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Abstract

In previous papers we have reported the improvement of the efficiency of CdS/CdTe solar cells by varying the thiourea/CdCl2 ratio (Rtc) in the
chemical bath solution used for the deposition of the CdS layers. In this work, a more complete study concerning the physical properties of
Chemical Bath Deposited (CBD) CdS layers studied by photoluminescence, X-ray diffraction and optical spectroscopy are correlated to the I–V
characteristics under AM 1.5 sunlight and the spectral response of CdS/CdTe solar cells. It is confirmed that the optimum Rtc for the CBD CdS
films is Rtc=5, since in this case the best solar cells were obtained and these films show the better optical and structural characteristics.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

N-type CdS used as the window material for hetero-junction
solar cells usually has a high absorption coefficient causing the
reduction of the useful current delivered from the cell to the
load. In order to improve this, several proposals have been made
for improving the spectral response in the blue region of the sun
spectrum [1].

We have considered possible changes in the CdS properties
by varying the chemical composition. In previous work [2,3] we
have demonstrated that the photovoltaic performance of CdS/
CdTe solar cells improves when the CBD–CdS layers are
prepared with increasing thiourea/CdCl2 ratios in the solution.
The maximum value for the energy conversion efficiency η was
obtained for Rtc =5 and 6 and a drop of efficiency was observed
for Rtc above these values. This means that around Rtc =5–6,
the optimum for the solar cell parameters is obtained. The aim

of this work is to correlate the CdS thin film properties with
those of the solar cells made with such layers.

2. Experimental

CdS layers were deposited on glass and conducting glass
substrates by the CBD technique by varying the thiourea to
CdCl2 concentration ratio in the bath solution, named as Rtc. All
thin films were grown at 75 °C, adjusting the deposition time in
order to obtain films with similar thickness [5]. CdCl2 thermal
annealing of the CdS–CBD samples was carried in a similar
way as the one reported in reference [3]. Solar cells were
prepared following the same experimental conditions reported
in reference [2].

X-ray diffractograms (XRD) were recorded in a small-angle
X-ray diffraction system using a Rigaku D/MAX-2200 difract-
ometer in FLAT position with Cu Kα radiation. The incidence
angle was 1°. The CdS layers composition was determined by
energy dispersive spectroscopy (EDS) using a JEOL 6360-LV
microscope. A step profiler was used for thickness measurements
(Sloan Dektak III). Optical transmission data were measured with
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a Lambda 35 UV/VIS Perkin–Elmer double beam spectropho-
tometer in the 350–1000 nm wavelength range. Electrical
measurements were performed by using indium as ohmic contact.
Photoluminescence (PL) measurements at 10 K and room
temperature were done in the 1.4–2.6 eV energy range

I–V characteristics of the solar cells were measured under
100 mW/cm2 illumination (measured with a calibrated solar
cell). Spectral response measurements for the solar cells were
made illuminating the CdS side and detecting the signal on the
copper–gold and SnO2:F contacts.

3. Results and discussion

3.1. Solar cell performance

Table 1 shows the values of the main parameters of the solar
cells obtained with different Rtc ratio in the CdS bath solution.
As it can be observed, the values of Jsc, Voc, FF and η reach
their higher values for Rtc=5 and then drop for bigger Rtc.

The values of the ideal diode factor (n) and saturation current
(J0) of the fabricated solar cells with Rtc=5 were calculated
under dark and illumination conditions [2]. Under illumination
the above parameters were 1.4 and 9×10–11 A cm−2, respec-
tively. However in dark conditions n=2.1 and J0=6×10

−9 A

cm− 2, respectively, which are not representative of the
measured solar cell open circuit voltages shown in Table 1.
The above results show that diode characteristics change under
illumination due to the photoconductive properties of the CdS
and CdTe layers.

In Fig. 1 the internal quantum efficiency variation shows that
changes in the Rtc value affects not only the characteristics of
the absorption coefficient of the CdS layer, but it also does
modify the CdS/CdTe interface and the bulk properties of the
CdTe layer since the internal quantum efficiency changes in the
whole wavelength range. A further and more in-depth study of
these effects is required, and it will be carried out in future work.

3.2. CBD–CdS thin film properties

The CBD–CdS thin films properties are summarized as
follows:

- A shift in the transmission spectra of the CdS films is in
correspondence with the one observed for the internal
quantum efficiency spectra of the cells (see Figs. 1 and 2).

- High optical transmission and large bandgap values of the
window material, with the highest average optical transmis-
sion for Rtc=5.

- Changes in the thickness of the layers (Table 2), which can
be explained by changes in the CBD–CdS thin film growth
kinetics with the variation of Rtc [4].

Table 1
Short circuit current (Jsc), open circuit voltage (VOC), fill factor (FF) and
efficiency (η) for CdS/CdTe solar cells with different Rtc ratios in the CdS bath

Rtc Jsc (mA/cm2) VOC (mV) FF (%) η (%)

1 20.8 617 55.2 7.1
4 21.8 699 55.3 8.4
5 23.8 740 70.5 12.4
6 21.1 726 69.0 10.6
7 20.5 702 65.0 9.4

These parameters were measured under AM1.5 illumination.

Fig. 1. Internal quantum efficiencies (IQE) spectra of the CdS/CdTe solar cells
made with different Rtc values. The spectral response of solar cells with Rtc =6
(none shown) was similar to ones with Rtc=1 and 7.

Fig. 2. Optical transmission spectra of CBD–CdS films grown at different Rtc

values.

Table 2
Thickness (d), average transmission (Tav) and band gap energy (BGE) of the
CBD–CdS layers for different Rtc values

Rtc Thickness (nm) Tav (%) BGE (eV)

1 110.4 71.4 2.39
4 86.4 80.5 2.50
5 81.8 86.1 2.48
6 84.0 85.7 2.49
7 86.2 85.0 2.48
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