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Low-field mobilities for electrons in the channel of an Al0.15Ga0.85N/GaN heterostructure field-effect
transistor are derived from direct current transistor characteristics. The dependencies of mobility on
gate bias, sheet carrier concentration, and temperature are obtained. For negative gate bias voltages,
mobility is found to increase monotonically with increasing sheet carrier concentration, which we
interpret as a consequence of increased screening of carrier scattering. For positive gate bias
voltages, mobility is found to decrease with increasing gate bias due to the onset of parallel
conduction in the AlGaN barrier layer. The mobility varies approximately as T 2 a with a
'1.6– 1.8 for temperature ranging from 200 to 400 K, indicating that phonon scattering is dominant
in the two-dimensional electron gas in this temperature range. © 1999 American Institute of
Physics. @S0003-6951~99!01225-5#

Sheet carrier concentrations and their vertical distribution within the HFET structure were obtained as a function
of gate bias voltage by capacitance–voltage (C – V) profiling. Figure 1~a! shows the C – V characteristic measured between the gate and source of a HFET with a 50 mm3100 mm
gate; the sheet carrier concentration derived from the C – V
curve is shown by the solid line in Fig. 1~b!. A threshold
voltage of 22.1 V is obtained. The plateau in capacitance at

III–V nitrides have attracted intense interest recently for
applications in high-temperature, high-power electronic devices operating at microwave frequencies. Great progress has
been made in recent years to improve the characteristics of
nitride heterostructure field-effect transistors ~HFETs!.1–4
However, detailed characterization of electron transport is
crucial for further design and optimization of these devices.
In this letter, we present detailed measurements of low-field
mobility in the channel of an Al0.15Ga0.85N/GaN HFET. The
dependence of mobility on gate voltage, sheet concentration
and temperature is derived from direct current ~dc! current–
voltage transistor characteristics. Possible mechanisms for
the observed dependence of mobility on these factors are
investigated.
The Al0.15Ga0.85N/GaN heterostructure employed in
these studies was grown by metalorganic chemical vapor
deposition ~MOCVD! on a sapphire substrate, and consisted
of a 150-Å-thick AlN buffer layer, a 5 mm nominally undoped GaN buffer layer, followed by a 100 Å nominally
undoped Al0.15Ga0.85N spacer layer, and finally a 300 Å Sidoped Al0.15Ga0.85N layer with n;231018 cm23. The piezoelectric effect5 combined with intentional doping in the
Al0.15Ga0.85N barrier layer contribute to the formation of a
two-dimensional
electron
gas
~2DEG!
at
the
Al0.15Ga0.85N/GaN interface. Transistor structures were fabricated with Pt/Au as the gate metal, and Ti/Al/Pt/Au for the
ohmic source and drain contacts. Ohmic contacts were annealed at 800 °C for 60 s. Measurements were performed on
large-area transistors, with gate lengths of 50 mm and gate
widths ranging from 50 to 150 mm; the source series resistance is estimated to be less than 5 V mm.

FIG. 1. ~a! Measured ~solid line! and simulated ~circles! capacitance–
voltage characteristic between the gate and source of an Al0.15Ga0.85N/GaN
HFET with a 50 mm3100 mm gate. ~b! Simulated sheet carrier concentration in the 2DEG (triangles1dashed line) and the AlGaN layer
(solid squares1dashed line), and the total sheet concentration ~open circles
1dashed lines!. Simulated values are in good agreement with the measured
total sheet carrier concentration ~solid line!.
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FIG. 2. Electron drift mobility derived from dc transistor characteristics in
an Al0.15Ga0.85N/GaN HFET with a 50 mm3100 mm gate as a function of
gate bias ~line!, and fitted mobility values assuming the existence of parallel
conduction in the AlGaN layer ~circles!.

negative gate bias voltages corresponds to the carriers in the
2DEG located at the Al0.15Ga0.85N/GaN interface. The concentration of carriers in the 2DEG is 3.131012 cm22 at V g
50 V. This is relatively low compared to carrier concentrations that have often been reported for AlGaN/GaN HFETs;3
we attribute this difference primarily to low dopant concentrations and the relatively low Al concentration in our sample
structure. For positive gate bias voltages, a rapid increase in
capacitance with increasing V g occurs, indicating that the
carrier distribution has shifted toward the Schottky contact.
Numerical simulations of capacitance and sheet carrier concentration have been performed using a one-dimensional
Poisson/Schrödinger solver.6 As shown in Figs. 1~a! and
1~b!, the simulated capacitance and total sheet carrier concentration, when a thickness of 330 Å and doping level of
1.831018 cm23 are assumed for the Al0.15Ga0.85N barrier
layer, are in excellent agreement with measured values. The
simulated carrier distributions between the 2DEG and
Al0.15Ga0.85N layer confirm that substantial spillover of carriers into the Al0.15Ga0.85N layer occurs for V g >0 V, resulting in an increase in gate-source capacitance.
Mobilities were derived from dc transistor characteristics
in the following manner. At small drain bias V D , the conductance between source and drain can be approximated as7
g D5

W
ID
5q m n s ,
VD
L

~1!

where I D is the drain current, q the electron charge, m the
mobility of the electrons in the channel, n s the total sheet
carrier concentration, and W and L the width and length of
the gate, respectively. Low-field mobilities can be derived
from measurements of g D and n s . The results for V D
550 mV are shown in Fig. 2 as a function of V g . The mobility values range from 420 to 1100 cm2/V s, which are
comparable with reported values of Hall mobility for an
Alx Ga12x N/GaN heterostructure.8,9
For positive gate bias, mobility decreases with increasing gate bias; we attribute this decrease to spillover of electrons into the Al0.15Ga0.85N layer, which provides a parallel
conduction path in addition to the 2DEG. In this case, the
total mobility and sheet carrier concentration are given by

m 5 ~ n 2DEGm 2DEG1n AlGaNm AlGaN! /n s ,
n s 5n 2DEG1n AlGaN ,

~2!
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FIG. 3. Experimental ~solid circles! and calculated ~solid line! mobility as a
function of sheet carrier concentration in the 2DEG at 300 K. The calculated
mobilities associated with individual scattering are shown by dashed lines.

where n 2DEG and n AlGaN are the sheet carrier concentrations
in the 2DEG and in the Al0.15Ga0.85N layer, respectively.
Given the values for n 2DEG and n AlGaN obtained from the
simulations described above, the measured mobility for positive gate bias has been fitted using Eq. ~2! with m 2DEG and
m AlGaN as fitting parameters. The open circles in Fig. 2 correspond to calculated mobility values for m 2DEG51100
620 cm2/V s and m AlGaN5100620 cm2/V s. The good
agreement between the measured and fitted mobilities suggests that parallel conduction in the Al0.15Ga0.85N layer is the
dominant reason for the reduction in mobility with increasing V g for positive gate bias. Intersubband and interface
roughness scattering10 may also be expected to contribute to
mobility changes in this regime.
In the region of negative gate bias in Fig. 2, the change
in mobility is attributed primarily to the change in sheet carrier concentration in the 2DEG. The solid circles in Fig. 3
show mobilities measured at 300 K as a function of sheet
carrier concentration in the 2DEG, which is derived by converting the negative gate bias into sheet carrier concentration. The mobility increases substantially with increasing
sheet carrier concentration, then eventually saturates for n
>231012 cm22. This dependence is similar to that observed
for the mobility in the 2DEG at an AlGaAs/GaAs heterojunction at relatively low temperatures.11 We have calculated
the mobility in our device taking into account the carrier
scattering by remote donors in the barrier layer, background
residual ionized impurities in the GaN layer, acoustic
phonons,12,13 polar optical phonons14 and threading
dislocations.15 The mobility limits associated with each scattering mechanism are shown in Fig. 3 together with the total
mobility determined by Matthiessen’s law. The densities of
dislocations and ionized impurities are assumed to be 4
3108 cm22 and 231017 cm23, respectively. Although there
is a difference in the magnitude between the calculated and
measured mobilities, the calculated and measured dependences of mobility on carrier concentration are in good
agreement. At low sheet carrier concentrations, scattering by
dislocations and ionized impurities is important. With increasing sheet carrier concentration, scattering by these
mechanisms is reduced due to screening, and polar optical
phonon scattering gradually becomes dominant.
The dependence of mobility on temperature has also
been investigated. Figure 4 shows the mobility at sheet carrier concentrations of 831011 and 2.631012 cm22 as a function of temperature. As shown in Fig. 4, the mobility de-
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consequence of increased screening of scattering by ionized
impurities and dislocations with increasing sheet carrier concentration in the 2DEG. The mobility is found to decrease
monotonically with increasing temperature, and varies as
T 2 a with a '1.6– 1.8 for temperatures ranging from 200 to
400 K.
Part of this work was supported by BMDO ~Dr. Kepi
Wu! monitored by USASMDC. One of the authors ~E.T.Y.!
would like to acknowledge financial support from the Alfred
P. Sloan Foundation.
FIG. 4. Mobility at sheet carrier concentrations of 831011 cm22 ~solid
circles! and 2.631012 cm22 ~open squares! as a function of temperature.
1

creases monotonically with increasing temperature for
temperatures ranging from 100 to 500 K. For temperatures of
200–400 K, the mobility varies approximately as T 2 a , with
a 51.8 for a sheet carrier concentration of 2.631012 cm22,
and a 51.6 for a sheet carrier concentration of 8
31011 cm22; this behavior suggests that phonon scattering is
the dominant scattering mechanism at high temperature, in
agreement with a number of previous studies.13,14 The reduced dependence of mobility on temperature for the lower
carrier concentration suggests that scattering by dislocations
and defects is more significant for lower carrier concentrations, consistent with the calculations shown in Fig. 3.
In summary, we have measured the low-field mobility of
electrons in the channel of an Al0.15Ga0.85N/GaN HFET by
analysis of dc transistor characteristics. The measured mobility is found to decrease with increasing gate bias for positive
gate bias voltage; detailed comparison between experimental
results and numerical simulations indicates that this is a consequence of parallel conduction in the Al0.15Ga0.85N layer.
For negative gate bias voltage, the mobility is found to increase with increasing gate bias, which we interpret as a
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