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Abstract: The influence of annealed ohmic contact metals on the electron mobility of a two dimensional electron
gas (2DEG) is investigated on ungated AlGaN/GaN heterostructures and AlGaN/GaN heterostructure field effect
transistors (AlGaN/GaN HFETs). Current–voltage (I–V) characteristics for ungated AlGaN/GaN heterostructures
and capacitance–voltage (C–V) characteristics for AlGaN/GaN HFETs are obtained, and the electron mobility for
the ungated AlGaN/GaN heterostructure is calculated. It is found that the electron mobility of the 2DEG for the
ungated AlGaN/GaN heterostructure is decreased by more than 50% compared with the electron mobility of Hall
measurements. We propose that defects are introduced into the AlGaN barrier layer and the strain of the AlGaN
barrier layer is changed during the annealing process of the source and drain, causing the decrease in the electron
mobility.
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1. Introduction

AlGaN/GaN HFETs have been the subject of intense in-
vestigation due to their importance in microwave and high
temperature/high power applications[1, 2]. It has been shown
that annealed ohmic contact metals have an influence on the
polarization of the AlGaN barrier layer[3]. To date we have
not seen any reports of whether annealed ohmic contact met-
als have an influence on the mobility of the 2DEG or not.
Because the mobility of the 2DEG is crucial to the ultimate
performance of AlGaN/GaN HFETs, and, during the device
processing, ohmic contact metals are annealed to form source
and drain ohmic contacts, it is important to investigate the
influence of annealed ohmic contact metals on electron mo-
bility of the 2DEG in strained AlGaN/GaN heterostructures.
In this work, the influence of annealed ohmic contact met-
als on electron mobility of the 2DEG was investigated us-
ing Hall measurement results, I–V characteristics for ungated
AlGaN/GaN heterostructures and C–V characteristics for
AlGaN/GaN HFETs.

2. Experiment

The AlGaN/GaN heterostructure layer employed in this
study was epitaxially grown by metal organic chemical va-
por deposition (MOCVD) on a (0001) sapphire substrate. The
structure consisted of a 40 nm AlN nucleation layer, followed

by a 3 µm undoped GaN layer and a 21.5 nm thick undoped
Al0.3Ga0.7N layer. Hall measurements indicated a sheet carrier
density of around 1.36 × 1013 cm−2 and an electron mobil-
ity of 1200 cm2/(V·s) at room temperature. For the ungated
AlGaN/GaN heterostructure, the source and drain ohmic con-
tacts were formed by depositing Ti/Al/Mo/Au using e-beam
evaporation and lift-off. As shown in Fig. 1(a), the source re-
gion was circular with a diameter of 100 µm and the drain was
a ring with an inside diameter of 300 µm and an outside di-
ameter of 420 µm. These contacts were annealed at 850 ◦C for
30 s in a rapid thermal annealing system. Using transmission
line method patterns, the specific resistivity of the source and
drain ohmic contacts was measured to be 2 × 10−5 Ω·cm2. For
the AlGaN/GaN HFET (see Fig. 1(b)), a Ni/Au (60 nm/200
nm) ring Schottky contact with an inside diameter of 180 µm
and an outside diameter of 220 µm was deposited in the space
of the source and drain by e-beam evaporation. C–V mea-
surements for the AlGaN/GaN HFET were performed at room

Fig. 1. Structure diagram of (a) ungated AlGaN/GaN heterostructures
and (b) AlGaN/GaN HFETs.
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Fig. 2. Measured C–V curve at room temperature for the AlGaN/GaN
HFET.

temperature using an Agilent 4284A at 10 kHz frequency.
I–V measurements for the ungated AlGaN/GaN heterostruc-
ture were performed at room temperature using an Agilent
4156C semiconductor parameter analyzer.

3. Results and discussion

Figure 2 shows the C–V curve of the AlGaN/GaN HFET
(see Fig. 1(b)), which was obtained using the source con-
tact and the Ni Schottky contact. Integrating the C–V data
yields the charge within the 2DEG versus voltage, and the
threshold voltage is then determined to be –2.8 V by linear
extrapolation[4]. The 2DEG sheet carrier concentration under
the Ni Schottky contact can be calculated by[5]

n2D =

∫ 0

VT

CdV
S q
, (1)

where C is the measured capacitance between the source
ohmic contact and the Ni Schottky contact, VT is the thresh-
old voltage, q is the electron charge and S is the Ni Schottky
contact area. It should be indicated that the 2DEG density cal-
culated by Eq. (1) corresponds to the gate at zero bias. How-
ever, the difference between the 2DEG density calculated by
Eq. (1) and the 2DEG density of the AlGaN/GaN HFET with
floating gate could be neglected due to the fact that there is no
external bias between the source and the gate. Therefore, the
calculated result yields a sheet carrier concentration of 1.12 ×
1013 cm−2 for the AlGaN/GaN HFET. The electron drift mo-
bility of the 2DEG in the ungated AlGaN/GaN heterostructure
(see Fig. 1(a)) was calculated as[5]

µn =

IDS ln
r2

r1

2πqn2DVDS
, (2)

where n2D is the 2DEG electron density, IDS is the current
flowing from drain to source in the linear region of the un-
gated AlGaN/GaN heterostructure, VDS is the applied low
voltage between drain and source, and r1 and r2 are the
centric radius and the inner radius of the ring ohmic con-
tact. The I–V characteristic for the ungated AlGaN/GaN het-
erostructure was measured and is shown in Fig. 3. The value

Fig. 3. Measured I–V curve at room temperature for the ungated Al-
GaN/GaN heterostructure.

of 0.5728 mA, which is the measured current IDS with a
source–drain voltage of 100 mV, is used to calculate the elec-
tron mobility of the 2DEG.

The annealed ohmic contact metals weaken the polariza-
tion of the AlGaN barrier layer and the weakened polarization
decreases the 2DEG electron density in the channel[3]. As a
consequence, the 2DEG electron density of the ungated Al-
GaN/GaN heterostructure is less than the original Hall mea-
surement result. Furthermore, when the Ni Schottky contact is
deposited on the strained AlGaN/GaN heterostructure, some
2DEG electrons under the Ni Schottky contact are extracted to
the void surface donor states[6]. Therefore, the 2DEG electron
density of the ungated AlGaN/GaN heterostructure (Fig. 1(a))
is more than that of the AlGaN/GaN HFET (Fig. 1(b)). As a
result, the value of the 2DEG electron density for the ungated
AlGaN/GaN heterostructure is less than 1.36 × 1013 cm−2 and
is larger than 1.12 × 1013 cm−2. In addition, the 2DEG density
of the ungated AlGaN/GaN heterostructure is uniform along
the channel without external bias due to the diffusion of 2DEG
electrons[6] and the influence of the 100 mV source–drain bias
on the distribution on 2DEG electrons can be neglected. There-
fore, using Eq. (2) and the values of the 2DEG electron density
obtained by the Hall measurement (1.36 × 1013 cm−2) and that
of the AlGaN/GaN HFET obtained by Eq. (1) (1.12 × 1013

cm−2), respectively, we determine the electron drift mobility
of the 2DEG in the ungated AlGaN/GaN heterostructure to be
between 460 and 560 cm2/(V·s).

The Fermi level of the AlGaN/GaN heterostructure em-
ployed here is above the conduction band in the triangular
quantum well and the electrons in the 2DEG channel are a de-
generate system. For highly degenerate semiconductors, Hall
mobility is the same as the electron drift mobility[7], and there-
fore the Hall measurement results here are approximately the
same as the real 2DEG density and the electron drift mobil-
ity of our AlGaN/GaN heterostructure. In fact, it has been
reported that the electron drift mobility calculated from I–V
characteristics is comparable with Hall mobility for an Al-
GaN/GaN heterostructure[8, 9].

However, in this work, comparing the calculated results
(460–560 cm2/(V·s)) of the ungated AlGaN/GaN heterostruc-
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ture with the electron mobility obtained by Hall measurements
(1200 cm2/(V·s)), it is found that the value of the 2DEG den-
sity of the ungated AlGaN/GaN heterostructure shows only a
small change compared with that of the Hall measurement, but
the electron mobility is reduced by more than 50%. This can
be attributed to the annealing process of the source and drain.
During the annealing process, atoms from the ohmic contact
metals diffuse into the AlGaN barrier layer and some defects
are introduced into the barrier layer[3]. Because of defect scat-
tering, the 2DEG electron mobility is decreased compared
with the Hall measurement result. Furthermore, the strain of
the AlGaN barrier layer is changed[3] with the annealing of
the source and drain ohmic contacts, and the transverse in-
fluence distance is about 10 µm; therefore, the polarization
charge density is different between the regions near and far
away from the ohmic contacts in the AlGaN barrier layer. As
a result, there will be a gradient of polarization charge density
along the channel at the interface of AlGaN and GaN near the
source and drain ohmic contacts, respectively, which greatly
degrades the 2DEG electron mobility[5]. In addition, the exis-
tence of polarization charge density gradient and the uniform
2DEG density along the channel result in different surface po-
tential along the channel. Further research should be under-
taken into the relationship between the strain of the AlGaN
barrier layer caused by the annealing of the source and drain
ohmic contacts and the 2DEG electron mobility.

4. Conclusion

The influence of annealed ohmic contact metals on elec-
tron mobility of the 2DEG has been investigated on an ungated
AlGaN/GaN heterostructure and an AlGaN/GaN HFET. Using
Hall measurement results, I–V characteristics for the ungated
AlGaN/GaN heterostructure and C–V characteristics for the
AlGaN/GaN HFET, it is found that the electron mobility of
the 2DEG for the ungated AlGaN/GaN heterostructure is de-

creased by more than 50% compared with the electron mobil-
ity of the Hall measurements. During the annealing process of
source and drain ohmic contacts, some defects are introduced
into the AlGaN barrier layer and the strain of the AlGaN bar-
rier layer is changed, resulting in the decrease of the 2DEG
electron mobility.
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