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ABSTRACT

The fabrication of Cu doped ZnO photoelectrodes and its performance for CdS quantum dot sensitized solar cell; are
reported here. Zinc oxide (ZnO) nanoparticles were formed chemically using Zn (NO;), as precursor. Copper doped
ZnO films were deposited on both ITO and glass substrates. The crystalline nature of films was confirmed by X-ray
diffraction (XRD) and morphological study; was carried out from scanning electron microscopy (SEM). Energy
Dispersive Spectroscopy (EDS) spectrum confirms the incorporation of copper in crystal lattice. After doping of
copper in ZnO, CdS quantum dots were deposited on to the Cu: ZnO films. Finally, The CdS QDSSC device was
made using CdS/Cu:ZnO as photoanode, polysulphide as electrolyte and carbon black as counter electrode. The
enhancement in efficiency has been observed for CdS sensitized Cu: ZnO solar cell with respect to ZnO.
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I. INTRODUCTION

High manufacturing and installation cost of traditional
semiconductor heterojunction photovoltaic devices i.e.
crystalline silicon solar cells, initiated the search of
different material and their forms; which are economical
and give high performance solar cells [1]. Quantum dot
cells (QDSSCs) have
considerable attention recently and are undergoing

sensitized solar involved
through innovative developments as the next generation
of solar cells [2].

ZnO film plays important role in technological
application such as solar cells, spintronic devices, thin
film gas sensors, photo-detectors, surface acoustic wave
devices, varistors, nano-lasers and light emitting diodes
[3-10]. Because of its potential applications, ZnO thin
films have been studied most widely. Researchers have

reported their work on different materials such as Mg,

Cu, Al, Mn, Fe, Ni and co-doped ZnO thin films [11-19].

Different deposition techniques, have been reported for
doped and undoped ZnO [20-28]. SILAR method is
mostly used as it exhibits properties such as thickness
can be uniform, perfect control of compositions, and
large surface area coating [29-30].

Here we report wet chemical synthesis of copper doped
zinc oxide. Further SILAR technique is used to deposit
CdS QDs was deposited on Cu doped zinc oxide
(Cu:ZnO) films by SILAR technique. XRD, SEM, TEM,
FTIR and UV-Visible spectroscopy (UV-Vis) are used
to characterize the Cu: ZnO and CdS/Cu:ZnO films.
The solar cell characteristics of Cu doped zinc oxide
CdS

film with and without sensitization; are

investigated.

II. Experimental Details

2.1 Preparation of Cu:ZnO Nanoparticulate Powder
and Films

The copper doped ZnO nanoparticles were synthesized
by wet chemical method. 0.1 M solution of zinc nitrate
and copper nitrate keeping the molar ratio of Cu and Zn
at 5:95, were used. 1M solution of sodium hydroxide is
added until precipitation takes place.

Porous Cu:ZnO films were deposited on cleaned ITO
(Indium Tin oxide) using doctor blade technique using
Cu:ZnO paste. The paste was prepared using Cu:ZnO
synthesized powder of nanoparticles and successively
added by ethyl cellulose, terpineol and acetyl acetone

IJSRSET173818 | Received : 01 Nov 2017 | Accepted : 08 Nov 2017 | November-December-2017 [(3)8: 24-27] 24



were used to obtain proper consistency of paste. The
films were sintered 1 h at 450 C.

2.2 Sensitization of Films with CdS

CdS was deposited using SILAR technique [31]. Above
films were used to SILAR using 0.05 M cationic
precursor solution of cadmium nitrate in ethanol and
0.05 M anionic precursor solution; sodium sulfide in
methanol and rinsed in methanol. Five such cycles were
repeated to sensitize the film with CdS.

Finally, the films were characterized by XRD, EDS,
UV-Vis and SEM. The structural characterization of
Cu:Zn0O, CdS/ Cu:ZnO films were studied out by using
Philips X-ray diffractometer (Bruker axs, D-8 Advance,
A=1.54056A for Cu-Ka radiation). Morphological study
of all synthesized films were studied by using a
scanning electron microscope (JEOL-JSM 6360-A,
operating at 5 kV), optical absorbance was studied with
UV-Vis spectrometer (JASCO V-670), FTIR (JASCO,
FT/IR- 6100). The solar cell was devised with
polysulphide as electrolyte and carbon as cathode and
its performance, was studied on Keithley 2420 source-
meter.

III. RESULTS AND DISCUSSION
3.1 X-Ray Diffraction

X-ray diffraction is used determine to identify the
structure and crystallite size. Figure 1 shows XRD of
Cu:ZnO and CdS sensitized CdS/Cu:ZnO. The XRD
data is according to JCPDS card no.79-0207, (100),
(002), (102), (110), (103), (200), (112) and (201) planes
with wurtzite hexagonal structure [32]. The peaks
corresponding to (011), (020), (012), (211), (220) of
CdS [JCPDS card no0.43-0985] are seen overlapping
(100), (101), (110), (103), (200) peaks of Cu:ZnO.

3.2 Morphological study

Scanning electron micrograph indicating that the study
of surface morphology chemically deposited Cu:ZnO
nanoparticulate films and sensitization of Cadmium
sulphide on copper doped zinc oxide (CdS/Cu:ZnO)
films by using SILAR technique is shown in fig. 2.
SEM shows regular shaped spherical nanoparticles. The
average grain size of film of Cu:ZnO nanoparticles is
124 nm and it is increased to about 171 nm for CdS
Cu:ZnO  films.The

sensitized distribution  of

nanoparticles is seen dense and even on the whole mass
of crystallite.

3.3 Energy Dispersive Spectroscopy

Figure 3 shows the EDS spectrum of Cu:ZnO and
(CdS/Cu:Zn0O). Figure 3(a) shows the typical EDS
spectrum for Cu:ZnO nanoparticulate films. The ratio of
average atomic Zn:O were in the ratio of 19:81. Good
stoichiometry of the Cu:ZnO films is with 5% Cu ions.
Figure 3(b) shows the EDS spectra of CdS sensitized Cu
doped ZnO nanoparticles. The spectra indicates that the
presence of Cd and S in the sample.

3.4 Fourier Transform Infrared Spectroscopy (FTIR)

FTIR technique gives information about chemical
bonding in a sample. The characteristic peaks shown by
FTIR spectra of Cu doped ZnO and CdS sensitized Cu
doped ZnO nanoparticles are as shown in fig. 4. The
peaks observed at 3460 cm™ and 1360 cm™ refers to
normal O—H stretching vibration of H,O in Cu—Zn—O
lattice [33] which occurs due to moisture in the sample
and the atmosphere. The peaks observed at 760 and 896
cm’ correspond to Zn-O stretching and deformation
vibration, respectively. Peaks between 2830 cm™ and
3000 cm™ may be due to vibration of C-H stretching in
alkane groups. The peak at 505 cm may be due to
oxygen deficiency and/ or oxygen vacancies in ZnO
[34]. The peak around 1730 cm™ is indication of
presence of C-O stretching vibrations [35].

3.5 UV-Visible absorption studies

Figure 5 shows the UV-visible spectra of CdS QD
sensitized Cu:ZnO nanoparticles film. The visible light
absorption increases with CdS deposition [36]. Here in
our case the absorption spectrum of Cu doped ZnO with
CdS deposition is same as that of bare ZnO film, which
occurs because small amount of CdS is deposited on
Cu:ZnO films [37, 38].

3.6 J-V characteristics

The CdS/Cu:ZnO/ITO films are tested for their solar

cell performance. Figure 6 illustrates the J-
Vcharacteristics for CdS deposited on Cu:ZnO
substrate.  Cell ~were  fabricated using the

CdS/Cu:ZnO/ITO clamped with platinum counter and
polysulphide was used as electrolyte. Cells were tested
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under illumination of LED lamp of intensity 15mW cm’
? Jsc was found to be 0.34 mA cm™ with Voc = 177
mV, efficiency 1 = 0.073% and FF = 0.19. Jeong MS et
al reported CdS sensitization generates sufficient
electron which helps to increase Jsc [40]. Electrons
cannot be injected into ZnO as effectively as it can be
injected in smaller sized CdS [41].

The related result show better performance with the
earlier works on the dye [42] or quantum dots-sensitized
[43-45] solar cells.

IV. Conclusions

These results clearly demonstrate that the Cu:ZnO and
CdS/Cu:ZnO films have been successfully deposited by
chemical and SILAR technique respectively and its
structural, morphological and optical properties are
studied. As deposited CdS/Cu:ZnO thin films are found
to be n-type and photoactive. CdS/Cu:ZnO QD
photoanode gives a good photovoltaic performance. The
results on fabricated solar cell indicate that the
synthesized films could be useful for solar cells.
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