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a b s t r a c t

AlGaN/GaN metal-oxide-semiconductor high electron mobility transistor (MOSHEMT) with a liquid
phase deposited (LPD) ZrO2 thin film as gate insulator was fabricated. Compared with the conventional
HEMT, the maximum drain current increases from 492 to 627 mA/mm, and leakage current is four orders
magnitude lower. The gate swing voltage and off-state breakdown were also improved while applying
ZrO2 oxide layer.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

III-nitride semiconductor materials have been investigated as
high promising semiconductor materials for high power/high fre-
quency devices [1e4]. However, Schottky gate in GaN-based HEMTs
may suffer from higher gate leakage and lower breakdown voltage,
which limit the device performance. MOS gate structures using a
thin insulator film between the gate electrode and the semi-
conductor could suppress these problems. High-kmaterials such as
TiO2, and Al2O3 have been widely used as gate dielectrics [5e8].
These materials are able tomaintain the capacitance density of thin
SiO2 films while providing low leakage current. Among these ma-
terials, ZrO2 has great potential due to its high dielectric constant,
and larger energy bandgap. On the other hand, as compared to
other insulator deposition methods, the Liquid-phase-deposited
(LPD) process provides a low-cost and low-complex method to
form oxide layers at room temperature [5e8], which can prevent

the defects from high temperature processes. In this paper, appli-
cations of the AlGaN/GaN MOSHEMT with LPD-ZrO2 thin film have
been investigated.

2. Device and fabrication

The cross-sectional view of the fabricated device is shown in
Fig. 1. The AlGaN/GaN HEMT structure was prepared by anMOCVD
system on a silicon substrate. The structure is composed of a
3.3 mm buffer layer, a 1.5 mm undoped GaN channel layer, a 30-nm
undoped Al0.26Ga0.74N barrier layer, and a 2-nm undoped GaN cap
layer. The measured Hall mobility and sheet carrier concentration
were 1373 cm2/V s and 1.06 � 1013 cm�2, respectively. The device
isolation was accomplished by an inductively coupled plasma
reactive ion etching system down to the buffer layer. Ti/Al/Ni/Au
was deposited as the source/drain ohmic contacts by an electron
beam evaporation system, and followed by annealing at 850 �C in
N2 environment. Next, the LPD solution was prepared as follows:
The 0.1 M zirconium sulfate (Zr(SO4)2$4H2O, Alfa Aesor) of 25 ml
and 0.3 M ammonium persulfate ((NH4)2S2O8, Riedel-de Haen) of
25 ml were mixed and stirred 5 min for the deposition solution of
ZrO2 films. The sample was then immersed into the solution to
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deposit ZrO2 films at 30 �C. The concentration of (ZrSO4)2 and
(NH4)2S2O8 were maintained at 0.05 M and 0.15 M. The ohmic
contact characteristics did not degrade after the sample was
immersed into the LPD solution. Finally, the Ni/Au gate electrode
was formed by sputtering. The conventional HEMT without using
LPD technique was fabricated on the same wafer with the same
process.

3. Results and discussion

The growth rate of ZrO2 film is shown in Fig. 2. The deposited
rate was really stable which was easy to control the deposited
ZrO2 thickness and reproduce the process. Fig. 3 shows the X-ray
diffraction (XRD) analysis of the ZrO2 film on n-GaN. The XRD
patterns show no peak which indicate that the LPD ZrO2 film is
amorphous. Fig. 4 presents the 2D and 3D AFM images of as-
deposited ZrO2 films for 10 nm, 20 nm, and 30 nm. The corre-
sponding RMS value is 4.33 nm, 3.68 nm and 6.26 nm,
respectively.

Fig. 5 shows the X-ray photoelectron spectroscopy (XPS) spectra
of the ZrO2 film. The binding energies of Zr 3d5/2 and Zr 3d3/2 are
observed at 183.06 and 185.46 eV, with a separation of 2.4 eV be-
tween the peaks which is a typical characteristic of the Zr2þ in ZrO2
film. The O 1s spectra can be divided into two peaks, including O2�
from ZrO2 films and the hydroxyl groups resulting from the
chemisorbed water [9].

The capacitanceevoltage (CeV) measurements of HEMT and
MOSHEMT at 1 MHz are shown in Fig. 6. A small hysteresis can still
be observed. The relative dielectric constant of the oxide films can
be obtained by calculating the following equation:

1=CHEMT þ 1=Cox ¼ 1=CMOSHEMT (1)

and

Cox ¼ εrε0A
tox

(2)

The calculated interface state density was found to be
4.78 � 1012 cm�2 eV�1 [10]. The dielectric constant of the ZrO2 film
is about 20.43.

Fig. 7 shows the IDSeVDS characteristics of the conventional
HEMT and the MOSHEMT. The maximum drain current of the
conventional HEMT is 492 mA/mm while the maximum drain
current of MOSHEMT with 10 nm and 20 nm ZrO2 film are
627 mA/mm and 600 mA/mm, respectively. The larger drain
current in the MOSHEMT may be partly attributed to the reduced

Fig. 1. Cross-sectional schematic of the AlGaN/GaN MOSHEMT.

Fig. 2. The growth rate of the deposited ZrO2 film.

Fig. 3. XRD analysis of the deposited ZrO2 film on n-GaN.

Fig. 4. 2D and 3D AFM images of as-deposited ZrO2 films (a) 10 nm, (b) 20 nm, and (c)
30 nm. The corresponding RMS value is 4.33 nm, 3.68 nm and 6.26 nm, respectively.
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