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This paper discusses the effect of N2 plasma treatment before dielectric deposition on the electrical performance

of a Al2O3/AlGaN/GaN metal-insulator-semiconductor high electron mobility transistor (MISHEMT), with Al2O3

deposited by atomic layer deposition. The results indicated that the gate leakage was decreased two orders of magnitude

after the Al2O3/AlGaN interface was pretreated by N2 plasma. Furthermore, effects of N2 plasma pretreatment on the

electrical properties of the AlGaN/Al2O3 interface were investigated by x-ray photoelectron spectroscopy measurements

and the interface quality between Al2O3 and AlGaN film was improved.
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1. Introduction

The gate leakage current is an important factor
that limits the performance and reliability of conven-
tional high-power AlGaN/GaN high electron mobility
transistors (HEMTs).[1] Thus, a thin dielectric oxide
layer is often inserted between the gate metal and Al-
GaN barrier layer leading to the approach of the MOS
HEMT.[1−7] Among them, Al2O3 is considered to be
one of the potential candidates because of its relatively
high dielectric (high-k) constant and wide band gap.

However, due to the difficulty in preparing an
atomically cleaned surface before the deposition of
the dielectric layer, surface pretreatment is required.
Many works have reported how to improve the in-
terface properties using ammonia (NH3) pretreatment
before atomic layer deposition (ALD) of high-k mate-
rials on Si or Ge substrates.[8,9] However, there is no
report on atomic-layer-deposited Al2O3 on a plasma
pretreated AlGaN substrate.

In this work, the electrical performance of an
Al2O3/AlGaN/GaN metal-insulator-semiconductor
(MIS) HEMT with Al2O3 deposited on acid-cleaned
and N2 plasma-treated AlGaN surface is presented.
Then, in this work we also take C–V measurements

and an x-ray photoelectron spectroscopy (XPS) mea-
surement to study the impact of this technological
procedure on the interface quality between the Al-
GaN epilayer and the Al2O3 film.

2. Device fabrication

The schematic illustration of a cross-sectional
view of the fabricated device is shown in Fig.1. The
AlGaN/GaN heterojunction structure was grown on a
5 cm c-face sapphire substrate by metal-organic chem-
ical vapour deposition (MOCVD). This layer structure
consisted of a 1 µm thick undoped-GaN layer and a
25-nm Al0.3Ga0.7N barrier layer. Its measured room-
temperature Hall mobility and sheet carrier concentra-
tion, they were 1230 cm2/(V·s) and 1.0×1013 cm−2,
respectively.

Electrical isolation was made by forming a mesa
structure with inductively coupled plasma etching
with chlorine gas. In order to form the source and
drain ohmic electrodes, Ti/Al/Ni/Au were deposited
by electron beam evaporation and annealed by rapid
thermal annealing at 830 ◦C for 30s in nitrogen gas
ambient. Prior to the Al2O3 deposition, one of the
wafers was etched in HF :HCl : H2O = 1 : 1 : 8 solution
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Fig.1. A schematic cross-section of AlGaN/GaN

MISHEMT.

for 30s and pretreated by N2 plasma for 3min in an
inductively-coupled plasma chamber, while the other

wafer was only etched in the above solution for 30 s.
A 5 nm Al2O3 layer was deposited on two wafers at
300 ◦C. Ni/Au(20 nm/200 nm) was used for the gate
electrode fabrication.

3. Results and discussion

Figure 2 shows the output characteristics of
the AlGaN/GaN MISHEMT on each wafer with a
gate length Lg of 1 µm and a gate width Wg of
120 µm. The pinch-off voltage is consistently –5 V.
The drain current densities of the two devices are
790 and 815 mA/mm, the transconductance is 178
and 183 mS/mm, respectively. Biased at peak gm,
small-signal performance of MISHEMTs exhibits cut-
off frequencies (ft) of 10.26 GHz and 11.2 GHz, uni-
lateral gain cutoff frequency (fmax) of 16.05 GHz and
20.1 GHz, as shown in Fig.3.

Fig.2. The output characteristics of the MISHEMT device on each wafer.

Fig.3. Small-signal results of the device.
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In Fig.4, we show the gate leakage current for the
devices on the two wafers. Specifically, under a nega-
tive gate bias Vgs = −20 V, the gate leakage current
of the N2 plasma-treated device before Al2O3 deposi-
tion is as low as 2 µA/mm, which is approximately
two orders of magnitude smaller than that of the
acid-solution-etched device. The gate–drain break-
down voltage of the two devices was 64 and 81.6 V
at Ig = 1 mA/mm as shown in Fig.5, compared to the
conventional AlGaN/GaN HEMT with the identical
Lgd of 4 µm, which exhibits a breakdown voltage of
52 V.[10] This improvement in the breakdown voltage
is attributed to the reduction of the gate leakage cur-
rent by introducing the insulator between the AlGaN
layer and the Shottky gate. Figure 6 presents the C–V

characteristics measured at 1 MHz for gate capacitors
of the devices on the two wafers. It is evident that a
sharper rise is seen from depletion mode to accumu-
lation mode obtained from the MOS capacitor with
Al2O3 dielectric deposited on the acid solution etched
and N2 plasma treated AlGaN, compared to that ob-
tained on only the (HF+HCl)-cleaned AlGaN. This

Fig.4. Gate leakage current of the MISHEMTs.

Fig.5. Gate–drain breakdown characteristics.

indicates that the interface is much smoother and less
interface shows capture and release of electrons during
C–V measurements; the larger maximum capacitance
in accumulation (Cmax) (Cmax ∼ 36.9 pF vs 30.1 pF)
shows that the dielectric permittivity is much larger.
Hence the N2 plasma pretreatment before Al2O3 de-
position can effectively improve the interface property.

Fig.6. The 1 MHz C–V characteristics of a MOS ca-

pacitor.

In order to understand the effect of N2 plasma
pretreatment on the properties of the Al2O3/AlGaN
interface, we take x-ray photoelectron spectroscopy
(XPS) measurements on the samples. As shown in
Fig.7, for the acid-cleaned AlGaN surface, the inten-
sity of O1s is greater than that of the N2 plasma treat-
ment, while the intensity of Ga and Al is almost iden-
tical. The AlGaN epilayer is easily oxidized in air to
form the Al–O and Ga–O compounds, during the acid
treatment, the oxide of the AlGaN is partly removed,
while after the N2 plasma treatment, the oxidation of
the AlGaN surface is prevented effectively.
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Fig.7. XPS spectra of two AlGaN/GaN samples pre-

treated differently. (a) pretreated by HF+HCl solution,

(b) pretreated by HF+HCl solution and N2 plasma.

4. Conclusion

We have studied the effects of N2 plasma
pretreatment and HF+HCl solution etching before
Al2O3 deposition, on the output characteristics of
Al2O3/AlGaN/GaN MISHEMTs. Although there are
no obvious differences in the maximum output current
and transconductance, the gate leakage current of the
Al2O3/AlGaN interface after being pretreated by N2

plasma is two orders of magnitude lower than that
of the acid solution treated only. Moreover, the XPS
measurements indicate that N2 plasma pretreatment
can improve the interface quality.
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