
INTRODUCTION

The need for sustainable power
generation has encouraged research into a variety
of photovoltaic materials and structures, with a
greater emphasis being placed on a balance
between performance and cost. The stability of
many semiconducting oxides relative to other
inexpensive solar cell technologies, such as
organic1 and dye-sensitized2 cells, makes them an
attractive alternative. Yet low-cost, non-toxic,
inorganic solar cell technologies have received
comparatively little attention. In a recent report, nine
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ABSTRACT

Low-cost thin film oxide/oxide heterojunctionsbased photovoltaic solar cellsare one of the
alternatives to silicon solar cells, among the potential photovoltaic devices based on semiconductor
oxides.Cuprous oxide is a potential material for the fabrication of low cost solar cells for terrestrial
application. In this article, firstly, we reviewed cuprous oxide Crystal structure, Band structure,
different properties of cuprous oxide material such as electrical and transport properties
andphotoluminescence.Then we discuss in detail the synthesis techniques for the production of
copper oxide such as Thermal Oxidation, Anodic Oxidation, Electrodeposition, Sputtering, Chemical
vapor deposition etc. Latter on a detailed survey on the previous work so far carried out on Cu

2
O

based solar cells is presented.Thefabrication and cellperformance of based Solar Cells is also
discussed.

Key words: Cell performance, Solar Cells, Low-cost thin.

inorganic semiconductors were identified as having
both the potential for annual electricity production
in excess of worldwide demand and material
extraction costs less than that of crystalline
silicon3.Further to materials costs, a recent study
examined the high cost of modern vacuum
deposition methods and highlighted the need for
low-temperature, atmospheric, solution-based
synthesis4-7.Copperhas two stable oxides: cupric
oxide (CuO) and cuprous oxide (Cu‚ O). These two
oxides are semiconductors with band gaps in the
visible or near infrared regions8. These materials
have several advantages: (i) availability and
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abundance of the starting materials (ii) non-toxic
nature (iii) Low production cost (iv) Band gaps lie in
an acceptable range for solar energy conversion,
and (v) n- and p-type conductivity9-11.Copper and
copper oxide (metal-semiconductor) are one of the
first photovoltaic cells invented12. Its semiconductor
properties and the emergence of photovoltaic effect
were discovered by Edmond Becquerel in 1839
while experimenting in the laboratory of his father,
Antoine-César Becquerel. Copper (I) Oxide (Cu‚ O),
in particular, has been synthesized extensively in
polycrystalline form by electrodeposition from
solutions near room temperature5,13,14. Cu‚ O has a
direct band-gap of 2.17 eV which is suitable for
photovoltaic conversion. Theoretical calculations
have predicted an electrical power conversion
efficiency of approximately 9-12 %.The practical
electrical power conversion efficiencies obtained
by researchers, in the past, are below 2% 15.
However, recently efficiency of 3% has been
reported16.The researches carried out during the
mid-seventies and early eighties have now helped
in revealing some of the mysteries surrounding this
material and a perfect understanding of the various
causes for the poor performance of Cu‚ Osolar cells
are now known.

In this review the developments of Cuprous
Oxide (Cu‚ O) solar cells are reviewed. We discuss
the properties of Cuprous Oxide and the methods
of the production of Cuprous Oxide. Subsequently,
a discussion on the performance of these cells is
reported. Finally, the conclusion and outlook to
further improve Cuprous Oxide solar cell fabrication
and performance are presented.

Crystal structure of Cu‚ O
The unit cell of Cu‚ O with a lattice constant

of 0.427 nm is composed of a body centered cubic
lattice of oxygen ions, in which each oxygen ion
occupies the center of a tetrahedron formed by
copper ions. The Cu atoms arrange in an fcc
sublattice, the O atoms in a bcc sublattice. The unit
cell contains 4 Cu atoms and 2 O atoms. One
sublattice is shifted by a quarter of the body diagonal.
The space group is Pn3m, which includes the point
group with full octahedral symmetry. This means
particularly that parity is a good quantum number.
Figure 1 shows the crystal lattice of Cu‚ O. Cuprous
oxide (copper (I) oxide Cu‚ O) is found in nature as
cuprite and formed on copper by heat. It is a red
color crystal used as a pigment and fungicide [17].

Fig. 1: Crystal structure of Cu‚ O shown by four unit cells. The big turquoise spheres
represent copper; the small red spheres represent oxygen. As can be seen,

each copper atom is linearly coordinated by two oxygen atoms
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Band structure of Cu‚ O
Cuprous oxide (Cu‚ O) is a direct gap

semiconductor with band gap 2.17 eV[11-19]. Cu‚
O crystals have a simple cubic lattice with two
formulas unit per unit cell and have the symmetry
of space group O4

h. There are two way of choosing
the unit cell. In one, the oxygen atoms form a bcc
lattice while in other, the copper atoms form
fcclattice. The site symmetries of the oxygen and
the copper are Td and T 3d respectively. Several
band structure calculations have followed the initial
Augmented–Plan–Wave (APW) calculation by Dahl
and Switendick20.Band structure calculations show
that the lowest energy band-to-band transition is

Direct at the Ã pointof the Brillouin zone as
deposited in figure 2. The four transitions are named
according to the wavelengths of their spectral
positions yellow, green, blue, and indigo,
respectively (see Figure 2).At the zone center the
valence band is largely comprised of copper 3d
orbitals and has Γ+

7   symmetry, while the conduction
band is made up of copper 4s orbitals21 and has
Γ+

6. An optical transition between these band would
be s-> d in an atomic sense, making it parity
forbidden (Γ7

+→Γ6
+,Γ8

+→Γ6
+).On the left of Fig. 2, the

band dispersion is shown schematically. It has been
studied by cyclotron resonance experiments22-34.

Fig. 2: (a) Crystal structure of Cu‚ O. Inset: natural-growth bulk Cu‚ O crystal. (b) Schematic
of the Cu‚ O band structure near zone center. The red arrow denotes quadrupole transition35.

Properties of Cuprous Oxide
Electrical and transport properties of Cuprous
Oxide

Copper oxide is a defect semi-conductor
but nowadays it is well established that Cu‚ O is a
natural p-type semiconductor, whose carrier
concentration depends on the amount of cation

deficiency36, cuprous oxide is one of such non-
stoichiometric materials with formula Cu2-δO. The
deviation from stoichiometry, δ is generally
attributed to some imperfections. Sears et al. 198437

reported that an excess of oxygen, as a result of
stoichiometry, is the major active impurity and gives
a p-doped semiconductor.

Fig. 3: Formation energies for intrinsic p-type defects in Cu‚ O in (a) Cu-rich–O-poor
conditions and (b) Cu-poor–O-rich conditions. The solid dots denote the transition levels3
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Theoretical studies38-45 on the role of
intrinsic defects in Cu2Oagree that the simple copper
vacancy and the vacancy in the so-called split
configuration have the lowest formation energies
(in Cu-poor and Cu-rich conditions, see Figure 3)
compared to the other possible intrinsic acceptors,
which are oxygen interstitials (in octahedral and
tetrahedral coordination). The transition level (0/-)
of VCu is at 0.23eV. The formation energies of both
defects are very similar (1.15 and 1.14 evV) and at
least 0.7eV lower than that of oxygen interstitials.

Photoluminescence property of copper oxide
All copper oxides have one thing in

common that they are weak luminescent or even

nonluminescent systems. In particular, CuO is ‘‘dark’’
black and luminescence data on this material have
rarely been collected and reported46-50. Whoever
unambiguously shows several luminescence
signals, however, these are weak in intensity. The
latter is due to the fact that optical transitions require
parity change, which is not given between the
energetic highest valence band and lowest
conduction band of the direct semiconductor. The
corresponding spin forbiddance of the transition
resulting in the weak luminescence is partly broken
by three possible effects: (a) defects within the
crystal, (b) the decay of ortho-excitons, or (c) phonon
assisted transitions.

Fig. 4: Absorption spectra of Copper oxide. The horizontal and vertical dotted lines indicate
the energies where the absorption coefficient reaches 1×105cm-1 in the spectra[3]

The majority of the luminescence studies
reported were performed on thermally oxidized
copper(Figure 4), and they observed broad
luminescence bands of Cu2O have been assigned
to doubly charged oxygen vacancies (V0

2+)) at 1.72
eV (720 nm) singly charged oxygen vacancies
(V0

1+)at 1.53 eV (810 nm) and copper vacancies
(VCu) at 1.35 eV (920nm). This assignment is very
consistently used in literature51-55, but the exact peak
positions and especially the relative intensities
strongly depend on the used growth process as
well as sample processing. The two high-energy
bands were only observed at low measuring

temperatures in the past, whereas the copper-
vacancy band at low energies dominates the spectra
at room temperature. In high-quality material, e.g.,
floating-zone grown single crystals, one can
observe the additional recombination of the 1s
ortho-exciton via an electric quadruple transition at
temperatures of 4.2K at an energy of 2.03 eV (610
nm), and respective phonon side bands via electric
dipole transitions.

Methods for the production of copper oxide
The optical and electrical properties of

absorber materials in solar cells are key parameters
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which determine the performance of solar cells.
Hence, it is necessary to tune these properties
properly for high efficient device. Electrical
properties of , such as carrier mobility, carrier
concentration, and resistivity are very dependent
on preparation methods. Cuprous oxide thin films
have been prepared by various novel techniques
for the synthesis of cuprous oxide i.e. reactive
sputtering, sol-gel technique, plasma evaporation,
thermal oxidation, chemical vapor deposition,
anodic oxidation, reactive sputtering,
electrodeposition etc. Each of these methods has
its own advantages and disadvantages.

Thermal Oxidation
This is by far the most widely used method

of producing  for the fabrication of solar cells. The
procedure involves the oxidation of high purity
copper at an elevated temperature (-1,) for times
ranging from few hours to few minutes depending
on the thickness of the starting material (for total
oxidation) and the desired thickness of  (for partial
oxidation).The oxidation process can be carried out
either in pure oxygen or in laboratory air.  has been
identified to be stable at limited ranges of
temperatures and oxygen pressure. It has been
indicated that during oxidation,  is formed first and
after a sufficiently long oxidation time, CuO is
formed. However, at temperatures below 1000°C
and at atmospheric pressure, mixed oxides of  and
are formed as observed from the X-ray diffraction )
results. It has been suggested that the probable
reactions that could account for the presence of  in
layers oxidized below are56.

The unwanted  can be removed using an
etching solution containing , HCl and . The oxidation
process is followed by annealing the sample at  and
then stopping the process by quenching in cold
water. This process leads to good quality
polycrystalline  with the bulk resistivity in the range
of57-58.The resistivity can further be lowered by
oxidizing in the presence of chlorine gas.
Resistivity’s below  have been reported in the
literature59-60 using this procedure. It is also worthy
of note that the purity of the starting  material can
have a significant impact on the quality of  and the
performance of the resulting solar cell. A number of
pre- and post-oxidation treatments have been
suggested in the literature60 which involves

cleaning, etching, polishing and annealing the
material prior to and after the oxidations.

Anodic oxidation
Anodic oxidation of copper in alkaline

solution is one of the standardmethodologies for
producing cuprous oxide powders used for marine
paints and for plants preservation. Those powders
are composed of particles of micrometer scale.
However, solar cells, for their part, require particles
or films of much smaller dimensions in order to
achieve higher efficiency. Passive protecting layers
formed on copper during anodic oxidation in
alkaline solutions are widely investigated and
described in electrochemical literature. The
structure of those films formed on copper in neutral
and alkaline solutions consists mainly of  and  or
Stankoviae et al. (1998; 1999)61 investigated the
effect of different parameters such as temperature,
and anodic current density on  powder
preparation.The lowest valueof average crystallite
size was obtained at , whereas the highest value
was obtained at .Singh et al., (2008)62 reported
synthesis of nanostructured by anodic oxidation of
copper through a simple electrolysis process
employing plain water as electrolyte. They found
two different types of  nanostructures. One of them
belonged to particles collected from the bottom of
the electrolytic cell, while the other type was located
on the copper anode itself.

Sputtering
Cathode sputtering is essentially one of

the methods used for the preparation of thin films.
The method requires very low pressure in the
working space and therefore makes use of vacuum
technique. The material to be sputtered is used as
a cathode in the system in which a glow discharge
is established in an inert gas at a pressure ofand a
voltage of a few kilovolts. The substance on which
the film is to be deposited is placed on the anode of
the system. The positive ions of the gas created by
the discharge are accelerated towards the cathode
(target). Under the bombardment of the ions the
material is removed from the cathode (mostly in the
form of neutral atoms or in the form of ions). The
liberated components condense on surrounding
areas and consequently on the substrates placed
on the anode. Reactive sputtering is used in the
production of . A chemical reaction that occurs with
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the cathode material (Cu in this case) by the active
gas (oxygen) either added to the working gas or as
the working gas itself. The resistivity of the deposited
film can be controlled over a wide range by simply
varying the oxygen pressure. films of resistivity as
low as has been reproducibly obtained63.

Chemical vapor deposition
Chemical vapor deposition is a chemical

process used to produce high-pur ity, high
performance solid materials. The films may be
epitaxial, polycrystalline or amorphous depending
on the materials and reactor conditions. Chemical
vapor deposition has become the major method
of film deposition for the semiconductor industry
due to its high throughput, high purity, and low
cost of operation. Several important factors affect
the quality of the film deposited by chemical vapor
deposition such as the deposition temperature, the
properties of the precursor, the process pressure,
the substrate, the carrier gas flow rate and the
chamber geometry. Kobayashi et al. (2000)64

investigated the high-quality  thin films grown
epitaxial on  (110) substrate by halide chemical
vapor deposition under atmospheric pressure. CuI
in a source boat was evaporated at a temperature
of , and supplied to the growth zone of the reactor
by  carrier gas, and  was also supplied there by the
same carrier gas. Partial pressure of CuI and O2

were adjusted independently to. They found that
the optical band gap energy of  film calculated
from absorption spectra is . The reaction of CuI
and O2 under atmospheric pressure yields high
quality  films.

Electrodeposition
Electrodeposition is a low temperature

processing method where films are deposited from
solution precursors. The advantages include the
elimination of heat treatments which can be
especially meaningful for nanostructures, an
effective control of the deposition rate via over
potential, the possibility to control the shape or
crystallographic orientation via the pH or the
precursor additives. It is a very low cost method
since it does not require any vacuum processing
can be electrodeposited between  using a mixture
of alkaline cupric sulfate, lactic acid and NaOH.
Thickness ranges from. The potential must be
properly controlled to allow electrodeposition of  as

opposed to elemental Cu. Deposited films can be
annealed. The reaction is

ሻܫܫሺݑܥ2    2݁‐→  ሻܫሺݑܥ

ሻܫሺݑܥ2   → ‐ܪ2ܱ   ₂ܱݑܥ    2ܱܪ

This technique typically yields a
polycrystalline structure with the average grain size
between . Electrochemical deposition technique is
a simple, versatile and convenient method for
producing large area devices. Low temperature
growth and the possibility to control film thickness,
morphology and composition by readily adjusting
the electrical parameters, as well as the composition
of the electrolytic solution, make it more attractive.
At present, electrodeposition of binary
semiconductors, especially thin films of the family
of wide bend gap II-IV semiconductors, from
aqueous solutions is employed in the preparation
of solar cells. A photovoltaic device composed of a
p-type semiconducting cuprous (I) oxide () and n-
type metal oxides has attracted increasing attention
as a future thin film solar cell, due to a theoretical
conversion efficiency of around 20% and an
absorption coefficient higher than that of a Si single
crystal65.

The parametersof the solar cells, such the
open circuit voltage, the short circuit current, the fill
factor (Isc), the diode quality factor (FF), serial  and
shunt resistant and efficiency  were determined. The
barrier height  can also be determined from capacity-
voltage characteristics.

Fabrication and cell performance of  based solar
cells
Fabrication of  Solar Cells

The experimental and theoretical studies
conducted at Joint Centre for Graduate Studies
(JCGS) group highlighted more on the potential
viability of  for low cost photovoltaic (PV) power
generation. However, in recent times, single
polycrystalline  used for solar cells are obtained via
any of the methods presented earlier in this paper.
The Schottky barrier solar cells and the
heterojunctions have been extensively investigated.
Also, in the past, workers have not succeeded in
producing n – type  and therefore a homojunction
cell structure (Trivich, 1982) could not be fabricated.
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Recently,  homojunction solar cells have been
fabricated (Longcheng and Meng, 2007 and
Kunhee and Meng, 2009).

Schottky Barrier  Solar Cells
As a metal is in contact with a

semiconductor, a Schottky barrier is formed.
Theoretically, the Schottky barrier height is only
determined by the work function of the metal and
the electron affinity of the n-type semiconductor. For
a p-type semiconductor, the higher the work
function of the metal, the easier it is to form an ohmic
contact. While for an n-type semiconductor, the
lower the work function of the metal, the easier it is
to form an ohmic contact. Copper is used as top
metal contact for p-type cuprous oxide, while
aluminum is used as top metal contact for n-type
cuprous oxide. A front wall Schottky barrier solar
cell (Olsen et al.,1980) is usually fabricated by
evaporating a metal on top of  in high vacuum
chambers. A number of metals on  have been tried
and the best performance has been obtained with
a natural Cu/  junction. A new method of obtaining
has been reported (Iwanoski et al., 1985). This
technique uses hydrogen ion bombardment of
surface thus reducing the top surface to copper.
Schottky barrier solar cells can also be fabricated
in the back wall structure. This mode requires a
natural junction using copper or any other material
as the base and depositing a layer of  on top of the
metal base. The light then illuminates the junction
through the semiconductor side. But back wall cells
require thin layer of  because of the high absorption
coefficient and low diffusion length of the minority
carriers (Trivich et al., 1978). Partial thermal
oxidation can be used to produce the thin layer.
Back wall solar cells of  offer greater advantage
over front wall cells because of the mechanical
stability of the base materials and simplicity of
fabrication.

Heterojunction Solar Cells
A heterojunction solar cell is fabricated by

depositing n-type semiconductor of suitable band
gap on . Methods like vacuum deposition, sputtering
and electro-deposition have been used for the
deposition. Several heterojunction solar cell
structures have been studied and reported (Herion
et al., 1980). Examples are the zinc oxide- cuprous
oxide (/) and cadmium oxide-cuprous oxide (/ ) solar

cells.  The  / junction is an ideal abrupt
heterojunction at thermal equilibrium and using the
known measured values of electron affinities, band
gaps and carrier densities in  and , Ea is estimated
approximately  (as shown in Figure 5) [66, 67, 68]
This value is approximately in the range of extracted
activation energies. Thus, it is concluded that the
interface recombination is the dominant current flow
mechanism across the / heterojunction where the
rate limiting step is diffusion of holes against the
barrier established by band bending to recombine
with electrons trapped in interfacial states. This
mechanism is shown as path 1 in Figure 5.

Transparent conducting metal oxides,
being n-type were used extensively in the
production of heterojunction cells using p-type
Cu

2O. Herion et al. (1980) have reported on a fairly

Fig. 5: Band diagram of the Cu2O/ZnO
heterojunction. EC, EV, EF and Ea are the
conduction-band-edge, valence-band-edge,
Fermi-level,& activation energies, respectively.
Most of the band bending is shown to be on the
side because of lower doping in  compared to the
side. Paths 1 and 2 indicate two possible hole
recombination pathways through interface
defects. Activation energy (Ea)  is the barrier
that the holes have to overcome to recombine.
The approximate energy levels are based on the
properties of bulk Cu2O and ZnO. Electron
affinities:  3.2 eV (ZnO) [66] and  4.2 eV [67] (ZnO);
band gaps: 2.17 eV [68] (Cu2O) and  (); dielectric
constants: 7.11 (Cu2O) and 7.8 (Zno), electron
effective mass:  0.275mo (Zno) and hole effective
mass in  (Cu2O) - where mo is free electron mass68
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detailed study of ZnO/Cu2O devices. This was
achieved due to the interest they had on metal
oxides being generally stable compounds and the
assumption that they are not likely to react with. The
cell characteristics were clearly influenced by the
copper rich region adjacent to  substrate. It was
finally concluded that heterojunction is essentially
Cu/  Schottky cell since Zn reduces  to Cu. Hence
reaction occurs with this type of cells too.

In all cases resistivity was found to be high
and efficiency very low. However, the best solar cell,
to date using TCO thin films is a multi-component
oxides, ITO/ZnO/  solar cell. It was reported to have
an efficiency of 2% (Mittiga et al., 2006). Copper (I)
sulphide (Cu2S) is another promising material for
heterojunction devices for the formation of n-  / Cu2S
heterojunction solar cell since Cu2S is a p-type
semiconductor as grown. Works in the past were
aimed at fabricating  heterojunction devices. Fajinmi,
(2000), reported on the deposition of Cu2S, while
Varkey, (1990), reported on copper (I) sulphide/
crystalline silicon () solar cells.

Homo-junction Solar Cells
In the past the low efficiency of Cu2O cells

was attributed to the lack of n-type Cu2O, since an
approach to achieving n-type doping has not yet
been fully developed. Without it, the early studies
had to rely on Schottky junctions and p-n
heterojunctions for photovoltaic devices, which do
not provide high efficiency. However, Fernando et
al, (2002), has reported the possibility of obtaining
n-type photo-responses from clean copper plates,
immersed in CuSO4 solution for a few days.
Subsequently, the same researchers reported the
n-type  produced by heating copper sheets in CuSO4

solution.

The long held consensus is that the best
approach to improve cell efficiency in Cu2O -based
photovoltaic devices is to achieve both p- and n-
type  and thus p-n homo-junction of  solar cells. This
enables p-type and n-type Cu2O to be deposited
electrochemically in sequence to form a p-n homo-
junction of . However, the first homo-junction solar
cell of  using the electrochemical method was made
by Kunhee and Meng (2009). The cell has only 0.1%
efficiency due to high resistivity of the p- and n-
layers (or substrate).

Cell characterization
Solar cell is a device that produces

electricity from sunlight. Upon illumination, photons
are absorbed by an active layer in a solar cell, and
then electron-hole pairs are generated as excitons.
The excitons need to diffuse to a donor–acceptor
(DA) interface to dissociate into free charges. After
that, electrons and holes need to transport to
electrodes through their corresponding percolation
pathway. During these processes, six main steps
affect device performance:
i) Photon absorption ,
ii) Exciton generation ,
iii) Exciton diffusion ,
iv) Exciton dissociation ,
v) Charge transport ,
vi) Charge collection.

These six processes determining a solar
cell performance can be better understood in a
connection with external quantum efficiency () of a
device. is defined as a percentage of the number of
charge carriers collected at the electrode under
short-circuit condition to the number of photons
incident on the device68  can be expressed as the
product of the above steps69.

ɳܽ=ܧܳܧ ൈ ɳ݁ݔ ൈ ɳ݂݂݀݅ ൈ ɳ݁݀ ൈ ɳݎݐ ൈ ɳܿܿ ..( 

...(1)

Solar cell efficiency can be calculated from
its current density voltage () characteristic curves.
From such curves, open-circuit voltage, short-circuit
current density  and fill factor  can be obtained. Then
energy conversion efficiency can be determined by:

ɳൌ ܿݏ ܬ  ൈ ܸ ܿ ൈ ܨܨ

ݏܲ
  

...(2)

Where  is the incident light power density

Equivalent circuit of a solar cell is shown
as Figure 6. A series resistance  originates from
contact and bulk semiconductor, and a shunt
resistance  comes from poor diode contact. The
J-V characteristics can be described as.
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J=J0ቄ݁ݔ ቂݍሺܸെܣ ݏܴܬሻ
ܶܤ݇ ݊

ቃ െ 1ቅ 
ܸെܣݏܴܬ

݄ݏܴ  A
െ …݄ܬ

…..(3)

Where kB is Boltzmann‘s constant, T  is temperature,
q is elementary charge, A is device area, n is ideality
factor of the diode, J0is reverse saturation current
density, Jph  is photocurrent, Rs is series resistance
and Rsh is shunt resistance. The J-V curves and
photovoltaic parameters including Voc and FF
strongly depend on the n,, . In the mid-1970s, gained
renewed interest since it was considered as a low-
cost material for solar cells. This renaissance took
only about 10 years and the interest on decreased.
The developments made during that period are
collected in the review of Rai from 1988 70. It is
worthwhile to have a look at his conclusions and
suggestions for future work70. The poor
performances were linked to a few but essential
issues: (i) Control of the conductivity of the p-type
layer by doping – an issue that has been solved by
nitrogen doping. (ii) Schottky barrier solar cells have
copper-rich or oxygen deficient surfaces that limit
the performance and will always suffer from this
problem (Schottky-type solar cells with  are today
no longer of relevance). (iii) Heterojunction solar
cells should be investigated by which the chemical
reactions at the interface between the two materials
can be controlled and the reduction of  to Cu can
be avoided. Indeed, in the last 8–10 years the
investigations on cuprous oxide as a solar-cell
material have put the focus on heterostructure
systems and almost exclusively used ZnO as the n-
type transparent window layer. Maximum values
for the open-circuit voltage are around, short-circuit
currents around 10 and fill factors FF at .

The limitations in the performance were
in part attributed to interface defects, crystal
orientation, and grain sizes, series resistance due
to the high resistivity of the absorber layer, and in
recent reports to the minority-carrier transport
length71, 72. It has been investigated that the open
circuit voltage and the short circuit current
densitydecrease with increase in temperature.
Drops because of increase reverse current
saturation with temperature because minority
carriers increase with increase in temperature.
Decrease because of increase the recombination
of the charges.

Historical review on based Solar Cells
Even though was known since 1904, very

little attention was paid to it. The few research works
done on it were mainly concerning its photo-
response, as reported60. By 1927 the transferring
capacity of another metal-semiconductor junction
solar cell, made of copper and the semiconductor
copper oxide, had been demonstrated. Towards
both the selenium cell and the copper oxide cell
were employed in light sensitive devices, such as
photometers for the use in photography. These early
solar cells, however, still had energy-conversion
efficiencies of less than . As a result of pioneering
work in  at National Science foundation and at the
Joint Centre for Graduate Studies (JCGS) on
fabrication and characterization of cells that solar
cells of  efficiency were fabricated in . Further works
on the cell at JCGS yielded an efficiency of

Experimental and theoretical studies
conducted at JCGS group highlighted more on the
potential viability of  for low cost photovoltaic ()
power generation. Until recently, efforts in the past
to fabricate efficient solar cells were confined to
Schottky barrier solar cells. However, in recent
times, single polycrystalline  used for solar cells
are obtained via any of the methods presented
earlier in this paper. The Schottky barrier solar cells
and the heterojunctions have been extensively
investigated. Also, in the past, workers have not
succeeded in producing n-type  and therefore a
homo-junction cell structure could not be fabricated.
Recently,  homojunction solar cells have been
fabricated.

Performance of Cu‚ O Solar Cells
The low efficiency was attributed to the

naturally p-type conduction in , formed a copper-
rich region at the metallurgical interfacial region of
and other semiconductor or metal layer, which
prevented a p-n junction in , the basic device
structure in most inorganic solar cells. In this case,
a homo-junction of  is needed to achieve high
efficiency  solar cell Both p-type and n-type  thin
films prepared by electrodeposition have been
reported by73 they observed conversion efficiency
of  cells has remained far below the theoretical
value, regardless of the method of growth of  and
the mode of fabrication of the cells. The best results
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obtained so far are in the range of many reasons
have been advanced for this low performance.
Barrier height measurements in various Schottky
barrier solar cells have shown that values are always
in the range 0.7-0.9 eV regardless of the metal
except for the case of gold and silver which form
ohmic contacts with. This apparent plateau for the
value of barrier heights is believed to be the
principal cause of the low performance of the
Schottky barrier solar cells. Studies on Schottky
barrier solar cell indicate that there always exist
copper rich regions at the interface between metal
and  regardless of the choice of the metal used. All
Schottky type cells are therefore essentially  solar
cells and hence the constancy of the value of barrier
height and the low electrical power conversion
efficiency.

Papadimitriou et al., (1981)74 have
reported the results of their study on  junction solar
cells. The best values they obtained for open-circuit
voltage  were of the order of 0.3 V. A copper rich
region adjacent to the  substrate was found to be
responsible for dictating the cell characteristics. For
the case of  heterojunction formed at room
temperature, no copper metal was found at the
interface. The  cell showed a short circuit current of
cm-2 and of . The method of electrodeposition is
particularly attractive for its simplicity, low cost and
possibility of making large area thin films75. But
resistivity of electrodeposited Cu‚ O films were
reported to be quite high, of the order of 58,76, and
therefore, the photovoltaic properties of the solar
cells made with these films were poor. Several other
production techniques of  layer were later employed
in order to improve on its resistivity. The various
methods include thermal oxidation77-78, chemical
vapor deposition, or radio frequency magnetron
sputtering79. However, little improvements were
recorded as the efficiency was still very low, less
Surface analyses combined with barrier height
studies59, 80 indicate that  Schottky barriers made
with low work function metals are essentially  cells
due to reduction of the  surface. The copper rich
region essentially determines the barrier height.
Auger depth profiles showed the occurrence of
chemical reaction of thermodynamically more stable
oxides at the interface and correspondingly to some
reduction of the Cu‚ O. Thallium is reported to be the
only metal identified that would not reduce59. With

as its work function and theoretical value of a dark
current, Jo of the order of , a  Schottky barrier has a
very large theoretical efficiency. Efficiency of 10%
at air mass one (AM1) would be possible. However,
deposition of Tl of reasonable sheet conductance
is not possible on a substrate at room temperature.
It was repor ted that Tl of adequate sheet
conductance was deposited on cool substrate.
Studies on the Tl/Cu‚ Obarrier represented only a
slight improvement over the Cu/Cu‚ O device. In
fact studies on a number of metal/Cu‚ O and metal/
insulator/Cu‚ O contacts (81) showed that the barrier
heights did not depend on the work function of metal.
Intensive work was done regarding deposition of
Cu‚ O and the dopant impurities79, 82 but general
observations show that the various dopants used
to further lower the resistivity showed no significant
improvement, with Cadmium as an exception.
Nitrogen acts as a p-type dopant. Other methods of
improving on the resistivity of the layer were then
employed. Annealing of the layer at moderate
temperatures, as reported by75, 83, showed some
improvements. Another treatment followed; which
is potassium cyanide (KCN) treatment as reported
by79. The above treatments yielded little improvement
since the efficiency, as at the time of this report, is
still not more than 2%, for Schottky barrier O solar
cells. The encouraging aspect of the above
treatments is that, they revealed ways for further
improvements. It was shown that the PV properties
of  Schottky cells are significantly affected by the
surface treatment and crystallinity of84. In particular,
the deposition method and conditions are important
when depositing a thin film on  sheets.

Summary and outcome
In this report, we summarized the potential

and possibilities of copper oxide semiconducting
material, its band structure, method the production
of Cuprous Oxide () and its applicability in solar
cells. Some reasons based on the analysis reveals
that (1) the high resistivity of starting material is
responsible for the low value of electrical power
conversion efficiency of  based solar cells. (2)Non–
existence of a technique of doping  to get low
resistivity n-type semiconductor before now so that
conversion efficiencies greater than for p-n homo-
junction  solar cell could be fabricated. It is
suggested that the work of Fernando et al, 2002 on
production of n-type , Long cheng and Meng, 2007
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and Kunhee and Meng, 2009, on p-n  homojunction
be pursued vigorously for the purpose of obtaining
low resistivity  homojunction solar cells. (3) A
copper rich or oxygen deficient surface which
makes all Schottky barriers essentially a  structure.
A suitable method to get rid of the cu-enriched region
from the interface need to be explored.The copper
oxide-based semiconductors that clearly fulfill the
most important criteria of the future: availability,
sustainability, non-toxicity (elements of hope), and
ease of synthesis. It is therefore clear that a better
understanding and remedy to the problems

enumerated above demands more basic and
applied investigation on .
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