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Abstract. Ni silicides contacts, which are expected to be
advantageous contact materials on SiC, were tested in this
work. Prepared contact structures were ohmic with low
contact resistivity approximately 8x107* Q cm’ after an-
nealing at 960°C as far as the SiC substrate with a medium
doping level was concerned, no matter whether Ni or Ni
silicides were used. At lower annealing temperatures, only
Schottky behavior was observed by means of I-V charac-
teristics measurements. In the case of SiC substrate with
a low doping level, the behavior differed. It was necessary
to anneal the structures at 1070°C to see ohmic behavior
appearing with resistivities reaching 8 107 Q cm’ and this
was valid only for Ni and Ni,Si. Raman spectroscopy
measurements confirmed formation of single Ni silicides as
expected. It was found that Ni silicides can keep as good
resistivity as Ni contacts while they interact with SiC in
limited way and their undesirable drop-like morphology is
expected to be overcome for example with a covering
layer.
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1. Introduction

As one of semiconductors with a wide band gap, hex-
agonal SiC offers many interesting properties like high
thermal conductivity, good chemical stability, high break-
down field and others [1]. Hence, it finds its potential in
high speed or power electronics [1], [2]. Ohmic contacts
are essential parts of electronic components. Nickel be-
longs to the most used materials for making ohmic contacts
on SiC and these contact structures were broadly investi-
gated across many studies [1], [3], [4]. So a lot is known
about Ni/SiC contact structure features and nature. In order
for the Ni/SiC contact structure to become ohmic it is
annealed in vacuum at temperatures higher than 900°C
usually for 10 mins and a solid state reaction takes place
between Ni and SiC. Ni silicides and carbon phases are
formed during the reaction. Contact resistivities of these
contact structures are fairly low, but the reaction including
SiC decomposition is undesirable. The reaction brings
contact morphology worsening, which may undermine

contact’s reliability. There have been some works studying
contact materials which are not expected to decompose
underlying SiC yet yielding low resistivity [5], [6]. Ni
silicides are one example. They have been prepared by
various ways of deposition, either directly, or Si and Ni
thin layers in appropriate stoichiometry have been depos-
ited and later annealed to form the silicide [6-8]. These
pure Ni silicides/SiC contact structures after annealing at
temperatures higher than 900°C had indeed good resistivity
and good reliability in comparison with Ni/SiC contact
structures [7], [8].

In our study, several Ni silicides on n-type 6H-SiC
with a medium and low doping level were tested. It could
be interesting to compare Ni silicides structures with Ni
structures on a substrate with low doping level, too, as
there are studies dealing with Ni structures on SiC with
low doping level [9]. Raman spectroscopy was used to
analyze formed species during contact preparation. Raman
spectroscopy is a very useful technique for contacts’
chemistry examination and many studies have achieved
valuable observations thanks to this technique.

The aim of this study can be summarized in such
a way that several Ni silicide contact structures were pre-
pared to be compared with Ni structures in terms of chemi-
cal composition, electrical behavior and to find whether
an optimized contact structure could be suggested.

2. Experimental

Samples of n-type nitrogen doped 6H-SiC(0001) from
SiCrystal AG were used for our experiments. The first
substrate’s doping level was 5.5x10'7 and the second sub-
strate’s one was 5.5x10" [ecm™]. Before deposition, sam-
ples were cleaned by RCA-like treatment. Samples were
blown dry with N,. Silicides Ni,Si, NiSi and NiSi, were
prepared by Si and Ni multilayer deposition to fulfill the
respective stoichiometry. Layers’ sequence and thickness
was as follows: SiC/12 nm Si/13 nm Ni/12 nm Si/13 nm Ni
for Ni,Si, SiC/18 nm Si/9.75 nm Ni/18 nm Si/9.75 nm Ni
for NiSi and SiC/20 nm Si/5.4 nm Ni/20 nm Si/5.4 nm Ni
for NiSi,. It is important to remark that silicides were sup-
posed to form not until after appropriate annealing. Depo-
sition was carried out by e-gun in vacuum chamber at
2x10° Pa. Samples were placed in a sample holder and
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kept at 135°C during deposition. Contact structures were
defined through a metal mask with 150x200 um dimen-
sions and 1 mm spacing between each other. For annealing
the samples were placed into resistively heated Mo trays in
vacuum chamber at 3x10° Pa. Annealing temperatures
were 620°C for 90 mins, 850°C for 30 mins and 960°C for
10 mins. Samples were annealed successively at these
temperatures and there were some more samples which
passed through only 960 and 1070°C for 10 mins. Contact
resistivity measurements were carried out by modified
four-point probe method and also I-V characteristics in
antiparallel configuration were measured both at room
temperature after every annealing step. Samples were ana-
lyzed by means of Raman spectroscopy after annealing at
960°C. A LabRam system (Dilor) with a 532.2 nm laser
line and 1 um spot size was used for this analysis.

3. Results and Discussion

3.1 Electrical Measurements

Contact resistivity and -V characteristics measure-
ments are summarized in Tab. 1 for substrates with the
medium doping level.

annealing temperature 620°C 850°C 960°C
average  contact  resistivity >107 10%-107 8x10™*
[Qem?]

contact resistivity scatter in | >15% >15% 15%
percents of average value

I-V characteristics Schottky | quasilinear linear

Tab. 1. Electrical measurements on SiC with the medium
doping level.

It is apparent that contact resistivity decreased when
higher annealing temperatures were used. When I-V char-
acteristics are concerned, ohmic behavior of contacts was
observed first after annealing at 960°C. It is interesting to
note that resistivity values and I-V characteristics repre-
sented by Tab. 1 with minor deviations hold for each sili-
cide. Also much lower scatter in resistivities was observed
after annealing at 960°C. Electrical properties of tested Ni
silicides are very similar to pure Ni contacts. Ni/SiC con-
tacts had resistivities 8x10” Qcm® after annealing at
960°C, scatter was low and I-V characteristics were linear,
too.

Electrical properties for contacts prepared on SiC
substrate with the low doping level are summarized in
Tab. 2. The first thing which is clearly different in Tab. 2 is
that single silicides had to be distinguished in their electri-
cal behavior contrary to the contacts on the substrate with
the higher doping level presented in Tab. 1. Further, as it
can be expected for low doping level, contact resistivity is
high and also higher annealing temperatures were neces-
sary for a decrease in resistivity. The only silicide which
provided ohmic contacts was Ni,Si. Contacts prepared
from silicides rich in silicon did not show perspective re-

sults. If we compare Ni silicides with pure Ni contacts, Ni
and Ni,Si contact structures have very close properties.

annealing temperature 960°C 1070°C
e[tgvzecrri%]efosﬁtzascit resistivity 10" - 102 > 8x10°
e[tgvzecrri%]efoscl)\lllitsaict resistivity 10°- 102 =102
e[tgvzecrri%]efoscl)\lllitsaiczt resistivity ~10" ~10"
1-V characteristics for Ni,Si sorrslzria:ré}zlgzéi(n;ar, linear
;1\[/1 &?Sﬁaaerimcs for NiSi Schottky Schottky

Tab. 2. Electrical measurements on SiC with low doping level.

3.2 Raman Spectroscopy Results

Raman spectroscopy served for examination of sili-
cides, which were expected to form during annealing in
contact structures. All spectra shown are further unproc-
essed.

In Fig. 1 there is a Raman spectrum collected after
annealing at 960°C for the Ni,Si sample. There are evident
two quite large peaks around 99 and 140 cm™. These peaks
correspond to Ni,Si [10]. When going to higher wavenum-
bers two smaller peaks at 185 and 206 cm™ are apparent.
They may show evidence of NiSi but they are quite shifted
to lower wavenumbers [11-13]. In all spectra there are also
peaks corresponding to the SiC substrate and peaks at 1354
and 1589 cm™ which correspond to free carbon [14]. So it
can be concluded that the expected Ni,Si silicide was
formed.

Fig. 2 and 3 show other Raman spectra. Fig. 2 is for
NiSi sample and Fig. 3 is for NiSi, sample, all annealed at
960°C. Two distinct peaks and two broader peaks at 192,
214, 288 and 360 cm™ in Fig. 2 support the evidence for
NiSi [11-13], [15]. In the case of NiSi, sample, four broad
peaks corresponding to NiSi, were identified at 231, 288,
321 and 396 cm’, which is in good agreement with
observations in other studies [15], [16].

In all spectra there is a peak around 150 cm™, which
is clearly visible in NiSi and NiSi, samples. This peak is
one of SiC peaks according to bare 6H-SiC spectrum (not
presented here). In the Ni,Si sample it is also apparent, but
it overlaps with one of Ni,Si peaks. Another interesting
feature is that there are not peaks evidencing for free car-
bon at NiSi and NiSi, samples in whole spectra shown in
the upper right corner of respective figures. Carbon present
in samples may come from interaction of silicide with SiC,
however, it is much more probable that there was deposited
a slight excess of Ni over stoichiometry and this Ni de-
composed underlying SiC forming carbon as a reaction
product. Silicides richer in silicon very probably consumed
all Ni during their formation so SiC decomposition did not
take place and there are really negligible traces of free
carbon in spectra of NiSi or NiSi, samples.
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Fig. 1. Raman spectra for Ni,Si/SiC sample annealed at 960°C.
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Fig. 2. Raman spectra for NiSi/SiC sample annealed at 960°C.
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Fig. 3. Raman spectra for NiSi»/SiC sample annealed at 960°C.

3.3 Optical Microscopy Results

Formed contact structures were observed by optical
microscopy. Ni,Si structures had good morphology. But
once annealed NiSi or NiSi, were considered, their con-
tinuous morphology transformed into regularly aligned
isolated islands. The area of the original contact had been
150%200 pm and formed islands had diameter around
1-10 um and were separated from each other for approxi-
mately the same distance. It is important to mention that
when these samples were probed by Raman spectroscopy,
the analyzing laser beam was thoroughly focused right into
an island. When an area among islands was probed, SiC
spectrum was obtained without visible marks of silicides
peaks. Also the surface among the islands looked like
original SiC substrate surface under the optical microscope.
The islands formation could be described as coalescence.
There are some studies that encountered these issues as
well [8], [17].

Nevertheless, contact resistivity was not affected by
islands formation at NiSi and NiSi, contact structures when
compared with Ni or Ni,Si contact structures as far as SiC
substrate with the medium doping level was concerned.
Because NiSi and NiSi, do keep low resistivity despite the
fact that their morphology is not ideal, for example another
layer of a suitable material could be deposited on these
structures as a covering layer for ensuring better contacts
reliability. This did not hold true for the low doping level.
However, it is not clear if the coalescence is the real reason
why NiSi and NiSi, contact structures show worse electri-
cal properties on the substrate with the low doping level.

Fig. 4. Photography of a silicide contact rich in silicon after
annealing at 960°C.

4. Conclusions

Ohmic behavior was achieved for SiC substrate with
the medium doping level for Ni and as well as all Ni sili-
cides with contact resistivity approximately 8x10* Qcm®
after annealing at 960°C. At lower annealing temperatures
only Schottky behavior was observed. Situation changed
on substrate with the low doping level, where annealing at
1070°C was necessary for obtaining ohmic structures with
resistivities reaching minimal value 8x10~ Qcm®. More-
over, this holds only for Ni and Ni,Si contact structures.



RADIOENGINEERING, VOL. 20, NO. 1, APRIL 2011

213

NiSi and NiSi, had very high resistivity and Schottky
behavior.

Raman spectroscopy measurements confirmed for-
mation of intended Ni silicides. Ni,Si samples were identi-
fied with an amount of free carbon possibly coming from
reaction of excess Ni with SiC.

Ni,Si silicide seems to be the most perspective. It
holds good morphology after annealing, good resistivity on
both substrates with different doping level and can be
expected to interact with SiC minimally. NiSi and NiSi,
can be perspective for SiC substrate with medium doping
level after a morphology optimization for example with
a covering layer.
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