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Abstract

Cuprous oxide (CyO) thin films with n-type conductivity are prepareszh copper
plate using CuSQ@solution by boiling and chemical bath heating tecigues for one
hour followed by annealing at 250Q for two hours. The films produce were analyzed
using SEM and XRD machines. The results shows tlienfproduced by chemical
bath method is purely GO layer with peaks at different diffraction anglasnging
from 26 = 10° — 50° without any impurity, However it is observed th#te films
producedis composed of grains of different sizesichhwere improved by annealing
the samples at 230. On the other hand the films produced by boilimyethod has
larger grains size with CuO impurity at@= 52.5°. it was also observed that there is
weakening and washing away of the deposited layereatending the deposition time
longer than 60minutes in boiling method.

1.0 Introduction

Due to the depletion of fossil fuels, renewablergnesources such as solar and wind energies asidefinterest. Most solar
cells are based on polycrystalline silicon and havelatively high cost price determined by thetead the starting material
and the expensive manufacturing process. In theféas years, the development of solar cells bas&€iu®[1-5] has
progressed rapidly which are a good alternativaHersilicon-based solar cells due to its low cabtyndance of the starting
material (Cu) on earth, nontoxicity, cheap and $nrocessing technique, fairly high minority carrdiffusion lengths,
high absorption coefficient in the visible regi@nd large exciting binding energy with a directrgyegap of 2.1eV and
optimum theoretical efficiency of over 20% [6-14].

Several chemical methodsare available for the déposof CuO layers, amongst which are chemical vapour method,
thermal oxidation method, Sputtering, electrolelssndgical deposition, dip-coating techniques, elattemical deposition
and many other techniques.of all the various tegles the Electroless chemical deposition als@dautocatalytic method
is an attractive method that involvesthe presefiegeahemical reducing agent in solution to reduegatiic ions to the metal
state. The approaches involve in the Electrolesentidal Deposition of n-GO includes the Boiling technique, the
immersion technique, the heating techniques or aterbath technique[15].The name electroless isesamat misleading,
however, there are no external electrodes prelsanthere is electric current (charge transferpined. Instead of an anode,
the metal is supplied by the metal salt and a satesterves as the cathode, while the electronpraxéded by a reducing
agent. The process takes place only on catalytfases rather than throughout the solution (if pinecess is not properly
controlled, the reduction can take place throughbatsolution, possibly on particles of dust orcafalytic metals, with
undesirable results) [16].

Electroless deposition method possesses sevenaotbastics which are not shared by other methitdse accounts for its
ever-growing popularity. Experience shows that esughstrate requires its own specific technique surfiace preparation
(i.e., cleaning process) which requires very cdredlection and application. It must be stressatl ¢tkeaning may affect the
porosity of the metal deposit [17]. Residues frdeaners and deoxidizers may create inactive spatisvtill not initiate
electroless deposition. This may result in the ssitg to have a thicker deposit before continuityachieved. In extreme
cases continuity is never reached. In general, sigpo requires one or more of the following stépsCleaning, (2) Surface
modification, (3) Sensitization, (4) Catalyzing,) (Activation (acceleration). Rinsing is requiredtween the steps. If the
metal to be deposited electroless can be reduc#uebsensitizing ion, then it is not necessaryethuce the active metal first.
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Instead, the substrate is immersed in the elessolmth immediately after sensitizing and rinsiag, [19]. Various
approaches have been used in depositing O Qayer ,some of which include the boiling techmiqad] ,the immersion
technique[2], the heating or chemical bath techesqfB], and the electro chemical deposition teahe(i4,5,20]. This paper
presents an analytical study of n-Outhin films deposited by boiling and chemical ba#ating techniques of the Electroless
Chemical Deposition Method.

2.0  Synthesis Techniques

The n- CyO layerswere deposited using two different techaesgfirst with the boiling and then with the chenhibath
heating Methods of the Electroless Chemical Defmogichniques. Both techniques were carried outeuriie same
condition of material used, metal salt, the sammatittn of deposition and same specification forparing the solution. The
main difference in the two techniques under inggdion is that, there were variation in the PH ldaating temperaturesthe
boiling technique was achieved through boiling @°C while in chemical bath it involves heatingvatious temperatures
ranging from 60°C to 80°C.

The Boiling Techniques

The n-type cuprous oxide produced by boiling teghes is in accordance to [21].In this process tmimation of any
grease or dirt from the surface of the coppervi@hb achieved by conditioning the copper surfaceraieg to an existing
procedure [22]. In which CuSQolution of 0.001M concentration was prepared feothydrous copper Il sulphate of purity
99.0% (BDR-GPR), of molecular weight 159.60 whef®dnf CuSQ solutions was taken in a beaker and its pH was
measured to be 5.5 using TES 1380 pH meter. Thkebemntaining the solution was heated to boilising 78HW-1
magnetic heating stirrer. Later, one copper foikwigpped into the boiling solution and heating cortd for 60 minutes.
The sample was removed at the end of the time, adaishdeionized water severally and finally driedvieen tissue papers.
Subsequent trials were made by taking fresh amafuthie solution with varied boiling time of 50,40,20 and 10 minutes.
The Chemical Bath Heating Techniques

In this method 100ciof the 0.1M CuS@solution prepared from anhydrous copper Il sulelitpurity 99.0% (BDR-GPR),
of molecular weight 159.60 was taken in a beakerimPH was measured to be 4.62 using PHS-25 ptdrméich. the
beaker containing the solution was taken to wasth lbnd heated to (60, 65, 70, 75 and@@3spectively, One copper foll
was dipped in to the heated solution and heatedout (one and two)hour in each case. The sammderemoved after that
hour, washed in deionized water severally and lfirdilied between tissue papers and finally in d&ie Burface morpholgical
analysis of the deposited n-Quthin films werecarried out using Scanning Electkdicroscope (SEM) model phenom (Pro
X) at Umaru Musa yar'aduwa University Katsina StatdBiology research Lab . And the phase and cHyrstastructure of
the deposited films was analysed using X-ray Diffoaneter (XRD) model Empyrean difractometer DY §2810) at
National Geosciences Research Lab NGRL Kaduna.

3.0 Analysis

The SEM and XRD results of the n-Quobtained by both techniques were analyzed, cozdpand presented in two parts:
the result of the boiling method and then thathef¢hemical bath heating method.

Boiling Technique

In the boiling techniques, the physical appearaoic¢he films appeared blackish- brown and it wasodlound to be
independent of the boiling time. Only the variationthe boiling time affects the uniformity and ammb of the films
deposited [12]. Based on the range of boiling texepted by[6] the films deposited from 40-60 misuteere said to be
more uniform and the best deposition was achiev@&® aninutes boiling with pH 5.5. The variationtbé pH level show no
deposition for all the boiling time adopted and tioe boiling time above 60 minutes it was obserhed, there is weakening
and later dissolution or washing away of the lajeposited.

Chemical bath heating Technique

The copper foil heated in 0.1M concentration of Oy®ith pH range between 4.20 to 4.80 produces reddlistvn (liver
red) colour films on the two surfaces of the copiodr It was found to be independent of the hegtiime, but affects the
uniformity and the amount of the film depositedwlis observed that the films deposited on heatimg fone to two hours
has higher uniformity and is the best depositioenttthe one deposited below that. And there is gerldissolution on
staying above two hours. Also the physical appesrai the deposited layer does not change with gédam temperature,
but the morphology (uniformity) of the layer incsea with increase in temperature within the ra§eC(to 85C). It was
observed that the thin films layer deposited agea®GC-75°C is not uniform throughout the surface but has sanitormity
in some part of the surface of the foil. The bagelt was the one deposited at@tb 85C which is uniform throughout the
surface of the foil.
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4.0 Discussion

Scanning Electron Microscope (SEM)

The scanning Electron Microscope (SEM) for the ihgiltechniques shows the existence of large ciystaling wide gap
between them as shown in Figure 1. These wide gaply that annealing of the sample is requiredmpriove on the
packing of the crystals so as to lower the restgtnf the CyO layer [12]. It was observed from the SEM restiltlvemical
bath heating techniques that the layer is compo$et grains with different sizes and also there some crystal defects
shown by black spots in the deposited n@layer and the grain sizes of the crystals arg serall which was healed and
disappears on annealing at 26@nd there is also an improvement in the grainsizhe crystal as shown in Figure2

X-ray Diffraction Analysis (XRD)

The structural and phase identification for thead#ied n-CuO without annealing were studied with XRD model gnean

diffractor meter DY 674 (2010). UsingScherreredatn.
KA

D = (1)

Bcos6
Where, D is the grain size, K is a dimensionlesspshfactor with a value (0.9) which varies with #etual shape of the
crystallite,Z is the wavelength of the X-ray used (1.5402Ajs the full width of the half maximum of the mosténse peak,
0 is the Bragg angle corresponding to maximum Xdifyaction peak. The angle of diffractiongRis varied from 05-75
as shown in the Figure 4.In the X-ray diffractiamabysis (XRD) the films for 60 minutes boiling shewhe presence of a
mixture of CyO and CuO phases on the spectra, as can be observiglire 3. The G4 plane is at @= 52.5, while the
CuO (112) plane is ath2= 51.6. The XRD pattern for chemical bath heating techegshows prominent reflections along
(111) plane at 2= 36.4° and other reflections along (110) plane 829.5, (200) plane at@=42.3 and (220) plane at
260=61.3, Also there exist some reflections from a metalbpper whose plane was not indicatedést50f. The presence of

these planes ensures the true deposition gdTayer.

igure 1: The SEM microgrph of the Eigure 2: The SEM micrograph saple prepared by boilinghoe
bath method with pH 4.6 of the sample prepasediemical with PH 5.5
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Figure 3: XRD spectra of the unannealed Figure 4: XRD spectra of the annealed
sample obtained by the boiling method samptaiobd by chemical bath method

5.0 Conclusion

This paper presents the deposition ofn@dayer by boiling techniques andchemical bath heating
techniques. All the techniques employed the same material ustd,saé and same specification for
solution preparation. The formation of n4£Qulayer was achieved and a uniform,Ouhin film with
high morphology and n-type conductivity was obtained. The method is chieaple, requires no
sophisticated set up and is operated at lower temperature. dtscahe used to coat large surface area.
Another advantage of these techniques is that it can coat botlofsédenaterial including inner and
outer surfaces for hollow materials. In the analysis it wasrebddhat, there was layer weakening and
dissolution in the boiling techniques due to overheating and incréasazidity of the solution as a
result of evaporations which does not occurs in chemical heating teebnitjue result also shows that
there is formation of cupric oxide CuO impurity in boiling method anelguruprous oxide with no
impurity in chemical bath heating techniques. Based on the anabamsive concluded that chemical
bath heating method is more reliable than the boiling method becauseigtheo CuO impurity,
weakening of the layer and also no layer deposition on staying ltmgerone hour in chemical bath
technique.It was suggested that more analysis can be made taydéhisike resistivity measurement,
U.V analysis, and optical (reflectance, transmittance and absorptange) stud
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