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GaN has excellent physical properties for power
devices such as a high breakdown field, a highierarr
mobility, and a high saturation velocity compareithvbi
and SiC. For power transistors, normally-off opieratis
strongly required from the fail-safe point of vie®@aN
MOSFET is one of the good candidates to achieved goo
normally-off operation. AlGaN/GaN hybrid MOS-HFETs
have the advantages of both MOS channel and an
AlGaN/GaN heterostructure with high mobility two
dimensional electron gases. Therefore, this typ&ai
MOSFETSs is promising for high efficiency power dei
In this work, high performance normally-off AlIGaNa@
hybrid MOS-HFETs on Si substrates have been
demonstrated.

Fig. 1 shows the schematic cross-sectional view
of the AlGaN/GaN hybrid MOS-HFET. To achieve a
high-breakdown voltage, thick epitaxial layers wish
highly resistive layer and a thin unintentional GaN
GaN) channel layer are important. The breakdowtage!
of AlGaN/GaN hybrid MOS-HFET fabricated on 7udn
epilayer with a thin (50 nm) u-GaN channel layer on
highly resistive carbon-doped GaN (C-GaN) achieved
over 1.71 kV with the gate-drain lengthggl.of 18 um as
shown in Fig. 2. This transistor has 40-nm Sf@med
by Capacitive Coupled Plasma (CCP)-CVD as the gate
insulator and shows a good normally-off operatiathw
the threshold voltage of 2.0 V and the maximumdfiel
effect mobility of 102 crfiVs. Furthermore, we
confirmed that gate field structure is effectiver fo
AlGaN/GaN hybrid MOS-HFETSs to suppress the current
collapse.

To improve the properties of GaN MOSFET, a
high quality gate insulator is required. $#nd ALO; are
good candidates as the gate insulators of GaN MOSFE
since these insulators have large direct wide bapsiga
large conduction band offsets and a valence bafsetef
on GaN, respectively. We have first investigateé th
formation process of SiOfilms by Microwave (2.45
GHz: MW) Plasma Enhanced Chemical Vapor Deposition
(PECVD), LP (Low Pressure)-CVD, and CCP-CVD for
the gate insulator of GaN MOS devices. MW plasma is
capable of exiting a low-electron temperature arniigh-
plasma density at the substrate surface positiba.SIQ
films were deposited below 4%D by the MW-PECVD
and the CCP-CVD and at 8@ by the LP-CVD. As the
results, the GaN MOS capacitor with MW-PECVD giO
has shown the lowest interface state densidy) (of
SiO./GaN with 4.5x18' cm?eV?, the highest breakdown
electric field with over 11 MV/cm, and the largesiarge-
to-breakdown Q) with over 1 C/crfA respectively, of
these GaN MOS capacitors. However, thg is still
higher compared with Si devices. So, we appliegDAto

the gate insulator of GaN MOS devices. The GaN MOS
capacitor with AJO; has a lowD;; with 2.3x13* cm%eVv*

by suppressing the Ga diffusion to gate insulator.
However, it has a low breakdown electric field with
below 7 MV/cm. From the both advantages of MW-
PECVD SiQ and AbO,, SiO)/Al,O5 stacked structure has
been employed for good interface property and & hig
insulating in GaN MOS devices. In this experiménm
Al,O; formed on GaN and then 50 nm $idas deposited
on AlLOs;. Fig. 3 shows theD; of SiOJ/Al,Os/GaN,
Al,Oy/GaN and Si@GaN, respectively. TheD; of
SiO/Al,O4/GaN is almost the same as,@}GaN. The
GaN MOS capacitor with SiAI,O; stacked structure
shows a lowD;; as well as AlOs;. The MOS capacitor also
exhibits a high-breakdown field, and a hiQk, as well as
MW-PECVD SiQ, respectively.

Furthermore, we have fabricated AlGaN/GaN
hybrid MOS-HFETs with the SifAl,O; gate stack and
the MW-PECVD SiQ gate insulator and compared the
properties of these transistors. Both MOS-HFETswsho
good normally-off operation with the threshold agjé of
4.2 V. The on-state characteristic of MOS-HFET with
SiO,/AlLO5 is superior to that with MW-PECVD SO
The maximum field-effect mobility of MOS-HFET with
the SiQ/AI,O; is 192 cr/V's, which is superior to that
with the MW-PECVD SiQ of 161 cri/Vs.
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Fig. 1. Schematic cross section of AIGaN/GaN hyivOS

HFET.
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Fig. 2. Breakdown characteristics of AIGaN/GaN tgtMOS-
HFET with the Lgd of 1&m.

1013

SiO2

Al203 Si02/Al203

Area: 4.5% 10 cm?

1M Hz

Temperature: 150°C

1010 1 1 1 1 1

0O 02 04 06 08 1 1.2
E-Ec [eV]

=
o
=
N

1011

Interface State Density
[cm ZeV 1]

Fig. 3. D;; of GaN MOS capacitors with S}0AI,O; and
SiOJ/Al,0;5 calculated from th€-V characteristics at 180.



