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Experimental Drift Velocity Field in Transistor Devices
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An experimental study has been carried out for the velocity field characteristics of AlGaN on
AlN/sapphire templates. A pulsed voltage input combination with a four-point measurement technique
has been used to determine the drift velocity of electrons as a function of the applied field. Compar-
ative data with earlier templates shows that a device performance depends on low-field mobility and
saturated drift velocity.
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1. Introduction

High electron mobility transistors, HEMT, fabri-
cated from AlGaN/GaN heterostructures are good
nominees for microwave power devices. In these
heterostructures, the polarization fields occur differ-
ently between the upper layer and the lower layer.
The strain from the shape of the structure in one
or both layers enhances an added built-in field due
to the piezoelectric effect. The discontinuity in
the normal electric field at the heterointerface pro-
duces a significant sheet carrier concentration cross-
ing the AlGaN side of the interface. In addition, this
discontinuity in the electric field can lead to higher
carrier densities than in other conventional devices.

Thus far, high velocity and high thermal conduc-
tivity have been expected from high power semi-
conductor devices. The AlGaN/GaN structure at-
tributes middling values of carrier heating to high
velocity and high thermal conductivity. To per-
ceive the expected characteristic values, the mea-
surements of the velocity-field characteristics on
these structures have to be given by comparative
studies. However, each of the published reports
apparently has not admitted the drift velocity for
this heterostructure. In this work, we provide
an accurate experimental setup and characteristic
values for multilayer devices in order to optimize
their design.

2. Heterostructure material

The device epilayer structure has been grown
with a 3 µm thick AlN buffer layer over basal
plane sapphire substrates, using a growth proce-
dure reported in [1]. The channel AlGaN layer
was undoped and 0.6 µm thick. The aluminum
alloy composition and the thickness of the barrier

layer for this study were at 85% and 270 Å, respec-
tively. The gated and ungated multilayer struc-
tures with identical geometry intended for pulse
measurement have formed on the undoped bar-
rier samples using the standard photolithography
and liftoff processing. After the mesa-reactive ion
etching, Zr/Al/Mo/Au contacts have deposited and
annealed at the related temperature. To com-
plete the wafer pattern, subsequently, Ni/Au gates
were formed.

3. Setup and experimental procedure

Figure 1 shows the epilayer structure and device
geometry. The abbreviation used for the device is
AlxGa1−xN/AlyGa1−yN/AlN/GaN/Sapphire. To
confirm that the device fabrication is acceptable
for the measurements, TLM sheet resistances of
the fabricated structure are well matched so that
they correspond well with the value measured by
the current measurement techniques.

All measuring devices are tested in the wafer
form by probing. The experimental setup is shown
in Fig. 2. For the measurement, a four-point
measurement system was organized in the lab.

Fig. 1. Epilayer structure and the device
geometry.
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Fig. 2. Experimental setup.

The pulse setup is the first experimental predic-
tion for this type of structure. In [2], Barker
et al. have used a similar technique to measure
typical bulk GaN test structures. To measure
the high field transport properties of the 2DEG in
the AlGaN/GaN heterostructure, the sample has
been subjected to a pulsed voltage input. Due
to the intrinsic nature of the pulse measurements,
the voltage has been applied from outer probes
to prevent transient heating. After monitoring
the voltage dropping across the probe, one can cal-
culate the current through the device. To prevent
the high current failure on the device, the high-
resistance environment is used to monitor the out-
puts for measurements, e.g. an oscilloscope mon-
itoring. The measurement has also been con-
structed for elevated temperatures. The tempera-
ture’s increase and decrease have been observed by
a thermocouple.

In [3–5], von Müench et al. have developed
the same conductance technique for the experiment.
Using the measured voltage and current, the drift
velocity can be obtained with v = I/(2 qwnt).
The current I is the current flowing through a re-
gion with the width w and thickness t while n is
the electron density, and q is the electronic charge.
As it can be observed, an accurate determination
of the drift velocity involves a precise knowledge of
the device dimensions. Therefore, the measurement
exactly depends on how the device, both gated and
ungated, is assembled. The electric field is calcu-
lated from the voltage drop across the closest con-
tacts, and the resistance between the closest con-
tacts. In an ideal case, the cross-section and physi-
cal composition are uniform within the sample, and
the electric field and current density are both par-
allel and constant everywhere. The resistance for
an ideal case material is expressed as R = ρt/A.
The device in our construction has no uniform
pattern, hence the resistivity depends on struc-
ture. Furthermore, the current shows an anisotropic
flow, therefore the device shape becomes significant.
For our assembling device, the resistance between
the closest contacts with a shape-related correction
has been expressed as

Rend =
ρ

t
log
(
I +

s

w

)
, (1)

where ρ is the resistivity of the epilayer, t is
the thickness, s the spacing between the devices,
and w is the width of the device. We believe
that the expression for resistance in [4] also has
meaningless unity (after unit analysis), but it was
given with some correction to the measuring device.
In the measuring device, the channel 3 counts up
the resistance with respect to the inner resistance.

4. Discussion of the outcomes

The DC pulse measurement has been carried out
after configuring the experiment in the lab. Figure 3
shows the comparison of the drift velocity outcomes
obtained for several geometries. The graph depicts
the data associated with experiments and calcula-
tions given by references. This work and the data
of Ardaravičius et al. [6] show the experimental re-
sult which clarifies the similarity with the calculated
data. Our electron drift velocity data has been fit-
ted with the empirical value of drift velocity

v =
µE[

1 +
(
µE
vs

)σ]1/σ . (2)

In the fitting equation (2), v is the electron velocity,
E is the electric field, µ is the mobility, vs is the elec-
tron saturation velocity, and σ is a dimensionless
fitting parameter. Preliminary observations of dif-
ferent data are comparable to each other. The high-
est drift velocity field achieved in the dataset is
≈ 150 kV/cm. A sharp current transient can be ob-
served above this value.

The drift velocities given experimentally are lower
than the predicted simulation values. The explana-
tion is twofold. Firstly, the electron drift velocity
measured with a particular substrate device is con-
siderably lower than that of the device previously
reported with a GaN material. Secondly, the max-
imum electron drift velocity decreases after a lim-
iting value of the electric field. Our data also con-
firms this implication. We assumed that the elec-
tric field is enhanced near the drain and reduced
near the edge of the source due to variation in den-
sity. The inhomogeneity can also be explained by
the fact that the discontinuity between the two sides
of the heterojunction occur by the carrier layer. For
the inhomogeneity, Kachorovskii et al. [7] have sug-
gested some kinetic instability through the sample
for heterojunction. In other words, if the current
flows through the carrier layer at high fields where
the velocity field curve is non-linear, the instabili-
ties can be caused by the electrostatics of this field
discontinuity. Thus, the current conservation has
always been maintained [8].

Another important observation based on
the graph is that after an electric field limit-
ing value, the drift velocity values have been
distributed without the loss of generality. Unfortu-
nately, we are unable to decide whether the point
is a high electric field limiting point or not. Less
than 150 kV/cm in electric field, the drift velocity
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Fig. 3. The experimental and calculated drift
velocities for some constricted geometries.

shows a linear behavior for all the devices and
also for the references. Remarkably, all data at
the electric field, ∼ 80 kV/cm, show the same value
of drift velocity: ∼ 2.5× 10−7 cm/s. If 80 kV/cm
is a limiting value of the electric field, it needs to
be explained clearly.

5. Results

In combination with theoretical efforts, we have
attempted the experimental measurement of elec-
tron velocity as a function of the electric field on an
advanced AlGaN/GaN device. We have based our
conclusions on comparison. First, the peak electron
velocity remains the same for all data values, sec-
ond, the electron drift velocity of the AlGaN/GaN
device is significantly lower than in the previously

reported devices of the GaN material in which there
is no heterostructure constructed. Third, the max-
imum electron drift velocity decreases after a lim-
iting value of the electric field. Fourth, all data
in a region with a weak electric field (where it is
less than the limit value) show a linear behavior on
the drift velocity, as it has been be observed. Last,
after a limiting value of the electric field, the veloc-
ity values are scattered without losing generality.
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