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In the present work a study of the electrical properties of heterojunctions between rf sputtered amor-
phous silicon carbide (a-SiC) thin films and n-type crystalline silicon (c-Si) substrates is reported. The
current-voltage (I-V) and capacitance-voltage (C-V) characteristics, as well as the temperature depen-
dence of the current of a-SiC/c-Si(n) heterojunctions were measured. The I-V characteristics of a-SiC/
¢-Si(n) heterojunctions exhibit poor rectification properties, with a high reverse current, at higher
temperatures (T > 250K), whereas good rectification properties are obtained at lower temperatures (T
< 250K). It was found that the a-SiC/c-Si(n) heterojunctions are isotype, suggesting that-the conductivity
of a-SiC is n-type. The temperature dependence of the current (from 185K to 320K) showed that the
majority carriers of c-Si(n) (i.e. electrons) are transported from c-Si(n) to a-SiC mainly by the thermionic
emission mechanism, or by the drift-diffusion mechanism. From C-V measurements of a-SiC/c-Si(n)
heterojunctions the electron affinity of a-SiC was found to be X, = 4.20 % 0.04 eV. Finally, the a-SiC/
¢-Si(n) isotype heterojunctions are expected to be interesting devices as infrared detectors.

1. INTRODUCTION

Recently, extensive research work has been carried out on heterojunctions between
amorphous silicon (a-Si), or amorphous germanium (a-Ge), and crystalline
semiconductors'-®, because of their use in many semiconductor devices, such as
metal-amorphous silicon FETs”#, thin film transistors®!!, heterojunction bipolar
transistors'>!%, and solar cells'*">. However, the physics of amorphous-crystalline
heterojunctions is not clearly understood.

On the other hand, very little work has been done on the a-SiC/c-Si
heterojunction'®!’, although a-SiC exhibits a series of important properties (e.g.
wide optical band gap, photoluminescence, electroluminescence, mechanical
strength), and c-Si is the most well known semiconductor material, so that the a-
SiC/c-Si heterojunction could be very useful in many semiconductor devices.

In the present work, studies of the electrical properties of rf sputtered a-SiC/c-
Si(n) heterojunction structures are presented, for the first time. The results were
found to be consistent with those of our previous work on the a-SiC/c-Si(p)
heterojunction'®, suggesting that a-SiC exhibits conductivity of n-type, so that the
heterojunction a-SiC/c-Si(n) is isotype. This type of heterojunction, could be a
part of the structure a-SiC/c-Si(n)/c-Si(p), which is expected to be an interesting
device for high efficiency solar cells. A similar structure of the form a-Si/c-Si(n)/
c-Si(p) has also been proposed for high efficiency solar cells.'®
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2. FABRICATION OF a-SiC/c-Si(n) HETEROJUNCTIONS

a-SiC thin films, with a thickness of about 1 wm, were deposited by rf sputtering
on n-type Si(5-10 Qcm) substrates, with ohmic contacts (Al) at their back sides.
The target used was SiC of constant composition (66 wt% Si and 34 wt% C), 99.8%
purity and 81 cm? in area. The rf power was 250W and the target-to-substrate
distance was 5.5 cm. The substrate temperature was 30°C and the sputtering cham-
ber was evacuated below 5 X 10~7 Torr before the introduction of argon. During
deposition, the flow rate of argon was 20sccm and the pressure in the sputtering
chamber 6m Torr. Different metals (Mg, In, Al, Pd) of 0.785 mm? in area were,
subsequently, evaporated on the a-SiC thin films to form the front ohmic contacts.

3. RESULTS AND DISCUSSION

Figure 1 shows a typical structure of the a-SiC/c-Si(n) isotype heterojunctions
(figure 1(a)), and its energy band diagram under thermal equilibrium (figure 1(b)),
as well as under forward-bias conditions (figure 1(b)). This energy band diagram
was calculated using Anderson’s model”. The conductivity of a-SiC was considered
to be n-type, as it was found in our earlier study’®, and it has been confirmed by
the present work. The subscripts 1 and 2 refer to a-SiC and to c-Si(n), respectively,
so that E¢,;, E, are the edges of conduction bands, Ey,, Ey, the edges of valence
bands, 3;, 8, the distances between the Fermi level and the corresponding con-
duction band edges, E,;, E,, the energy band gaps, Vp;, Vp, the partial diffusion
potentials, AE., AEy the discontinuities of the conduction and valence bands,
respectively, and Eg the Fermi level under thermal equilibrium conditions. Under
forward bias conditions the polarity is positive on the a-SiC side of the junction.
As it is shown in figure 1(b), the deposition of a-SiC on c-Si(n) substrates leads to
the creation of a small potential barrier. Electrons from the c-Si(n) side can surpass
the potential barrier more easily than electrons from the a-SiC side, and thus, they
contribute to the main current component through the heterojunction.

Figure 2 shows typical I-V characteristics of a-SiC/c-Si(n) isotype heterojunc-
tions, measured at temperatures from 185 K up to 320 K. These characteristics, at
higher temperatures (T > 250 K), exhibit poor rectification properties, with a high
reverse current (the ratio of forward current (Ig)y-os over the reverse current
(Ir)v--, at T = 295 K being equal to 14), due to a relatively small conduction
band barrier height (AEc — qVp,), whereas good rectification properties are ob-
tained at lower temperatures (T < 250 K), where the number of electrons in a-
SiC available to pass through the junction is greatly reduced (the ratio of (Ig)v-os
over (Iz)v--; at T = 235 K being equal to 1000). These results are in very good
agreement with the experimental results obtained from isotype crystalline
heterojunctions®®-?, In contrast to a-SiC/c-Si(n) isotype heterojunctions, our pre-
vious study on a-SiC/c-Si(p) anisotype heterojunctions'® showed that their I-V
characteristics exhibit good rectification properties even for room temperature.

Figure 3 shows typical forward log(If) — V characteristics of a-SiC/c-Si(n) het-
erojunctions, measured at different temperatures from 185 K up to 320 K. After
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FIGURE 2 Typical current-voltage (I-V) characteristics of a-SiC/c-Si(n) heterojunctions at different
temperatures (device area = 0.785 mm?).

correcting the series resistance, by subtracting from the applied voltage the voltage
drop on the series resistance, all forward bias I — V curves obey the relation®:

Ir = Is[exp (:,]TVT) - 1] (1a)
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FIGURE 3 Typical forward current-voltage (log(Iz) — V) characteristics of a-SiC/c-Si(n) hetero-
junctions, at different temperatures (device area = 0.785 mm?).

or

qV 3kT

= R — > —
Ir = L exp (nkT)’ for V q (1b)
where I is the saturation current, q the magnitude of electronic charge, V the
applied forward bias voltage, n the ideality factor, T the absolute temperature of
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measurements and k Boltzmann’s constant. From the loglz — V plots the value of
ideality factor was derived. It was found that n = 1.07 = 0.05, for the whole
temperature range studied. This value of nindicates that the majority carriers from
¢-Si(n) (i.e. electrons) are transported to a-SiC, either by the thermionic emission,
or by the drift-diffusion mechanism?.

In the case of thermionic mission, the saturation current I, has the following
temperature dependence?:

B
— 1/2 =
I, = AT"? exp (kT) (2)

whereas in the case of drift-diffusion, the saturation current has a temperature
dependence of the form?

I, = Cexp (i(%‘) (3)

where A, B, D are constants, and C a weakly temperature dependent quantity.

Figure 4 shows the typical characteristic of logl; and log(I,/T"?), as a function
of 10*/T. According to eqs (2) and (3), a linear relationship between log(I,/T"?)
and 10°/T is expected for the case where electrons are transported from c-Si(n) to
a-SiC by the thermal emission mechanism, whereas a linear relationship is expected
between logl,, and 10°/T for the case where drift-diffusion is the dominant transport
mechanism. It is clear from figure 4, that a linear relationship is obtained in both
cases, suggesting that it is very difficult to distinguish the dominant transport mech-
anism, between the thermionic emission and drift-diffusion mechanisms, from the
I-V measurements in different temperatures. So, both thermionic emission and
drift-diffusion transport mechanisms, may be considered to contribute to the current
transport, as it has been suggested by R. J. Schuelke and M. S. Lundstrom?, for
abrupt isotype crystalline heterojunctions.

In a previous work'®, we have found that the effective density of localized gap
states in a-SiC is N, = 5 x 107 cm~3, and a comparison between N, and the density
of donor impurities, N,, in c-Si, with a resistivity equal to 10 Qcm, indicates that
the a-SiC/c-Si(n) isotype heterojunction should be a one sided junction. The dif-
ferential capacitance, C, as a function of the applied bias voltage, V, in one sided
abrupt isotype heterojunctions, is given by the relation'*:

E _ qeoezNz 12
s = (2(vo - V)) )

where ¢, is the dielectric constant of c-Si(n), &, the free space permittivity, s the
area of the heterojunction and Vy, the diffusion potential.

In order to calculate the energy band diagram and to ensure the abruptness of
a-SiC/c-S(n) isotype heterojunctions, differential capacitance-voltage measure-
ments were carried out. Figure 5 shows a typical experimental C-V characteristic
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FIGURE 4 Log(Is/T"?) and logl, of a-SiC/c-Si(n) heterojunctions as a function of 10*/T (device area
= 0.785 mm?).
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FIGURE 5 A typical room temperature capacitance-voltage (C-V) characteristic of a-SiC/c-Si(n)
heterojunctions, measured at 1 MHz (device area = 0.785 mm?).

of a-SiC/c-Si(n) isotype heterojunction, measured at 1 MHz. It is clear from this
figure, that the plot of 1/C? versus bias voltage, V, is a straight line. Taking into
account that interdiffusion is very unlikely, since the deposition of a-SiC thin films
takes place at a substrate temperature of 30°C, this linear dependence of 1/C? on V
indicates that the a-SiC/c-Si(n) isotype heterojunction is abrupt. A similar result has
also been obtained from the C-V measurements of a-SiC/c-Si(p) heterojunctions®.
From the slope of 1/C?> — V plot, the density of donor impurities in c-Si(n) was
estimated, using eqn (4), and it was found to be N, = 5 X 10" cm~3. This is in
agreement with the theoretical value obtained from the resistivity of Si substrates,
indicating that the a-SiC/c-Si(n) isotype heterojunction is a one sided junction, whose
depletion region is mainly extended within the c-Si(n) substrate.

From the same plot of figure 5, the value of diffusion potential, V,, was obtained
from the intercept of this straight line with the voltage axis, taking into account the
Gummel correction. This was found to be Vp = 0.15 = 0.04 eV, irrespective of the
front metal electrode used, indicating that the contact between the front metal and
a-SiC behaves as an ohmic one, as it was found in our earlier study'. Using this value
of Vp and the relations'®*:

AEc = qVp — 8, + & )
AEy = (E, — E,) — AEc (6)
AE: = X, - X, 0]
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the quantities AEc and AEy were calculated, for the first time, and were found to be
AEc = 0.19 = 0.04 eV and AEy = —0.44 = 0.04 eV. From the value of AE, the
electron affinity, X, of a-SiC was calculated, using eqn (7) where X, is the known
electron affinity of c-Si(n). The value of X, obtained in this work is X; = 4.20 + 0.04
eV, which is, within experimental error, in agreement with the value of X, obtained
from the study of a-SiC/c-Si(p) anisotype heterojunctions’. This result confirms that
the conductivity of a-SiC is n-type, and that the a-SiC/c-Si(n) heterojunction is isotype.

Finally, the small conduction band barrier height (AE: — Vp, = 0.18 eV) of the
a-SiC/c-Si(n) junction leads to the conclusion that these isotype heterojunctions would
be interesting devices as infrared detectors for wavelengths A = 6.8 um. This is
supported by the fact that the absorption coefficient of the free conduction band
carriers in a-SiC, given by the relation®:

N, A?
a o« —

p (8)

is expected to be relatively high, because of the small value of electron mobility (u
= 0.1 cm?/V.s) in amorphous semiconductors®.

4. CONCLUSIONS

The present study of the electrical properties of a-SiC/c-Si(n) heterojunctions leads
to the following conclusions:

a) The I-V characteristics of a-SiC/c-Si(n) heterojunctions exhibit poor rectification
properties, with high reverse, currents at higher temperatures (T > 250 K), whereas
good rectification properties are obtained at lower temperatures (T < 250 K).

b) The a-SiC/c-Si(n) heterojunction was found to be isotype, suggesting that the
conductivity of a-SiC is n-type.

c) The I-V characteristics of a-SiC/c-Si(n) heterojunctions at different tempera-
tures, from 185K to 320K, showed that the majority carriers of c-Si(n), (i.e. elec-
trons) are transported from c-Si(n) to a-SiC, mainly, by the thermionic emission
mechanism, and or the drift-diffusion mechanism.

d) From C-V measurements of a-SiC/c-Si(n) heterojunctions, the electron affinity
of a-SiC was obtained, and it was found to be X; = 4.20 + 0.04 eV. This value of
X, is, within experimental error, in agreement with that we have obtained from
studies of a-SiC/c-Si(p) anisotype heterojunctions.

e) Finally, the a-SiC/c-Si(n) isotype heterojunctions are expected to be interesting
devices as infrared detectors.
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