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Abstract: SiC thin-films were prepared by RF-magnetron sputtering technique(RMS) with the target of single crystalline SiC and
then annealed. The surface morphology of thin-films was characterized by AFM. The result shows that the surface of the thin-films is
smooth and compact; XRD analysis reveals that the thin-films are amorphous. The thickness, square-resistance and curves of
resistance—temperature were measured. The results show that the curves of InR versus 1/kT both before and after annealing satisfy
the expression of InRe<AW/kT, where AW is electron excitation energy in the range of 0.014 2—0.018 5 eV, and it has a trend of
increasing when the temperature is increased. After synthetical analysis we get the conclusion that the electronic mechanism of the
thin-films is short distance transition between the localized states in the temperature range of 25-250 °C. The resistivity is in the
range of 2.4 X 10°-4.4X 10> Q-cm and it has the same trend as electron excitation energy when annealing temperature is increased,
which further confirms the electronic mechanism of thin-films and the trend of electron excitation energy versus annealing

temperature.
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1 Introduction

Silicon carbide(SiC) is a promising semiconductor
material because of its excellent physical and chemical
properties, such as the wide band gap, large electrical
breakdown field, high thermal electronic conductivity,
high saturated electron velocity, large resistance to
radialization and high surface hardness. These properties
make SiC suitable for high frequency, high power, high
temperature applications, source of blue light[1-2], as
well as corrosion-resistant coating[3]. However, for
single crystal SiC, the growth of these layers is generally
achieved at substrate temperatures higher than 1 200
‘C[4], but this elevated temperature would generate a
high density of voids and a high concentration of
defects at the interface. Such effects can be significantly
avoided when growing polycrystalline or amorphous
layers at lower temperatures, which has characteristics
suitable for applications in microelectronic and
optoelectronic devices such as light emitting diodes,
phototransistors[5], solar cells[6] and temperature
sensors[7].

Thus the development of low temperature processes
to prepare SiC thin-films is essential for the practical
application of SiC. Some methods of deposition are used,
for instance, plasma enhanced chemical vapor deposition
(PECVD)[8], laser-assisted deposition[9], and magnetron
sputtering[10]. From these, magnetron sputtering process
appears to be very attractive due to its low cost, high
deposition rates, low deposition temperature, good
adhesion and so on[11].

In this study, SiC thin-films were prepared by
RF-magnetron sputtering technique(RMS) and the
structure and electrical properties of the thin-films were
mainly discussed.

2 Experimental

SiC thin-films were obtained in a RF (13.56 MHz)
magnetron sputtering apparatus using a sintered SiC
target (99.9% purity) of 100 mm in diameter and 5 mm
in thickness. High purity argon (99.99%) was used as
sputtering gas and polished glass was used as substrate
material. Prior to each film deposition, the substrates
were cleaned with deionized water for 15 min, followed
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by cleaning with acetone and alcohol in an ultrasonic
bath for 15 min, respectively, and then rinsed with
deionized water again. The sputtering was performed
with an Ar pressure of 1.5 Pa and RF power of 150 W in
the chamber evacuated to 1X 107 Pa before argon gas
was introduced in a flow of 150 mL/min through a mass
flow controller. Thin-films were deposited at room
temperature and the deposition time was 25 min. Before
each deposition, a 10 min pre-sputtering was performed
in order to remove the native oxide layer formed on the
target surface. After this pre-sputtering stage, the shutter
covering the substrates was removed and deposition
initiated. After deposition, the samples were submitted to
anneal using CS101-EBN type furnace at 200 ‘C and 300
C for 20 min, respectively.

The morphology of the thin-films was analyzed by
NT-MDT type atomic force microscopy(AFM). The
structure of the films was examined by X-ray
diffraction(XRD) with Cu K, radiation in a standard
X-ray diffractometer. The thickness was measured by
Alpha-SteplQ type profiler. The curves of resistance—
temperature were measured by furnace of CS101-EBN
and 7'/2 Digit Nano Volt/Micro ohm Meter of 34420A in
the temperature range of 25-250 C. And the square-
resistance was measured by Four-Point Probe of
SDY-4D type.

3 Results and discussion

3.1 AFM characterization

The AFM images of as-deposited and annealed SiC
thin-films are shown in Figs.1 and 2. From the images
we can learn that the thin-films grow in a way of
columns or gains and the surface is very compact. The
gains are uniform and small, and they are all in the shape
of ellipse, which is consistent with Refs.[12—13]. After
annealing the gains grow larger and the roughness turns
to 4.878 nm from 3.469 nm.

3.2 XRD analysis

XRD patterns show that the thin-films deposited
and annealed at different temperatures are all amorphous
with the RF power of 150 W at the pressure of 1.5 Pa,
which is consistent with Refs.[14—15]. Fig.3 shows one
of the XRD patterns of thin-films annealed at 300 C.
Obviously no SiC diffraction peaks can be found, which
is because of the low substrate temperature and low
annealing temperature.

3.3 Relationship of resistance versus temperature

The thin-films are amorphous SiC, which has been
confirmed by XRD patterns and AFM images. Referred
to the theory of semiconductor physics[16], the
electronic conductivity of amorphous semiconductor is

Fig.2 AFM images of SiC thin-films annealed at 200 ‘C
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Fig.3 XRD pattern of thin-films annealed at 300 C

given by
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where the first term is responsible for the electric

conductivity of extended states, o,,=quN., AE=E.—EFf;
the second term is responsible for the -electric
conductivity of band tail states at low temperature,
AE\=E,—FEgtAW,, and AW, is the average energy
between localized states of band tail; the third term is
responsible for the electric conductivity of short distance
transition at lower temperature, AE,=2arkT+AW,, and
AW, 1is the average electron excitation energy of
phone-assistant transition between localized states; the
forth term is the electric conductivity of transformable
distance transition at very low temperature (about 10 T).

For amorphous semiconductors, the different
electric-conducting mechanism plays dominating role at
different ranges of temperature[16]. Referring to the
theory mentioned above, we can get the same expression
of resistivity R versus temperature 7 at different
temperature ranges except for very low temperature of
about 10 T:

AW
InR=InR, +—— 2
ot 7 (2)

From Eqn.(2), we can learn that InR is linear with
1/kT and the slope is AW. The curves of InR versus 1/kT
of the thin-films are shown in Fig.4.

It can be seen that the relationship of resistance
versus temperature of both deposited and annealed films
satisfies the Eqn.(2), which proves that the thin-films are
semiconductor. And then AW can be got by the slope of
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Fig.4 Curves of InR versus 1/kT: (a) As-deposited film;
(b) Film annealed at 300 ‘C

the fitted line using the method of least squares. It is
obvious that the thin-films annealed at 300 C fit Eqn.(2)
much better than the thin-films before annealing. That is
because the annealing processes make the thin-films
much more stable[17].

3.4 Discussion of electric-conducting mechanism
Table 1 lists the AW at different annealing
temperatures. It is easy to find that the magnitude of all
AW is 102 eV. However, the band gap of amorphous SiC
is from 1.6 eV to 2.86 eV[18—19] and both of AE and
AE, corresponding to electric conductivity of extended
states and band tail states have the same magnitude as
band gap, which means the electric-conducting
mechanism is different. Also the transformable distance
transition is at very low temperature of about 10 T, so we
deduce that the electric-conducting mechanism of
thin-films is short distance transition between the
localized states and AW is right the average electron
excitation energy of phone-assistant transition between
localized states. Again, the average energy of electron
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Table 1 AW values at different temperatures

Temperature/C AW/eV
25 0.014 2
200 0.016 1
300 0.018 5

excitation energy between localized states is at the
magnitude of 102 eV that is consistent very well with
our experimental results from 0.014 2 eV to 0.018 5 eV,
and this gives a great support to the electric-conducting
mechanism deduced in this study.

3.5 Thermal annealing effect on electron excitation
energy
Thermal annealing is a very important technique for
thin-films preparing process. It can make the thin-films
much more stable through decreasing free energy. The
curves of electron excitation energy versus annealing
temperature are presented in Fig.5.
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Fig.5 Electron excitation energy of thin-films as function of

annealing temperature

It can be seen that the electron excitation energy has
a trend of increasing as the annealing temperature
increases. There is the explanation when the annealing
temperature is increased, the expression W/B increases
where W is the energy wide between centre energy £
and edge energy E,, and B is the band gap. That means
the ruleless potential becomes stronger. So the electron
excitation energy of phone-assistant transition between
localized states becomes larger[20].

3.6 Effect on resistivity of thermal annealing

In order to probe into the thermal annealing effect
on resistivity, the square-resistance of thin-films is
measured. Combined by the thickness of thin-films, the
resistivity is calculated whose range is from 2.4 X 10> to
44X 107 Q-cm. Fig.6 shows the resistivity of SiC thin-
films at varied annealing temperatures.

It is easy to find that the resistivity is increased
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Fig.6 Resistance variety of thin-films versus annealing
temperature

when annealing temperature is increased and it has the
same trend as electron excitation energy versus annealing
temperature. Based on the electric-conducting
mechanism of thin-films discussed before, the
relationship of electron excitation energy and resistivity
satisfies the following expression:

pocexp(AWIKT) 3)

However, in this study the electron excitation
energy is calculated through Eqn.(2) using data measured
in the experiment, while the resistivity is calculated by
the square-resistance and thickness of the SiC thin-films,
which means that the results using two different methods
are coincident. This further confirms the electric-
conducting mechanism and the trend of electron
excitation energy versus annealing temperature of thin-
films.

4 Conclusions

1) Amorphous SiC thin-films were grown by RF-
magnetron sputtering at the RF-power of 150 W and the
gas pressure of 1.5 Pa. From the AFM images we can
learn that the thin-films grow in a way of columns or
gains and are very compact. The gains are uniform, small
and of ellipse shapes. XRD analysis reveals that the
thin-films are amorphous.

2) The curves of InR versus 1/kT both before and
after annealing satisfy the expression of InRe<AW/KT.
The electron excitation energy of SiC thin-films is from
0.014 2 eV to 0.018 5 eV and it has a trend of increasing
when the annealing temperature is increased.
Considering all the above factors, we can deduce that the
electric-conducting mechanism is short distance
transition between the localized states. The resistivity of
SiC thin-films is in the range of 2.4X10°-4.4X 107
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Q-cm and it has the same trend as electron excitation
energy when the annealing temperature is increased,

which

further confirms the electric-conducting

mechanism of thin-films and the trend of electron
excitation energy versus annealing temperature.
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