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Abstract: in this work ZnO/Cu/ZnO transparent conductive multilayer films are prepared ZnO using RF sputteringand Cu film using DC sputtering .The properties of the stacks structure are studied at different thickness of ZnO. Theresults show that the sheet resistance of the film stacks decreases with an increase of ZnO thickness and increasedfurther with increase Fig. of merit. However, the transmittance of the structure increased with the decrease of ZnOthickness. Good transparent conductive film of sheet resistance was 84.29 ohms/sq while the transmittance of 53%was found at a 30/5/30. The performance of the multilayer film was evaluated using a Fig. of merit. The propertiesof these film stocks good for different applications in optoelectronic devices.
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1. Introduction

* Transparent conductive oxide (TCO) films havebeen extensively studied because of theirtechnological applications in solar cells,optoelectronics, gas sensors, flat panel displays andthin film resistors (Sahu and Huang, 2006). Theefficiency and performance of these devices dependon the electrical and optical properties of the TCOs.The most widely used TCOs are impurity-dopedindium oxides, tin oxides and zinc oxides which offera commercially acceptable performance in terms ofconductivity, transmittance, environmental stability,reproducibility and surface morphology (Paul et al.,2003; Leng et al.,2010). However, their resistivity israther high in some cases to adapt as a transparentelectrode for improved practical application. It istherefore necessary to look for a transparentconductive film having lower resistance and highertransmittance. Recently, a combination ofsemiconducting, dielectric materials and metalmultilayers is used to achieve high transparentconducting oxides (Lou et al., 2009). Metal-basedindium tin oxide (ITO) and ZnO multilayer structuresare reported as good transparent conductingelectrodes (Raniero et al., 2006; Park et al., 2009).Due to the high target cost of ITO (Wang and Diao,2010), ZnO-based multilayers are the potentialmaterial for large scale production of good TCO filmshave been extensively studied because the potentialmaterial for large scale production of good TCO.However, simultaneous optimization of conductivityand transparency presents a considerable challenge
* Corresponding Author.

in ZnO-based multilayer film deposition. It is alsowell known that films of the same material depositedunder different conditions possess differentelectrical and optical properties (Dose et al., 1984;Cho et al., 2006). In order to do further improvementin the conductivity, the ZnO-based single layer Metalthin film for the metal types, there are manyexcellent conductivity met, Cu, Al, Fe and so on.Metal Cu with It has excellent conductivity, and theprice is relatively compare with Ag has a distinctadvantage the electrical properties of the structureas you see in the figure very high dependent on themobility and concentration of the flow of theelectrons and the electrical characteristic will changeby increasing the thickness of Cu or the ZnO , andthis depend on the work function of the bothmaterial.

Fig. 1: Schematic diagram of band gap energy of ZnO andCu.
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In this study, Cu metal layer is sandwiched layerbetween the ZnO films by sputtering method at roomtemperature to prepare a ZnO / Cu / ZnOtransparent conductive multilayers film, designedand obtain the  optimizing Cu layer thickness strip atroom temperature to get high performancephotovoltaic element under transparent conductivefilm.
2. ExperimentalThin films of ZnO/Cu/ZnO were sputterdeposited on glass microscopic slide using a zincoxide (99.9995% purity, 7.62 cm diameter, 0.64 cmthickness, target materials) and metal Cu targets(99.999% purity, 7.62 cm diameter, 0.64 cmthickness, target material) in an in-line magnetronsputter deposition system equipped with DC and RFpower (55W ). The glass substrate was ultrasonicallycleaned in acetone, rinsed in deionized water andsubsequently dried in flowing nitrogen gas beforedeposition. The sputtering was performed at apressure of 6x10-3 Torr in pure Argon atmospherewith a target-to-substrate distance of 53mmA Cryopump, coupled with a rotary pump used to achieve1_10_6 Torr pressure before introducing argon gas(99.9995%, Lien Hwa gas co.). The rotating speed ofthe substrate was 18 rpm. TheThe thickness of the ZnO layer was 60nm and thatof Cu was 5 nm taken for this study due to itssuperior performance at room temperature [18].Film thickness was measured using FE-SEM (Novananosem450 field emission scanning electronmicroscope) Thickness of the ZnO and Cu layers wasconfirmed through deposition rate Surfaceroughness were determined and surface imageswere taken by Atomic Force Microscope (AFM, Sheetresistance was measured using(Accent opticaltechnologies Inc HL 5500pc-hall effect four-pointprobe method). Optical transmittance was measuredin the range of 200–800 nm by UV–VIS–NIRspectrophotometer.(Agilent Technologies cary seriesUV-VIS-NIR sepectrophotometer.
3. Results and discussionFig. 2 presents the XRD pattern of the multilayergrown with fixed thickness of Cu layer and withdifferent thickness of ZnOlayer. With increase of thethickness of ZnO layer, intense(0 0 2) orientation peaks are observed. Theintensity of (1 0 3) peak decreases and (0 0 2)increases when thickness of ZnOlayer changed from20 to 50 nm. Crystalinity increased with increase ofthickness of ZnO layer. The observed diffractionpattern indicates the polycrystalline structure butwith preferential orientation along c-axis. However,other peaks appear for further increase of thicknessof ZnO layer and the location of measured diffractionpeak shows a small shift towards the lowerdiffraction angle. So shift of (0 0 2) peaks towardslower diffraction angle with increasing thickness ofZnO layer indicates that there is distortion of

crystallites (Cho et al., 2006; Zhu et al., 2006). Sobetter crystalinity with preferred c-axis orientationwas observed for 50 nm ZnO layer.

Fig. 2: XRD pattern of ZnO/Cu/ZnO multilayer with fixedthickness of Cu layer (5 nm) and with different thicknessof ZnO layer.Fig. 2 Refer that the sheet resistance of ZnO–Cu–ZnO multilayers depending the thickness of ZnOlayer. The thickness of the inter layer films was set tobe constant at 5 nm and the thickness of ZnO layerwas varied from 20 to 60 nm. The sheet resistance ofthe multilayer films was lower than the resistance ofsingle ZnO layer (film thickness 60 nm) which lackscopper layer. Furthermore, the multilayer filmresistance decreases as the thickness of ZnO layerincreases. With the insertion of a 5 nm copper layerbetween the ZnO layers, a reduction in resistance byapproximately 95% relative to that of single layerZnO film of the same thickness was achieved.

Fig. 3: Dependence of the sheet resistance ofZnO/Cu(5nm)/ZnO multilayer film on the thickness of theZnO layer.

Fig. 4: Depended transmission of the multilayer on thethickness of ZnO.
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The optical properties of ZnO are also veryimportant for the performance of the stack. ZnOcauses an increase in the transmission with decreasein the thickness.The relationship between hall mobility and ZnOthickness was investigated in Fig. 5, it refers thatwhen ZnO thickness =20nm the hall mobility ismaximum value =27.5(cm2/v.s).

Fig. 4: Relationship between hall mobility and ZnOthickness.

Fig. 5: The Fig. of merit for the ZnO/Cu (5 nm)/ZnOmultilayer films with different ZnO layer thicknesses.In order to value the TCO films and compare theirphotoelectric performance, the Fig. of merit (FOM) isapplied. FOM=T10/RS was defined by Haacke (Zhu etal., 2006), where T is the optical transmittance andRs is the sheet resistance. Fig. 5 shows the Fig. ofmerit for the multilayer films with ZnO thickness,and it indicated that the multilayer had   a high Fig.of merit with increasing ZnO thickness.

Fig. 6: Dependence of transmittance of the ZnO/Cu (5nm)/ZnO multilayer films on ZnO layer thickness.

Fig. 6 presents the optical transmittance spectraof the ZnO/Cu/ZnO multilayer films with differentZnO layer thicknesses for fixed thickness of Cu layer(5 nm). It is seen that as the thickness of ZnO (topand bottom) layers increases, the transmittancedecreases in the UV region and the absorption edgeis shifted to longer wavelength regions. When thethickness of the ZnO layers changes in the range of300-600 nm, the multilayer films represent a betteroptical property; their transmittance spectra have arelatively flat plateau in the entire visible region.

Fig. 7: FESEM micrographs (ZnO/ Cu(5nm) /ZnO) filmsdeposited with various deposition Thickness of ZnO.Fig. 7 shows FESEM images of the threemultilayers; and it refer to the morphology of ZnOsurface that is nanostructure during the first stage offilm formation. The multilayer of thickness60-5-60nm appears an uniformly distribution on thesurface, which indicate that the crystalinity of thetop layer ZnO is better than before.

Fig. 8: AFM images of the multilayer films.Fig. 8 shows the AFM images of multilayer filmsdeposited with different thickness of ZnO and fixthickness of Cu., roughness of multilayer filmsdecreases with increase of ZnO thickness.
4. Conclusion
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Different layer stacks of ZnO–Cu–ZnO have beenexamined. The influence of metal film thickness onoptical and electrical properties was investigated. Itwas found that the layer stack can be optimized tohave sheet resistance below 10 Ω/sq. at a total lighttransmission over 25% at 400 nm. Under theseconditions, the electrical properties of ZnO are ofminor importance. The quality of the multilayer filmis determined by the properties of the Cu filminstead of ZnO properties.
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