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1 Introduction

AlGaN/GaN metal-insulator-semiconductor hetero-
junction field-effect transistors (MIS-HFETs) have at-
tracted considerable attention, because they are effective
to reduce gate leakage currents. In particular, high dielec-
tric constant (high-k) oxide materials, such as Al2O3 [1]
or HfO2 [2], have been investigated as a gate dielectric
insulator of the MIS-HFETs. However, for such oxide
insulators, there are difficulties in controlling the inter-
face between the oxide and the nitride [3]. On the other
hand, AlN is a non-oxide high-k insulator. Previously,
sputter deposition of AlN on AlGaN/GaN, in which we
expect a more controllable interface, was applied to passi-
vation of AlGaN/GaN HFETs [4–7]. The AlN-passivated
HFETs exhibit good heat release properties due to the
high thermal conductivity of AlN (∼ 10 times higher than
that of Al2O3), and also effective suppression of current
collapse. Since AlN has a possible high breakdown field
>∼ 10 MV/cm and the high dielectric constant ∼ 9, which
are comparable to those of Al2O3, sputtered amorphous
AlN can be a favorable gate dielectric of AlGaN/GaN
MIS-HFETs, with the merits of more controllable inter-
face and better heat release properties. Although Al-
GaN/GaN MIS-HFETs with sputtered AlN gate dielec-
tric have been reported [4,8], enough device performance
has not been shown, in particular for forward gate leakage
properties. In this article, we report on an AlGaN/GaN
MIS-HFET with sputtered amorphous AlN gate dielec-
tric, including suppressed forward gate leakage properties.

2 Sputtered amorphous AlN on AlGaN/GaN

AlN thin films on an Al0.29Ga0.71N(25 nm)/
GaN(3000 nm) heterostructure were deposited by RF
magnetron sputtering in N2-mixed (3 %) Ar ambience
using an AlN target. The AlGaN/GaN heterostructure
was obtained by metal-organic vapor phase epitaxy on
sapphire(0001). The AlN film is amorphous as confirmed
by X-ray diffraction measurements. Figure 1 shows an
Al2p X-ray photoelectron spectroscopy (XPS) signal
for an AlN film of 20 nm thickness deposited at room
temperature under a working pressure of 0.2 Pa. The
Al2p signal is dominated by Al-N bonding, though the
Al-O bonding was detected. Since the Al-O bonding
can be attributed to the surface oxidation, we consider
that the AlN film is almost stoichiometric. Furthermore,
the bandgap of the AlN was estimated by N1s electron
energy loss spectroscopy, as shown in Fig. 2. We obtain
the bandgap Eg ∼ 6.4 eV, which is close to the literature
value.

3 Device fabrication and characterization
Using the AlN sputter deposition on the

Al0.29Ga0.71N/GaN heterostructure, we have fab-
ricated MIS-HFET with the amorphous AlN gate
dielectric shown in Fig. 3. Hall effect measurements of
the heterostructure showed an as-grown electron mobility
of 1200 cm2/V-s and sheet electron concentration of
1.3 × 1013 cm−2. After the Ti/Al Ohmic electrode
formation and the device isolation by B+ implantation,
the sputter deposition of AlN gate dielectric insulator
of 20 nm thickness was carried out. The formation of
Ni/Au gate electrode completed the device fabrication.
We obtained the gate length of 150 nm, the source-gate
spacing of 2 µm, the gate-drain spacing of 3 µm, and the
gate width of 50 µm.

In Fig. 4, we show output characteristics of the fabri-
cated MIS-HFET, which is almost free from current col-
lapse. Although we observed a slightly high on-resistance,
a current drivability with a drain current of 600 mA/mm
is obtained. Figure 5 shows transfer characteristics, in
which there is almost no hysteresis under the gate voltage
sweep of −18 V → +6 V → −18 V. According to the in-
sertion of AlN gate dielectric between the gate metal and
the AlGaN, the transconductance is not so high; the maxi-
mum transconductance is 100 mS/mm. It should be noted
that, owing to good insulating properties of the AlN gate
dielectric, gate leakage currents are significantly small,
10−9 A/mm range or less, for both reverse and forward
biases. The small leakage currents lead to the small drain
off-currents, which exhibit more than 4 orders reduction
in comparison with those of Schottky HFETs fabricated
from the same AlGaN/GaN heterostructure. Figure 6
shows gate-source two-terminal (drain open) I-V charac-
teristics; we observed the gate current of 2× 10−9 A/mm
at reverse −18 V, and 3 × 10−10 A/mm even at forward
+6 V, showing one of the most significant suppression
of forward gate leakage currents in AlGaN/GaN MIS-
HFETs.

Although we obtained the device operation of the MIS-
HFET with the amorphous AlN gate dielectric, it is
important to elucidate interface properties between the
amorphous AlN and the AlGaN/GaN in detail. For this
purpose, we have measured C-V characteristics between
a 100 µm × 100 µm area gate electrode and a grounded
Ohmic electrode surrounding the gate. Figure 7 shows
measured C-V characteristics for several frequencies, un-
der the gate voltage sweep of −12 V → +3 V, in which
we observe a significant frequency dispersion for forward
biases. This is attributed to the interface states between
the amorphous AlN and the AlGaN/GaN. Towards prac-
tical applications, we need further investigation on the
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interface states.

4 Summary
We fabricated and investigated an AlGaN/GaN MIS-

HFET with sputtered amorphous AlN gate dielectric.
Owing to good insulating properties of the AlN, gate leak-
age currents are significantly reduced. We realized one of
the most significant suppression of forward gate leakage
currents in AlGaN/GaN MIS-HFETs.
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Fig. 1: Al2p XPS signal for the AlN film of 20 nm thickness.
The ratio of the Al-N intensity to the total intensity IAl−N/Itot

is 0.85.

Fig. 2: AlN bandgap Eg ∼ 6.4 eV estimated by N1s electron
energy loss spectroscopy.

Fig. 3: Schematic cross section of the fabricated MIS-HFET.
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Fig. 4: Output characteristics of the MIS-HFET with the gate
length of 150 nm.
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Fig. 5: Transfer characteristics of the MIS-HFET with the
gate length of 150 nm. Drain current ID, gate current IG,
and transconductance gm were obtained under the gate voltage
sweep of −18 V → +6 V → −18 V.
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Fig. 6: Gate-source two-terminal (drain open) I-V character-
istics of the MIS-HFET with the gate length of 150 nm.
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Fig. 7: C-V characteristics between a 100 µm × 100 µm area
gate electrode and a grounded Ohmic electrode surrounding
the gate for several frequencies.
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