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ABSTRACT

In the present paper, p-CdS/n-Si heterojunction solar cells are prepared for the first time by the
spray pyrolysis technique. Using such low-cost method, cells with 6.4% AM1 conversion efficiency
and 0.32 fill factor have been made. The forward current of the prepared cells is dominated by the
tunneling-recombination mechanism. Spectral response measurements revealed that these cells
exhibit a wide spectral response (400-1150 nm) with two distinct peaks, the first at A=550nm, while
the second at A=800nm. Photo—induced open-circuit voltage decay technique illustrated that the
minority carriers lifetime of these cells is around 20ps.

Introduction

There has been considerable interest in recent years directed towards the development of
heterojunction solar cells [1-3]. Such interest is based on the fact that heterojunction devices have a
number of advantages over diffused p-n junction solar cells include [4]: (i) a lower junction-
formation temperature, (ii) higher spectral response at short wavelengths, and (iii) many of
deposited layers have the right indices of refraction to act as antireflection coating. CdS/Si and In-
doped CdS/Si heterojunction solar cells have been reported to have power conversion efficiencies
of 4% and greater [5-8]. The CdS films in these devices are deposited by different methods. Most of
these films are deposited by either evaporation or sputtering in a vacuum and post-deposition heat
treatments are necessary. However, no attempt is reported for depositing CdS onto Si by chemical
spray pyrolysis technique yet. In this letter, we report the preliminary results of the first fabrication
of p-CdS/n-Si heterojunction solar cells made by chemical spray pyrolysis technique. Preliminary
aspects of this work have been reported earlier [9,10].

Experimental Procedures

Single-crystal silicon wafers of n-type with (111) orientation are used as substrates, they have a
resistivity in the range of 1-5 [1-cm, and one face of the wafer is polished to the mirror-like surface.
Prior to deposition of CdS, the wafers were chemically etched in dilute hydrofluoric acid to remove
native oxides. Then back contact metallization was accomplished by vacuum depositing 200 nm
layer of Al. Subsequently, after removal from the vacuum chamber, the wafers were scribed into
individual pieces of 0.5cm” sizes, then they were sent to spraying apparatus. The deposition of CdS
films was carried out by spraying an aqueous solution of CdCl, and thiourea onto a heated silicon
substrate maintained at 450° C. A typical spray mixture, which gave us good results, consists of an
0.2 M solution of cadmium salt and 0.2 M solution of thiourea. This solution is sprayed in a
deposition rate of about 2nm/s. After the deposition of CdS, frontal metal electrode is a 200nm layer
of Al through a metal mask. The sensitive area was about 0.2cm”. The optical transmittance of the
CdS thin films prepared on glass substrates was measured using (UV/VIS-PV-8800)
spectrophotometer covering the range 400-900 nm. Spectral responsivity measurements of CdS/Si
heterojunction solar cells were made by using a monochromator (MODEL 746) in the range 400-
1100 nm (the spectrum of interest in the operation of solar cells under terrestrial applications). The
results were calibrated by measuring the power of each spectral line using a standard power meter.
(J-V) measurements were done under dark and illuminated conditions. The illumination was
achieved under simulated AM1 condition (93 mW/cm?) by a halogen lamp type “PHILIPS”; 120
W, which connected to a Variac and calibrated by a silicon powermeter. The type of conductivity of
CdS film was determined by using Hall measurement. The minority carrier lifetime of the cells was
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measured by the photo-induced Open Circuit Voltage Decay technique (OCVD). The experimental
set-up of the OCVD technique can be found elsewhere [9].

Results and Discussion

The transmittance of CdS thin films as a function of wavelength is shown in Figure 1. It is seen that
the transmittance of CdS film is higher at higher substrate temperature (Tsy), this is easily
interpreted as follows: rising Ts;, causes a decrease in the thickness of the deposited films due to the
increase in sublimation rate [10, 11].

Figure 1 also shows an increase in transmittance with wavelength, attains the value 550 nm
wavelength (the absorption edge of CdS 2.4 eV), then slightly increase is observed beyond this
value. CdS films exhibit a high transparency in the region from about 550 nm, (about 70%), i.e.
CdS film represents window layer for such spectral region.
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Figure 1. Spectral Transmittance for CdS Films prepared at Different Glass T,

Figure 2 presents a relative spectral response of the cells fabricated. It is noted that the responsivity
curve shows good band-pass behavior (window effect), and it is comprised of four distinct regions,
the first region (corresponding to the blue spectral region) shows an increase in responsivity with
wavelength, attains the maximum value at A=550 nm (the absorption edge of the CdS frontal layer).
The lower responsivity at the shorter wavelength region may be due to the absorption of the light
near the surface (shallow absorption depth), which has large amount of surface recombination of the
photogenerated carriers, the second region of the plot shows a decrease in responsivity with a
minimum value at A=600 nm, this could be attributed to a high degree of carrier recombination at
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the interface [12], the third region shows an increase in the responsivity passing through the
maximum value at A=800 nm corresponding to light absorption at transition region on silicon side.
The fourth region shows that responsivity decreases reaching the absorption edge of the silicon
1.1eV. The smaller responsivity at longer wavelength is ascribed to the carriers generated deep in
the bulk of the silicon [13].
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Figure 2. Relative Spectral Responsivity Curve of CdS/n-Si Heterojunction Solar Cells.

Figure 3 shows the dark and illuminated J-V characteristics for a selected cell. The figure reveals
the effect of illumination on the J-V plots. The decrease in illumination forward current Ipy as
compared with the dark forward current I¢is due to the generation of minority carriers, which are
annihilated by the majority carriers dark current.

The intersection between the photogenerated and dark forward currents is probably due to the high
density of the interfacial states.

The fourth quadrant curve represents the photovoltaic performance in which the power can be
generated by the cell. This quadrant predicts a low value of fill factor (poor rectangularity). The
measured open circuit voltage Voc given from this curve is 465mV and the measured short circuit
current density Jsc is 40.5mA/cm’. A reasonable interpretation may be obtained from the nature of
the dark current under reverse bias, it is a noticeable variation in dark current with reverse bias
voltage, and this effect can be attributed to the carrier generation inside the depletion region.
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Figure 3. Dark and Illuminated J-V Characteristics under Simulated AM1 Conditions for
a Selected Cell.

A semi-log J-V plot under forward bias is presented in Figure 4. This figure shows that forward
current consists of two regions. The first one represents the recombination current, while the second
region represents the tunneling current, i.e. CdS/n-Si heterojunction obeys to the tunneling-
recombination model. This result is not in contradiction with results obtained by other workers for
CdS/Si heterojunction prepared by vacuum evaporation [14,15]. The saturation current density of
the first region Js; is determined by extrapolating (J-V) curve of this region to find its intercept with
V=0. Thus, the ideality factor n is calculated by the following equation [16]:

pod. (1)

kT 6ln(1f1 /]SI)

where g/kT is the reciprocal of the volt equivalent of temperature, Iy is the forward current of the

first region. On the other hand, the saturation current density of the second region Js; is determined

by the extrapolation at the second region, then the value of 4 is extracted by the following equation
[16]:

L, dinlip/Is))

- av
where I is the forward current of the second region.
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Figure 4. Forward (J-V) Characteristics for CdS/n-Si Heterojunction.

Figure 5 demonstrates the variation of the output power (the power extracted from the cell under
simulated AM1) versus voltage across the load resistance. The figure reveals that sprayed CdS/Si
heterojunction is a suitable device to produce a high efficient solar cell with a conversion efficiency
of 6.45%. 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 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.

A minority carrier lifetime ([)) is an important parameter in solar-cell design. This parameter was
measured using (OCVD) technique. The experimental set-up of this technique is presented
elsewhere [17]. Since these cells are horizontal-junction devices, the decay mode will correspond to
a condition of intermediate injection, where the excess minority carrier concentration in the base is
greater than the thermal-equilibrium minority carrier concentration but less than the thermal-
equilibrium majority carrier concentration. Under these conditions the minority carrier lifetime can
be computed from the following expression [18]:

T = kryj_ 1 3)
q dVoc/dt

where t is the decay time.
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Figure 5. The Variation of the Output Power vs. Voltage across the Load Resistance
for CdS/n-Si Heterojunction Solar Cell.
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Figure 6. Photo-Induced Open-Circuit Voltage Decay Photograph.
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Figure 6 shows a photograph of Voc decay curve. The lifetime was calculated from Eqn. (3) and it
was around 20ps.

The conversion efficiency of fabricated solar cells was investigated over six months. No significant
degradation in solar cell parameters has been found.

Conclusions

CdS films were deposited onto n-Si for the first time by chemical spray pyrolysis technique to
introduce the anisotype heterojunction solar cell. The results showed that this technique is an
appropriate to fabricate highly efficient solar cells with a conversion efficiency of 6.4% and fill
factor of 0.32. The forward current of this junction obeys to the model of tunneling-recombination.
Experiments are currently in progress to improve the conversion efficiency using a grid frontal
electrode and antireflection coating.
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