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Abstract

Ideal transport characteristics were firstly demon-
strated in AlGaN/GaN Schottky barrier diodes (SBDs)
on free-standing SI-GaN substrate. This result indicates
that unintentional doping levels due to the dislocations
and defects were drastically reduced in the fabricated
SBDs on SI-GaN substrate.

1. Introduction

AlGaN/GaN high electron mobility transistors
(HEMTS) are now applying to high-power RF devices [1]
due to its high-density and high-speed two dimensional
electron gas and a high electric breakdown field. However,
relatively large gate leakage currents are preventing fur-
ther improvements of RF performances in AlGaN/GaN
HEMTSs, and ideal transport characteristics of Schottky
contacts, which are explained by simple model, have not
been reported yet. Conventional (Al)GaN related devices
were generally fabricated on heterogeneous substrates
such as SiC, Si and Sapphire. A lattice mismatch between
(Al)GaN and these heterogeneous substrates attributes to
the dislocations and defects. These dislocations and de-
fects would prevent to obtain the ideal Schottky charac-
teristics. Utilizing a homogeneous GaN substrate is most
effective to reduce the dislocations and defects. Actually
ideal transport characteristics were recently reported in
Schottky barrier diodes (SBDs) on a single n-GaN epi
layer grown on a free-standing n-GaN substrate [2]. It is
also expected that the leakage currents are reduced and the
ideal transport characteristics are obtained by using a
free-standing GaN substrate even in the Schottky contacts
on AlGaN/GaN structure, which has a strong polarization
effects. In addition, an investigation of these characteris-
tics is more important to resolve a mechanism of transport
characteristics of AlIGaN/GaN Schottky contacts.

In  this study, the transport characteristics of
AlGaN/GaN SBDs on a free-standing SI-GaN substrate
were fabricated and investigated. As a result, ideal char-
acteristics, which were explained a simple transport model,
were firstly obtained in AIGaN/GaN SBDs.

2. Experimental

Figure 1 shows cross-sectional structure of fabricated
AlGaN/GaN SBDs on a free-standing SI-GaN substrate. In
this study AlGaN/GaN SBDs on a SI-SiC substrate were
also fabricated. AlGaN/GaN epitaxial layers on both the

substrates were set to the same structure except for a buffer
layer. The epitaxial layers were directly grown on the
SI-GaN substrate, while AIN buffer layer was employed on
the SI-SiC substrate. Epitaxial layers were grown by a
metalorganic chemical vapor deposition technique.

Fabrication process of SBDs started with a formation of
alloyed Ti/Al/Ti/Au cathode electrodes on Si ion implanted
high concentrated n* regions. Then, device isolations were
performed by Zn ion implantation and Ni/Au Schottky an-
ode contacts were formed. The fabrication was completed
by depositing SiN, dielectric film using a catalytic chemi-
cal vapor deposition. Transport characteristics measure-
ments were performed using finger type SBDs with a anode
length of 20 um and a width of 100 um. A distance between
an anode and a cathode was 2 pum.
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Fig.1 Schematic structure of fabricated AlGaN/GaN SBD
on the free-standing SI-GaN substrate.

3. Results and discussion

Figures 2(a) and 2(b) show cross-sectional transmission
electron microscopy (TEM) images of the AlGaN/GaN
epitaxial layers on the free-standing SI-GaN and the SI-SiC
substrates, respectively. A lot of dislocations were observed
in a conventional epitaxial layer on the SI-SiC substrate, on
the other hands, any dislocations were not observed in the
epitaxial layer on the SI-GaN substrate. Densities of screw
and edge dislocations, which were estimated from a number
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Flgz Cross-sectional TEM irﬁ&;es of epitaxial layers
on (a)SI-GaN substrate and (b)SI-SiC substrate.
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Table I. Dislocation density in epitaxial layer

Dislocation density (cm?)  on GaN on SiC
Screw dislocation 2.5x10*  6.0x10°
Edge dislocation 3.0x10°  6.9x10°

of etching pits by melting KOH, were summarized in table
I. Both the screw and edge dislocations were decreased by
two orders of magnitude in the epitaxial layers on the ho-
mogeneous SI-GaN substrate.

Figure 3(a) and 3(b) show forward current—voltage
-temperature (I-V-T) curves in AlGaN/GaN SBDs on the
free-standing SI-GaN substrate and the SI-SiC substrate,
respectively. Figure 4(a) and 4(b) show reverse I-V-T
curves in SBDs on the SI-GaN and the SI-SiC substrates,
respectively. The reverse leakage currents were reduced by
substituting the SI-SiC substrate for the SI-GaN substrate.
Furthermore, temperature dependence of I-V curves be-
came stronger in both the forward and reverse characteris-
tics. In addition, the 1-V-T curves in the SBDs on the
SI-GaN substrate showed a very good agreement with cal-
culated curves by Thermionic Field Emission (TFE) theory
[3] in both the forward and reverse characteristics at the
voltage regions of that current steeply increased. The ob-
tained Schottky barrier height and donor concentration
were 1.03~1.25 (eV) and 1.4~1.8 x 10*® (cm®), respectively.
The Schottky barrier height was reasonable considering the
difference of a work function of a Schottky metal and an
electron affinity of AlGaN. The donor concentration was
also not so strange value considering that deep levels in
AlGaN were depleted by the strong polarization effects in
AlGaN.

On the other hands, in the SBDs on the SI-SiC substrate,
little temperature dependence was observed especially in
the reverse characteristics. This weaker temperature de-
pendence of I-V curves represents that the tunneling current
through the Schottky barrier is the dominant component of
the Schottky currents. Dislocations and defects in bulk and
on surface would generate a lot of unintentional doping
levels, which reduce the Schottky barrier thickness, and
contribute an increase of tunneling currents through the
Schottky barrier.

These results indicate that the component of tunneling
currents was drastically reduced by using the free-standing
SI-GaN substrate. It is also suggested that the unintentional
doping levels at the interface of the Schottky contacts and
in the bulk AlGaN, which were considered to be generated
by the dislocations and defects, were sufficiently reduced to
obtain the ideal transport characteristics.

4. Conclusions

We investigated the transport characteristics of
AlGaN/GaN SBDs on the free-standing SI-GaN substrate
and compared to the characteristics of conventional AlGaN/
GaN SBDs on the SI-SiC substrate. The dislocation density
was reduced by two orders of magnitude by substituting the
SI-SiC substrate for the SI-GaN substrate. The reverse cur-

rents in the SBDs were reduced and the temperature de-
pendence of I-V curves became stronger in the SBDs on the
SI-GaN substrate. Furthermore the obtained transport char-
acteristics in the SBDs on the SI-GaN substrate showed a
very good agreement with calculated curves by simple TFE
theory. These ideal characteristics indicate that uninten-
tional doping levels due to the dislocations and defects
were drastically reduced in the SBDs on the SI-GaN sub-
strate.
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Fig.3 Forward I-V-T curves of the AlGaN/GaN SBDs on
(a)SI-GaN substrate and (b)SI-SiC substrate.
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Fig.4 Reverse I-V-T curves of the AlGaN/GaN SBDs on
(2)S1-GaN substrate and (b)SI-SiC substrate.
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