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1. Introduction

Solar cells fabricated on the base of semiconductor-insulator-semiconductor (SIS) struc-
tures are promising for solar energy conversion due to their relative low cost. These structures
are obtained by spray deposition of transparent conductive oxide (TCO) films onto different
crystal substrates [1-4], but the main semiconductor material for solar cells (SC) fabrication
remains silicon. The principal obstacle in silicon SC utilization, especially in developing coun-
tries, is their relative high cost. The SC cost reduction must be obtained on the base of low cost
fabrication technologies. The spraying method, which permits obtaining of semiconductor-
insulator-semiconductor (SIS) structures, is an example of such technology. In this case, it is
not necessary to obtain a p-n junction while the charge carriers generated by the solar radiation
are separated by the electrical field at the semiconductor-insulator-semiconductor interface.
The investigation of electrical and photoelectrical properties of the Si based SIS structures
shows that their efficiency is more than 10% for laboratory-produced samples [5].

The state of the semiconductor-insulator interface plays an important role in the process
of radiation generated charge carrier separation and, therefore, in conversion efficiency increas-
ing. The information about the state of the semiconductor-insulator interface could be obtained
from the investigation of dark current-voltage characteristics and the determination of charge
transport mechanisms through this interface what is the main purpose of this communication.

2. Experimental

nSi wafers oriented in the (100) plane with electron concentration 1 x 10" em™ were
used as substrates in our experiments for the fabrication of n ITO/Si0,/nSi structures. A tun-
nel transparent for minority carriers SiO, insulator layers were obtained on the silicon wafers
surface by different methods: anodic, thermal or chemical oxidation [3].

The ITO layers are deposited on the nSi crystal surface by spraying of alcoholic solution of
InCl; and SnCly in different proportions using the special designed installation which contains
four main units: the pulverization system, the system of displacement and rotation of the support
on which the substrate is fixed, the system of the substrate heating and the system of the evacua-
tion of the residual products of the pyrolysis. The heating system consists of an electric stove and
a device for automatic regulation of the substrate temperature [6]. The ohmic contacts have been
obtained by evaporation in vacuum Cu+Sn for the back contact and Al grid for the frontal one.

The measurement of current-voltage characteristics were carried out in direct current con-
ditions on a specially designed automatic installation, allowing to represent the results directly
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on the computer display with an opportunity of their further processing by means of various
programs, for example Excel and Origin. The limits of the measured current are from 10”4 up
to 1074, the maximum applied voltage is £10 ¥ with the minimal step 10 m V. The data are ob-
tained with a temporary step of 100 ms in the temperatures range from room up to 250°C.

3. Results

The investigation of the photoelectrical properties of the ITO/n-Si structures fabricated
using Si crystals with different electron concentration show that the value of 1 x 10em™ is
preferable for obtaining SC with optimal efficiency. Therefore, the study of the current-
voltage (I-V) characteristics was carried out on the base of wafers with the above mentioned
concentration.

In order to determine the charge carriers transport mechanisms through the potential
barrier of the ITO/n-Si structures the I-V characteristics in the temperature interval 293—
413 K were studied. The general behavior of direct biased (I-V) curves (see Fig. 1) is charac-
terized by the presence of two slopes in the current-voltage dependences.
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Fig. 1. Direct I-V characteristics of the structure ITO/n-Si at different temperatures.

In sector 1, at external voltage less than 0.3 V, the (I-V) curves are parallel; the angle of
their inclination is constant. In this case, in conformity with [7], the charge carrier transport
through the potential barrier could be described by the relation

J=1J.,exp(AV) exp(BT) (1)
where A and B are constant and do not depend on temperature and voltage, respectively. The
numerical value of the constant A determined from the dependences represented in Fig. 1 is
15 V!, The value of the constant B, which is 0.045 K ! , was calculated from the same depend-
ences, which have been reconstructed in the coordinates Inl = f(T). In [7] the constant A is

expressed by the relation
A = 8n/3h (m*. & S/Ng)'?, )
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where in our case m*. is the electron effective mass in Si, & is the dielectric permeability of
the silicon. The parameter S represents the relative change of the electron energy after the
each step of tunneling process, and then 1/S may be the number of the tunneling steps. From
the numerical value of A, it is easy to calculate this number because the other values are fun-
damental constants or physical parameters of Si. Hence, the mechanism of the charge carrier
transport at direct bias less than 0.3 V' could be interpreted as multi-steps tunnel-
recombination transitions of electrons from the silicon conduction band into ITO conduction
band, the number of steps being about 100 (Fig. 2).
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Fig. 2. Schematic representation of current transport mechanism at V<0.3 V.

At direct bias more than 0.3 V" (sector 2 in Fig. 1) the current flow mechanism through
the ITO/n-Si structure changes. The inclinations of the I-V dependences are modified at the
temperature variation, what is confirmed by the constant value (about 1.6) of the parameter n

from the relation

I = Cexp(-9p/nkT)exp(qVa/nkT), 3)
which describes this case in conformity with [8]. This result shows the beginning of the elec-
tron emission from Si into ITO over the potential barrier (Fig. 3).

Electron
emission

Fig. 3. Schematic representation of current transport mechanism at V>0.3 V.
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From Inl = f(1/kT), it is possible to determine the height of the potential barrier ¢p in
ITO/n-Si structures because the shape of the above mentioned dependence is ¢p-qV, (Fig. 4).
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Fig. 4. Dependence Inl = f (1/kT) for direct biased ITO/n-Si structure at voltages more than 0.3 V.

The calculated value of @g is 0.6 eV, which is in correlation with experimental data.

4. Conclusions

So, in n'ITO/Si0,/nSi structures two mechanisms of the direct current flow are ob-
served: tunneling-recombination at direct voltage less than 0.3 " and over barrier emission at
voltages more than 0.3 V. The reduction of the influence of the former will lead to the in-
crease in efficiency of the conversion of the solar energy into electric one by the investigated
structures. Further investigations of the interface at various thicknesses of the insulator layer
are necessary to clarify the case.
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