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EFFECT OF ANNEALING ON ELECTRICAL
CHARACTERISTICS OF PLATINUM BASED
SCHOTTKY CONTACTS TO N–GaN LAYERS

Wojciech Macherzyński — Bogdan Paszkiewicz

Adam Szyszka — Regina Paszkiewicz — Marek T lacza la
∗

The wide-bandgap GaN and related materials have been extensively studied for optoelectronic and high-temperature/high
power electronic device applications. The key to the advancement of such devices is the understanding of Schottky contacts
formation to epitaxial gallium nitride layers.

The paper presents the investigation of Au/Pt/Ti based Schottky contact to n-GaN layers grown by MOVPE technique.
Multilayer metallization of Au/Pt/Ti with thicknesses 50/300/1500 A respectively, were evaporated by an electron gun.

The contacts were annealed at RTA (Rapid Thermal Annealing) system in the mixture of hydrogen/nitrogen (1:10) gases
over the temperature range from 200C to 700C. The time of annealing process was 20 seconds. The electrical characteristics
of gold/platinum/titanium Schottky contacts to n-GaN MOVPE epitaxial layer were studied as a function of the annealing
process conditions by current-voltage (I-V) method on dedicated test structures. The barrier heights of the Au/Pt/Ti/n-GaN
Schottky junctions were evaluated. The formation and deterioration mechanisms of the Schottky contacts to n-GaN layer
were studied.
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1 INTRODUCTION

The wide-bandgap GaN and related materials are ther-
mally stable and have been extensively studied for op-
toelectronic and high-temperature/high power/high fre-
quency electronic devices applications. GaN and its alloys
are very promising semiconductor materials also for ul-
traviolet lasers and photodetectors, light emitting diodes
and field effect transistors [1, 2]. Many efforts have been
dedicated to the development of fabrication processes
of nitrides devices. Wide-bandgap semiconductors could
withstand the harsh environment and high temperature.
GaN devices could found many applications such as: mil-
itary, aerospace, automotive, petroleum, engine monitor-
ing, flame detection and solar UV detection [3, 4]. Ther-
mally stable ohmic and Schottky contacts are required
in order to continue the improvement of performance of
these devices.

Many studies of materials for Schottky contacts to
GaN have already been reported, eg Au [5], Pd [6], Pt
[7], Ni [8], Re [9], Ir [10]. In this paper we present results
of measurements of fabricated multilayered Au/Pt/Ti
Schottky contact to n-type epitaxial GaN layers.

2 EXPERIMENTAL DETAILS

The GaN layer applied in this study was grown by
metalorganic vapour phase epitaxy (MOVPE) on sap-

phire substrate. Prior to metal deposition, the Ga2O3

oxide was removed by applying the HCl : H2O (1:1) so-
lution, followed by a deionised water rinsing and drying in
N2 flow. The samples were immediately loaded into the
vacuum chamber of the evaporation system. The metals
stuck and the layers thicknesses of the Au/Pt/Ti multi-
layer of Schottky contact were selected on the basis of
authors previous study. The metallic contact consisting

of Ti (50 Å)/Pt (300 Å)/Au (1500 Å) was deposited in se-
quence on the substrate under a vacuum conditions with
a base pressure lower than 10−6mbar. The Ti and Pt lay-
ers were deposited by using an electron beam evaporator
and Au metallic layer by resistance evaporator. The di-
ameter of the Schottky contact was 2 mm. The Ti layer
was introduced to improve the adhesion of the contact to
gallium nitride layers, while the Au layer allowed us to
reduce the contact resistance. The Pt layer diffused into
the semiconductor during annealing step and formed the
Schottky contact. The influence of annealing process on
the contact properties was studied. The Ti/Pt/Au mul-
tilayer Schottky metallization were annealed at various
temperatures in rapid thermal annealing (RTA) system in
mixture of hydrogen/nitrogen (1:10) gases. The tempera-
ture and duration of each annealing process were changed
over the range from 200 ◦C to 750 ◦C. The annealing time
of 20 seconds was selected on the basis of our previous
study as the optimal one. The characteristics of Schottky
metallization were measured by I –V method.
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Fig. 1. The I –V characteristics for the Ti/Pt/Au Schottky con-
tact on n-type GaN as a function of annealing temperature.
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Fig. 2. Plot of barrier heights of Au/Ti/Pt/n-GaN as a function
of annealing temperatures.

3 RESULTS AND DISCUSSION

Figure 1 shows the forward and reverse I –V charac-

teristics of Au/Pt/Ti/n-GaN Schottky contacts measured
as a function of annealing temperature. It was found that

the metallization annealed at temperature above 400 ◦C

revealed fairly large leakage currents.

The leakage current value at −2 V was 4× 10−3A for

the as-deposited structures, whereas structure annealed
at 600 ◦C and 700 ◦C rectifying metallization leakage cur-

rents at −2 V were 0.025 and 0.03 A respectively. The
smallest value of leakage current 1.2 × 10−3A was ob-

served for multilayer metalization annealed at 400 ◦C.

We supposed that at this temperature the diffusion of
platinum atoms to gallium nitride surface occurred. It

was also observed that the reverse leakage current was
increased with the increasing of annealing temperature.

The barrier height is most commonly calculated from

the saturation current IS of I –V characteristic of the

Schottky contact, which can be determinate by extrap-
olating the semilog I versus V curve to V = 0. The

barrier height ΦB is calculated from equation (1) as fol-
lows

ΦB =
kT

q
ln

AA∗T 2

IS

(1)

where IS is the saturation current, q the electron charge,
V the applied voltage, A∗ the effective Richardson con-
stant, and ΦB the Schottky barrier height. The value of
ΦB can be deduced directly from the I –V curves if the
effective Richardson constant, A∗ is known. The theo-
retical value of A∗ is 26.4 Acm−2K−2 , evaluated on the
basis of the effective mass m∗ = 0.22 m0 of n-GaN [11],
was applied to deduce ΦB . Calculations showed that the
Schottky barrier height was 0.84 eV for the as-deposited
contact, and 0.61 eV for sample annealed at 300 ◦C, and
0.48 eV at 400, 500, 600 and 700 ◦C.

Table 1 shows the values of Schottky barrier height
evaluated for Au/Pt/Ti/n-GaN Schottky metallization
after annealing in various temperatures. The time of
annealing process was 20 seconds. It can be seen that
the barrier height of the diode decreases upon annealing
temperature extension. Figure 2 shows a plot of barrier
heights of multilayer metalization Au/Pt/Ti deposited on
n-GaN layers as a function of annealing temperatures.

Table 1. Schottky barrier heights for as-deposited and annealed in
various temperatures contacts

Annealing Saturation Schottky
temperature Current I0 barrier height

( ◦C) (A) (eV)

as-deposited 1E-10 0.84
300 1.1E-6 0.61
400 1.8E-4 0.48
500 1.5E-4 0.48
600 1.5E-4 0.48
700 1.5E-4 0.48

For the contact annealed at 300 ◦C, the barrier height
was high compared to the barrier height of the contact
annealed at 400 ◦C and higher temperatures. The reverse
leakage current increasing for the contact annealed at
temperatures above 400 ◦C.

The reaction of the multilayer metallization with n-
GaN surface was not observed after contacts annealing at
400 ◦C. The metallization morphology was not changed.
The decrease of the barrier height with the increasing of
temperature of annealing has been also reported previ-
ously [12].

According to Duboz et al [12] the lower value of the
barrier height for sample annealed at higher temperature
(in our case at temperatures over 400 ◦C) can be at-
tributed to reduction in the density of interfacial defects.
Also, the scientists have found that the Fermi level at
metal/GaN interfaces is pinned by defects. The modifica-
tion of the defects density by annealing could change the
pinning at the Fermi level what could resulted in change
of the barrier height.

4 SUMMARY

We have fabricated Au/Pt/Ti Schottky contacts to n-
GaN. The electrical characteristics of the metallization
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were evaluated by I –V techniques as a function of an-
nealing temperature of the contact formation. The barrier
height of the as-deposited Schottky diode was found to
be 0.84 eV. The barrier height decreased to 0.61 eV when
the contact annealing was performed at 300 ◦C for 20 sec-
onds, and to 0.48 eV after annealing at the temperature
range from 400 ◦C to 700 ◦C.
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