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Abstract

CdS/SnS and Cd;_,Zn,S/SnS solar cells were fabricated. SnS films were deposited by the pulsed electrochemical deposition method
using an aqueous solution containing SnSO,4 and Na,S,O;. CdS and Cd;_,Zn,S window layers were deposited by using the
photochemical deposition method using an aqueous solution containing CdSQOy4, ZnSO4 and Na,S,05. Both the techniques were simple,
economical and advantageous for fabricating cheap solar cells. The fabricated cells showed rectification characteristics. The photovoltaic
properties were measured under AM 1.5 illumination. The cells with the Cd;_,Zn,S window layer show larger photocurrent than those

with the CdS window layer.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

SnS is a p-type IV-VI semiconducting material with
orthorhombic crystal structure and has attracted consider-
able attention due to the possibility of its application in
photovoltaic devices. SnS has a band gap of 1.1-1.5¢V,
and therefore it can be used as an absorption layer for solar
cells [1,2]. In addition, SnS is a non-toxic material which is
abundant in nature. SnS can be prepared using many
techniques such as spray pyrolysis [3], physical evaporation
[2], chemical bath deposition [4,5] and electrochemical
deposition (ECD) [6-10]. Noguchi et al. [2] deposited SnS
using vacuum-evaporation and fabricated CdS/SnS struc-
tures which showed photovoltaic properties. Ristov et al.
[11] reported fabrication of photovoltaic cells by using
chemically deposited SnS with different window layers like
CdO, Cd»SnO4 and SnO,:F. Ramakrishna Reddy et al. [12]
reported that CdS/SnS solar cells prepared using spray
pyrolysis for SnS deposition have 1.3% efficiency. In the
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present study, the SnS absorption layers are prepared using
the ECD technique, which is the cheapest method for
depositing large area thin films. It is noted that so far there
is no report on heterojunction solar cells based on SnS
fabricated using the ECD technique.

CdS is the most common material for the window layer
of the heterojunction solar cells. Cd,_,Zn,S is also a
subject of considerable interest due to the possibility of
using this material as a window layer [13]. The band energy
can be controlled in the range of binary band gap from
2.42¢eV (CdS) to 3.6eV (ZnS) by changing the x value in
the alloy. The replacement of CdS with the higher band
gap Cd;_,Zn,S alloy can lead to an increase in the short-
circuit current and open-circuit voltage in the solar cell [14].
In the present work, the n-type window layers are
deposited using the photochemical deposition method
(PCD) [15], which is a cost-effective technique and easy
to scale up. In our previous papers, we have reported
structural, optical, and electrical properties of the PCD-
deposited Cd;_,Zn,S films [16,17].

In this paper, we report fabrication of CdS/SnS and
Cd;_,Zn,S/SnS solar cells. The surface properties and the
composition were studied using scanning electron micro-
scopy (SEM) and Auger electron spectroscopy (AES). The
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fabricated solar cells were characterized under the illumi-
nating condition AM 1.5.

2. Experiment
2.1. CdS and Cd;_,Zn,.S deposition

PCD of CdS was carried out from an aqueous solution
containing 2mmol/l CdSO, and 100 mmol/l Na,S,0s;.
The pH of the solution was adjusted to 3 by using
diluted H,>SOy4. Indium-tin-oxide (ITO)-coated glass sub-
strates with 1cm x 2.5 cm dimension were used. The sheet
resistance of the ITO substrates used is about 8-9 Q/square,
and they were cleaned well using organic solvent
(alkyl benzene) in the ultrasonic bath before deposition.
The substrate was irradiated with a super high-pressure
mercury arc lamp with a converging lens focusing to
about 10mm diameter on the surface of the substrate,
where the CdS layer of 0.1-0.2 um thick was deposited.
The deposition period is 30min. In PCD, the films
were deposited on the irradiated region alone on the
substrate. All the depositions were carried out at room
temperatures. Cd;_,Zn,S window layers were also depos-
ited using a similar process using CdSO4 ZnSOy4
and Na,S,03. The ratios of the chemicals were adjusted
to obtain the desired alloy composition. The relation
between solution composition and solid composition was
discussed in our previous articles [16,17]. The composition
of Cd,_Zn,S was varied by changing the Na,S,O3
concentration in the deposition bath. The bath concentra-
tions 2:2:200, 2:2:300 and 2:2:400 (CdSO4:ZnS04:Na»S,03
all in mmol/l) was used for preparing compositions
x=0.07, 0.13 and 0.19, respectively. By changing the
CdSO,4 and ZnSO, concentrations, we can prepare alloy
films with any x (0<x<1). However, as reported in our
previous paper, the optical transmittance tends to become
low for high Zn content (x> 0.3). Hence, the three different
composition noted above are examined in this work.
Annealing was done in nitrogen atmosphere at 100 °C for
an hour.

In PCD, it is considered that S,O3 ions dissociate
under the irradiation to give sulphur atoms. We can
also expect that the photo-exited S,O3~ ions act as
reductant in the presence of Cd>" and Zn>" ions in the
deposition bath.

28,0327 4+ hv — S406% + 2¢7, (1)

Cd** +S 42 — CdS, )
Cd;_,Zn,S alloys are also expected to be deposited
similarly.

2.2. SnS deposition

The pulsed ECD of SnS was well discussed in Ref. [18].
The ECD setup consists of a three-electrode cell, where a
saturated calomel electrode (SCE) was used as a reference

electrode and a platinum sheet as the counterelectrode
(anode). An ITO-coated glass sheet with CdS (Cd;_,Zn.S)
deposited on it was used as a working electrode (cathode).
The SnS deposition area was about 0.7-0.9cm?, and the
remaining area was masked. An aqueous solution contain-
ing 30 mmol/l SnSO,4 and 100 mmol/l Na,S,0; was used
for the deposition, and the pH of the solution was 2.7
(not adjusted). The reaction of the formation of SnS
on the ITO-coated glass sheet is expected to be similar to
that of the other sulphide semiconductor deposition.
Elemental sulphur is released from S,03 by the following
reaction, and Sn®" and S are reduced at the cathode to
form SnS.

82032_ +2Ht - S+ H,SO3, 3)

Sn’* +S 4 2e~ — SnS. 4)

The SnS layers were deposited using three different pulse
forms applied to the substrate:

Condition A, The applied potential is V; = —1.0,
V,=—0.6 and V3=0.0V vs. SCE, where V|, V, and V3
are applied for about 6, 10 and 10s, respectively.

Condition B, The applied potential is V; = 0.0,
V,=—-0.6 and V3= —1.0V vs. SCE, where V;, V> and
V5 are applied for about 10, 10 and 6, respectively.

Condition C, The SnS deposition was carried out using
two-step pulse potential, here first we apply V; = —0.1V
vs. SCE for 6s and V>, =0.0V vs SCE for 10s.

The SnS layers were deposited for about 30 min in all the
above three conditions. All the depositions were carried out
at room temperatures.

2.3. Fabrication of the solar cell structure

The schematic representation of the fabricated solar cell
structure is shown in Fig. 1. Indium metal was evaporated
on SnS as a contact electrode. The electrode size is 1 mm?
and the distance between two electrodes is | mm. For some
samples, the SnS layers in between the electrodes were
carefully removed for isolation of the electrodes, and the
measurements were carried out before and after the
isolation. Both the measurements show almost the same
results. Thus, the electrodes can be regarded as insulated
from one another, and the effective area of one cell is
thought to be Imm” The fabricated solar cell was
characterized under 100 mW/cm? (AM 1.5) using a xenon
lamp and filters. The cell was irradiated on the ITO/glass
side.
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Fig. 1. Schematic representation of the fabricated solar cell structure.
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