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GaAs MOSFET Using InAIP Native Oxide
as Gate Dielectric

X. Li, Y. Cao, D. C. Hall, Member, IEEE, P. Fay, Senior Member, IEEE, B. Han, A. Wibowo, and N. Pan

Abstract—GaAs metal-oxide-semiconductor field-effect tran-
sistors (MOSFETs) using wet thermally oxidized InAlIP as the
gate insulator are reported for the first time. Leakage current
measurements show that the 11-nm-thick native oxide grown
from an Ing 49Alp 5 P layer lattice-matched to GaAs has good
insulating properties, with a measured leakage current density of
1.39 X 107" mA/um? at 1V bias. GaAs MOSFETs with InAIP
native gate oxide have been fabricated with gate lengths from
7 to 2 pm. Devices with 2-um-long gates exhibit a peak extrinsic
transconductance of 24.2 mS/mm, an intrinsic transconductance
of 63.8 mS/mm, a threshold voltage of 0.15 V, and an off-state
gate-drain breakdown voltage of 21.2 V. Numerical Poisson’s
equation solutions provide close agreement with the measured
sheet resistance and threshold voltage.

Index Terms—GaAs MOSFET, InAlIP native oxide, wet thermal
oxidation.

I. INTRODUCTION

aAs-based field effect transistors (FETs) offer speed
G advantages over Si-based FETs, primarily due to GaAs’s
higher electron mobility and the availability of semi-insulating
GaAs substrates for high-performance on-chip passive com-
ponents. Conventional GaAs-based metal-semiconductor field
effect transistors (MESFETs) and high electron mobility tran-
sistors (HEMTs), however, use Schottky contacts as the gate
electrode. Prone to excessive gate leakage current, Schottky
gates restrict the forward gate bias to only a few tenths of a
volt, resulting in limited power handling capability in power
amplifier applications. An attractive alternative is a metal—in-
sulator—semiconductor (MIS) gate structure. The inclusion of
an insulator layer between the gate electrode and the semicon-
ductor channel allows much larger gate voltage swings while
preserving a low gate leakage current.

To realize these potential advantages, practical GaAs-based
MISFETs require a gate insulator with a large bandgap for
low gate leakage current and a high quality insulator/semi-
conductor interface for efficient channel modulation. The
difficulty in achieving a high quality insulator/semiconductor
interface has historically been the main obstacle to achieving
high-performance GaAs-based MISFETs. Recent advances
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have yielded promising results for device applications; for
example, MISFETs have been demonstrated with gate insula-
tors of GayO3 grown by molecular beam epitaxy (MBE) [1],
oxidized GaAs prepared by ultraviolet and ozone treatment
[2], AloO3 grown by atomic layer deposition [3], [4], and wet
thermally oxidized AlAs [5], [6].

Previous research has shown that InAlP native oxides have
a much lower leakage current density and higher dielectric
strength than that of oxidized AlGaAs [7]-[9], and a low
interface state density between the oxide and GaAs has been
demonstrated [10], making them attractive for device applica-
tions. In this article, GaAs-based metal-oxide—semiconductor
field effect transistors (MOSFETs) using wet thermally oxi-
dized InAlIP as the gate insulator are reported for the first time.

II. DEVICE STRUCTURE AND FABRICATION

InAIP native oxide-GaAs MOSFETs were fabricated on a
heterostructure grown by metal-organic chemical vapor depo-
sition. The structure was grown on a semi-insulating GaAs sub-
strate. A 100-nm-thick undoped GaAs buffer layer was grown
first, followed by a 100-nm Si-doped GaAs channel (N; ~
1 x 107 cm_3), a 4-nm undoped Iny 49Gag 51 P oxidation stop
layer, 10 nm of undoped Ing 49Alg 51 P lattice-matched to GaAs,
and a 40-nm GaAs cap layer. The InAlP layer was wet thermally
oxidized at 440°C for 25 min immediately after removing the
GaAs cap layer by selective wet etching in a citric acid and
hydrogen peroxide solution. Details of the oxidation process
have been published previously [8]. After oxidation, the oxide
thickness was measured to be 11 nm by variable angle spec-
troscopic ellipsometry. Devices were mesa isolated using wet-
chemical etching, and source and drain regions were formed
by wet etching to the channel followed by AuGe/Ni/Au con-
tact deposition and rapid thermal annealing. Ti/Au metal gates
were deposited using electron-beam evaporation and liftoff. The
nominal source-to-gate and drain-to-gate spacings of all the fab-
ricated devices are 1.5 pm, and the gate widths are 100 pm.
MOSFETs with gate lengths from 2 to 7 um were fabricated.

III. RESULTS AND DISCUSSION

DC characteristics of GaAs-based MOSFETs with InAIP
native oxide gate insulators were measured; Fig. 1 shows the
common-source current—voltage (/-V) characteristics for a
2-pm gate length device, and Fig. 2 shows the drain current
and transconductance as a function of gate bias voltage. The dc
characteristics show a clear pinch-off and channel modulation,
with a peak extrinsic transconductance of 24.2 mS/mm and
enhancement-mode operation (threshold voltage of +0.15 V).
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Fig. 1. Drain current versus drain bias as a function of gate bias for a 2 x
100 gem? MOSFET.
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Fig. 2. Drain current and extrinsic transconductance versus gate bias for a 2 x
100 zm? MOSFET. The drain bias is 1.5 V.

The on-resistance of the MOSFETs, R,,, at 0.5 V gate bias
was measured on devices as a function of gate length. From the
gate length dependence of R, (not shown), the extracted source
series resistance, R, was found to be 260 €2, and the channel
sheet resistance at 0.5 V gate bias was 5525 Qsq. The intrinsic
transconductance was calculated using g, .int = Gm,ea /(1 —
Im,exRs), Where gm, e and g, in+ are the extrinsic and in-
trinsic transconductances, respectively. Fig. 3 shows the peak
extrinsic and intrinsic transconductance versus gate length of
MOSFETs with 2, 3, 5, and 7 pum gate lengths. The transcon-
ductances were measured at 1.5 V drain bias voltage. As shown
in Fig. 3, the calculated peak intrinsic transconductance im-
proved from 23.8 mS/mm for a 7 ym gate length to 63.8 mS/mm
at a gate length of 2 pm, and the gy, in+ follows closely the
expected 1/L, trend. The large source series resistance arises
from a combination of the unoptimized ohmic contact resistance
on this sample and the large channel sheet resistance of these
first-generation devices.

Numerical solution of the one-dimensional Poisson’s equa-
tion [11] was also performed on this FET structure. In the simu-
lation, the bandgap and relative permittivity of the InAlP oxide
was set to 4 eV [9] and 6.57 [8], respectively, and the conduc-
tion band offset (AE..) between InGaP and GaAs was 0.22 eV
[12]. For calculation of the sheet resistance, an electron mobility
of 3000 cm? /Vs was used for the GaAs channel, consistent
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Fig.3. Peak extrinsic and intrinsic transconductance for different gate lengths.
The gate width is 100 gm for all the devices and the drain bias is 1.5 V in all
measurements. Solid line shows 1/L, trend.
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Fig. 4. Typical oxide leakage -V characteristics of MOSFETs and MOS
capacitors. The MOSFET gate area is 200 x#m?, and the capacitor top plate
area is 14400 pm?.

with Hall effect measurements. Using a 1.6-eV Schottky bar-
rier height between the gate metal and oxide and a 0.7-eV AFE,
between the InAIP oxide and GaAs, the simulation gives a struc-
ture sheet resistance of 5350 (2sq at 0.5-V gate bias and a 0.1-V
threshold voltage, compared to the measured sheet resistance of
5525 Qsq and 0.15-V threshold voltage. The modest difference
between the measured and simulated values may arise from the
effect of any interface states and the uncertainty in the conduc-
tion band offsets used in the simulation.

Gate leakage current and off-state gate-drain breakdown
voltage of the MOSFETSs were also measured. A typical gate
leakage -V curve of a MOSFET with a 2-um gate length
(200 ym? gate area) is shown in Fig. 4. Similar /-V charac-
teristics were obtained on MOSFETs of all gate lengths, and
the leakage current was found to be essentially independent
of gate electrode area. Also shown in Fig. 4 is the measured
leakage current of a MOS capacitor fabricated on the same
heterostructure as the MOSFETSs with a 14400 pm? electrode
area. The MOS capacitor and MOSFET samples share the same
oxidation and metallization processes. As can be seen from the
figure, even with a much larger area, the leakage current of the
MOS capacitor is three orders of magnitude lower than that
of the MOSFET at 1-V gate bias. The comparison suggests
that the 11-nm InAlP oxide has good insulating properties
(1.39 x 1077 mA/um? at 1 V bias from MOS capacitor
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I-V) and that the gate leakage current observed in the FETSs
comes from a parasitic gate-leakage path at the edge of the
mesas that is not present in the MOS capacitor test structures.
Improvement in device isolation processing is expected to im-
prove the MOSFET gate leakage [13]. Even with the parasitic
gate-leakage path, an off-state gate-drain breakdown of 21.2 V
was obtained on a 2-um gate length device, indicating the
high-quality of the InAlIP native oxide.

IV. CONCLUSION

GaAs-based MOSFETs using InAlP native oxide as the
gate insulator have been reported for the first time. Devices
with 2-um gate lengths exhibit a peak intrinsic transconduc-
tance of 63.8 mS/mm and an off-state gate-drain breakdown
voltage of 21.2 V. The devices show clear channel modulation
and solid pinch-off, indicating that the wet thermal oxidation
process generates a clean interface between the oxide and
GaAs channel. Low gate leakage current can be expected with
an optimized device isolation process. This suggests that the
InAlP native oxide is a promising insulator for advanced MIS
device applications.
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