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Abstract. This paper is dedicated to the experimental investigation of Ohmic contacts to the n+-
doped region of the AlGaN/GaN transistor heterostructure based on Ti/Al/Ni/Au metallization.
The Al-Ti-N system has been assessed on the basis of available thermodynamic descriptions for
binary subsystems. The effect of annealing temperature on the specific resistance of Ohmic
contact was studied.

1. Introduction

GaN-based transistor devices are widely used in defense and civil industries. This includes the use of
the main component of the microwave monolithic integrated circuits (RF MIC) millimeter and
submillimeter bands for communication systems, radar, radio astronomy, radiometry, etc. [1]. These
materials have been applied moreover in the optoelectronic industry as the basis for LED crystals along
with the use of wide bandgap GaN-based semiconductors as the basis of the transistors.

Multilayer metallization is mostly used in contact microelectronics technologies because of their
better parameters (conductivity, adhesion to the surface, morphology). The multilayer contacts of Ti/Al
that form compounds with a low work function are often used to form an ohmic contact to the n-type
semiconductor [2-4]. For standard metallization is used gallium nitride-based Ti/Al/Ni/Au.

The hypothesis of the mechanisms of Ti/Al-based ohmic contact formation to the n-GaN is based on
the appearance of the TixN compound, which is a conductor. It begins to form during the deposition of
titanium on the n-GaN surface and in the bulk of the titanium layer metallization during thermal
annealing. TixN formation temperature is in the range 200+1000°C; because of this, titanium particles
sprayed by various methods can form a thin layer of TixN on the surface.

2. Al-Ti-N compounds
The analysis of the features of solid-state interaction processes in Al/Ti/GaN contacts during annealing
on their parameters [5] showed that the contact is transformed into a structure consisting of phases that
are the products of solid-phase interaction of titanium and aluminum. The presence of nitrides,
intermetallics and ternary phases along with free titanium and aluminum makes it difficult to analyze
the stability of Al/Ti/GaN contacts, requiring the detection of patterns of solid-phase reactions between
contacting materials and changing the phase composition of these structures in the temperature range of
contact formation and their operation.

In the ternary AI-Ti-N system, the following compounds can be formed: nitrides (AIN, TiN),
aluminides (AITi, AlsTi, AlTis, AlsTiz, AloTi). To analyze the stability of the two phases in the ternary
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system, it is necessary to take into account all possible chemical reactions. The phases do not interact
with each other, i.e. they are thermodynamically stable, if in the considered temperature range for all
the reactions AG> 0 and a connecting line can be made between these phases in ternary phase diagram.
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Figure 1. Titanium-Nitrogen phase diagram

According to the phase diagram (Figure 1) and [6, 7], at temperatures below 882°C, titanium has an
a-Ti modification with a hexagonal close-packed lattice, at temperatures above 882°C — B-Ti with a
cubic body-centered lattice. Because of this, it is necessary to consider separately the temperature ranges
below and above 882°C for some compounds.

To analyze the stability of two phases in a ternary system, it is necessary to record all possible
chemical interactions of these phases and calculate the temperature dependence of the change in the free
Gibbs energy for each reaction. The phases do not interact with each other, i.e. are thermodynamically
stable, if in the considered temperature range for all the reactions AG> 0, while on the ternary phase
diagram, it is possible to draw a connecting line between these phases.

For example, in order to analyze the stability of titanium, aluminum, and nitrogen, it is necessary to
write down the reaction equations for their interaction (Table 1).

Table 1. Gibbs free energy for reactions at different temperatures T.
AG, KJ/(g-atom)

Reaction 800°C 850°C 900°C 950°C 1000°C

1. Ti+N=TiN 237 231 2226 222 217
2. Al+Ti=AITi 404 307 .64 .63 .62

3. 3AI+Ti=AlsTi 254 302 -128 -126 -124
4. 3Ti+AI=AlTis -810 -889 .08 .08 .08

5. 2Ti+3AI=Al;Ti, 1649 1861 117 117 2116
6. Al+N=AIN -206 -200 -194 -188 -183
7. Ti+2AI=ALTi 121 141 110 -0.8 1.7
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Thus, we can say that the most favorable temperature conditions for the formation of the better ohmic
contacts are those up to 882°C, since free titanium goes to form a large number of different aluminides
above this temperature. This reduces the possibility of the formation of titanium nitrides, which are
necessary to obtain nitrogen vacancies, due to which the contact resistance decreases.

3. Experiment

We used AlGaN/GaN heterostructure. Ti/Al/Ni/Au (35/135/50/100 nm) multilayer metallization was
deposited on it by resistive evaporation method with the use of the Kurt J. Lesker PVD 75 film deposition
system. Annealing was performed using the rapid thermal annealing system Modular RTP-600S at a
constant temperature for 30 s. Ohmic contact measurements were carried out on test structure for the
transmission line method (TLM) [8]. To improve the accuracy of contact resistance measurements, we
also used test structure [9]. Specific contact resistance was measured by the use of the Agilent B 1500
A semiconductor devices analyzer.

4. Results and Discussion

To investigate the effect of the annealing temperature on the properties of the contact, 8 samples were
prepared. They were annealed at various temperatures in the range of 800-1000°C. The obtained values
for the contact resistance are listed in Table 2. To explain the obtained results, the characteristics of
Schottky barrier, which is formed in the contact, were determined. We chose the method of capacitance-
voltage characteristics measurement to determine the height of the barrier ¢g. The total voltage U applied
to the contact is expressed through capacity according to formula [10]

U KT _9esNoS”

1
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where S is area of the contact, q is elementary charge, k is Boltzmann constant, T is temperature, Np
is charge-carrier concentration, € = 8.9 is permittivity of Gallium nitride, go iS vacuum permittivity.
Capacitance-voltage characteristics were measured for all samples in the voltage range of 0-10 V. In the
first section of the capacitance-voltage characteristic (02C/0U? > 0), capacity of the first contact is
charging. In the second section (6°C/0U? < 0), the second capacitor is charging and capacity reaches the
maximum. In this case, in the first section, the first Ohmic contact plays the role of a barrier and the
second is Ohmic. Therefore, to measure the Shottky barrier in the rectifying contact, we should use the
first section of the capacitance-voltage characteristic. Values of ¢g were determined for all samples by
comparing the measured capacitance-voltage characteristic with the theoretical curve (3). Obtained data
are listed in Table 2.

Table 2. Resistance py, transition resistance pr, Schottky barriers height ¢g for contact
samples, annealed at different temperatures T.

Sample number T,°C  pr,Q'mm  g¢s, eV

1 - - 1.21
2 800 0.35 1.04
3 850 0.32 0.918
4 880 0.07 0.903
5 885 0.28 0.95
6 900 0.67 1.05
7 950 0.77 1.08
8

1000 1.88 1.47
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5. Conclusions

The formation of Ohmic contacts to the n+-doped region of AlGaN/GaN heterostructure based on
Ti/Al/Ni/Au metallization through annealing was studied. The optimum temperature and annealing time
are 880°C and 30 seconds, respectively. The specific resistance of the contact is 0.07 Q'mm. The
obtained resistivity values are lower than those obtained by other authors [11].
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