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1.1.1.1. IntroductionIntroductionIntroductionIntroduction
The superior properties of GaN-based heterojunction

materials have made AlGaN/GaN HEMTs promising
contenders for high-power, high temperature and
high-frequency applications[1]. While the conventional
Schottky AlGaN/GaN HEMTs still suffer from many
problems, such as large gate leakage current[2], low
breakdown voltage, current collapse[3], which may
constrain the power handing capacity of the transistors.

The thermal oxidation could improve the performance of
AlGaN/GaN heterostructure, reported in the previous
literatures[4-6]. In this article, we adopted this technique to
fabricate the AlGaN/GaN MOSHEMT, and investigated
systematically its electric characteristics. Our results show
that this simple and low cost technique could not only
effectively reduce leakage current and trap density, but also
significantly increase the breakdown voltage.

2.2.2.2. GeneralGeneralGeneralGeneral InstructionsInstructionsInstructionsInstructions
Experiments

The process of MOSHEMT was described as follows.
The AlGaN/GaN heterostructure was grown by MOCVD on
(0001) sapphire substrate. The mesa isolation was
accomplished by Inductive coupling plasma (ICP) etching.
Ti/Al/Ni/Au Ohmic contact was deposited by electron beam
evaporation (EBE), followed by rapid thermal annealing
(RTA) at 900℃ for 30s in N2 ambient. Then, the samples
were oxidized from 400℃ to 600℃ for 30min in pure O2

ambient, respectively. Finally, Ni/Au metal gate was formed
by EBE. With almost the same processing, except for the
thermal annealing of samples, a Schottky HEMT with
identical geometry was also prepared as a comparison. The
electric characteristics of both devices were measured by
Keithley 4200 Semiconductor Characterization System.
Results and discussion

The gate leakage current of MOSHEMT at different
oxidation temperatures and Schottky HEMT was shown in
Fig.1. The reverse gate leakage current of the MOSHEMT at

the oxidation temperature of 450℃ shows the lowest value,
which is four orders of magnitude lower than that of the
Schottky HEMT at Vgs=-10 V.

Fig. 1 the gate leakage current of MOSHEMT at different
oxidation temperatures and Schottky HEMT as a function of gate
voltage

Fig. 2 Typical C-V characteristics of MOSHEMT (oxidized at
450℃)(a) and Schottky HEMT (b) measured at 1MHz, 100kHz
and 10kHz
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The typical C-V characteristics of the Schottky HEMT
and MOSHEMT at 1MHz, 100KHz and 10KHz frequency
were shown in Fig.2. In Fig.2 (b), a strong frequency
dispersion of the Schottky structure capacitance is observed.
While for the MOS structure, shown in Fig.2 (a), there is no
noticeable frequency dispersion, which indicates a
significant reduction of the interface trap of the MOS
structure after the thermal oxidation. The trap density,
according to the eq. (1)[7],

(1)

was reduced by 80% for MOSHEMT, comparing to
Schottky HEMT.

Fig. 3 Measured I-V output characteristics of the MOSHEMT
(oxidized at 450℃) and the Schottky HEMT

Fig. 4 Measured transfer and transconductance characteristics of
the MOSHEMT (oxidized at 450℃) and the Schottky HEMT

Fig. 5 the breakdown properties of MOSHEMT (oxidized at 450℃)
and Schottky HEMT, at pinch-off state

The drain–source current (IDS) as a function of the
drain–source voltage (VDS) of the Schottky HEMT and

MOSHEMT is shown in Fig.3. At a Vgs of 0V, the saturation
drain current of MOSHEMT is 398mA/mm, which is 11%
higher than that of the Schottky HEMT, 357mA/mm.

The measured transfer characteristic and
transconductance versus VGS at VDS =5V are shown in fig.4
for Schottky HEMT and MOSHEMT. The maximum
transconductance in the MOSHEMT is 122mS/mm, and the
threshold voltage is -3.34V. While for the Schottky HEMT,
the maximum transconductance is 106mS/mm, and the
threshold voltage is -3.25V. The threshold voltage almost
maintains the same characteristics.

Both devices’ pinch-off (with gate voltage of -6V)
breakdown voltage was measured, as shown in Fig. 5.
MOSHEMT has an 425V breakdown voltage, which is
almost four times that of the Schottky HEMT, 110V. The
almost four-times increase in Vbr, coupled with a higher gm,
indicates MOSHEMT’s greatly enhanced power handling
capability than the Schottky HEMT.

3.3.3.3. ConclusionsConclusionsConclusionsConclusions
In summary, the electric properties of AlGaN/GaN

MOSHEMT with thermal oxidization in O2 ambient was
investigated, which demonstrates four orders of magnitude
lower reverse gate leakage current, 80% lower interface trap
density, and four times higher breakdown voltage as
compared to its conventional Schottky HEMT counterpart.
Furthermore, this MOS HEMT exhibits higher saturation
drain current and peak transconductance. All the results
show that AlGaN/GaN MOSHEMT with this simple and
low cost processing, thermal oxidation, has a great potential
for high power microwave power amplifier applications.
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