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Abstract:

         Zinc Oxide thin films have been prepared by d.c magnetron sputtering at different magnetic field. the deposition of the films prepared was carried out in dc magnetron sputtering system (Edward 306 pumping system) on heated glass substrate.  The structure of the films have been studied by X-ray diffraction method. X-ray analysis has shown that the prepared films have a hexagonal structure ,and also the increasing of magnetic field leads to increase the grain size and rate of deposition ,which increase film thickness. This study included the effect of magnetic field on electrical and optical properties for the prepared films. From the study of the electrical properties ,it was shown that the  resistivity decreases by increasing the value of magnetic field, and the minimum value to the electrical resistivity was 17×10-3Ω.cm at 450nm thickness and at 470Gauss magnetic field magnitude .By more increasing of magnetic field ,the resistivity increases because of the distortion in the crystalline arrangement may be happens. It was shown also increasing in values of carrier concentration (n) and mobility(µ) with increasing the magnetic field ,also we show improvement in crystalline structure   and homogenous distribution of grains. The optical absorption coefficient decreased with increased magnetic field but their is a sharp increase in (α) at film thickness 450nm, this may be due to the oriented sample growth. The dependence of the transmittance on the magnetic field attributed to the change in thickness and morphology of the films. The most suitable magnetic field needs for the films to be used as transport electrodes in the solar cells is 370Gauss,which have low resistivity and high transparency.
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الخلاصة:

تم تحضير أغشية ZnO الرقيقة بطريقة الترذيذ المغناطيسي مع تغيرالمجال المغناطيسي, بواسطة نظام الترذيذ المغناطيسي((Edward 306pumping  system تم ترسيب الاغشية المحضرة على قواعد زجاجية ساخنة,وباستخدام طريقة حيود الأشعة السينية تمت دراسة تركيب الأغشية ، من تحليل الأشعة السينية تبين إن الأغشية المحضرة  ذات تركيب سداسي. وان زيادة المجال المغناطيسي يؤدي إلى زيادة حجم الحبيبات ومعدل الترسيب والذي يؤدي إلى زيادة في سمك الأغشية,وتضمنت الدراسة تأثير المجال المغناطيسي على الخواص الكهربائية والبصرية للأغشية المحضرة . من دراسة الخواص الكهربائية اتضح إن المقاومية الكهربائية تقل بزيادة المجال المغناطيسي وان اقل قيمة للمقاومية الكهربائية كانت17x10-3Ω.cm عند سمك450nm. ومجال مغناطيسي قدره 470Gauss وبزيادة المجال المغناطيسي أكثر تزداد المقاومية وذلك بسبب التشويه في الترتيب البلوري الذي قد يحدث.ولوحظ كذلك زيادة في قيم تركيز حاملات الشحنة الكهربائية n)) والتحركيةµ) ) مع زيادة المجال المغناطيسي و تحسن في التركيب البلوري وانتظام  توزيع الحبيبات البلورية .ان معامل الامتصاص البصري يقل بزيادة المجال المغناطيسي و هناك زيادة كبيرة في ( α) عند السمك 450nm وقد يعود هذا الى نمو النموذج الطوري oriented sample growth)). أما اعتماد النفاذية للضوء المرئي على المجال المغناطيسي فأن سببه يعود إلى تغير في سمك وتشكيلة الأغشية مع تغير المجال المغناطيسي.إن أفضل قيمة للمجال المغناطيسي هي 370Gauss عندها يمكن الحصول على أغشية ذات مقاومية قليلة ونفاذية عالية لاستخدامها كأقطاب شفافة في الخلايا الشمسية .
Introduction:
               Zinc Oxide films have many practical applications owing to its interesting properties .Its piezoelectric properties can be used in various pressure transducers, and acoustic optical devices, the bonding in ZnO is largely ionic which explain its strong piezoelectricity, the piezoelectric effect can be increased by increasing electrical resistivity of the films and by have an oriented crystallite structure [Tewari & Bhattacharje, 2011]. ZnO film is one of the earliest discovered metal oxide gas sensing material, and is used as semiconducting gas sensor due to its conductivity changes when exposed to oxidizing gases [Shigemi & Mikihik, 1993]. ZnO is naturally grown as n-type and hexagonal wurzite structure with wide band gap energy [Czternatek, 2004] .ZnO thin films that are transparent to the visible region can be used as window in antireflection coating and in optical filter, the transparent electrodes serve as, contact layers and for fabrication of grating in optoelectronic devices, therefore they should combine the high optical transmission with the low electrical resistivity [Suchea & Christonlakis, 2007]. ZnO films fabricated by different processes have n-type conductivity due to higher defect densities in ZnO associated with oxygen deficiencies. Their resistivity may be lowered by extrinsic doping with III elements [Sigh, et al., 2001].the physical properties of ZnO films are generally dependent on deposition parameters. Many deposition techniques have been applied for the production of ZnO films in order to improve the properties of the films [Dhauanjay, 2007]. Sputtering is preferred among these techniques due to its relative high deposition rates, good film properties and process stability [Myung & Sang, 2009]. Dc magnetron sputtering deposition has been one of the favorable methods since it is easy to control the deposition parameters, the advantage of magnetron sputtering are, high packing density, uniform film thickness, very good adhesion of the film to substrate due to high energy of deposition particles [Matsumura & Camata, 2005]. The performance and efficiency of the films based devices are determined strongly by the structural, electrical and optical properties of the films .A study of these properties and their dependence on the film characteristics is very important as it helps in optimizing film parameters for better devices applications. Recent studies are focused in the correlation of deposition parameters and physical properties to understanding the correlation of structure and optoelectronic properties. The present research is an extension of the previous work on the effect of magnetic field on the physical properties of ZnO films. The aim of this work is to determine the conditions that can produce films for application as transparent electrodes with low electrical resistivity and low absorbance (high transmittance), therefore the effect of magnetic field during deposition on the electrical and optical properties has been investigated.
Experimental Part:
         
        ZnO thin films, with high orientation of grains along the c-axis have been synthesized by dc magnetron sputtering technique, deposited  on glass substrate with (200-410)nm thickness   under a vacuum pressure of the order 10-2torr, in order to allow a large mean free path for the sputtered atoms to reach the substrate, the deposition of the ZnO films was carried out in dc magnetron sputtering system (by Edward 306 pumping system) using 99.999% pure metallic Zn target. The deposition parameters are constant; Sputtering gas pressure(7x10-2torr), substrate temperature(500°C),Target-anode distance (30cm), Sputtering atmosphere (25/75)% Oxygen to Argon ratio ,DC power(50W),Magnetic fields(170-570)Gauss.   Thickness was measured by using weighting method .XRD-analysis was used to examine the structure of the films and Scanning electron microscopy (SEM) was used  to determine the  microstructure of  the films. The temperature of the film was varied around (20-260)°C in steps of 10°C and allows to equilibrate for some time interval at each stable temperature, then the electrical resistivity of the film was obtained from resistance measurements. Carrier concentration and Hall mobility measurements were carried out by a Hall effect system using van der pauw method [Grenier, 1978]. The optical transmittance of the films was measured between (350-900)nm using (ashimadza Uv-Visble spectrophotometer –model 169Å).
Results and Discussion:
Structure Properties: 

            Fig.(1) demonstrates the X-ray diffraction patterns of  ZnO films deposited in the magnetic field range (170-570)Gauss, these patterns confirmed the hexagonal structure of the prepared films, the preferred orientation of (002)peak become more intensive at magnetic field M=470G. The fluctuation in the intensity may be attributed to the disturbances in the lattice due to defects created, which increase the efficiency of scattering mechanism such as phonon scattering [Mitra & Khan, 2006],    Fig.(2) shows that increasing magnetic field will increase the grain growth rate [Hassan, et al., 2008]  and rate of deposition, which leads to increase film thickness ,this can be explained by a reduction of the bombardment of growing film by high energy particles, this is in agreement with other workers that found similar preferred orientation [Suchea, et al., 2005] the obtained values of thickness are inserted in table (1) Scanning electron microscopy (SEM) micrograph of ZnO film is shown in Fig.(3).The polycrystalline and porous nature is revealed from the micrograph.

 Electrical and Optical Properties:
       The mechanism responsible for resistivity changes in ZnO thin films is the formation and annihilation of oxygen vacancies and this may be due to capability of ZnO films to desorb and adsorb oxygen simultaneously, the rate of these two phenomena varies with the temperature. Variation of the resistivity with the temperatures at different magnetic field is present in Fig.(4), all the films exhibit nearly three regions behavior, region one (20-120)°C the resistivity decrease with temperature, the decrease in resistivity is attributed to the thermal excitation of electrons into conduction band, a sharp increase in resistivity observed in region two (120-200)°C this increase in ρ  may be related to vigorous oxygen adsorption on the film surface also more number of oxygen moieties (O¯²,O¯₂,O¯) may be formed on the ZnO surface with increasing temperature [Sahay, et al., 2005]. In region three (200-260)°C, the resistivity is not much affected by the temperature change probably due to the equilibrium between the two competing processes of thermal excitation of electrons and oxygen adsorption. 
        Fig.(5) shows the relationship between the resistivity ρ and magnetic field at room temperature ,the electrical resistivity decrease with increasing magnetic field the lowest resistivity ρ obtained was 17x10 -3 Ωcm for the film thickness d=450nm and M=470G., with further increase in magnetic field the distortion may be caused in the lattice increase the resistivity. Fig.(6) gives the dependence of the carrier concentration  n and Hall mobility µ on the magnetic field, it can be seen that both n and µ increase with increasing magnetic field this increase associated with the films improvement in the crystal structure and homogenous distribution of grains. At M=570G. Hall mobility decreases because of the ionized impurity scattering and the lack of the oriented growth [Ahalapitiya, 2003]. The optical absorption coefficient α was found using Lambert law [Adachi et al., 1995] and α was found to follow Taus relation[Pankove, 1971] from this relation energy gap Eg was calculated. The optical absorption coefficient decreased with increased magnetic field but there is a sharp increase in α for film thickness d=450nm, this may be due to the oriented sample growth. The maximum value of Eg obtained was 3.28eV correspond to λ=378nm and d=450nm, this results  can be interpreted in terms of the Burstein-Moss effect ,which shifts the band gap energy to the short wavelength (blue shift) with increasing carrier concentration and blocking of low energy transitions[Dengyuan, 2008].The transparency was assessed from the transmittance measurements ,the change in the transmittance is due to the change the thickness and morphology of the films. The obtained  values of α, Tav in the visible region and Eg are inserted in table(1).
Table (1): gives the determined  values of, thickness, energy gap, absorption coefficient and average transmission.
	Magnetic field G.
	Thickness d nm
	Eg eV.
	α x10 4/cm
	Tav%

	170
	200
	3.19
	7.15
	90

	270
	280
	3.18
	4.23
	89

	370
	320
	3.15
	3.76
	88

	470
	450
	3.28
	13.85
	84

	570
	410
	3.18
	5.23
	86


      Fig.7.shows the correlation between the electrical resistivity and the optical transmittance  at different magnetic field , since the magnetic field is correlated with the deposition rate and hence with thickness of the films ,so one should expected that the resistivity and transmittance should change with increasing thickness and consequently with increasing magnetic field. 
      The Figure of merit is introduced in order to quantify the optoelectronic properties of transport electrodes, the films must have a low electrical resistivity ρ and high transmittance i.e., low absorbance in the visible region .To determine a film whether or not has these properties the Figure of merit (FOM) is calculated by using the following equation [Mondal, et al., 2008]: 
       FOM=1/ρα---------------------------(1)                                              
the variation of calculated FOM values of the films against magnetic field is shown in Fig.(8) the best the combination of low resistivity ρ=23.6x10-3Ω.cm and low absorption coefficient α=3.76x104/cm  i.e., the highest Figure of merit was obtained for the films  prepared at, M=370G thickness d=410nm  and an average transmittance 88% .

Conclusions:
         Electrical and optical properties of ZnO thin films were studied at different magnetic field. Increasing magnetic field produces increasing in the rate of deposition, which increase film thickness. It was seen that the resistivity have lowest values of 17.6x10-3Ωcm for the films prepared at M=470G.,and thickness d=450nm also it was observed that the carrier concentration and hall mobility increased with increasing magnetic field ,the absorption coeffient decreased with increasing magnetic field but their is a sharp increase in α at d=450nm, the most suitable magnetic field needs for transport electrodes is M=370G. Since Figure of merit has maximum value at this magnetic field. It is concluded that in order to prepare high quality ZnO thin films, the crystallinity, and transparency of the deposited films should be enhanced and the resistivity be reduced using proper values of magnetic field.
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Figure (1): XRD-patterns for ZnO films at different magnetic field.
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Figure (2): The variation of the deposition rate on the magnetic field.
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Figure(3): SEM micrograph of ZnO film grown on glass substrate.
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Figure (4): Variation of resistivity with the temperature at different magnetic field.
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Figure (5): Resistivity versus magnetic field at room temperature.
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Figure(6): The dependence of the carrier concentration N and Hall mobility µ on the magnetic field.
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Figure (7): The relation between the electrical resistivity and the optical transmittance at different magnetic field.
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Figure (8): The variation 
of calculated FOM values of the films against magnetic field.
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