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The high gate leakage of AlGaN/GaN HEMTs grown on sapphire/SiC substrates having x = 0.2,
AlGaN thickness of 30 nm, and zero drain-source bias was earlier explained using the thermionic
trap-assisted tunneling model. In the present work, we show that the same model can explain the
gate leakage in AlGaN/GaN HEMTs grown on silicon substrates, having aluminum compositions of
24%, 26%, and 31%, AlGaN thickness of 20 nm, and drain-source bias 共VDS兲 of 10 V,
over the gate-source voltages above threshold. © 2010 American Institute of Physics.
关doi:10.1063/1.3340826兴
The bandgap of GaN is higher than that of GaAs, and so,
the barrier height of the Schottky gate of AlxGa1−xN / GaN
HEMTs is higher than that of AlxGa1−xAs/ GaAs HEMTs.
However, the reverse gate leakage in AlxGa1−xN / GaN devices is much higher than that in AlxGa1−xAs/ GaAs
devices.1–3 Hence, modeling of this leakage in
AlxGa1−xN / GaN devices is important. The gate leakage is a
function of the barrier height of the Schottky gate, the field
beneath, and the quality of GaN and AlGaN layers. The
Schottky barrier height is a function of the Al composition;
the field beneath the gate depends on the device geometry
and the applied gate and drain biases; the quality of GaN and
AlGaN layers depend on the Al composition, substrate material 共SiC, sapphire, or Si兲 and growth conditions.
Earlier, we have proposed a model of the gate voltage
and temperature dependence of the reverse gate leakage of
AlGaN/GaN HEMTs.4,5 This model assumes thermionic
trap-assisted tunneling 共TTT兲 to be the leakage mechanism4
and takes into account the two-dimensional 共2D兲 field near
the gate edge.5 So far the model has been validated4,5 on
AlxGa1−xN / GaN HEMT grown on a sapphire substrate having a specific aluminum composition 共x = 0.2兲 and AlGaN
thickness 共30 nm兲, and drain-source bias.1 However, a good
model of the gate leakage should explain the gate leakage
behavior in a range of devices with different material compositions, device geometries, and bias conditions.
In the present work, we report the results of application
of our gate leakage model for three AlGaN/GaN HEMTs
grown on silicon substrates, having aluminum compositions
of 24%, 26%, and 31%, AlGaN thickness of 20 nm, drainsource bias 共VDS兲 of 10 V, and moderate to high gate-source
voltages 共VGS兲. All the three devices have the same dimensions as shown in Fig. 1 and their measured data were reported in Ref. 6. The following procedure is adopted for
every device.
The AlGaN layer doping was adjusted to the values
shown in Table I so that the threshold voltage extracted from
linear extrapolation of the simulated IDS-VGS curve of the
a兲
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device for VDS = 0.05 V matched the measured threshold
voltage. In this simulation, we assumed polarization charge
equal to measured 2-DEG concentration, unintentional GaN
doping of 1 ⫻ 1015 cm−3, and conduction band discontinuity
as per Anderson rule, and interpolated the electron affinity
and bandgap for a given aluminum composition from those
of GaN and AlN. Next, setting VDS = 10 V for each value of
VGS, the conduction band profile and electric field along the
vertical 共gate to substrate兲 direction are simulated using ATLAS 2D at several points over the gate length. The number
of points chosen is considered sufficient, if any increase in
this number does not cause a change in the current calculated
in the final step. More points are chosen near the edges than
in the middle of the gate to accurately capture the rapid
variations in the field, and hence the current density, at the
gate edges. The shape of the potential barrier formed by the
simulated conduction band profile 共at any of these points兲 is
nontriangular in shape 共see Fig. 2兲.
Some values of trap concentration Nt and trap energy t
are assumed as initial guess. The tunneling current densities
through the simulated potential barriers at various points
along the gate length are calculated using MATLAB based on
the following TTT equation4 applicable for an arbitrary
shaped barrier,
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FIG. 1. AlGaN/GaN HEMT structure with nonzero VDS used in Ref. 6 for
gate leakage measurements and in this work for simulation. Device dimensions are in microns. Doping in the source/drain region is assumed to be
1 ⫻ 1019 cm−3. Figure is not to scale.
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TABLE I. Measured and extracted parameter values in the present and an earlier work 共Ref. 3兲. The devices of the present work were grown on Si substrates,
had AlGaN thickness of 20 nm, and VDS = 10 V; the corresponding parameters of the device in the earlier work are SiC substrate, 30 nm, and 0 V.
Measured parameters

Extracted/calculated parameters

Al composition

VT
共V兲

2-DEG density
共cm−2兲

AlGaN doping
共cm−3兲

Trap energy t
共V兲

Trap density Nt
共cm−2兲

Barrier Height B
共V兲

0.24
0.26
0.31
0.20

⫺0.40
⫺1.29
⫺2.14
⫺2.50

3 ⫻ 1012
4.6⫻ 1012
7.4⫻ 1012
2.59⫻ 1012

1.8⫻ 1017
7.0⫻ 1017
2.0⫻ 1016
2.0⫻ 1018

0.90
0.91
1.10
0.845

8.0⫻ 1017
9.0⫻ 1017
6.0⫻ 1018
1.38⫻ 1016

1.60
1.64
1.75
1.52

This equation is the result of introducing the Fermi–Dirac
function f FD into the trap-assisted tunneling equation to incorporate the thermally activated electrons; Ct is the trap
energy dependent rate constant, P1 and P2 are the tunneling
probabilities based on WKB approximation for a two-step
tunneling process through the barrier, and locations xt, x1,
and x2 are defined in Fig. 3. The terms f FD, P1, P2, and Ct are
given by
f FD共x2兲 =
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integration and so is evaluated numerically. Finally, the gate
current is calculated by numerically integrating the current
density over the gate length. The tunneling along lines at an
angle to the gate edge is neglected5 because the electrons
have to go through the dielectric layer 共Si3N4 in our case兲
present near the gate edge, and thus encounter a high barrier.
The trap parameters Nt and t are adjusted to the values
shown in Table I to fit the calculated current to the measured
data.
Figure 4 shows that the fit between the calculated and
measured data is good over most of the VGS range, except at
low VGS 共below threshold兲 the reasons for which are unclear
at this time and need to be investigated. Table I shows that
the extracted values of Nt and t are realistic, but the values
of Nt in the present work are larger than those in our earlier
work.3 The latter is due to the different substrates used in the
two works. The devices in the present work were made on
silicon substrates, which introduce a larger lattice mismatch
in the layers grown over the substrate than sapphire substrates employed in the earlier work.1,4,5 Another notable observation is that the measured gate current increases with an
increase in aluminum composition, i.e., with increasing barrier height. This rules out direct tunneling, i.e., thermionic

Metal

Here mS and m M denote the effective mass of electron in
semiconductor and metal respectively; effective electron
mass is assumed to be a constant throughout the tunneling
process. Due to the presence of f FD, Eq. 共1兲 defies analytical
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FIG. 2. 共Color online兲 Simulated conduction band profile within the device
depicting the nontriangular shape of the gate potential barrier.

FIG. 3. Energy band diagram of a reverse biased metal semiconductor junction depicting TTT; t is the trap ionization energy, B is the barrier height,
and  = F + B is the bottom of the conduction band in metal. Locations x1,
x2, and xt are used as integration limits in TTT and DT model equations.
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current. Thus, TTT is indeed the more appropriate mechanism for gate leakage.
In conclusion, the present work has extended the validity
of the TTT model proposed earlier by us for the gate leakage
in AlGaN/GaN HEMTs, by considering devices with different substrates, aluminum compositions, and drain-source
bias.
One of the authors, Sudharsanan S., would like to thank
Dr. D. M. Sathaiya for helpful discussions.
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FIG. 4. 共Color online兲 Simulated 共lines兲 and measured 共points兲 currents for
the three devices reported in Ref. 6.

field emission 共TFE兲, as a possible mechanism of gate current transport since TFE decreases with increase in barrier
height. Also, the TFE current calculated taking into account
the edge field turns out to be much higher than the TTT
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