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The E ect of Plasma Anodization on AlGaN/GaN HEMT
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AlGaN/GaN high electron mobility transistors (HEMTs) were fabricated and the source and
drain regions of the HEMTs were plasma-treated and anodized to investigate the e ect of plasma
anodization. The anodization was executed in N2 O plasma by applying a bias of 20 V to the source
and drain region under illumination of deep UV for the activation of the AlGaN surface. The gate
leakage current of the HEMT decreased by two orders of magnitude after anodization. However, it
was not varied by plasma treatment which was the same as for the anodization process except for
the bias. Despite the reduction of gate leakage current, the threshold voltage was not varied and
the transconductance and drain saturation current were increased slightly by the anodization.
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II. EXPERIMENTS

I. INTRODUCTION

The advance of growth and fabrication techniques in
GaN-based semiconductors has led to very-high-speed
and high-power electronic devices [1{3].
However, several problems such as leakage current,
current collapse, and frequency dispersion have limited
the applications of GaN-based high electron mobility
transistors (HEMTs) [1,4]. These are mainly due to the
surface state of the device; plasma-deposited SiN and
SiO2 have been widely used as a passivation layer to solve
the problems, and the electrical characteristics were improved thereby [5]. AlN [6], Ga2 O3 [7], MgO [8] and
NiO [9] lms were prepared for better electrical performance of the devices, and wet chemical oxide growth of
GaN and AlGaN was examined as another solution [10,
11]. Together with, surface treatment and annealing was
applied to improve the device performance [1,12].
The plasma-anodization process was developed as a
useful method for growing a dielectric of Si, Al, Ge and
Ag, etc. [13{16]. During plasma anodization, the electric
eld assists the movement of oxidant, and this enhances
the growth of an oxide layer of these materials. However, the anodization of GaN and AlGaN surfaces has
not been reported, because of the limited oxidation due
to chemical and physical stabilities. Also, the e ect of
anodization on the electrical properties of the device has
not been reported.
In this paper, we report experimental results on the effect of plasma anodization of the surface on AlGaN/GaN
HEMT.
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To investigate the e ect of anodization on AlGaN/GaN HEMT, HEMTs with gate length of 1 m
and gate width of 100 m were fabricated by using AlGaN/GaN structures grown by metal organic chemical
vapor deposition (MOCVD) on c-plane Al2 O3 substrates
as shown in Figure 1. The Hall mobility and sheet carrier
density of the 2-dimensional electron gas (DEG) formed
on the AlGaN/GaN structure were 480 cm2 /Vs and 7.4
 1012 cm 2 , respectively.
The devices were fabricated on an active region de ned
by Cl-based inductively-coupled-plasma (ICP) etching.
As ohmic metals, Ti/Al/Ni/Au (250/1100/300/1200 
A)
metals were deposited and annealed at 900  C for 30 sec
in N2 ambient by using rapid thermal annealing. Ni/Au
gate contacts were formed on AlGaN for the HEMTs.
The electrical characteristics of the device were measured
and the source region was bonded by wire for anodization.
The area of the exposed source and drain region was
1600 m2 , and it was electrically wired to a positive
power supply outside of the process chamber in the con-

Fig. 1. Structure of the fabricated and wired AlGaN/GaN
HEMT.
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Fig. 2. Schematic diagram showing the electrical connection to anodize the device.

guration shown in Figure 2. The anodization process
was executed in a chamber containing oxygen plasma
which was generated by using N2 O gas by the inductive
coupling method to remove the self-bias e ect on the
substrate. During anodizing, UV light was illuminated
by using a D2 lamp with a power of 150 W to excite the
surface of AlGaN. Also, the plasma treatment was done
on the sample without the application of bias, to investigate the e ect of the plasma. The prepared HEMT
was characterized and compared with the HEMT before
anodization.

Fig. 3. Minimum required bias to ow positive current
into the substrate at chamber pressure. RF power is 10 W,
and UV lamp power is 150 W.

III. RESULTS AND DISCUSSION

In anodic oxidation, oxygen ions of the plasma are
combined with substrate atoms at the surface at a lower
temperature than in thermal oxidation, and successive
oxidation takes place by moving the oxidant across the
grown layer by the electric eld force. Because of the
physical and chemical stabilities, GaN and AlGaN do
not react with oxygen or oxygen ions at room temperature. However, the UV illumination helps the reaction
by exciting the atoms at the surface. When a positive
bias is applied to the substrate, the energy band of the
AlGaN surface is bent upward and the degree of bending is increased with the bias. Then, a potential well
for holes is formed in the AlGaN surface. The UV illumination generates electron-hole pairs near the surface
of AlGaN and the holes are gathered near the surface,
where they excite the Ga atoms. When the reaction occurs at the surface, the reacted holes disappear and the
remaining electrons ow out, which results in a positive
current owing into the substrate.
As is well known, the plasma potential corresponds
to the plasma density. Because the ionized plasma is
a source of reaction in proportion to the ion density,
the plasma generation has an e ect on the anodization
through the holes in the surface. In an inductivelycoupled-plasma system, the most dense plasma is formed
at a pressure of a few mTorr and the density is lowered

Fig. 4. Minimum required bias to ow positive current
into the substrate at RF power and current owing at a bias
of 20 V. Chamber pressure is 10 mTorr, and UV lamp power
is 150 W.

with increasing pressure. Also, the plasma potential increases with an increase of plasma density. Therefore, a
larger bias between the plasma and the substrate is required at a low pressure of a few mTorr than at a high
pressure to form a sucient potential well for holes. Figure 3 shows the bias needed for current ow into the substrate at the chamber pressure, and this indicates that
a larger bias is necessary for an anodizing process at a
lower pressure in the process conditions examined.
Together with the chamber pressure, the plasma
source power is very important in the generation of
plasma. The plasma density is increased with plasma
source power in an ICP system and the plasma potential
is increased as well. At increased power, the potential
di erence between the plasma and the AlGaN substrate
is lowered and a larger bias is needed to form the potential well for holes. This is the reason for the increase of
bias needed to ow the positive current corresponding to
the RF power in Figure 4. At a xed bias, the potential well becomes shallower on increasing the power, and
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Fig. 5. Gate leakage current characteristics of the HEMT,
measured before and after plasma treatment and after anodization.

hence the current decreases with power as shown on the
right axis in Figure 4.
The higher plasma density on increasing the bias helps
the surface reaction, and this results in the enhanced anodizing process as shown in the gure. However, the
large potential di erence between the plasma and substrate causes ion-induced damage, which can result in
the degradation of the electrical properties of the device
on the substrate. Thus, we executed the anodization of
HEMT at a RF power of 10 W and a pressure of 10
mTorr to suppress the degradation.
To investigate the e ect of anodization of the source
and drain region on the device, ohmic contact of the fabricated HEMT was wired and anodization was performed
at a bias of 20 V and RF power of 10 W under UV illumination for 30 min. The measured electrical characteristics of the anodized device were compared with the
characteristics of the devices before anodization.
The measured resistivity of the anodized AlGaN/GaN
substrate was 1.43 -cm, which is higher than 1.25 -cm
for the sample before anodization. The reason for the decrease of resistivity values of AlGaN by anodization was
thought to be the oxidation of the AlGaN surface. To
investigate the gate leakage currents, the forward- and
reverse-biased gate currents and the current between the
two mesa-isolated pads were measured. The leakage currents at forward bias were in the nA range for all the
samples, as shown in the Figure 5. However, di erent
current levels were shown in the reverse-bias condition.
The reverse-biased currents of the plasma-treated and
untreated samples are similar, being a few hundred nA
at 5 V, but the current in the anodized sample did
not increase until near 5 V. The current between the
isolated pads was in the nA range, as for the reverse current of the anodized sample. From the measured data, a
leakage current path was thought to exist in the plasmatreated and untreated samples and the path was thought
to be removed by the anodization. Although there are
many paths between the gate and the source and drain
region, the surface of the source and drain region under-
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Fig. 6. Drain current characteristics of fabricated HEMT,
measured before and after anodization.

goes many treatments such as UV illumination, plasma
treatment, and reaction with oxygen ions, hence, the
variation comes from the surface. Also, from the fact
that lowering of the reverse current did not take place
for the plasma-treated sample prepared by the same procedure except for the biasing, the reason for reduction of
leakage current was considered to be the anodization of
the surface.
The measured transconductance and threshold voltage
of the HEMT before anodization were about 114 mS/mm
and 3 V. The threshold voltage was not varied by the
anodization, and the transconductance and drain characteristics were slightly improved, as in Figure 6, although
the resistivity of the anodized region was increased. The
reason seemed to be the enhanced surface properties.
IV. SUMMARY

In this study, the e ect of UV-assisted plasma anodization on AlGaN/GaN HEMT was examined. AlGaN/GaN HEMTs were fabricated and the source and
drain regions of the HEMTs were plasma-treated and anodized by N2 O plasma. Although the reverse-biased gate
current was not reduced by the plasma treatment, it was
decreased by two orders of magnitude by the anodization process. However, the threshold voltage was not
varied and the transconductance and drain saturation
current were increased slightly by the anodization. The
experimental results show that anodization is a promising process to improve the performance of AlGaN/GaN
HEMTs and related devices.
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