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Abstract

SnO2/InP heterojunction solar cells have been prepared by spray pyrolysis low-cost technique
with an open circuit voltage of 500 mV, a short circuit current density of 28 mA/cm?, fill factor of
0.28, and conversion efficiency of 4%. Halogen lamp was used as a simulated AM 1 condition.
Electrical properties of this heterojunction have been examined.
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1. Introduction

The deposition and processing of wide-
bandgap TCO/InP  heterojunctions  have
become the topic of many recent investigations
for next generation of very large area solar
cells [1-5]. One of the promising techniques is
the chemical spray pyrolysis (CSP). This
technique is low-cost, simple, reliable, and
practical.

In this technique, high efficient solar cells
have been made [6-8].InP has a direct bandgap
of 1.34 eV at 300 K is near the calculated
optimum value for solar energy conversion
[9]. SnO, is a wide-bandgap (about 3.4 eV)
semiconductor with n-type conductivity. It has
a high value of mobility for free carriers and
Thin oxide films can be synthesized by
numerous techniques such as chemical vapour
deposition [15], spray pyrolysis [16],
sputtering [17], and sol-gel deposition [13]
SnO2 semiconductor have been widely used
for technical applications such as gas sensors,
solar cells and transparent electrodes for
optoelectronic  devices. The  SnO2/InP
heterojunction has high efficiency solar energy
conversion, it has efficiency is 13.8% [17], and
other advantage it has low cost, radiation
resistance [18].

In this paper, we report our experimental
results on optoelectronics properties of
SnO,/InP solar cell made by CSP technique.

Experiment

The starting material used in the present
investigation is single crystalline p-type zinc-
doped InP wafers with orientation of (111)
and resistivity of 12.5 Q.cm. They were

preliminary cleaned in a standard way. The
heterojunctions were prepared by spraying
0.4M of an aqueous solution of
SnCl4.5H,0 onto mirror-like InP substrate
heated and maintained at 400 °C The
thickness of polycrystalline SnO, film
measured by gravimetric method was
about 200 nm. Ag and Al electrodes were
deposited on SnO, and InP respectively, by
using thermal evaporation in a vacuum at
107 torr. By using blazer coating system.
The structure of heterojunction solar cell is
shown in Fig.(1).

The sensitive area of the cell was around
25 mm?. The spectral responsivity at zero bias
was investigated using monochromatic
(MODELY746) in the range 450 to 1100 nm.
The electrical characteristics of the
heterojunctions were examined using C-V
measurements using LCZ system hp/4192
ALF type at frequency of 0.5 MHz and reverse
bias  between (0-5) wvolts and IV
measurements under dark condition using
Kethley 616 Digital Elecrometer. Seebeck
method has been used to determine the
conductivity type of SnO,, The deposited films
were subjected to X-ray diffraction (XRD, by
CuKa line)

Results and Discussion

Fig.(2) shows the X-ray diffraction pattern
of a typical SnO; film deposited on a glass
substrate. The peaks at 20 (27,36,53)
correspond to diffraction from (110), (101),
(211) planes of the SnO, tetragonal phase,
respectively. Seebeck results shown in Fig.(3)
that conductivity type of SnO, layer was n-



type. C-V  curve of the
heterojunction was shown in Fig.(4).

Fig.(5) show C? versus Bias voltage for
characteristics SnO,/InP heterojunction This
plot confirms that the junction was abrupt type
and in good agreement with standard theory of
diffusion model developed by Anderson. Since
band bending be is primarily on the InP side.

The n-type conductivity of SnO, layer
revealed from Seebeck measurements
demonstrates an anisotype n-p heterojun-
ction. 1-V characteristics of SnO,/InP
anisotype heterojunction are illustrated in
Fig.(6). Generally, 1-V curve shows poor
rectification (about 3 at | V) because of
Soft breakdown is demonstrated from this
figure.

Fig.(7) reveals the spectral respons-
ivity plot of the solar cell. It is obvious
that the peak response was at 600nm, this
iIs Dbecause the SnO, layer acts as
transparent heat mirror which transmit
visible and reflect infrared radiation
efficiently., In contrary to the conventional
Si p-n junction solar cell that has peak
response at 900 £ 50nm The shape of
responsivity at the low wave-length region
depends on the surface phenomena.
Photons of these wavelengths are absorbed
at the vicinity of the surface, where they
generate charge carrier pairs, which may
recombine, before they reach the p-n
junction.

The recombination reduces carrier
availability  and consequently  the
responsivity [14]. On the other hand, it is
evident from Figure 6 that responsivity
curve has fall-off steeper for short
wavelengths than long wavelengths region.
For short wavelengths, this effect can be
attributed to the parasitic light absorption
in the SnO, (via band-to band transition)
[5].

Fig.(8) demonstrates the light J-V
curve plotted in the fourth quadrant to
represent the power extracted from the
devices. This figure describes the
photovoltaic performance of the
heterojunction, and from which, short
circuit current density (Jsc) and open
circuit voltage (Voc) can be found. The
poor rectangularity of this figure is

anisotype
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attributed to the high value of series
resistance. Jsc and Voc of 28 mA/cm? and
500 mV respectively are registered from
this figure.

Fig.(9) demonstrates the variation of
the output power (the power extracted
from the cell under simulated AM 1)
versus voltage across the load resistance.
The figure reveals that sprayed SnO,/InP
heterojunction is a suitable device to
produce a high efficient solar cell with a
conversion efficiency of 4%. The high
value of conversion efficiency can be
elucidated by the window effect taken
place between these combinations. In
contrast, the low value of fill factor (FF)
of about 0.28 is probably due to oxide
formation at the interface [7], which can
be avoidable by using inert gas instead of
air through the spray process.

Conclusions

Experimental study of pyrolytic
spraying SnO,/1nP heterojunction solar
cell has shown that these cells exhibit
reasonable efficiency per unit cost. C-V
measurements showed that this
heterojunction has an abrupt type with
built-in potential of 1 V at InP side (i.e.
the junction is one sided). I-V
characteristics revealed that the junction
has low rectification factor.

Fig.(1) : Cross-sectional view of
heterojunction.
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Fig.(2) : XRD patterns of the SnO, films on Fig.(5) : C versus Bias voltage for
glass substrate. characteristics SnO,/InP heterojunction.
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Fig.(3) : Thermovoltage as a function of Fig.(6) : The I-V characteristic of SnO,/InP
temperature. cell under dark condition.
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Fig.(4) : Capacitance vs reverse voltage Fig.(7) : Spectral responsivity for SnO,/InP.
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Fig.(8) : Hluminated J-V characteristics of
the fabricated cell.
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Fig.(9) : Photovoltaic performance of the
cell.
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