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ABSTRACT

CuO is a promising candidate for application as material for solar cell fabrication owing to its excellent optical
properties with selective solar absorbency and low thermal emittance. In the present work, CuO thin films have been
successfully coated by spin coating technique using copper acetate as precursor. The precursor was prepared by sol
gel method. Single layered, three layered and five layered CuO thin films were spin coated at 2500 rpm for 10 sec
and annealed at 550°C. The as-synthesized CuO thin films were subjected to FTIR, UV-Vis, field dependent and
temperature dependent conductivity and SEM studies. The FTIR confirmed the presence of Cu-O stretching
vibrations in all the three as-synthesized samples. The UV-Vis spectra of all the three samples were similar while
exhibiting a dslight increase in intensity upon increase in number of coating layers. The temperature dependent
conductivity study confirmed the semiconducting nature of the films in all cases and the five layered films recorded
the least activation energy. The three layer coated CuO thin films showed a significance rise in photocurrent over
dark current. The three layered CuO thin films exhibited highly uniform homogenous layers of reduced particle size
and improved texture. Thus three layered CuO thin films could be considered as good candidates for harvest of
solar energy for solar cell applications.
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INTRODUCTION

Cupric oxide (CuO) is one of the most importanM-dompound semiconductors with many applicationshsas
diodes [1], cathodes in lithium batteries [2], ¢ggs [3], lithium—copper oxide electrochemical Ise}4], field
emission device [5], gas sensor [6] and so o1s. diso a promising semiconductor for solar celtittion due to its
suitable optical properties [7]. Furthermore, itaitractive as a selective solar absorber sint®sta high solar
absorbency and a low thermal emittance [8]. It @lsssesses unusual antiferromagnetic propertieerdg, it has
been discovered that CuO also shows high-temperatyerconductivity [9]. CuO has a monoclinic dinee with
the lattice parameters a = 4.684A, b = 3.425A, 5. F29A, andB = 99.28A [10]. CuO is a p-type semiconductor
which has a band gap reported between 1.2 and 1.9eVawltlack color and partial transparency in the \esib
range. An important advantage of using CuO in dewpplications is that it is non-toxic and its dgosnts are
available in abundance. Various synthesis methods s sputtering, thermal oxidation, vacuum e\vaipm,
electrospun [11] and sol-gel [12] have been reportditerature. However, the sol-gel method is thast preferred
technique due to the simple equipment involved lamdcosts compared to other techniques. Althoughsiti—gel
method is considered as a suitable method to sythelltra-fine particles, this method needs adaggantity of
solution, longer processing time and heat treatrf@ntrystallization [12, 13]. Photoconductivity asuseful tool to
study the properties of semiconductors. It is alsasidered to be an important tool for providinfprmation about
the nature of the photo-excitations. Since lasadedhe photoconductive properties of the inorgaaitoparticles
have been subjected to intensive study [14]. Nd¢ because of fundamental interest on electroniitation but
also due to their application in wide range of cgiteind electronic devices. A good photocondudice requires
efficient charge separation and efficient transpdreharge carriers to electrode [15, 16]. The cmtidity of the
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material depends upon the carrier density and ocexngiocess of carrier generation, trapping andmédaation. It
is also a function of temperature, applied fietdensity of light and energy of radiation [17].

In the present work, we report the fabrication imigke layered, three layered and five layered Chid films
synthesized by sol-gel technique which is a softtdmo-up approach to achieve a good control oven fil
composition and microstructure. The as-synthesze® thin films were characterized using Fourier nigf@rm
Infrared Spectrophotometer (FTIR), UV-Vis Spectrofgmeter (UV-Vis), and Scanning Electron Microscope
(SEM). Also the variation in field dependent damkdaphotoconductivity of CuO thin films and tempenat
dependent conductivity were studied as a functibthe number of layers coated.

MATERIALSAND METHODS

Copper Oxide (CuO) thin films were synthesized blygel method. All the reagents and solvents wé@nalytical
grade and were used without any further purifigati®25 molar concentration of precursor solutiasiormed by
dissolving copper acetate in iso propyl alcohol diedhanol amine in suitable proportions. The fisallution, with
concentration of 0.25 M, was clear and dark blutheut any suspension of particles. The solutiors thibtained
was spin coated with a spinning speed of 1500rpm3@csec. Immediately after coating, the film waied on a hot
plate at 258C for 5 min and subsequent deposition of furthgela [18] was done. Five layers of CuO thin films
were coated one over the above. After the coatfntpe last layer, the thin films were placed inte tfurnace at
250°C. The furnace temperature was raised t65%hd held at that temperature for 30 min.

3. Characterization

The Fourier transform infrared spectra of the sasphlere studiedusing Perkin — Elmer infrared
spectrophotometer. The spectrum is recorded irrahge of wavenumber 500 — 1000 trThe UV-Vis spectra
were obtained using UV-Vis-NIR spectrophotometdre Bpectra were recordedrabm temperature in the range
200-1000 nm. The field dependent dark and photaectindty studies were carried out using Keithleggammeter.
The experimental setup for the measurement of @ejsendent dark and photoconductivity is as useld.[onniah
and F. Xavier [19]. Temperature dependent conditgtbtudies were performed using Keithley Picoanen& find
the activation energy of the as-synthesized sanjps The activation energies of the as-synthedizamples
were calculated using the relation

I =l,exp (-B/kT) + C

where | is the resultant current,the current at initial thermal equilibrium, k tB®ltzmann constant, Bhe
activation Energy and C the constant due to lealagesnt [20]. By solving the above equation thévation
energy could be obtained from the slope of the lyrdme microstructures of the as-synthesized samplere
analyzed by JEOL JSM 6360 scanning electron miomps¢SEM).

RESULTSAND DISCUSSION

Fourier Transform Infrared (FTIR) spectrum of astbgsized single layered, three layered and fiyerked CuO
thin films are shown in Fig. 2. All the three spaatxhibit similar peak patterns and are in good agee with
standard FTIR spectrum of CuO thin films reportediterature [21]. In the case of single, three éind layered
CuO films, the absorption band at 532 tim attributed taCu-O stretching [21]. This confirms the presenc€ofO
bonding in the as-synthesized CuO thin films. ltldoalso be observed that the single and fiverlapated CuO
thin film peaks are little broader, whereas the¢hiayered CuO thin film exhibited a sharper andeniatense peak
around 650 c attributed to the Cu-O stretching vibrations [22].

The UV-Vis spectrum of as-synthesized single lagetlree layered and five layered CuO thin films slnown in
Fig. 3. All the three exhibit similar absorptiontigans whereas, the three layered and five layeoaded CuO thin
films show more intense absorption peaks than ithgdeslayered one. The absence of any absorptiak pethe
visible region of as-synthesized CuO thin films&pém is in good agreement with the wide band gatpne of the
material and its inability to absorb in the visibignge. However, with increase in the number ottayit is
observed that the pattern indicates a slight righe intensity of absorption. This could be atttéal to the increase
in the exposed surface area with increase in nuwifdayers and consequently the film thickness.
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Fig. 1: Experimental flow chart for the synthesis of CuO thin films
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Fig. 2: FTIR spectrum of as-synthesized CuO thin films
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Fig. 3: UV-Vis spectrum of as-synthesized CuO thin films
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Fig. 4: Field dependent dark and photoconductivity of single layered as-synthesized CuO thin films
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Fig. 5: Field dependent dark and photoconductivity of threelayered as-synthesized CuO thin films
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Fig. 6: Field dependent dark and photoconductivity of five layered as-synthesized CuO thin films
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Fig. 7: Temperature dependent conductivity of single layered as-synthesized CuO thin films
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Fig. 8: Temperature dependent conductivity of three layered as-synthesized CuO thin films
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Fig. 9: Temperature dependent conductivity of five layered as-synthesized CuO thin films
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Fig. 10: In | (vs) UKT graph of singlelayered as-synthesized CuO thin films
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Fig. 12: In | (vs) LKT graph of fivelayered as-synthesized CuO thin films

Field dependent dark and photoconductivity plotassbynthesized single, three and five layered @urfilms are
shown in Figs. 4, 5 and 6 respectively. The ploticate a linear increase of current in the dark @sible light
illuminated samples in all the three cases witlinarease in applied field depicting the ohmic natof the contacts
[12, 19]. The low values of dark current and ingfigant rise in photocurrent upon the visible lightmination are
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as expected. This is due to the wide band gap of Cutichvhas a capability of absorbing light only below
wavelengths of 400 nm. Out of the varied layer€00 coatings, the three layered showed better photent. For
example, foran applied field of 1000 V/cm, the single layeredQCshowed photocurrent ~ 0.023\, the five
layered CuO thin films showed ~2uB whereas the three layered CuO thin films recordgdA. This could be due
to the enhanced surfaced area available for coimfuahd better quality of the three layered thim ftoatings.

Fig 8, 9 and 10 shows the temperature dependemwtuctuity of as-synthesized single layered, thr@geted and
five layered CuO thin films respectively. All théofs indicate the exponential behavior of tempermtependent
current confirming the semiconducting nature of mhaterial [23]. Also it is found that the temperatuependent
current increases with increase in the numberyarlaand consequentially the film thickness. The(irs) 1/kT for
as-synthesized single layered, three layered amddiyered CuO thin films shown in Fig 10, 11 a@déspectively.
The activation energy was calculated for as-syitbdssingle, three and five layered CuO thin filam&l the results
are tabulated in table I. On analysis the activatoergy decreases with increase in the numbeoattd layers.
This could be attributed to the increased dendishallow traps with increase in porosity and thigé surface area
as a result of enhanced film thickness. These tvafs short residence times may be filled with ¢sns at low
temperature and could be later excited by raidiegtémperature upon thermal activation [24]. Thargh carriers
thus excited from the traps may adopt a hoppinghaugism to cross the potential barrier and hencelym®
enhanced current [19, 25].

Table1: Activation energy of as-synthesized samples

Sample Activation Energy in eV
Single layer coated CuO thin films 0.397
Three layer coated CuO thin films 0.288
Five layer coated CuO thin films 0.272

LASEW - X168, 888 Ipm BE8A1 15 2
: .

Fig. 13: SEM images of () singlelayered b) threelayered (c) fielayered CuO thin films

The surface morphology of as-synthesized CuO tiimsfwas investigated using Scanning Electron Micope
(SEM). The SEM photographs of single layered, thagered and five layered CuO thin films are shawfig. 13.

On comparison of the three photographs it coulalmserved that the single layer coating though ehitiform

coating also reveals micro cracks and discontiesitin the surface of the film. The three layereating show high
uniform homogenous layer of reduced particle siz improved texture of CuO thin films. On the othand five
layered CuO coated thin films show lack in unifagmand good quality. Thus it could be concludeat three layer
coated CuO thin films are of high quality and wob&lmore suitable for photovoltaic applications.

CONCLUSION

The CuO thin films were successfully coated ontsglsubstrate by spin coating using copper acasgbeecursor.
Single layered, three layered and five layered Gitlls were synthesized and subjected to FTIR, U\&Mield
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dependent dark and photoconductivity, temperatapeddent conductivity and SEM studies. The preseh€al-O
stretching is confirmed in all cases using the F$fiectra. All the three samples exhibited similattgrns of UV-
VIS absorption spectrum with a slight increasentemsity upon increase in number of coating lay€he single
layered and five layered CuO thin films recorded lmlues of dark and an insignificant rise in plotwent upon
visible light illumination whereas the three lay&r€uO thin films showed better photocurrent comgatee the
others which could be due to the better film gyahhich leads to enhanced surface area. Temperdggendent
conductivity indicates the exponential behaviortehperature dependent current confirming the semdiecting
nature of the thin films. On analysis of the adiiwa energy, it is found that the activation enedgcreases upon
increasing the number @bating layers. The studies thssggest that the three layered CuO thin films cdadd
better photoconductors for application as poteistiddr energy trapping materials.
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