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Abstract. Electrical and structural properties of Schottky-barrier diodes formed with TiBx
and ZrBx amorphous layers on n-6H-, 15R- and 4H-SiC (with epi-layer) were studied. High
thermal stability of  ideality factors and barrier heights in the formed contacts was explained
by the thermal stability of an interface TiBx(ZrBx)-SiC after rapid thermal annealing at 800°Ñ
for 60 s.
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1. Introduction

Traditionally, SiC Schottky diodes technology utilizes
polycrystalline films of refractory metals, their silicides and
carbides and other high temperature compounds [1�5]. In
spite of high conductance and thermal compatibility of those
compounds, they degrade during high temperature opera-
tion. One of the possible degradation mechanisms is inter-
grain diffusion. Moreover, most of the used metals form
various phases with SiC at relatively low temperatures,
which results in formation of non-uniform interface [6].

One of the approaches to reduce diffusion at the inter-
face metal�SiC is to use amorphous and nano-crystalline
films of TiBx and ZrBx to form Schottky barrier to the SiC
substrate [7, 8].

In this work, we studied the effect of rapid thermal an-
nealing on the contact characteristics of ZrBx-n-4H-SiC,
TiBx(ZrBx)-n-6H-SiC and ZrBx-n-15R-SiC.

2. Experiment

Three polytypes of SiC samples were used:(i) 4H-SiC substrates
with n+-buffer and n�-epitaxial (n ~ 6·1015 cm�3) layers pur-
chased from Cree Research Inc, (ii) Lely n-6H-SiC substrates,

(iii) Lely n-15R-SiC substrates. Net doping concentra-
tion in the Lely samples was about 1018 cm�3.

The Schottky diode structures were fabricated using
planar technology with an insulating silicon dioxide film of
0.4�0.6 µm thick grown on Si-face of the SiC substrates.
Contact windows in the oxide were 100�200 µm in dia-
meter.

Amorphous and nano-crystalline films of TiBx (ZrBx)
with the thickness 50 nm were deposited on SiC substrates
by magnetron sputtering at the temperature of ~200°C fol-
lowed by gold plating. Blanket ohmic Ni contacts (200 nm)
were formed also by magnetron sputtering on C-faces of all
samples followed by annealing at 1000°C for 90 s. Be-
fore gold plating, a part of the samples was subjected to
rapid thermal processing (RTP) at 800°C for 60 s.

Auger spectroscopy was used to identify the atom pro-
file depth distribution in the RTP-annealed and non-annealed
structures. X-ray diffractometry was used to analyze crys-
tallinity of the deposited films. Surface morphology of
the contacts before and after RTP was studied by atomic
force microscopy.

Current-voltage and capacitance-voltage characteristics
of the formed diodes were also measured  before and after
RTP to determine the barrier heights and ideality factors.
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3. Results and discussion

The Schottky barrier heights and ideality factors calcu-
lated from the forward I�V characteristics measured be-
fore and after RTP are summarized in Table 1. The voltage
intercepts and net doping concentrations, Nd � Na, ex-
tracted from 1/Ñ2�V curves are also shown in the Table 1.

The results show that there was not any significant ef-
fect of RTP on the parameters of the formed Schottky di-
odes for each polytype of SiC substrates.

The diodes formed on n-n+-SiC 4H substrate exhibi-
ted a leakage current of 10�4À at the reverse bias of
~800V, while the diodes formed on 6H- and 15R-SiC
substrates (without an n-epilayer) showed a leakage cur-
rent of 10�4 À at ~40 V.

Specific contact resistances of ohmic contacts were in
the range of (0.9�1.2)·10�4 Ohm·cm2 in all the samples.

Auger-electron spectroscopy was used in order to
analyze an effect of RTP on the atom redistribution in the
formed contacts (Fig. 1). The results show that the atom
depth profiles were not significantly affected by RTP. Stoi-
chiometry of all the deposited films was the same before
and after RTP, and the RTP did not enhance the chemi-
cal interaction between the films and SiC substrate. This
indicates a thermal stability of the contacts.

An X-ray diffractometry analysis showed that TiBx and
ZrBx films had no crystalline phases before and after RTP,
but had an amorphous or quasi-amorphous structure.

A surface morphology analysis performed by atomic
force microscopy showed no significant difference between
annealed and non-annealed TiBx and ZrBx contacts (Fig. 2).
Mean surface roughness measured before and after RTP
was about 0.5 nm. These data correlate with the results
obtained in Ref. [7]. Note, a surface in the annealed samples
became more uniform which might be explained by me-
chanical stress relaxationin the film after RTP.

Table 1. The barrier heights, ϕϕϕϕϕB, ideality factors, n, and voltage intercepts, VC
CU − , measured before and after RTP.

Diode structures Parameters

Before RTP After RTP

,VI
B

−ϕ V ,VC
CU −  V n Nd � Na, ,VI

B
−ϕ V ,VC

CU −  V n Nd � Na,

ñm�3  ñm�3

Au-ZrBx-n-n+ -SiC 4H 0.83 0.87 1.2 5·1016 0.83 0.87 1.2 5·1016

Au-ZrBx-n- SiC 6H 0.79 0.87 1.2 1018 0.80 0.87 1.2  1018

Au-TiBx-n SiC 6H 0.82 0.85 1.2 1018 0.82 0.85 1.2  1018

Au-ZrBx-n-SiC 15R 0.78 1.58 1.8·1018 0.78  1.58 2·1018

Fig. 1. Auger profiles of Si, C, Ti, B and O vs. depth in the TiBx-n-

6H-SiC contacts (a) before and (b) after RTP.
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4. Conclusions

In this work, we have demonstrated that Schottky contacts
based on amorphous or quasi-amorphous TiBx and ZrBx
films form a thermostable (up to 800°C) interface with the
4H-, 6H- and 15R-SiC substrates. Thus, these contacts might
be used in SiC devices operating at high temperatures with
no degradation.
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Fig. 2. AFM images of TiBx-n-6H-SiC: à � without RTP; b � with RTP.
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