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1 Introduction

Since GaAs metal-insulator-semiconductor (MIS) sys-
tems have once again attracted much attention for possi-
ble next generation transistor applications, atomic-layer-
deposited high dielectric constant (high-k) oxide materials
on GaAs, such as Al,O3 or HfO5, are being investigated
extensively [1]. However, the physics and chemistry of ox-
ide/GaAs interfaces have not been fully understood yet;
effects of Ga-O and As-O bonding are still controversial.
Thus, it will be informative and useful to study GaAs
MIS systems using non-oxide high-k insulators. AIN is an
important non-oxide high-% insulator, because of a possi-
ble high breakdown field 2 10 MV /cm, a high dielectric
constant ~ 9, which are comparable to those of Al;O3,
and also a high thermal conductivity, ~ 10 times higher
than that of AlyO3. Previously in-situ deposition of AIN
by metal-organic chemical vapor deposition (MOCVD) on
GaAs was studied [2]. However, deeper understanding of
the AIN/GaAs(001) interface is desired, and it should be
favorable to employ a more accessible method for the AIN
deposition on GaAs than MOCVD, such as sputter depo-
sition, which has been applied to the AIN deposition on
InP [3]. The purpose of this work is to investigate and
elucidate the AIN/GaAs(001) obtained by sputter depo-
sition. We fabricated and analyzed the AIN/GaAs(001)
MIS structures, and estimated the interface state density.

2 Experiments and Results

AIN films were obtained by RF magnetron sputtering at
room temperature in No-mixed (3 %) Ar ambience using
an AIN target. We first determined the refractive index
of the AIN, using ellipsometry measurements of 22 nm
thickness films on Si(001) substrates. Figure 1 shows the
measured refractive indices at 630 nm wavelength, for de-
position working pressures Py, = 0.2, 0.5, and 0.8 Pa.
From the measurements, we employ P, = 0.5 Pa as a
standard condition giving the highest refractive index of
1.94, which is close to the literature value.

Using the standard condition, an AIN film of 1 nm
thickness was deposited on a Si-doped n-GaAs(001) sub-
strate (n = 1.6 x 10'® ¢cm™3), in order to investigate
the AIN/GaAs(001) interface. Before the deposition, the
GaAs surface oxide was removed by Semicoclean. We car-
ried out X-ray photoelectron spectroscopy (XPS) for the
AIN/GaAs(001) after the deposition, whose XPS data in-
clude the information of the interface, in comparison with
the GaAs(001) before the deposition. Figure 2 and 3 show
the As3d and Ga3d XPS spectra, respectively. Although
we observed As-O bonding for the GaAs(001) surface, it
disappears for the AIN/GaAs(001). This indicates that
the As-O bonding is removed in the initial stage of the
sputter deposition and almost does not exist at the in-

terface. On the other hand, Ga-O and As-As bonding,
observed both before and after the deposition, exist at
the interface.

We prepared AIN films of 22 nm thickness on the n-
GaAs(001) substrates using the standard condition. By
X-ray diffraction measurements, we confirmed that the
AIN is amorphous. Al2p XPS spectra (not shown) of
the AIN films are dominated by Al-N bonding, suggest-
ing that the AIN is almost stoichiometric. Moreover, by
N1s electron energy loss spectroscopy, we obtained the
AIN bandgap E; ~ 6.3 eV, which is close to the litera-
ture value. The AIN films of 22 nm thickness are used
for AIN/GaAs(001) MIS structures. After the backside
Ohmic AuGe/Ni/Au electrode formation and the sput-
ter deposition of the AIN insulator film, we carried out
a 350 °C annealing for 30 minutes in Ho-mixed (10 %)
Ar ambience. The formation of 100 pum diameter Ni/Au
gate electrode on the AIN insulator completed the MIS
structure, shown in the inset of Fig. 4. Figure 4 shows I-
V' characteristics of the fabricated AIN/GaAs(001) MIS
structure, indicating good insulating properties of the
AIN. Figure 5 shows measured C-V characteristics of the
MIS structure for several frequencies, in which we observe
a small hysteresis and a frequency dispersion for forward
biases. This is attributed to the AIN/GaAs(001) interface
states, probably related to the Ga-O or As-As bonding at
the interface. We carried out an analysis using the equiv-
alent circuit shown in the inset of Fig. 6, with the insu-
lator capacitance Cp, the semiconductor capacitance Cs,
the interface state capacitance C; and the interface state
conductance Gj. Since G; satisfies [4]

Gy ¢>D;In (1 + w?7?)
w o 2wt

; (1)

where w is the angular frequency, D; is the interface state
density, 7 is the electron trapping time, we can estimate
D; from the plot of the frequency dependence of Gj/w
shown in Fig. 6. Figure 7 gives the estimated D; for the
Fermi levels corresponding to the gate voltages; we obtain
the interface state density D; ~ 3-5 x 102 cm2eV 1.

3 Summary

We fabricated and analyzed the AIN/GaAs(001) MIS
structures obtained by AIN sputter deposition. We ob-
served Ga-O and As-As bonding at the interface, and a
frequency dispersion in C-V characteristics attributed to
the interface states, probably related to the Ga-O or As-
As bonding. The interface state density was estimated by
the analysis of the C-V characteristics.
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Fig. 4: I-V characteristics of the AIN/GaAs(001) MIS struc-
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Fig. 1: Refractive indices at 630 nm wavelength for 22 nm &0
thickness AIN films on Si(001) substrates obtained by ellip- 200
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Fig. 5: C-V characteristics of the AIN/GaAs(001) MIS struc-
ture with 100 pm diameter gate electrode for several frequen-

sometry measurements.
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Fig. 2: As3d XPS spectra for the AIN/GaAs(001) after the -
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Fig. 6: Frequency dependence of Gj/w for several gate volt-
ages. Inset: the equivalent circuit for the analysis.
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Fig. 3: Ga3d XPS spectra for the AIN/GaAs(001) after the 0 1 2 3 4
sputter deposition and the GaAs(001) before the deposition. Gate voltage [V]

Fig. 7. Estimated interface state density D; for the Fermi levels
corresponding to the gate voltages.
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