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Abstract  
The thin films of CdS deposited on silicon wafers substrate by ) dc planar magnetron sputtering techniques) . and they are study photovoltaic characteristics of (n-CdS/p-Si) Heterojunction, then we found type of heterojunction is abrupt type , also we calculated built-in potential (Vbi) at (400 kHz) and for thickness (100,200 and 300) nm for different  temperatures (303,373 and 473) K and study the variation junction capacitance with bias voltage, variation voltage with reciprocal of square capacitance , and the width of depletion layer can be calculated and study of the variation of electrical conductivity as a function of temperature for different thicknesses , it is clear from this study that the conductivity for all deposited films increases with thickness, and increases with temperature . Also its observed that the conductivity of the films decreases with increasing of annealing temperatures and we found there are tow activation energy can be calculated in this study.   
الخلاصة
       أن أغشية كبريتيد الكادميوم تم ترسيبها على أرضيات رقائق من السليكون بتقنية الترذيذ المغناطيسي المستمر وتم دراسة الخواص الفوتوفولتائية للمفرق ألهجيني المذكور وتم من خلال الدراسة معرفة نوع المفرق ألهجيني وتبين انه من النوع الحاد وكذلك تم معرفة جهد البناء الداخلي لتردد (400) كيلو هيرتز ولسمك ( 300,200,100) نانو متر على التوالي ولدرجات حرارة مختلفة تراوحت بين ( 473,373,303) كلفن على التوالي وكذلك تم دراسة تغير سعة المفرق مع فولتية الانحياز العكسي وتغير الفولتية مع مقلوب مربع السعة وكذلك تم حساب عرض منطقة النضوب . ودراسة تغير التوصيلية الكهربائية كدالة لدرجة الحرارة ولمختلف الأسماك , ويبدو واضحا من هذه الدراسة أن التوصيلية الكهربائية لكل ترسيبات الأغشية تزداد مع السمك ومع درجة الحرارة . كذلك نلاحظ أن التوصيلية الكهربائية تقل بزيادة درجة حرارة التلدين . وكذلك تم  حساب طاقة التنشيط ووجد أن هنالك طاقتان للتنشيط .  

1. Introduction

Cadmium sulfide is an n-type semiconductor that has been used extensively in many applications, including  photo resistance sensors, low cost solar cells for energy conversion, light emitting diodes, laser materials, optical waveguides and nonlinear optical devices. Different techniques have been used to fabricate cadmium sulfide thin films, such as vacuum evaporation, chemical bath deposition, sputtering, spray pyrolysis and recently pulsed laser deposition [S.M. Mahdavi et. al, 2008] . CdS/Si Heterojunctions are important for the fabrication of photovoltaic and optoelectronic devices. In spite of the huge lattice mismatch the efficiencies of n-CdS/p-Si solar cells [T.D. Dzhafarov et. al , 2009] . CdS thin films are regarded as one of the most promising materials for Heterojunction thin film solar cells. Wide band CdS         (Eg=2.42eV) has been used as the window material together with several semiconductors such as CdTe, Cu2S and InP with 14-16% efficiency . However, due to the high cost of this material, studies were developed towards polycrystalline compound semiconductors and particularly thin polycrystalline films [ C. Santiago  et al, 2008]. There has been considerable interest in recent years directed towards the development of Heterojunction solar cells. Such interestis based on the fact that Heterojunction devices have a number of advantages over diffused p-n junction solar cells include: (i) a lower junction formation  temperature, (ii) higher  spectral response at short wavelengths, and (iii) many of deposited layers have the right indices of refraction to act as antireflection coating [Raid A. Ismail et. al , 2005]  Cadmium sulfide a direct band gap II–VI semiconductor is widely used as a window material in Heterojunction solar cells with various narrow band gap semiconductor like CdS  CdTe, CuInSe2, Cu(In,Ga)Se2, etc. mainly because of its favorable optical properties [A. A. Ibrahim ,2010].                                                                 .                                                                                                                

CdS is considered at present one of the most promising materials for photonic devices. It has also high absorption coefficient in the visible range of the solar spectrum and its band gap is close to the optimum value for efficient solar energy conversion [Gamnit Gaewdang ,2004] , and electrical properties makes it as one of the ideal material for their application to solar cell fabrication ,CdS is one of the important materials for application in electro-optic devices such as photo conducting cells, photo sensors, transducers, laser materials, optical wave-guides and non-linear integrated optical devices, also used as photo catalyst  [Dipalee J. Desale ,2011].
2-Experimental

Single-crystal silicon wafers of p-type with (100)  (hkl) orientation are  used as substrates they have Resistivity in the range of (10-20 Ω.cm) and diameter of (76 mm) and thickness (381 µm ) doping with boron , and one face of the wafer is polished to the mirror-like surface. Prior to deposition of CdS, the wafers were chemically etched in dilute hydrofluoric acid to remove native oxides. Then back contact metallization was accomplished by DC planar magnetron sputtering techniques depositing 300 nm , the variation of the junction capacitance versus bias voltage at frequency (400 kHz) , are studied and from the linear  relationship between reciprocal of square capacitance versus bias voltage (1/C2-V ) we found that the junction is an abrupt type . D.C electrical conductivity of CdS films which are deposited on glass substrate with different thickness (100,200 and 300) nm and annealing at different temperature (303,373 and 473) K is present. 
  Results and Discussion-3
1- C-V measurement

       We found from the fig. (1-a ,1-b,1-c) its demonstrates the variation of the junction capacitance versus reverse bias voltage in the range of (0-1) Volt at frequency equal to (400 kHz ) for CdS/Si heterojunction at different thickness and annealing temperatures . It is clear that the capacitance decreases with increasing of the reverse bias voltage and annealing temperatures and the decreasing was non – linear such behavior is attributed to the increasing in the depletion region width which leads to increase of the value of built – in voltage. We can observe from Table (1) that the capacitance at zero bias voltage (Co) decreases with the increasing of the annealing temperatures for all prepared junctions and this is attributed to the decrease in the surface states which leads to an increase in the depletion layer and a decrease of the capacitance. We can notice from Table (1) that the depletion width increases with increasing of the annealing temperature which is due to the decreasing in the carrier concentration which leads to a decrease of the capacitance as given in Table (1).The effect of thickness as well as annealing temperatures are shown in fig. (2),we observe that the capacitance is decreases with increasing of CdS thickness. We relate such data as behavior due to the increasing of the depletion region.                                  .                                                                
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      We found from the fig. (3-a , 3-b,3-c) shows the inverse capacitance square is plotted against applied reverse bias voltage for CdS/Si heterojunction at different thicknesses and annealing temperatures. The plots revealed straight line relationship which  means that the junction was of an abrupt type. The interception of the straight line with the voltage axis at (1/C2=0), represents the built – in voltage . We observed from Table (1) that the built – in voltage increases with increasing of Ta as a result of the decrease in the capacitance value and the increases of the depletion width. Also we can observe that the effect of increasing of the thickness causes an increase in the built–in voltage as given in Table (1) .                                                                                                                                  
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thicknesses and annealing temperatures . 
	Vbi (Volt)
	W (μm)
	Co (nF)
	Ta (K)
	Thickness (nm)

	0.52
	1.227
	0.482
	303
	100 

	0.65
	1.884
	0.314
	373
	

	0.7
	2.357
	0.251
	473
	

	0.65
	1.517
	0.39
	303
	200

	1.05
	2.258
	0.262
	373
	

	1.5
	3.817
	0.155
	473
	

	1.15
	2.465
	0.24
	303
	300

	1.7
	3.817
	0.155
	373
	

	1.9
	5.916
	0.1
	473
	


2- D.C. electrical conductivity measurement
     The variation of electrical conductivity as a function of temperature for different thicknesses and Ta is shown in fig. (4-a ,4-b,4-c) . It is clear from this fig. that the conductivity for all deposited films increases with thickness. Also it is observed that the conductivity of the films decreases with increasing of Ta from (303-473)K . This variation is thought to be due to the changes in the crystallization.                                
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     The plots of Ln σ versus 103/T for CdS films in the range (303- 473)K at different thicknesses and annealing temperatures , are shown in Fig. (5-a ,5-b , 5-c) . It is clear from this figures that there are tow transport mechanisms , giving rise to two activation energies Ea1 and Ea2 . The conduction mechanism is due to carriers excitation into localized state at the edge of the band, Table (2) show the effect of thickness and annealing temperature on both activation energies Ea1 and Ea2 for CdS films . It is clear that the activation energies decrease with increasing of the thickness but increase with increasing of annealing temperatures. The decreasing in the activation energy with increasing of thickness may be due to the increase of the absorption and the decrease of energy gap with increasing of thickness .     
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Table (2) D.C. conductivity parameters for CdS films at different thicknesses and annealing temperatures .

	Temp.Range      K
	Ea2  (eV)
	Temp.Range        K
	Ea1
(eV)
	σ
(Ω.cm) -1
	T     (K)
	Thickness         (nm)

	385- 473
	0.25
	303-385
	0.089
	0.03
	303
	100

	377- 473
	0.26
	303-377
	0.095
	0.02
	373
	

	385- 473
	0.33
	303-385
	0.104
	0.01
	473
	

	370- 473
	0.161
	303-370
	0.078
	0.18
	303
	200

	364- 473
	0.169
	303-364
	0.087
	0.08
	373
	

	377- 473
	0.173
	303-377
	0.091
	0.05
	473
	

	385- 473
	0.156
	303-385
	0.06
	0.45
	303
	300

	392- 473
	0.163
	303-392
	0.065
	0.22
	373
	

	370- 473
	0.170
	303-370
	0.066
	0.06
	473
	


4- Conclusions

       In this studies we found decrease in the capacitance value and the increases of the depletion width with increasing of annealing temperature. Also we can observe that the effect of increasing of the thickness causes an increase in the built – in voltage. D.C electrical conductivity for all deposited films increases as the thickness increases and temperature but decreases with increasing of annealing temperature from 303 K to 473 K. It is clear that the activation energies decrease with increasing of the thickness but increase with increasing of annealing temperatures.
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Fig.(1) Variation of capacitance as a function of reverse bias voltage for  CdS/Si heterojunction at  thicknesses  a- (100) nm  b-(200) nm  c- (300) nm and different annealing temperatures .
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Fig. (2) Variation of zero bias capacitance as a function of thickness (100, 200 and 300) nm for CdS/Si  heterojunction at different annealing temperatures .

















(c)





(a)





Fig. (3) Variation of 1/C2 as a function of reverse bias voltage for CdS/Si heterojunction at thicknesses  a- (100) nm  b- (200) nm  c- (300) nm  and different annealing temperatures .
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Fig. (5) Ln σ versus 1000/ T for CdS films at thickness  a- (100) nm     b - (200) nm   c- (300) nm and different annealing  temperatures


(303,373 and 473) K.
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Fig.(4) σ versus T for CdS films at thickness a-(300) nm   b-(200) nm  c-(300) nm and different   annealing temperatures (303,373 and 473) K.
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