1(a) and (b), respectively.
The dimensions of these two transistors are as follows: gate
length is Ly=0.5 um, gate to drain distance is Lgs=1 um, gate
to source distance is Lge=1 pm. The width of barrier and buffer
layers are Tp=22 nm and T¢=1.5 pum, correspondingly. The
insulator layer used in these transistors is SisNj that its
electrical parameters are declared in [12]. An Aly3,GagesN (n-
type) is applied for barrier layer that is doped heavily. An
inherent Ga-N is used in the buffer region. The recessed
insulator length (W>=0.2pum) and thickness (S=11nm) is equal
to the recessed barrier length (W;=0.2pm) and thickness
(P=11nm) at both source and drain sides. Hence, to get an
accurate judgment, the average barrier width of the
investigated transistor is alike to that in the conventional.
Also, in the proposed structure, Di=D>=1.4um and R=0.3um.
The schottky gate contact is nickel that its work function is
5.1eV. These two transistors are simulated and compared by
means of ATLAS device simulator [13]. To get further
accurate results, some models are activated in simulations, for
example, the ‘SRH’ model for Shockley—Read-Hall
recombination, the ‘fldmob’ model for parallel electric field-
dependent mobility [8], [14] and the ‘bgn’ model for band gap
narrowing.

The conventional device can be fabricated according to the
procedure in [15]. The substrate and GaN (buffer) of the
investigated transistor can be built by means of metal-organic
chemical vapor deposition (MOCVD) [15]. Barrier recess
region into the buffer layer can be generated by ion
implantation process. To decrease the ion implantation process
degradation, post annealing is necessary. Insulator recess
region into the barrier can be formed by means of patterning
recess location with PR in the barrier and sputtering the
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