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Microwave Performance of GaAs MOSFET With
Wet Thermally Oxidized InAlP Gate Dielectric
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Abstract—This paper reports the first demonstration of a
microwave-frequency operation of a GaAs MOSFET fabricated
using a wet thermal oxidization of InAlP lattice-matched to
GaAs to form a native-oxide gate insulator. Devices with 1-pum
gate lengths exhibit a cutoff frequency (f;) of 13.7 GHz and a
maximum frequency of oscillation (fiax) of 37.6 GHz, as well
as a peak extrinsic transconductance of 73.6 mS/mm. A low-
leakage current density of 3.8 x 10~3 A/em? at 1-V bias for an
MOS capacitor demonstrates the good insulating properties of the
~ 11-nm thick native gate oxide.

Index Terms—Gallium arsenide, InAIP native oxide, microwave
FETs, MOSFETs, oxidation.

1. INTRODUCTION

UE TO THE wide array of high-electron mobility alloys

of varying bandgaps that can be epitaxially grown on its
surface and the availability of semi-insulating substrates, GaAs
remains one of the most widely used semiconductors for high-
speed optoelectronic applications and wireless communication
systems. While Schottky gates are commonly used in high-
speed GaAs-based transistors, the restricted forward bias (a
few tenths of a volt) that can be applied without excessive
gate leakage currents limits their power handling capability. A
MISFET has the advantages over a Schottky-gate device that
it can be operated with higher positive or negative voltages
applied to its gate with very low-gate leakage current and that
its input impedance can be extremely high, being essentially
that of the insulator.

Since the electrical characteristics of native oxides of GaAs
are far inferior to those of SiO5 on Si, alternative insulators have
long been pursued, including SiO2 [1], SiON [2], Al2O3 [3],
CaF; [4], GaS [5], P3Nj5 [6], and others [7], [8] to enable the
preferred metal-insulator—semiconductor gate structure. In re-
cent years, many deposited insulator/GaAs structures have been
investigated, with a few yielding promising results [9]-[13].
Native-oxide films on GaAs can offer advantages of processing
convenience and low cost. Wet thermal oxides of AlGaAs [14]
have been studied but found to suffer from midgap traps caused
by residual interfacial As [15]. These traps lead to increased
interface recombination velocity [16], [17] and high-leakage
currents [18], [19]. However, the wet thermal oxides of As-
free Ing 5Alg 5P (lattice matched to GaAs) have been found to
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possess excellent insulating [20]-[22] and interfacial properties
[21], [23] and may provide a viable native oxide for III-V MOS
devices. In this letter, we present the first demonstration of
the microwave-frequency operation of a GaAs-based MOSFET
using a native dielectric gate insulator formed through thermal
oxidation. Record peak extrinsic transconductance for a native-
oxide gate insulator GaAs channel MOSFET is reported.

II. DEVICE STRUCTURE AND FABRICATION

GaAs MOSFETs using an InAlP native oxide as the gate
insulator are fabricated on a metal-organic chemical vapor
deposition (MOCVD)-grown heterostructure [24] consisting of
a GaAs buffer layer grown first on a semi-insulating GaAs
substrate, followed by a 100-nm Si-doped GaAs channel layer
(Ng~1—2x 10" cm™?), a 4-nm undoped Ing 5Gag 5P oxi-
dation stop layer, 15.7 nm of Si-doped (Ng ~ 1 x 108 cm™3)
Ing.5Alg 5P lattice matched to GaAs and a 50-nm heavily
Si-doped GaAs cap layer (Ng > 2 x 10'® cm™3).

Mesas for a device isolation are defined by an optical litho-
graphy and formed with several wet-etching steps. The GaAs
cap and channel layers are etched by selective wet etching in
a citric acid and hydrogen peroxide solution, and the InAlP
and InGaP epilayers are etched using HCl. The gate regions
of the MOSFETs are defined using the optical lithography,
with the GaAs cap layer in the gate region selectively removed
in a citric acid/hydrogen peroxide solution to expose the gate
region for an oxidation step carried out at 440 °C for 30 min
in water vapor. Details of the oxidation process have been
published in [22]. The InAIP native-oxide thickness, measured
via transmission electron microscopy (not shown), is 10.5 nm,
with 5.3 nm of unoxidized InAIP remaining.

After oxidation, source and drain regions are defined and
formed by thermal evaporation of AuGe (88% Au, 12% Ge)/
Ni/Au, followed by rapid thermal annealing (optimized by
utilizing the transmission line method) at 400 °C for 20 s
in a nitrogen ambient. Cr/Au metal gates are deposited using
thermal evaporation and liftoff.

III. RESULTS AND DISCUSSION

The fabricated 50 x 2 (a unit gate width of 50 pm and two
gate fingers) MOSFETs with a 1-pum gate length are character-
ized by measuring both the dc and microwave-frequency perfor-
mance. As shown in Fig. 1, the typical drain-source saturation
current (I45) of the fabricated devices is 12 mA (120 mA/mm).
A transfer characteristic is shown in Fig. 2, with a maximum
extrinsic transconductance (g, max) of 73.6 mS/mm measured
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Fig. 1. Drain current as a function of drain voltage measured for a 50 x 2
(a unit gate width of 50 um and two gate fingers), 1-um gate length InAlIP
native-oxide GaAs MOSFET.
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Fig. 2. Drain current Iq5 and extrinsic transconductance g, plotted versus
gate bias voltage Vy for a 1-um gate length InAlP native-oxide GaAs MOSFET
biased in the saturation region at Vgg = 2 V.

at a drain voltage (Vis) of 2 V and a gate voltage (Vi) of
—1.44 V. The dc characteristics of the 1-um gate length device
show a clear pinchoff and channel modulation with depletion-
mode operation. The use here of local oxidation in the gate
region, which allows the source and drain ohmic contacts to
be placed atop the heavily doped GaAs cap layer/unoxidized
InAlP, provides a substantial improvement in the channel access
resistance over that in [26]. The measured current—voltage
(I-V) characteristics are observed to be stable, and the device
performance repeatable even after several months.

Microwave-frequency measurements are performed ON-
wafer over the frequency range of 1-35 GHz. Shown in Fig. 3
are both the current gain hs; and maximum available gain
(MAG) versus frequency from which are obtained a cutoff
frequency (f;) of 13.7 GHz, and a maximum frequency of
oscillation (fiax) of 37.6 GHz. This microwave-frequency
performance is comparable to that of other recently reported
depletion-mode GaAs MOSFETs with similar gate lengths fab-
ricated using an in situ deposited Ga; O3 (Gd2O3) gate dielectric
layer [9] or an atomic layer deposited (ALD) Al,O3 gate
dielectric layer [25].
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Fig. 3. Current gain ha1 and MAG versus frequency measured for a 1-pm

gate length InAIP native-oxide GaAs MOSFET with fiax and f; estimated
from the extrapolated data.
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Fig. 4. Typical gate leakage current characteristics for InAlIP native-oxide
GaAs MOSFET and MOS capacitor devices. The gate area of the MOSFET
is 100 um?, and the top plate area of the MOS capacitor is 14400 pm?.
For comparison with the MOS capacitor, the MOSFET is measured with
Vis =0 V.

The InAlP native-oxide MOS device gate leakage char-
acteristics are also measured. Fig. 4 shows the typical gate
leakage current of an MOSFET (1-um gate length, 100 pm?
gate area) and an MOS capacitor (14400 pm? electrode area)
fabricated on the same heterostructure using identical oxidation
and metallization processes. A leakage current density of 3.8 x
1073 A/cm? at 1-V bias for the MOS capacitor demonstrates
the good insulating properties of the InAlP native oxide. As in
[26], the lower leakage current density of the MOS capacitors
relative to the MOSFETs indicates a parasitic leakage path
present where the gate metallization runs over the etched mesa
edges of the FET structures. The gate leakage for the FET
devices is reduced by a factor of 1200 in this paper, dropping
at a 1-V bias from 3 x 10~2 A for the comparable 11-nm thick
oxide of [26] to 2.5 x 107% A here, possibly due to improved
mesa sidewall etching. Alternative device isolation processes
such as use of an ion implantation can be employed to further
reduce the gate leakage current in FET devices. Typical OFF-
state gate-drain breakdown voltages of 11.5 V are measured on
1-pm gate length devices at a gate current density of 1 mA/mm.
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Comparing to a Schottky-gate device, the gate leakage of Fig. 4
is much lower than the 2.5 A/cm? reverse saturation gate
current of typical GaAs-based HEMTs fabricated in our lab.

IV. CONCLUSION

The microwave-frequency operation of GaAs-based
MOSFETs using InAlP oxide as the gate insulator are reported
for the first time, showing a cutoff frequency of 13.7 GHz
and a maximum frequency of oscillation of 37.6 GHz. A low
gate leakage current of 2.5 pA (25 pA/mm) at +1-V bias is
observed. The extrinsic transconductance of these 1-pum gate
length devices exhibits a peak of 73.6 mS/mm. These results
indicate that the wet thermal native oxide of InAlP lattice
matched to GaAs is a potentially viable gate insulator for
high-speed, high-power MIS devices.
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