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Preparation of 'S Ag Thin Films by Pulse Eectrodeposition
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Abdtract : SnS:Ag thin films were deposited on I TO by pulse electro-deposition. They were characterized with X-ray dif-
fraction spectroscopy and atomic f orce microscope. The as-deposited films have a new phase (AgsSnSs) with good crystalli-
zation and big grain size. The conductivity of the films was measured by photoelectrochemical test. It is proved that the
SnS:Ag films are p-type of semiconductor. Hall measurement shows that the carrier concentration of the films increases,

while their resistivity decreases af ter Ag-doping.
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1 Introduction

Tin sulfide (SnS) is a semiconductor material
with orthorhombic structurein group - . It haspo-
tential use in photovoltaic devices,which has aroused
much attention from scientific community. It has an
optical gap of 1 30eV that isclose to the optimal opti-
cal gap 1 50eV of slar cells and a high absorption co-
efficient @ >10'cm™*) . In theory ,the conversion efi-
ciency of SnSfilm solar cellsis up to 25 %"* \whichis
near to that of crystal S solar cells. SnScan be used as
solar cell materials due to its low cost ,easy solidifica
tion and being films. Furthermore ,its elements Sn and
S are abundant and non-toxicin nature. Thus,it can be
used as an ideal absorbing layer material in the solar
cells®

By far, SnS thin films studied are amost undo-
ped. Our early investigationson SnSthin films showed
that SnSfilms grown by pul se electrodeposition exhib-
ited high electrical resistivity of 16 8 43 1Q - cm'”.
Doping in semiconductor material can improve its
semiconducting properties. Therefore,it is necessary
to study doped SnS thin films. It was reported that
Agdoped SnSthin films could improve the properties
of p-type SnS films®®  which is necessary for the
films used as absorbing materialsin the solar cells.

Based on our previous research, SnS Ag thin
films are deposited on I TO coated glass substrates by
pulse electrodeposdtion ,and their structure ,morpholo-
gy and semiconducting properties are studied so as to
obtain SnSfilms with good quality.
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2 Experiment

In the experiment ,a CHI660B electrochemical an-
alyzer was employed as power supply. A three-elec
trode cell was adopted. An I TO coated glass substrate
was used as the working electrode for al depostion. A
platinum electrode served as the counter electrode. A
saturated calomel electrode (SCE) was used as a refer-
ence electrode. The electrodeposition bath contained
SnSOs ,Na: S 0sand AgNOs solution with a volume of
250mL . The pH value of the solution was adjusted to
2 7 by adding H2S0.. The experiment was performed
at room temperature and without stirring. The param-
etersof pulse electrodeposition were just asfollows™ :
Eon = - 0. 75V (vS SCE) , Ton =10s, Ext =0 1V, Tur =
1s. The other parameters were consistent with our
previous research of constant current electro-depos-
tion" :pH =2 7,S0"" S0 =1 5,depostion
time t=1 5h.

The structure of the thin films was characterized
by a Philips X’ Pert-M PD X-ray diff raction spectrosco-
py (XRD) and a CSPM5000 atomic force microscope
(AFM) .Based on the Van der Pauw method ,the elec
trical properties were determined by a Hall measure-
ment system.

The light source for photoelectrochemical meas
urement is a xenon lamp with modulated light. Linear
scan photovoltammetry of the CHI660B electrochemi-
cal analyzer was employed to record |-V curve and test
the photocurrent of the asdeposted thin films.
100mmol/L Na SOswas chosen as electrolyte for pre-
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Fig.1 X-ray diffraction patterns of the SnS (a) and the SnS
Ag (b films

venting corrosion of the semiconductor films during
the photoelectrochemical test® .

3 Resultsand discussion

3.1 XRD analysis
Figures 1 (a) and 1 (b) show the XRD patterns

of the SnS and SnS:Ag films deposted on 1TO sub-
strates,respectively. It can be seen from Fig 1 (a)
that the main planes with (021) ,(101) ,(111) ,(131) ,
(002) (which are respectively assigned to the B =
27. 10°,30. 52°, 31 47°,39. 07° , 45 56° peaks) agree
with those of SnS (JCPDS39-354) . It indicates that
the films have an orthorhombic crystal structure.
Compared with Fig 1 (a) ,the intendty of diffraction
peaksin Fig 1 (b) becomes stronger ,and there appear
some other peaks of SnSin Fig 1 (b) ,indicating that
Ag doping has a certain effect on SnS films. Smulta
neously ,the peaks appeared at ® =28 68 and 35 17°
are respectively assigned to the (402) and (600)
planes of AgsSnS (JCPDS38-434) ,which represents
that there exist Agionsin AgsSnSs phase.

In conclusion, after Ag-doping, there is a new
phase (AgsSnSs) in the asdeposited SnSfilms. At the
same time ,the intensty of diff raction peaksin the SnS

Ag films becomes stronger and the peaks become
narrower ,indicating that SnS Ag films have better
crystallization.

(b)

Fig.2 AFM profilesof the SnS (a) and SnS Ag (b) films
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Fig.3 Current against potentia linear scan photovoltammetric
response of (a) the SnSand (b) SnS Agfilms

3.2 Surface analysis

Figures 2 (a) and 2 (b) show the AFM 2D and
3D micrographs of the SnS and SnS:Ag films deposi-
ted on ITO substrates, respectively. The scan sze is
1 m x 1 m. Fgure 2 shows that the two films are
dense ,smooth and uniform with good microstructure.
The average roughness of the SnSfilm and the SnS
Agfilmis48 5 and 56nm ,respectively ,and their aver-
age diameter of the granulesis 197 and 226nm ,respec-
tively. Compared with the SnSfilm ,the surface of the
SnS Ag film is rougher and its grain sze becomes
bigger. In this experiment ,a lot of pileup crysta
grainsform idand structure in the film after Ag do-
ping. Therefore ,grains of SnS Ag films become big-
ger and the roughness of SnSfilmsincreases.

3.3 Photoelectrochemical test

Figures 3 (a) and 3 (b) show the I-V linear scan
photovoltammetric response of the SnSand SnS Ag
films deposited on ITO substrates, respectively. The
dashed represents dark current and the real line shows
photocurrent. Compared the two I-V curves of the
SnSand SnS Ag films,the photocurrent of the SnS

Agfilmis stronger than that of the SnSfilm. The
photocurrent of SnS Ag filmsis up to 2. 1mA at
- 1. 6V. Further ,the photocurrent of SnSfilms in-
creases as the absolute value of the negative potential

Table 1 Resultsof Hall measurement for the SnSand SnS Ag
films

Bulk concentration Mobility Resgistivity
Sample 3 )
/cm / (cm?/ (V- 9)) / Q- cm)
SnS film 2 887 x10% 33.12 23.76
SnS__Agfilm 7.287 x 10%° 17.54 4.885x10" 3

increases,but it is not affected by the chopped light.
However ,the photocurrent of the SnS Ag film be-
comes stronger than that of the SnSfilm and it is af-
fected notably by the chopped light in the vicinity of
- 1 OV. The photocurrent phenomenon can be ex-
plained by the fact that electrons are excitated to the
conduction band by xenon light illumination and
holes are left in the valence band with a certain life-
time. Because energy band bends down,the electrons
flow to electrolyte so that they can participate in the
electrochemical reaction at the electrode/ electrolyte
interface!®. Thus it arises cathode photocurrent,
which indicates the as-deposits are p-type of sub-
stance!” . Therefore, SnS Ag films are p-type of
semiconductor with holes as the majority carriers.

3.4 Hall measurement results

At room temperature ,carrier concentration ,mob-
ility and regstivity of the films were measured by a
Hall measurement system. The results are listed in
Table 1. This table shows that the resstivity of SnS
films decreases and the carrier concentration increases
after Ag doping. The carrier concentration of the SnS

Agfilmsincreases to 10°cm™°. However ,the carrier
concentration of the undoped filmisonly 10°cm .

4 Conclusion

Dense and uniform SnS Ag thin films have been
depodted by pulse electro-deposition. They are p-type
of semiconductor. The above results indicate that
SnS Ag films have new phase AgsSnS with good
crystallization and big grain sze. For the SnS Ag
film ,the carrier concentration is up to 10°cm™° ,and
the resistivity decreases to 4 885 x 10°°Q - cm. In
concluson, Ag doping impacts observably on the
structure, surface and semiconducting properties of
SnSfilms. But some problems such as the best techni-
cal parameter and mechanism for preparing Agdoped
SnSfilms need to be further studied. It can be predic-
ted that the investigation on SnS Ag films can inr
prove semiconducting properties of the films,s0 as to
speed up the development of SnSthin film solar cells.
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