International Journal of Advanced Engineering and Nano Technology (IJAENT)

ISSN: 2347-6389Volume-2 Issue-2, January 2015

Electrodeposition and Characterization of Copper
Oxide Thin Films for Solar Cell Applications

Abu Sadat Md. Sayem Rahman, Md.

Abstract— Copper oxide thin films are being considered in thin
film solar cells for its unique photovoltaic properties.
Electrodeposition is one of the cheapest processes to deposit
copper oxide thin films. In this study, copper oxide was
electrodeposited on the copper substrate in an electrolyte bath
containing 0.2M CuSO,.5H,0, 3M lactic acid and NaOH. A
Potentiostat/Galvanostat with silver chloride electrode (Ag/AgCl)
as a reference electrode was used for elctrodeposition. During
deposition, the bath temperature and pH were maintained at 60°C
and 12-12.5 respectively. Copper oxide was deposited at different
potentials and deposition time. The films deposited at different
electrodeposition conditions were characterized by Scanning
Electron  Microscopy (SEM), Energy-dispersive  X-ray
spectroscopy (EDS) and UV Spectrometer. From visual inspection
it was found that copper oxide film is black and adherent on
copper substrate. The SEM study revealed that copper oxide films
became more compact and grain sizes of copper oxide films
decreased at more negative potentials in deposition potential
range. EDS analysis showed that percentage of oxygen in the
copper oxide films increased with more negative potentials at the
deposition potential range. It was found that with increase of time
more adherent and uniform film thickness occurs. The variation
of current density and thickness of copper oxide films with
different deposition parameters were analyzed. The absorption
spectrums which represent the optical properties were also
correlated with the deposition parameters.

Keywords —Copper oxide; Electrodeposition; Solar cell; Film
thickness; Optical absorbance.

[. INTRODUCTION

The worldwide growth of energy demand and explmitabf
fossil fuel leads us to find out alternative sosroé energy.
Renewable energy or solar energy can be a goouhaiiiee
source of energy to solve current energy demandr $ell is
getting more and more popular in recent years lfectecity
generation. The worldwide electricity productioorfr solar
energy is expected to grow from 18 percent in 2@023
percentin 2035 [6]. There are many semiconductiaterials
which have very good photovoltaic properties; amtrgn
copper oxides are very promising materials for tmst solar
cell [12].
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Photovoltaic community showed interest in,Ouo use as a
solar cell material since mid seventies [13]. Thame many
advantages of GO, for example GO is non- toxic in nature,
simple production process [12] and 9-11% theorksotar
efficiency [3]. However its practical solar efficiey is not so
high. In past, practical electrical power convemsio
efficiencies of CpO obtained by researchers were below 2%
[14]. But in recent years efficiency of 2% has beeported
by researchers [15].

Electrodeposition method of &b was first developed by
Stareck [7]. It was also described by RakhshardilB-In his
work, a method of simple processes of electrolysas
applied to produce GQ. Electrodeposition process has many
advantages, for example; it can be used to makewalt or
front wall cells as well and also suitable for pwoihg large
area devices. Electrodeposition is a low tempeggtuocess.
It is also possible to control film thickness, mioofogy and
composition by adjusting electrical parameters and
composition of bath solution [3]. However one majosblem
in electrodeposition process is the high resisti¢i04 — 106
ohm-cm) of electrodeposited & film [16].

In this work, thin films of copper oxides (& CuO) were
made by using electrochemical deposition technigne
copper substrates, using a three electrodes sy$tanhree
electrodes are anode, cathode and reference electithe
controlling parameters in this work were operatindtage,
p", concentration of bath solution (Cu$GH,0), operating
time and temperature. The optical properties ofodied
films were measured by Ultraviolet—visible spectaysy.
Optical absorbance of copper oxide films were atsopared
with different electrodeposition parameters.

II. EXPERIMENTAL

A. Preparation of working electrode (cathode)

Rectangular thin plates of copper, about 1mm thieke first
polished using different grades of emery paperenTthe
electrodes were washed with distilled water to reendust
particles. After that electrodes were rinsed wif¥4lnitric
acid (HNQ,) solution for two minutes. Electrodes were again
washed with distilled water for very short time amgdily
transferred to the solution for electrodeposition.

B. Electrodeposition of Copper oxide

The electrodeposition of copper oxide was carrigidwath a
three-electrode setup. A Potentiostat/ Galvanasést used
for this purpose. The reference electrode was AGIAg
electrode. Copper sheet was used as both workeajretie
and counter electrode (anode). In some experinpdatisum
(Pt) was also used as anode. The electrodepoditidin
contains 0.2 M CuSgbH,0 and 3 M Lactic Acid (gHO3)
solution [5]. The P of electrodeposition bath was adjusted to
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around 12 by the addition of NaOH. During electimaigtion

the bath temperature was varied fromMi@@o 40°C [5]. The
experiment was done at different deposition poadstiime,
temperature, 'b and copper sulphate (Cu$O5H,0)

concentration (Table 1). The effect of these patars®n the
properties of copper oxide film was observed.

Table 1: Electrodeposition parameters

potential | Time | Temperatu| pH CusQ. 5H,0
V) (min) re C) concentration
(M)
-0.45to0 | 10 40-60 11.5-| 0.15-0.25
-0.65 | -50 125

C. Characterization

JEOL JSM-7600F Field Emission Scanning Electron
Microscope (FESEM) was used to characterize thtacar
morphology and grain size of the electrodeposit@tifse.
Energy dispersive spectroscopy (EDS) mode of thSHME
was used to characterize the amount of elemen¢présthe
deposited film in mass percentage. The thicknessopper
oxide films was measured by using Fischer, DurlsqopoR.

aforementioned techniques.

Ill. RESULTS AND DISCUSSION

A. Energy-dispersive X-ray spectroscopy (EDS)
In order to determine percentage of different elesieEDS

analysis was done on copper oxide films that were

electrodeposited at different electrodepositionapwaters.

From the EDS analysis of the copper oxide which was

electrodeposited with copper cathode and Pt anibdeas
found that there was 99.09% of copper presentdrsémple,
Fig. 1. Only 0.91% of oxygen was present. So wesezgrthat
it is almost entirely copper and no copper oxid@rssent.
The electrodeposition potential is more negatiQe56V), for
this reason copper deposition occurred insteadopper
oxide. From the EDS analysis of the sample depibsite
-0.45V, itis found that there is 4.44% of oxygeagent in the
sample and 95.56% of copper, Fig. 2. It is alsatafiine in
structure. To become cuprous oxide it should hav&8Ps6 of
oxygen and this oxide film has only 4.44% of oxygérich is
much less than the required amount. So it is ntitedn
cuprous oxide or cupric oxide. There is only a fanount of
copper oxide is present in the sample. Copper owidieh

Data from at least five different spots on the edasurface Was deposited at -0.50V consists of mainly 17.92f #xygen
was taken and measured the average of them and =4l 82.06 % copper, fig. 3. To become cupric okideould
calculated the standard deviation. Pharmaspec U¥-vhave 20.13% of oxygen. As the oxygen content ofsamnple
spectrophotom eter shimadzu was used to deterrhiee tS Very close enough to the required amount of erytp
absorbance of the samples at the wavelength rérga200  become cupric oxide, we can say that it may beicupide.
nm to 800 nm. The absorbance at wavelengths snihtier The copper oxide which was deposited at -0.55V also
400 nm was very noisy and because of this waveieragtge Ccontained 17.95 % of oxygen and 82.05 % copper,4-igs
from 400 nm to 700 nm was selected to make conaris the oxygen content is very close enough to the iredu
Copper oxides were prepared at different depositiGmount of oxygen to become cupric oxide, this coppéde
potentials, time, temperature, "pand CuSQ@5H,0 can also be considered as cupric oxide.

concentration and all the samples were charactehyethe
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Fig. 1: EDS analysis of the sample deposited witlopper cathode and Platinum anode.
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Fig. 2: EDS analysis of the sample deposited wittoth copper cathode and anode at deposition potenti0.45V.
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B. Scanning electron microscope (SEM)

SEM was done to determine the surface morphologly ar

grain size of the copper oxide. Fig. 5 shows th&SHrface
morphology of copper substrate without copper oxadel
copper oxide deposited using platinum anode. It feasd
that electrodeposition with Pt anode was non-chyrsta Fig.
5(b). Sphere shaped particles were present onutifece of
the sample. These were mainly copper and alsoroosdi by
EDS analysis, fig. 2. It was reported that at moegative
potentials copper oxide transforms to copper [3]r Ehe
platinum anode, the deposition potential may hadob®

more negative, for which Glion transformed to Cu and

copper deposition was found instead of copper opdtle

Fig. 5: SEM images of (a) bare copper substrate an(h)
electrodeposition with Pt anode (-0.65V).
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- ectrodepositeat (a)
-0.45V, (b) -0.50V and (c) -0.55V.

It was found that all the films consist of aggloates of
angular-shaped crystallites on copper substrate nwhe
deposited with copper cathode, Fig. 6. Becauséefldéss
negative potential copper oxide deposition occurd i is
also confirmed by EDS analysis, fig. 2, fig. 3 aiigl 4.
Significant differences observed in these filmseTdrain
sizes of copper oxides in the film decreases hi¢hincrease
of negative potential. During the copper oxide dsifpmn,
frequencies of nucleation of copper oxide crystgliwere
likely to become higher when the applied potentimsame
more negative. This results in decrease of grainvtir and
smaller grain size. Although it is promising foreticopper
oxide film having large grains for photovoltaic dipations
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because of its possible reduction of the recomiminat
probability at grain boundaries [5].The compactneSshe
copper oxide film deposited at more negative paént
-0.55V became better than the film with larger graize
prepared at more positive deposition potential.

C. Effect of deposition parameterson current density and
thickness of Copper oxide film

The relation between film thickness and concemtratf
CuSQ-5H,0 is shown in fig. 7(a). It can be said that, vtita
increase in concentration of Cu$6GH,0O more copper ion in
solution and hence the film thickness increasedalsb
affected the average current density which decteasth
concentration, fig. 7(b). It may be due to the fation of a
barrier to current flow more due to greater conciun.
With the increase of operating voltage, the effecthickness
was almost same as that of the effect of concéorratut
current density change was random, fig. 8(a) amndBfib). At

the condition of -0.60V a major deviance was ndatice

compared to general trend for thickness and cudemsity. It
was observed that coating thickness increasedimdgteasing
deposition time, fig. 9(a). The increment was nio¢dr and
during experiment it was noticed that rate of inoeet
decreased with increasing time. But average cudtensity
should decrease which was not obtained as reqdiige@(b).
No direct relationship was found between tempeeaaund
copper oxide film thickness, Fig. 10(a). The filhickness
was minimum at 56C and increased suddenly at®6) which
was about 3.5 um. In case df jp was observed that, af'p
11.5 there was no copper oxide film and currensitgnvas
also high compared to general values obtained enother
experiments, fig. 11(a) and fig. 11(b). At A2.5, current
density was in expected range but coating thicknvess
somewhat smaller. Actually at'pl2.0 better results were
obtained, as described in literature [1]. Becausthis g
12.0 was used for all other operating conditions.

) 4 .3

E P

35 52.5

@ Fy

¢ 3 £ -2 A

- . |

25 515 -

5 2 E -1

@015 02 025(%,015 02 025
Coneenration of CuSO4. SH,0 (M) | Concentration of Cus04. 5H;0 (M)

Fig. 7: Effect of concentration of CuSQ. 5H,0 on (a) film
thickness and (b) current density (c.d.).
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D. UV Spectrometer/Absorbance at fixed wavelength/
Recording absorption spectrum

To observe the optical absorption profile of the
electrodeposited copper oxides films, the optitaloabance
was measured on the filmBy this experiment the optical
absorption spectrum of different samples that wieosited

at different electrodeposition parameters was emxadi
Comparison between the samples absorption spectsn
also done.
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Fig. 12: Absorbance spectrum for deposition at difrent
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Fig. 15: Absorbance spectrum for deposition at diffrent
temperatures.
It can be observed that with the increase of déposi
potential, optical absorbance increases; fig. Ihper oxide
which was deposited at -0.55V showed the highest
absorbance in wavelength range from 400 nm to #@0 n
while the oxide films which were deposited at -0/4&nd
-0.50 V showed almost same absorbance in the waytble
range mentioned before. The absorption spectrunthef
copper oxide films which were deposited at différen
concentration of CuSQO 5H,0 is shown in fig. 13. It is
observed that copper oxide deposited at lowestertretion
of CuSQ. 5H,0 shows very good absorbance in wavelength
range of 400 nm to 700 nm. This copper oxide fihovged
higher absorbance than the copper oxides which were
deposited at higher concentration of CyS&H,0, 0.2M and
0.25M respectively. Copper oxide film that was defsal at
p™ 12.5 showed good absorbance than copper oxide which
was deposited at'P12, fig. 14. It was observed that with the
increase of P optical absorbance of the copper oxide film
increased. The absorption spectrum of the sampésitere
deposited at different temperatures is shown in fi§.
Copper oxide film which was deposited afG&howed very
poor absorbance than other two copper oxide filirise
copper oxides which were deposited at’Gl0and 56C
respectively demonstrated lower absorbance at highe
wavelength but showed an onset of absorbance at 860
nm. Absorbance of these two samples always remaiegd
good in given wavelength range.

IV. CONCLUSION

The experimental results can be concluded as:

1. Copper oxides mainly cupric oxide, are prepdagd
electrochemical deposition process. The strucandloptical
properties of as-deposited copper oxides were atedu

2. Concentration of CuSQO5H,0 and Operating Voltage
both increases copper oxide film thickness.

3. Copper oxide film thickness increases with tireément
of time but when deposition occurs for a long tifilen
thickness increases very slowly.

4. Very good absorbance was found with film demokat
pH 12, applied potential -0.55V, temperaturé€®@nd 15M
concentration of CuSQ5H,0.
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