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                                                                                                              Abstract                                      

 
Abstract: 

 
    Cd1-xZnxSe (x=0, 0.5 and 1) and Cd0.5Zn0.5X0.02Se (X= Mn, Fe 

and Co) semiconductor and semimagnetic semiconductor 

compounds were prepared in the bulk form by melt quenching 

technique in ice water. Thin films of thickness 300nm have been 

deposited on ultra cleaned soda lime glass substrates, at room 

temperature by thermal evaporation technique. The structural, 

optical and electrical properties of Cd1-xZnxSe (x=0, 0.5 and 1) and 

Cd0.5Zn0.5X0.02Se (X= Mn, Fe and Co) thin film samples have been 

studied. ESR and magnetic properties of Cd0.5Zn0.5X0.02Se (X= 

Mn, Fe and Co) powder samples also have been studied. 
  

The structural properties of Cd1-xZnxSe (x=0, 0.5 and 1) and 

Cd0.5Zn0.5X0.02Se (X= Mn, Fe and Co) thin film and powder 

samples have been investigated by using X-ray diffraction (XRD) 

technique. The crystal structure, lattice parameters, grain size, 

microstrain and dislocation density were determined from the X-

ray diffraction patterns of the investigated samples. 
  

The optical properties of the investigated thin film samples were 

studied. Transmittance and reflectance were measured in 

wavelength range from 400nm to 2500nm and used to calculate 

the optical constants like absorption coefficient, refractive index  
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                                                                                                              Abstract 
 

and optical band gap. The obtained values of the optical band gap 

illustrated that the films exhibit direct band gap. The analysis of 

the obtained values of the refractive index yielded the high 

frequency dielectric constant and other optical dispersion 

parameters. The photon energy dependence of the relaxation time, 

dissipation factor and optical conductivity of the investigated thin 

film samples were studied also. 
 

The temperature dependence of dc conductivity for the 

investigated thin films was studied in temperature range from 

300K to 420K. The obtained results showed that there are two 

different conduction mechanisms with two different values of 

activation energy in the defined temperature range. 
 

The temperature dependence of Hall coefficient RH for the thin 

film samples was studied in temperature range from 300K to 

420K and in constant applied magnetic field (3.2kG). The Hall 

coefficient of all thin film samples decreases with the temperature 

in opposite to that of the dc conductivity except for 

Cd0.5Zn0.5Co0.02Se; RH increases in high temperature. All of 

semiconductor thin films were n-type semiconductors. The Hall 

mobility increases with increase the temperature this means that 

the charge carrier mobility within the grains increases with the 

increase of temperature. 
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The transverse magnetoresistance TMR of the investigated thin 

film samples was investigated in magnetic field range (0-3.2kG) 

and in temperature range (300-420K). It has been observed from 

the obtained results that the TMR for all films are negative at high 

temperatures and positive at lower temperatures.  Also TMR 

magnitude increases with increasing the magnetic field and 

temperature but it is irregular. 
 

The ac conductivity as a function of temperature at different 

frequencies in temperature range from 300K to 420K and 

frequency range from 80Hz to 5MHz for the investigated thin 

films was studied. It is clear from the obtained results that σac(ω) 

is slightly temperature and frequency dependant. The temperature 

dependence decreases as ω increases, while increases at higher 

temperatures and lower frequencies. AC conductivity increases 

linearly with frequency according to the power relation 

. The obtained values of s as a function of temperature 

for the investigated thin films can be explained on the basis of the 

CBH model between centers forming IVAP'S proposed by Elliott. 

The dielectric constant and dielectric loss increase with the 

temperature and decrease with the frequency. The maximum 

barrier height was calculated according to Guintini equation at 

different temperatures. The relaxation time, resistance and 

( ) s
ac Aωωσ =
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capacitance were calculated from the Nyquist diagram. The 

behavior can be modeled by an equivalent parallel RC circuit for 

all investigated thin film samples. 

 

The ESR spectra of the Cd0.5Zn0.5X0.02Se (X= Mn, Fe and Co) 

powder samples were studied at room temperature. The obtained 

results showed that all samples were paramagnetic materials at the 

room temperature. The g-factor and concentration of paramagnetic 

defects were determined. The magnetic properties (hysteresis 

loops and ZFC/FC curves) were studied in temperature range from 

5K to 200K. The obtained results indicated the ferromagnetic 

exchange interaction between the magnetic ions in case of 

Cd0.5Zn0.5Fe0.02Se and Cd0.5Zn0.5Co0.02Se but did not indicate 

conventional ferromagnetism, samples exhibit spin-glass behavior 

and also indicated antiferromagnetic interaction between Mn2+ 

ions in case of Cd0.5Zn0.5Mn0.02Se sample. 
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Introduction                                                                                     Chapter 1                                        
 
Introduction:  

  Binary and ternary compounds of II-VI groups present wide 

range of optical and electrical properties. These properties make 

them an important class of materials and competing candidates for 

silicon and other semiconductor materials in photovoltaic 

applications [1-5]. Cd1-xZnxSe is a promising ternary material 

because of the tunable of its physical parameters such as band gap 

and lattice parameter by controlling its stoichiometry. The band 

structures, optical properties and crystal structures of Cd1-xZnxSe 

would not only result in the feasibility of a graded energy gap of 

abroad spectral sensitivity but many more material characteristics 

can be altered and excellently controlled by the system 

composition parameter x. The most important applications of Cd1-

xZnxSe thin films which can show their importance in thin film 

device technology are solar cells, high efficiency thin film 

transistors, light emitting, laser diodes, and electroluminescent 

devices [6-8]. Currently the remarkable developments being made 

in the field of electronics and information technologies have been 

made possible by exploiting the properties of electron charge and 

spin. This leads to the emergence of new field-semiconductor spin 

electronics (spintronics). Recently various types of spin 

polarization have been formed in semiconductors, such as carriers 

spin, spin in introduced magnetic atoms and nuclear spin of 
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constituent atoms and it has been shown that new functions can be 

implanted by injecting, transporting and controlling these spin 

states. The presence of the magnetic ion leads to a number of 

unusual electronic and optical properties; including a magnetically 

tunable band gap [9, 10]. Diluted magnetic semiconductors (DMS) 

are semiconductor materials in which a fraction of sublattice is 

replaced by other metal ions having magnetic moments [10]. DMS 

have received attention due to their potential usage in magnetic 

applications including spintronics, magnetic switching, solar cells, 

gas sensors and magnetic recording and so-called future High-

Tech electronics [11].  
 

   The aim of the present work is to prepare and study of some 

transport properties of Cd1-xZnxSe (x=0, 0.5 and 1) and 

Cd0.5Zn0.5X0.02Se (X=Mn, Fe and Co) thin film samples and also 

study of magnetic properties of Cd0.5Zn0.5X0.02Se (X=Mn, Fe and 

Co) powder samples, which are summarized as follows: 

1) Structure identification of Cd1-xZnxSe (x=0, 0.5 and 1) and 

Cd0.5Zn0.5X0.02Se (X=Mn, Fe and Co) powder and thin films 

including: 

  1.1) Energy dispersive X-ray analysis (EDX). 

  1.2) X-ray diffraction patterns of powder and thin film samples. 

2) Optical properties of Cd1-xZnxSe (x=0, 0.5 and 1) and 

Cd0.5Zn0.5X0.02Se (X=Mn, Fe and Co) thin film samples including: 
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  2.1) Determination of the optical band gap Eg and optical  

         constants such as refractive index n, absorption index k and   

         absorption coefficient α. 

  2.2) Optical dispersion parameters E0 and Ed. 

  2.3) Dielectric constant at high frequency ε∞, relaxation time τ,  

         dissipation factor tanδ and optical conductivity σopt. 

3) Electrical properties: 

  3.1) Study of temperature dependence of the dc conductivity and    

         determination of the activation energy ∆E. 

  3.2) Temperature and frequency dependence of ac conductivity. 

  3.3) Temperature and frequency dependence of dielectric   

         constant ε1 and loss ε2. 

  3.4) Temperature and frequency dependence of real and   

          imaginary parts of impedance and determination of the  

          resistance, capacitance and relaxation time. 

4) Study of the Hall coefficient, mobility and concentration of 

charge carriers as a function of temperature. 

5) Study of magnetoresistance and its dependence on the 

temperature and applied magnetic field. 

6) Study of magnetic properties of Cd0.5Zn0.5X0.02Se (X=Mn, Fe 

and Co) powder samples.   
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Literature Review:  

   K. Sarmah et al. [12] deposited cadmium selenide thin films of 

different thickness (1530-2230oA) by thermal evaporation on 

suitably cleaned glass substrates at different substrate 

temperatures (473-623K). Thin films were in polycrystalline 

structure and having hexagonal structure. For all deposited films 

the preferential orientation is [002]. Some other orientations like 

[100], [110] and [112] were also observed in the films depending 

upon the substrate temperature of deposition. The values of lattice 

constant, grain size, microstrain and dislocation density of the 

deposited films were calculated and their variations with substrate 

temperature and film thickness were studied. 

   P. V. Jyothy et al. [13] prepared silica glasses doped with 

varying concentrations of CdSe nanocrystallites by the sol-gel 

route. The dielectric response and the ac electrical conductivity of 

the samples were investigated for the frequency range 1kHz-

3MHz at room temperature. The dielectric studies showed low 

values for dielectric constant and loss at high frequencies. The 

conductivity values were found to be of the order of 10-5-10-7S/cm 

for CdSe nanocrystallites and the conductivity curve revealed 

Jonscher's power-law dependence. The Cole-Cole parameters 

were calculated and the semicircles observed in the plots indicate 

single relaxation process. This behavior can be modeled by an 
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equivalent parallel RC circuit. The complex impedance plots of 

CdSe doped silica glasses indicated the presence of ionic 

contribution to the electrical conductivity of these materials.  

   K. D. Patel et al. [14] investigated the structural and optical 

properties of CdSe thin films. CdSe thin films have been deposited 

on suitably cleaned glass substrates by thermal evaporation 

method. The pressure during evaporation was maintained at       

10-5Torr. The crystal structure and lattice parameter of these films 

were determined from X-ray diffractograms. It was observed that 

the films were polycrystalline in nature having wurtzite structure. 

The optical band gap and phonon energy of these films were 

determined by UV-VIS-IR spectroscopy in the wavelength range 

200-3200nm. The variation of absorption, transmission and 

reflection parameters with wavelength was investigated. The 

relation of the extinction coefficient (K) and the refractive index 

(n) with wavelength have also been analyzed.  

   K. R. Murali et al. [15] deposited CdSe by pulse 

electrodeposition technique at room temperature and at different 

duty cycles in the range of 10-50% from diethylene glycol bath. 

The precursors were 0.1 M CdCl2, 0.1M SeO2 and the deposition 

potential was -0.85V(SCE). The films exhibited hexagonal 

structure. Optical absorption measurements indicated a direct band 

gap of 1.67eV. The grain size increased from 10-30nm and the 
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surface roughness increased from 0.5nm to 2nm as the duty cycle 

increased from 10-50%. The deposited films exhibited 

photoactivity when used as photoelectrodes in photochemical 

cells. 

   D. Patidar et al. [16] deposited thin film of CdSe onto clean 

glass substrate by using vacuum evaporation technique. This thin 

film was characterized through the XRD, which indicated that film 

was polycrystalline in nature and having preferred orientation 

along (002) plane in c-direction. Absorption spectrum of this thin 

film has been recorded using spectrophotometer. The energy band 

gap has been determined using this spectrum. It is found that 

energy band gap of CdSe film is 1.67eV. The conductivity of this 

thin film has been determined by I-V measurement using the 

electrometer. It is observed that the conductivity increases with the 

increase of temperature. This is due to the increase of grain size 

and removal of defects, which are present in the film. Activation 

energy of this film is also determined. 

   O. N. Chugai et al. [17] measured the frequency and temperature 

dependences of the real and imaginary parts of the permittivity of  

ZnSe crystals grown from melt. It has been found that the crystal 

samples cut from different parts of the ingot exhibit different 

properties depending on their distance from the ingot origin. The 

difference in the properties is explained by the dominant influence 
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exerted on the polarization by point defects, the formation of 

which is associated with the deviation of the composition from 

stoichiometry, as well as by residual impurities and stresses in the 

crystals. 

   Chung-Liang Cheng et al. [18] synthesized nanowire arrays of 

zinc selenide with zinc blende structures on the zinc foil via a 

simple thermal evaporation route at relatively low temperature 

(~400oC). A self-catalytic liquid-solid growth was proposed for 

the formation of the nanowires. The nanowires were usually 50-

150nm in diameter, and several microns in length. Room 

temperature cathodoluminescence spectrum from zinc blende 

ZnSe nanowires showed a near band edge emission band peaked 

at around 462nm and a broad deep-level emission band at around 

580nm, respectively. 

   D. Soundararajan et al. [19] grown vertically aligned nanorod 

arrays of CdSe and Zn doped CdSe films on FTO coated glass 

substrate by using cathodic electro deposition method. The 

composition, crystal structure, surface morphology and optical 

properties of the as-grown pure CdSe and Zn doped CdSe 

nanotubular films were examined by using energy dispersive 

spectroscopy, X-ray diffractometer, field emission scanning 

electron microscope, UV-VIS-IR spectrophotometer and 

photoluminescence techniques, respectively. XRD study showed 

11



 

Literature Review                                                                              Chapter 1 
 

end capped vertically aligned nanorods arranged closely. The 

optical transmittance spectra were recorded within the range of 

300-1000nm. The band gap energy was found to vary between 

1.94 and 1.98eV due to the incorporation of Zn. PL spectra 

showed a narrow near band gap emission at 1.81 and 1.94eV for 

CdSe and Zn doped CdSe nanorod arrays. 

   S. D. Chavhan et al. [20] deposited Cadmium Zinc Selenide 

(Cd0.7Zn0.3Se) thin films on the ITO substrate using chemical bath 

deposition technique by optimizing the deposition parameters. The 

as-deposited films were annealed in air at 200, 300 and 400oC for 

1h. The composition, surface morphology and structural properties 

of the as-deposited and annealed Cd0.7Zn0.3Se thin films were 

studied using X-ray photoelectron spectroscopy, scanning electron 

microscopy and X-ray diffraction techniques. The as-deposited 

films exhibited the hexagonal phase of CdSe and ZnSe. The films 

annealed at 200 oC showed the dominant cubic phase of CdSe and 

the hexagonal phase of ZnSe. However, the cubic structure of 

Cd0.7Zn0.3Se was transformed into a hexagonal structure after 

annealing at 300 and 400oC. The lattice parameter a for the cubic 

structure was 6.0865oA, whereas for the hexagonal 

structure a varied from 4.3035 to 4.2938oA and c varied from 

7.0916 to 6.9868oA. The optical absorption spectra were recorded  

within the range 350-800nm. The optical band gaps were 2.08eV, 
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2.03eV, 1.91eV and 1.72eV for the as-deposited films and those 

annealed at 200oC, 300oC and 400oC, respectively. The drastic 

decrease in the optical band gap at 300 and 400oC was due to the 

indium diffusion into the Cd0.7Zn0.3Se matrix. 

   C. X. Shan et al. [21] fabricated ZnCdSe quantum dot (QD) 

structure under the Stranski-Krastanow (S-K) mode on GaAs 

substrate by the metal-organic chemical vapor deposition 

(MOCVD) technique. Prior to the fabrication, the critical 

thickness of the ZnCdSe/GaAs structure, which plays a critical 

role during the formation of the QD, was numerically calculated 

based on the theory of strain relaxation, and the QD was then 

prepared in terms of the calculated results. The formation of the 

QD was confirmed by atomic force microscope (AFM) and 

photoluminescence (PL) measurements. The two dimensional 2D 

to 3D transition during the QD formation process was clearly 

observed, which confirms that the ZnCdSe QD was formed under 

S-K mode. 

   Jae-Hyeong Lee et al. [22] investigated the effects of the 

thickness of indium films and the annealing temperature on 

structural, optical and electrical properties of chemically deposited 

cadmium zinc sulfide (CdZnS) films. As the thickness of indium 

film and annealing temperature increase, the conductivity of 

CdZnS films improves and the lowest resistivity of 0.3Ohm cm is 
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attained for CdZnS films with 40nm indium coating and annealing 

at 4500C. 

   M. Husain et al. [23] deposited polycrystalline thin films of       

Cd1-xZnxSe with variable composition (0 ≤ x ≤ 1) onto ultra clean 

glass substrate by sintering process. The optical, structural and 

electrical transport properties of Cd1-xZnxSe thin films have been 

examined. The optical band gap and optical constants of these 

films were determined by using double beam spectrophotometer. 

The dc conductivity and activation energy of the films were 

measured in vacuum by two probe technique. The crystal structure 

and lattice parameters were determined from X-ray diffraction 

pattern. The films were polycrystalline in nature having cubic 

zinc-blende structure over the whole range studied. 

   K. F. Wang et al. [24] studied the dielectric properties of      

CdxZn1-xTe (0.056 ≤ x ≤ 0.582) epilayers by capacitance and 

dissipation factor measurements at temperature 210K< T < 460K 

and frequency 20Hz < f < 1MHz. A Debye-like relaxation in the 

dielectric response has been observed, which was explained in 

terms of the presence of charge redistribution. The relaxation was 

found to be a thermally activated process, and the activation 

energies obtained from both dissipation factor and capacitance 

were in good agreement. It is also found that the activation energy  

decreases with increasing Cd content and this behavior was 
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interpreted in terms of four center model, in which the number of 

Cd atoms appearing in the nearest neighbor sites of a defect can 

have four possible configurations. 

   Lalita et al. [25] deposited thin films of ternary ZnxCd1-xSe on 

GaAs (100) substrate using metal organic chemical vapour 

deposition (MOCVD) technique. Temperature dependence of the 

near band edge emission from these Cd rich ZnxCd1-xSe for (x = 

0.025, 0.045) films has studied using photoluminescence 

spectroscopy. Relevant parameters that describe temperature 

variation of the energy and broadening of the fundamental band 

gap have been evaluated using various models including the two 

oscillator model, the Bose Einstein model and Varshni model. 

   K. Prabakar et al. [26] prepared thin films of Cd0.8Zn0.2Te/Si 

structures by vacuum evaporation technique. The electrical 

properties such as activation energy, barrier height, and transport 

mechanism along with the capacitance voltage characteristics 

were analyzed. The zero field activation energy calculated from 

the saturation current density with the inverse absolute 

temperature was found to be 0.37eV and the barrier height was 

0.54eV. As the applied bias voltage increases the activation 

energy decreases from 0.3 to 0.22eV for the bias range of 0-2V. 
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   Paul I. Archer et al. [27] reported the first direct observation of 

such exchange interactions in colloidal doped CdSe nanocrystals. 

Doped CdSe quantum dots were synthesized by thermal 

decomposition of (Me4N)2[Cd4(SePh)10] in the presence of 

TMCl2(TM2+ = Mn2+ or Co2+) in hexadecylamine and were 

characterized by several analytical and spectroscopic techniques. 

Using magnetic circular dichroism spectroscopy, successful 

doping and the existence of giant excitonic Zeeman splittings in 

both Mn2+ and Co2+-doped wurtzite CdSe quantum dots are 

demonstrated unambiguously.  

   M. Cantoni et al. [28] presented X-ray magnetic circular 

dichroism (XMCD) and magneto-optical Kerr effect (MOKE) data 

on the magnetic properties of Fe/ZnSe(001) thin films at 

increasing Fe Coverage. The magnetic behavior of the Fe 

overlayer is superparamagnetic for a coverage up to 6 monolayers 

whereas, above this threshold, a truly ferromagnetic phase showed 

up. XMCD and MOKE data showed that this behavior was 

substantially unchanged in the temperature range 10-300K for all 

the investigated coverages: these findings imply that the blocking 

temperature is definitely below 10K.     

   K. Prabakar et al. [29] calculated the optical constants of 

Cd0.2Zn0.8Te thin films deposited at different substrate 

temperatures in the wavelength range 400-2500nm. Some  
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parameters which affect these optical properties of thin films, such 

as the film thickness, substrate temperature are also investigated. 

Effective crystallite size and strain were determined by the method 

of variance analysis of the X-ray diffraction line profile fore the 

films. It was observed that there is decrease in optical band gap 

with increase in crystallite size and decrease in strain. Band to 

band transitions which give rise to the optical absorption in the 

visible region of the spectrum may be interpreted in terms of 

direct allowed transition with the band gap in the range of 2.05-

1.92eV. 

   L. Ion et al. [30] analyzed the structural and electrical properties 

of polycrystalline CdSe thin films irradiated with high energy 

electrons. The samples were prepared by vacuum deposition onto 

optical glass substrates. Their structure and the temperature 

dependence of the electrical resistance were determined, both 

before and after irradiation with 6MeV electrons and fluencies up 

to 1016electrons/cm2. There were no measurable changes in the 

crystalline structure of the films after irradiation. Electrical 

properties are controlled by a defect level of donor type, possibly a 

selenium vacancy, with two charge states having ionization 

energies of about 0.40eV and 0.22eV, respectively. Irradiation 

increases significantly the concentration of those defects. 
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   K. N. Shreekanthan et al. [31] prepared semiconducting thin 

films of cadmium selenide by conventional thermal evaporation 

technique. The effect of various growth parameters like rate of 

deposition and deposition temperature has been studied in detail. 

Films deposited at room temperature are cadmium rich with 

segregated selenium globules. A deposition temperature of 453K 

has been found to yield stoichiometric, homogeneous films. The 

films have been analyzed for optical band gap and thermal 

activation energies. Films of low electrical resistivity have been 

obtained for possible applications.  

   M. A. Afifi et al. [32] measured the dc and ac conductivities for 

polycrystalline CdSexTe1-x (0 ≤ x ≤ 0.4) at various frequencies 

(0.1-100kHz) and at various temperatures (293-413K). It was 

found that the obtained dc activation energy for the investigated 

compositions decreases with increase of Se content. The ac 

conductivity of these compositions was explained on the basis of 

the correlated barrier hopping model. 

   S. A. Mahmoud et al. [33] prepared semiconducting thin films of 

cadmium selenide by conventional thermal evaporation technique 

on glass substrate. Films evaporated at substrate temperature equal 

523K are stiochiometric and homogeneous. Effect of various 

growth parameters like rate of deposition and substrate 

temperature on the electrical properties has been studied  
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in details. Also, the annealed at 673K under vacuum for 1h films 

have been analyzed for resistivity and Hall effect. 

   N. Miura et al. [34] reported recent experimental results of 

magneto-optical spectroscopy of semiconductors nanostructures in 

pulsed high magnetic fields. Owing to high magnetic fields that 

allow high-resolution measurements, many new features were 

observed concerning electronic and excitonic states confined in 

the quantum potential. In the photoluminescence from excitons in 

CdSe/ZnSe quantum dots, it was found that the diamagnetic shift 

is towards the lower energy (red shift) for a relatively small dot 

diameter of about 5 nm, and the luminescence intensity decreases 

with increasing field for these excitons. For larger quantum dots, 

the diamagnetic shift is a blue shift as in the normal case. The 

anomalous behavior of excitons in magnetic fields is similar to the 

case for excitons in GaP/AlP short period superlattices, where the 

exciton peak shows a prominent decrease in intensity when the 

field is applied perpendicular to the layers. Both these effects are 

explained by a model assuming a shrinkage of wave functions of 

spatially separated electrons and holes.      

   M. C. Tamargo et al. [35] grown high quality lattice matched 

quantum well (QW) structure of ZnCdSe/ZnCdMgSe on InP 

substrates by molecular beam epitaxy. Emission energy from 

2.306 to 2.960eV was measured by low temperature  
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photoluminescence for samples with QW thickness between 5 and 

80 0A. Band gap measurements indicated that these structures 

could be used in entirely lattice matched blue, green, and yellow 

diode laser structure.  

   A. R. de Moraes et al. [36] investigated transport properties of 

iron (Fe) nanoparticles embedded in Zinc selenide (ZnSe) 

semiconducting epilayers prepared by molecular beam epitaxy. 

Both positive and negative tunneling magnetoresistances (TMRs) 

were measured depending on the applied voltage biases and on the 

temperature. A slow reduction of the TMR magnitude with 

temperature was detected and it could be explained in terms of a 

crossover between direct/resonant tunneling and variable range 

hopping. The temperature behavior of the magnetoresistance was 

a clear signature of tunneling and hopping mechanisms mediated 

by the ZnSe barrier localized states. 

   P. P. Hankare et al. [37] developed optoelectronic 

technologically important pseudo-binary Cd1-xZnxSe thin films 

with variable composition (0 < x < 1) by chemical bath deposition 

method. The objective to study growth kinetics, physical, 

microscopic, compositional, optical electrical and structural 

changes.Cd1-xZnxSe have been deposited on non-conducting glass 

substrate in tartarate bath containing Cd2+ and Zn2+ ions with 

sodium selenosulphate with an aqueous alkaline medium at 278K.  
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The quality and the thickness of the films depend upon deposition 

temperature, deposition time and pH, etc. X-ray diffraction 

(XRD), atomic absorption spectroscopy, optical absorption, 

scanning electron microscopy and thermoelectric technique 

characterized the films. The XRD study indicated the 

polycrystalline nature in single cubic phase over whole range of 

composition. Analysis of absorption spectra gave direct type band 

gap, the magnitude of which increases non-linearly as zinc content 

in the film is increased and dc electrical conductivity at room 

temperature was found to decreases from 10-7 to 10-8 (Ohm cm)-1. 

All the films showed n-type conductivity. The promising features 

observed are the formation of continuous solid solutions in a 

single cubic phase. 

   Pushpendra Kumar et al. [38] reported the evidence of 

ferromagnetism in Cu-doped ZnSe quantum dots (QDs) below 

room temperature, grown from a single source precursor by 

lyothermal method with the sizes of approximately 3.2-5.14nm. 

QDs mainly exhibited paramagnetic behavior between 80 and 

300K, with a weak ferromagnetic/ anti-ferromagnetic exchange at 

lower temperature as observed by superconducting quantum 

interference device (SQUID) magnetometer. From the Curie-

Weiss behavior of the susceptibility, Curie temperature (Tc) of Cu-

doped ZnSe sample has been evaluated. From EPR, the Lande-g  
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factor in the Zeeman interaction term can obtain as 2.060. 

Photoluminescence and EPR measurements supported and 

confirmed the view that Cu2+ substitutes for Zn2+ in Cu-doped 

ZnSe quantum dots. 

   L. L. Kulyuk et al. [39] studied magnetic and luminescent 

properties of ZnSe crystals doped with Fe by various methods. It 

is established that Fe impurity is responsible for 

photoluminescence (PL) bands at 980, 1320, 1450nm and 

quenches PL band at 630-645nm. It is found that magnetic 

properties of ZnSe:Fe crystals are sensitive to the doping method. 

At low fields, two magnetic subsystems may be observed for the 

samples doped with Fe during the growth process-weak 

paramagnetic subsystem and antiferromagnetic subsystem with 

Tc=130K. For the samples doped with Fe by high-temperature 

annealing in Zn melt, few magnetic subsystem may be 

distinguished, however, the magnetic properties are typical for 

spin glasses with the transition temperature Tsg= 45-50K. 

   Sunil Kumar et al. [40] reported the room temperature 

ferromagnetism in Ni doped CdSe nanoparticles (NPs) 

synthesized by a wet chemical precipitation method. Transmission 

electron microscopy showed that the average particle size of Ni-

doped CdSe NPs is about 8nm. X-ray diffraction showed the zinc 

blende (cubic) structure of Cd1-xNixSe NPs. Superconducting  
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quantum interference device was utilized to study the magnetic 

behavior of NPs. Magnetic studies revealed that pure CdSe NPs 

exhibit diamagnetic behavior at 300K, whereas 5% Ni doped 

CdSe NPs shows the mixture of paramagnetic and ferromagnetic 

behavior. 

   Mei Guo et al. [41] investigated the magnetism and electronic 

structure of Mn and V-doped zinc blende ZnTe. Total energy 

calculations showed that, for high doping concentration (12.5%), 

ZnTe:Mn has an antiferromagnetic ground state while the 

ferromagnetic state is more favorable than the antiferromagnetic 

state for ZnTe:V. Furthermore, ZnTe with a low doping of Mn 

(6.25%) has a stable ferromagnetic ground state, which is in 

agreement with the experimental results. The calculated magnetic 

moment of ZnTe doped with Mn (V) mainly originates from 

transition metal Mn (V) atom with a lattice contribution from Te 

atom due to the hybridization between Mn (V) 3d and Te 5p 

electrons. Electronic structure indicated that Mn-doped ZnTe is a 

semiconductor, but V-doped ZnTe showed a half-metalic 

characteristic. Also the difference between electronic and 

magnetic properties for ZnTe doped with 12.5% and 6.25% Mn 

has been studied. 

   A. I. Savchuk et al. [42] prepared nanocrystals of Cd1-xMnxS,        

Cd1-xMnxSe and Cd1-xMnxTe semimagnetic semiconductors by  
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four technological techniques. Borosilicate glass, quartz, zeolite 

and polymer served in used methods as base dielectric matrices. 

Transmission electron microscopy measurements performed on 

different samples showed the best result concerning the 

distribution of the radii of quantum dots for Cd1-xMnxSe 

nanocrystals incorporated into zeolite matrix. The observed shifts 

of absorption spectra for semimagnetic semiconductor 

nanocrystals have been considered as evidence of quantum 

confinement effect due to the nanoparticle size.  
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2.1) Non-crystalline (amorphous) materials:

   The solid materials can be divided, according to their structure,

into crystalline and non-crystalline (amorphous) solids. In

crystalline solid the atoms are arranged in a regular manner to

form a three dimensional pattern which may be obtained by a

three dimensional repetition of a certain unit cell. In non-

crystalline solid the three dimensional periodicity is absent. The

arrangement of atoms is characterized by randomness, but will not

be absolutely random as in a gas, short-range order of a few lattice

constants will generally be present and long-range order is

excluded. Amorphous solids, like crystalline ones, can be

insulators, semiconductors or metals, and in some cases at very

low temperature, they can even be superconductors. The density

of states N(E) is the first concept, which is equally valid for

crystalline and non-crystalline materials. The quantity N(E)dE

denotes the number of states in unit volume available for an

electron with given spin direction with energies between E and

E+dE.  As in crystalline solids, the states can be occupied or

empty, and N(E)f(E)dE is the number of occupied states per unit

volume, f is the Fermi distribution function. In crystalline

materials, assuming a perfect crystal and neglecting the effect of

phonons, we describe each electron by a Bloch wave function as:

   rikzyxu .exp,, ,                                           (2.1)
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where u(x,y,z) has the periodicity of the lattice. The wave vector k

is a quantum number for the electron.

Because of phonons or impurities, scattering takes place, and a

mean free path Lf is introduced; for instance, if there are N

impurities per unit volume each with a differential scattering

cross-section I(θ), the mean free path is given by:

  
0

1
1 cos 2 sin

f

N I d
L



          (2.2)

    In non-crystalline materials there are two possibilities; one is

that the mean free path is large, so that kLf>>1. This is the case in

most liquid metals and in conduction band of liquid rare gases and

some glasses such as SiO2. The second possibility in amorphous

material is that the atomic potential (or pseudo potential) is strong

enough to produce a band gap, or any large deviation from the

free-electron form, then it must give strong scattering and a short

mean free path (kLf ~1). The values of Lf such that kLf<1 are

impossible according to Loffe and Regel(1960); this leads us to

expect that when the interaction of the carrier with atoms is

sufficiently strong, something new ought to happen. It was first

conjectured by Gubanov (1963) and by Banyai (1964) that near

the edges of conduction or valence bands in most non-crystalline

materials the states are localized. There is no thing unfamiliar

about the concept of localized states; they are simply traps. The
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new concept for amorphous materials is that a continuous density

of states, N(E), can exist in which for a range of energies the states

are all traps or in other words localized and for which the mobility

at zero temperature vanishes, even though the wave functions of

neighboring states overlap. Moreover, at the bottom of a

conduction band or top of a valence band, such localized states

must necessarily occur in a disordered material. The density of

states of non-crystalline materials as a function of energy is shown

in Fig.(2.1).

Fig.(2.1) Density of states as a function of energy for an amorphous solid.

2.2) Structural band models of amorphous semiconductors:

The band theory was first derived for the crystalline structure.

This is because the long range periodicity of the atomic bonding
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arrangement made possible a number of important simplifications

in the application of quantum mechanics to solids. These bands

describe the number of electron states per unit volume per unit

energy at energy E , through a function called the density of states,

( )N E . This is a significant theory for material science, because it

can be used to explain the electrical and optical properties of

materials. The density of states diagram for a crystalline

semiconductor is illustrated in Fig.(2.2)(a). In a crystalline solid,

the long range order of the atomic structure has two important

consequences;

(1) The conduction and valence bands have definite edges where

the density of states sharply decreases to zero.

(2) All the states in the bands extend throughout the solid.

Since amorphous materials lack the long range order of their

crystalline counterparts, it was long believed that they could not

be semiconductors. So, imagine the surprise of Goryunova and

Kolomiets [43] in 1955 when they discovered that one of their

amorphous compositions demonstrated the typical semiconductor

behavior of conductivity. Since that time it has became clear that it

is not the periodicity but the chemical bonding that distinguishes

the properties of a solid.
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Fig.(2.2) Parabolic density of states DOS models for semiconductors. (a)
Classic crystalline case showing the well defined edges for the two extended
state bands separated by a band gap. (b) Mott’s initial proposed DOS model
for amorphous semiconductors showing the smearing out of the band edges
caused by local variations in the lattice parameters. (c) Cohen, Fritzsche and
Ovshinski CFO model showing the localized states extending across the
forbidden gap. (d) Marshal – Owen DOS model containing deep donors
below acceptors.
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Anderson [44] was the first to quantitatively show that the

effects of disorder on the Schrödinger equation resulted in a

localization of some of the states in the band. Basically this means

that unlike a crystal an electron in an amorphous material is not

free to move through the whole lattice, but is localized in space.

Anderson further postulated that these localized states are a result

of the degree of disorder in the lattice and not any particular

imperfection. Moreover, the magnitude and energy spread of these

localized states are proportional to the amount of disorder in the

atomic structure.

Mott [45] was the first to note that the sharp band edges of

crystalline materials was due to the long range order and that in

amorphous materials these sharp edges should disappear. Mott

stated that this was due to the changes in the Bloch wave functions

at the conduction and valence band edges, cE and vE respectively.

This produces extended tails, which enter the forbidden gap

region. This is shown in the energy diagram of Fig.(2.2)(b). This

model has been proposed to apply to alloy glasses, which contain

compositional as well as positional disorder (i.e. chalcogenide

glasses). Furthermore, if these tails from the conduction and

valence bands overlap then they lead to a model that somewhat

resembles a metal. These tail states have a major effect on carrier

conduction within an amorphous semiconductor. Carriers in a
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crystalline structure travel in the conduction or valence band

through electronic energy states that extend throughout the entire

crystal. Mott argued that from certain energy, the electronic states

in an amorphous material become extended, which lead to

transition energies in the conduction and valence bands that

produce a jump in the mobility. These transition energies are

called mobility edges and are equivalent to band edges of

crystalline materials. As well this change in the mobility of charge

carriers led to the idea of a mobility gap in amorphous materials,

which is also similar to the band gap of crystalline solids. Mott’s

postulation of the mobility gap clearly explains how it is possible

for amorphous materials to behave as semiconductors.

The forth model is Cohen, Fritzche and Ovshinsky CFO model

[46], Fig.(2.2)(c), is basically an extension of Mott’s model.

Cohen, Fritzche and Ovshinsky surmised that Mott underestimated

the amount of disorder in an amorphous solid. Four principles

were used to come to this conclusion:

(1) The band tails of amorphous materials depend on the degree of

the divergence from perfect periodicity.

(2) There are sharp mobility edges that separate the extended

states from the localized states in each band.

(3) The localized band tails extend across the gap region, which

results in an overlap at the Fermi level. This last statement
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might seem to suggest that there is metallic conduction, but

one should realize that the widened tail states are still highly

localized in space, as in Mott’s model.

(4) Amorphous materials are not bound by the strict constraints of

long range order found in their crystalline counter parts. As a

result each atom can be expected to fulfill its proper valence

requirements locally. This removes any distinct structure in

the density of localized states in the gap region. It is this last

point that results in a contention with the CFO model, as it

does not show a structure in the gap region due to defects in

the amorphous lattice.

This led to the DOS model proposed by Marshall and Owen [47]

depicted in Fig.(2.2)(d). They noted that defects such as dangling

bonds, vacancies, interstitials, impurities…etc. are present in all

crystalline or amorphous solids. Such defects lead to additional

localized states within the mobility gap of the material. These

defects lead to localized energy states in the form of electron and

hole traps within the gap region of the material, in addition to the

disorder induced tail states. It was previously assumed that the

disorder induced states would cover up these defect states, but

Marshall and Owen proposed that there would be significant mid

gap states caused by these defects. They concluded that the hole



33

Theoretical Considerations                                       Chapter 2

traps are acceptor-like, lying about 0.43eV above the valence band

[48].

The position of the Fermi level is determined by the donor-like

and acceptor-like trap bands in the mobility gap. They also

surmised that the concentration of donor and acceptor traps self-

adjust to ensure that the Fermi level remains near the center of the

mobility gap. This has significant consequences for predicting the

electronic properties of the material, because even small

concentrations of these mid gap states can make the doping of the

semiconductor with donors or acceptors ineffectual.

2.3)  DC electrical conductivity:

   The electrical conductivity σ of amorphous semiconductor (a-

S.C.) can be calculated from the density of extended and localized

states N (E) and the mobility µ (E) as [49,50]

         dEEfEfEENe   1          (2.3)

The Fermi energy (EF) in the distribution function f(E), is

determined by the distribution and the charge state of the gap

states, the condition that the material is being neutral.

   According to the notation of Mott and Davis [51] one can

distinguish between three principle contributions to the

conductivity. A plot of ln (σ) vs. 1/T can be divided into three
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regions (a), (b) and (c) as shown in Fig.(2.3) each of which

represents a certain mechanism of conduction, as follow:

(a) Band conduction of electrons excited above Ec or holes below

Ev ; written for electrons this yields
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Fcexpmin       (2.4)

where σmin is the minimum metallic conductivity.

It is assumed that (Ec-EF) depends linearly on temperature such

that [52]

TEEEE FcTFc  0)()( (2.5)

where γ is a constant

   The observed dc electrical conductivity is characterizred by an

activation energy, is ΔE= (Ec-EF)0.

Substituting from eq. (2.5) into eq. (2.4) we find that
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Let 
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 expmin0 , is the pre-exponential factor, then
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Region (a) is a straight line whose slope equals ΔE/kB, and the

intercept on the ln (σ) axis is σ0.

(b) Thermally assisted tunneling in the localized states near the

mobility edges, the largest tunneling contribution arises from jump

to unoccupied levels of nearest neighbor centers. Since it is

unlikely to find such a level at the same energy, the tunneling

process is usually inelastic, i.e. it involves the emission or

absorption of a phonon. Hence, the thermally assisted tunneling

process involves a hopping energy ΔW1 in addition to the

activation energy E-EF needed to raise the electron to a properly

localized state at E. The conductivity will thus be of the form

 







 


Tk

WEE

B

F 1
1 exp                                           (2.8)

 (c) Conduction due to carriers hopping (tunneling) between

localized states near EF, this process analogous to impurity

conduction in heavily doped crystalline S.C., and σ is given by:








 


Tk

W

B

2
2 exp ,                     (2.9)

where σ2 ≤ σ1 and ΔW2 is the hopping energy, of the order of half

width of the defect band. A plot of lnσ against 1/T is expected to

give a straight line only if hopping is between nearest neighbors.

At temperature such that kBT is less than the band width, hopping
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will not be between nearest neighbors but will be a variable range

hopping of the form





 

4/12 exp
T

B                                                              (2.10)

with  
4
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3
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B


 where δ is the decay length, which is

to be expected, at a temperature sufficiently low for N(EF), the

density of states at EF is considered constant over an energy range

≈kBT. If the density of defect states at EF is high, then process (b)

may not be a dominant one in the middle temperature range and a

direct transition from (a) to (c) will result.

Fig.(2.3)  Illustration of the temperature dependence of dc conductivity
expected for a-S.C..
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2.4) Hall effect:

In conjunction with conductivity measurements, the charge

carrier density, the sign of the carriers, and their mobility can be

determined by an experiment known as Hall effect [53, 54]. If a

current flows along a conductor, placed in a magnetic filed

perpendicular to the direction of current flow, an electro motive

force e.m.f is generated across the specimen in a direction

perpendicular to the magnetic filed, i.e., the current, the magnetic

filed and the Hall e.m.f are mutually perpendicular. This

phenomenon is called Hall effect [55-60]. Suppose a current of

density i  flows in a conducting bar of width a  and thickness d

and length l  as in Fig.(2.4).

Fig.(2.4) Layout used to observe the Hall effect.
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Choose points C and D on the side faces of the bar such that the

potential difference between them is zero. Should this bar be

placed in a magnetic filed with induction B , a potential difference

HV  termed Hall e.m.f would appear between points C and D [56].

H HV R B ia ,  (2.11)
where the proportionality factor HR  is the Hall coefficient. As a

result, a force  called Lorentz force lorentzF  acts on electrons to

move from right to left at a speed v  where,

BqFLorentz  v (2.12)

If Bv , the force will be equal to

BqFLorentz v (2.13)

The Lorentz force deflects the electrons to the outer face of the

bar (dotted line in Fig.(2.4)) and the bar receives a negative

charge. Uncompensated positive charges accumulate on the

opposite side. Thus, an electric field directed from C to D, HE is

formed.

H
H

V
E

a
 (2.14)

This field HE exerts a force on the electrons HF qE , leading

electrons to move in opposite direction from D to C, this force is

directed against the Lorentz force.

When LorentzFF  ,

v Hq B qE  (2.15)
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We obtain,

vHE B (2.16)
Multiplying both sides of relation by the distance ( a ) between

points C and D, we obtain,

vHaE Ba  (2.17)
According to eqs.(2.14&2.16):

vH HV aE Ba  (2.18)
Since vei qn  , this equation can be rewritten as:

1
H

e

V Bia
qn

 (2.19)

Comparing eqs.(2.11) and (2.19) we obtain for the Hall constant
HR :

1
H

e

R
qn

  (2.20)

It follows from eq.(2.20) that knowing the absolute value of the

Hall constant and its sign, it is possible to find the concentration

(ne) and sign of the charge carriers in a conductor, HR of n-type

conductors is negative and of p-type conductors it is positive.

From measuring the electrical conductivity eqn   of the

conductor, it can find the carrier mobility  from the equation:

H HR   , (2.21)

where H is the Hall mobility. In the derivation of eq.(2.20) it

was assumed that all carriers in the conductor have the same

speed v .
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From eqs.(2.19) and (2.20) we can write:

H
H

V
R

Bia
                                                  (2.22)

then H
H

V d
R

BI
 (2.23)

where I
i

ad
 , ad  is cross-section the area of the sample and I  is

the current through the sample.

2.5) Transverse magnetoresistance (TMR):

    Transverse magnetoresistance TMR is the change of electrical

resistivity   of a material upon applying an external magnetic

field B . By convention, the magnitude of TMR is defined as a

dimensionless quantity given by [61, 62]:

( ) ( 0 )

( 0 )

B B

B

  
 
  




(2.24)

So, it can be rewritten as:

( ) ( 0 )

( 0 )

R R B R B

R R B

  



(2.25)

The phenomenon of TMR is a galvanomagnetic effect. The effect

is due to the ability of magnetic fields to change the scattering of

conduction electrons and hence to vary the electronic

conductance. It is mainly observed in nonmagnetic metals and

semiconductors, and in general, the increase in TMR is

proportional to 2B . In crystalline semiconductors measurements
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of the magnetoresistance, the fractional changes o /  of

resistivity in a magnetic field, can like the Hall effect, be used to

determine the carriers mobility. Normally o /  is positive and

proportional to the square of the magnetic induction. For hopping

conduction in doped crystalline semiconductors, the

magnetoresistance can be either positive or negative [62].

2.6) Optical properties:

 For the description of optical transition the basic difference

between a-S.C. and crystals is non-conservation of the k-vector.

This is due to the change of the character of the wave functions,

some of which become localized over a certain volume of the

sample as in crystal. Optical properties (for both UV and X-ray

excitations) of amorphous and crystalline S.C. are almost entirely

determined by the imaginary part of the dielectric constant,

where:      1 2i       .

2.6.1) Optical absorption edge:

Electronic transition between the valence and conduction bands

in the crystal starts at the absorption edge which corresponds to

the minimum energy difference Eg between the lowest minimum

of the conduction band and the highest maximum of the V.B.. If

these extreme lie at the same point of the k-space, the transition
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are called direct. If this is not the case, the transitions are possible

only when phonon-assisted and are called indirect, as shown in

Fig.(2.5). The rule governing these transitions is the conservation

of quasi-momentum during the transition, either of the electron

alone in direct transition, or of the sum of the electron and phonon

quasi-momentum in the indirect transition. When the S.C.

becomes amorphous, one observes a shift of the absorption edge

either towards lower or higher energies. No simple general rule

governing these changes has been suggested. In a group of similar

materials certain dependencies are observed. The shape of the

absorption curve appears to be similar for many a-S.C..

Fig.(2.5) Optical transitions:
(a) Direct transition
(b)  Indirect transition
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    In many amorphous compound semiconductors the absorption

edge has the shape shown in Fig.(2.6). One can distinguish the

high absorption region A (α > 104 cm-1), the exponential part B

which extends over 4 order of magnitude of α, and the weak

absorption tail C.

2.6.1. A) High absorption region (A):

    In S.C. glasses it is often observed that, at high energy

absorption levels (α > 104 cm-1), the absorption coefficient α has

the following frequency dependence [63]

    o p tn

gE      ,                                         (2.26)

where nopt is a parameter depends on the type of the optical

transition (direct or indirect) [64].

The absorption in this region corresponds to transitions between

extended states in both valence and conduction bands.

2.6.1. B) An intermediate absorption region (B):

   In the intermediate absorption region (1≤ α ≤104 cm-1), the

absorption coefficient has roughly an exponential behavior[65, 66]

  









eE

 
exp ,                                                        (2.27)

where Ee represents the width of the exponential edge which is a

measure of the total disorder [67,68], the absorption in this region

is due to the transitions between extended states in one band and

localized states in the exponential tail [69].
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2.6.1. C) Weak absorption tail region (C):

In the low energy range, the curve in Fig.(2.6) flatten out and α

(α<1 cm-1) has a shape and magnitude which depend sensitively

on the details of the preparation process [70], the purity and

thermal history [52]. The techniques used to determine the optical

absorption in region (A) are not suitable for low absorption

measurements. So, other sensitive technique, like photo thermal

deflection spectroscopy (PDS) are used to investigate the optical

absorption in region B and C; the optical absorption in this region

is due to transitions between extended states in the valence or the

conduction bands and localized states deep in the gap, respectively

above (empty) or below (filled) the Fermi level.

Fig.(2.6) Parts A, B, C of the absorption edge.
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2.7) AC electrical conductivity:

Frequency-dependent conductivity σac(ω) is a common feature to

all a-S.C. It increases approximately linearly with frequency at

least in the frequency range, say 10 s-1<ω<108 s-1 [71] i.e

  s
ac A  , (2.28)

where Α is a constant depending on temperature, ω is the angular

frequency and the frequency exponent s is generally less than or

equal to unity. The phenomena has ascribed to various relaxations

caused by the motion of electrons, atoms, hopping or tunneling

between equilibrium sites.

The total measured conductivity, at a given frequency ω, is

separable into dc and ac components namely

    acdcT  (2.29)
Hence, under the conditions where eq.(2.29) is valid, the ac

conductivity can be obtained by subtraction of the measured

dc conductivity from the total conductivity measured at the

frequency ω. It should be noted that σdc is due to band conduction

and σac(ω) is related to relaxation processes.

The application of a harmonically varying field E(ω) to a

dielectric sample produces a time dependent polarization P(t). In

the frequency domain, the spectral dependence of the polarization

P(ω) is related to that of the field variation as:
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      EP 0 , (2.30)

where o  is the permittivity of free space ( o =8.85x10-12F/m) and

χ(ω) is the dielectric susceptibility [71] given by:

      21 i ,    (2.31)

where χ1 (ω) is the real part (dielectric constant) and χ2 (ω) is the

imaginary part (dielectric loss); and the loss tangent is defined by:











1

2tan



  (2.32)

Furthermore, the real part of the ac conductivity can be expressed

in terms of the dielectric loss by [72]:

1 2( ) ( ) ( )ac o        (2.33)

The imaginary part of the ac conductivity is given by [72]:

2 1( ) ( )o     (2.34)

All that is required to show this behavior is that the loss

mechanism should have a very wide range of possible relaxation

times  . In particular, approximately linear frequency dependence

of )( ac is predicted if the distribution of relaxation times is

inversely proportional to  . For a continuous distribution of n(τ)

the real part of the ac conductivity can be written as [73]
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 dnac , (2.35)
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where α is the polarizability of pair of sites, n(τ) is the distribution

function for the relaxation time τ.

The form of n(τ) required implies that the relaxation time τ itself

must be an exponential function of a random variable ξ:

 expo   ,                                                            (2.36)

where τ0 is a constant characteristic relaxation time.

Two physical microscopic relaxation mechanisms can give rise to

the functional form for  are:

a) Phonon-assisted quantum mechanical tunneling through the

barrier separating two equilibrium positions, in which case[74]

R 2 , (2.37)

where R is the intersite separation and  the polarizability of a

pair of sites.

b) Classical hopping of a carrier over the potential barrier of

height W  separating two energetically favorable sites, in which

TkW B/ , (2.38)
Both cases (a) and (b), are variants, to be considered in

interpreting the experimental data of amorphous materials. The

approach outlined above forms the basis of many theories of ac

conduction in semiconductors. In particular, the following are

generally assumed:
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1) The pair approximation holds in which the motion of carriers

leading to relaxation is contained with a pair of sites; the total ac

response is then obtained by summing over all pairs.

2) The dielectric response of a carrier moving between a pair of

sites is accurately Debye-like.

3) The relaxation time (more accurately, the transition rate) is an

exponential function of a random variable, which may be the

barrier height, intersite separation (or a combination of the two).

2.8) Models of ac conductivity:

2.8.1) Relaxation due to quantum-mechanical tunneling

(QMT):

i) Electronic tunneling (QMT).

ii) Small-polaron tunneling (SP).

iii) Large-polaron tunneling (OLP).

2.8.2) Relaxation due to hopping:

i) Correlated barrier hopping of electrons (CBH):

i.1) Non-intimate valence alternation pairs (NVAP,s):

The other process which has been proposed for ac conduction

mechanism is the classical hopping over a barrier. A model for ac

conduction, which correlates the relaxation variable W with the

intersite R, has been developed initially by Picke [75-77] for

single electron hopping and extended by Elliott [78, 79] for two
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electrons hopping simultaneously. For neighboring sites at a

separation R, the coulomb wells overlap, resulting in a lowering of

the effective barrier from WM (the value at infinite intersite

separation) to a value W. For the case of a single electron hopping,

W is given by [78]:











r

e
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2


, (2.39)

where ε is the dielectric constant of the material and ε0 that of the

free space.

In the narrow band limit, and assuming that the centers are

distributed randomly in space, the ac conductivity is given

approximately as [80]:

  6
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 (2.40)

In the broadband case and for single –electron motion, Long

[81] has calculated the ac conductivity to be:

    622
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where go a constant density of states.

The frequency exponent s can be calculated as:
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Note that s is both frequency and temperature dependent as in

Fig.(2.7). It should be noted that, for small values of WM/kBT, s

increases with increasing frequency, although for large values of

WM/kBT (≥ 100) s is near unity and the increase is so small. For

case of two electrons hopping between defects, the ac conductivity

in the narrow band limit becomes:

  6
0
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 , (2.43)

where
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i.2) Intimate valence alternation pairs (IVAP,s):

To explain ac conduction mechanism, CBH model considered a

simultaneous hopping of two electrons from one (negatively

charged) centre to another (positively charged) centre over the

barrier height, moreover, being correlated with the intersite

separation via Coulombic interaction between centers. This model

could account satisfactorily for the value of s and its temperature

dependence. The hopping in this model is considered to be

confined between close pairs of centers (of order 5-10 oA apart),
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and a random distribution of charged centers (NVAP) [82] was

assumed in the derivation of the ac conductivity. Elliott [83]

derived the alternating possibility, that all charged centers are

associated into close pairs IVAP [84, 85] and the possible

consequences of such situation on the ac conductivity within the

correlated barrier hopping (CBH) model. When all the charged

spin-paired defect centers in the materials, are totally associated

into close pairs, the distribution of the resulting (neutral) IVAP

pairs of centers may however be random, but for the present

purpose, all charged centers are associated into close pairs

(IVAP). In order to calculate the ac conductivity resulting from

hopping of two electrons within IVAP,s, the method adopted

previously for the case of NVAP,s was followed, where barrier

height- intersite separation correlations given by [83]:

reWW M 28 ,                        (2.45)

where WM is the maximum height of the barrier over which

carriers must hop. Thus, the final expression for the ac

conductivity according to IVAP,s model is given by [85]:
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where Ns is the spatial concentration of IVAP centers, kB is the

Boltzmann constant, τo is the characteristic relaxation time (of

order of a typical inverse phonon frequency), 1 1 2 B Ms k T W   
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and G(W) is a constant and equal to 1/WM. It has been pointed out

that the apparently general behavior of ac conductivity embodied

in the function Aωs can be subdivided into two categories [86]. In

the first, both s and A are dependent on temperature, the former

tending to unity at low temperatures and both are related to the

band gap of material [87, 88]. This is the behavior which can be

explained by the CBH model between randomly close pairs of

(NVAP) centers. In the second, s lies very close to unity and is

independent of temperature or decreases slightly with increasing

temperature i.e. it would appear to be very near unity and within

experimental error; A is also more or less temperature independent

and has approximately the same magnitude in a wide variety of

materials [88]. It is postulated that the second type of behavior can

be explained by CBH between centers forming intimate valence

alternation pairs (IVAP,s) [83-85] as described above. The CBH

theory developed for IVAP,s predicts a value for s very much

closer to unity with a slight decrease with increasing temperature.
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Fig.(2.7) Frequency exponent s as a function of temperature for all
mechanisms of ac conduction.

2.9) Dielectric properties of semiconductors:

Studies of frequency dependent electrical conductivity of

semiconductor materials are important to explain the mechanisms

of conduction in these substances. This leads to adapt and to

elaborate models allowing the electronic properties of several

substances to be described. Also, dielectric relaxation studies are

important to understand the nature and the origin of dielectric

losses, which in turn, may be useful in the determination of the

structure and defects in solids.

There are two types of polarization:

(i) Deformational polarization (electronic and ionic polarization).
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(ii) Relaxation polarization (orientation and interfacial or space

charge polarization) [89-93].

(i) Deformational polarization:

 (a) Electronic polarization:

Electronic polarization is the displacement of electrons with

respect to the atomic nucleus, i.e. the displacement of the orbits in

which negatively charged electron move around a positively

atomic nucleus under the action of an external electric field.

Electronic polarization can be observed in all dielectrics and

occurs during a very brief interval of time (10-15 s ).

(b) Ionic Polarization:

Ionic polarization is the mutual displacement of ions forming a

hetero-polar (ionic) molecule. Ionic polarization occurs during a

short time (10-13-10-12 s ), which is longer than that of electronic

polarization. Electronic and ionic polarizations are caused by

deformation which is a displacement of charges with respect to

each other in the direction of the electric field. The process of

deformational polarization is practically unaffected by the

temperature of the dielectric and is not connected with an

irreversible dissipation of energy.
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(ii) Relaxation polarization:

(a) Orientation polarization:

This kind of polarization, first suggested by Debye [84], can be

reduced in a simplified manner to the rotation of the molecules of

polar dielectric materials having a constant dipole moment in the

direction of an electric field. Orientation polarization is not only a

direct rotation of polar molecules under the action of an electric

field, but also it is connected with the thermal motion of

molecules. So, temperature must exert an appreciable effect on the

phenomenon of dipole polarization.

(b) Interfacial or space charge polarization:

Interfacial or space charge polarization arises from the

migration of electrons or ions over distances of macroscopic

magnitude. Some of these charge carriers tend to be trapped and

accumulate at lattice defects, impurity centers, voids, strains, or at

electrode surfaces. So, it distorts the field and produces an

apparent increase in the dielectric constant. Interfacial polarization

is of a particular importance in heterogeneous or multiphase

materials, due to the differences in the electrical conductivity of

the phases present in a multiphase materials, charges move

through the more conducting phases and build up on the surfaces

that separate these from the more resistive phases. Effectively

each conducting region will be polarized. As distinct from
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deformational polarization, relaxation polarization requires a

relatively long time and dissipates electric energy, which

transforms into heat in a dielectric. This energy causes dielectric

losses.

2.9.1) Complex dielectric constant:

It is well known that the dielectric properties of a solid are very

sensitive to the local field distribution within the sample. The

complex dielectric constant of a material medium is represented

by a real ε1(ω) (dielectric constant) and an imaginary ε2(ω)

(dielectric loss) parts according to the relation [94]:

     *
1 2i       ,      (2.47)

Where 1i   , the relation between ε1(ω) and ε2(ω) defines a loss
tangent:

 
 

2

1

tan
                 (2.48)

-Dielectric loss of amorphous semiconductors:

When an electric field acts on any matter, the latter dissipates a

certain quantity of electric energy that transforms into heat energy.

This phenomenon is commonly known as “the expense” or “loss”

of power, meaning an average electric power dissipated in matter

during a certain interval of time. The amount of power losses in a

dielectric under the action of the applied field is commonly known

as dielectric losses. The dielectric loss 2 ( )   with the circular
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frequency  of the applied electric field is given by the relation

[91-95]:

2 4 2 2
2( ) ( )4 ( ) / [ [ /(1 )] ]o o BN E k T ne R d            , (2.49)

where R  (function of  ) is the distance between localized sites, n

the number of electrons that hop, )(EN  the concentration of localized

states and  infinite frequency dielectric constant, arising from all

polarization processes at higher frequencies [96, 97].

2.10) Magnetic properties:

2.10.1) Response of substance to magnetic field:

A magnetic filed can be described by either magnetic induction

B (magnetic flux density) or the field strength H. In vacuum, they

are related by the equation:

0B H ,                         (2.50)

Where μ0=4π×10-7 H/m and is called the permeability of the free

space. When a substance is placed in a magnetic field, it gets

magnetized and hence a magnetization M (defined as the magnetic

moment per unit volume, i.e. mM V  ) is produced in it. The

magnetic induction inside the substance is given by:

0 0 0 ( )B H M H M      ,     (2.51)
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Where 0H is due to external field and 0M is due to the

magnetization. For an isotropic medium, M and H are parallel

vectors and are related to each other according to the relation:

M H ,      (2.52)

Where χ is the susceptibility of the medium and is a scalar

quantity. Substituting the value of M from eq.(2.52) into eq.(2.51),

we have:

0 (1 )B H H                      (2.53)

         , 0 (1 )          (2.54)
Where μ is the permeability of the medium. It is often more

convenient to use the relative permeability μr which is defined as;

0 (1 )r             (2.55)

2.10.2) Classification of magnetic materials:

The origin of magnetism lies in the orbital and spin motions of

electrons and how the electrons interact with one another. The best

way to introduce the different types of magnetism is to describe

how materials respond to magnetic fields.

i) Diamagnetic:

Diamagnetism is a fundamental property of all matter, although

it is usually very weak. It is due to the non-cooperative behavior

of orbiting electrons when exposed to an applied magnetic field.

Diamagnetic substances are composed of atoms which have no net
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magnetic moments (i.e. all the orbital shells are filled and there are

no unpaired electrons). However, when exposed to a field, a

negative magnetization is produced and thus the susceptibility is

negative. Figure(2.8) shows M(H) and χ(T) curves, M(H) is linear

and reversible but has a negative slope i.e. negative magnetic

susceptibility (of order of-10-5) and is independent of temperature.

Fig.(2.8) M(H) and χ(T) curves for diamagnetic materials.

ii) Paramagnetic:

In this class of materials, some of the atoms or ions in the

material have a net magnetic moment due to unpaired electrons in

partially filled orbitals. One of the most important atoms with

unpaired electrons is iron. However, the individual magnetic

moments do not interact magnetically, and like diamagnetism, the

magnetization is zero when the field is removed. In the presence

of a field, there is now a partial alignment of the atomic magnetic

moments in the direction of the field, resulting in a net positive
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magnetization and positive susceptibility. In addition, the

efficiency of the field in aligning the moments is opposed by the

randomizing effects of temperature. This results in a temperature

dependent susceptibility, known as the Curie Law. Fig.(2.9) shows

M(H) and χ(T) curves for paramagnetic material. The M(H) curve

is linear, intersects zero and reversible and χ(T) decreases with

temperature, paramagnetic materials such as manganese,

aluminum, platinum, etc..

Fig.(2.9) M(H) and χ(T) curves for paramagnetic materials.

* Curie-type paramagnetism:

According to the Curie's law [98] the paramagnetic magnetism

proportional to the applied magnetic field such that:

M CH T ,                   (2.56)

Where C is the Curie constant.

Hence, there are two features are often used to determine the

origin of the paramagnetism; the magnitude of χ and its
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temperature dependence. For Curie-type paramagnetism, this is a

type of magnetism resulting from the presence of atoms with

unpaired electrons. The magnetic susceptibility depends on the

temperature according to the following relation:

( )T C T                  (2.57)

A plot of 1/χ against T, as shown in Fig.(2.10)  is very useful to

characterize Curie magnetism. The slope of the curve is equal to

1/C and the Curie constant is given as:
2

effC bP N ,            (2.58)

Where Peff is known as the effective magnetic moment, b is an

universal constant and N is the concentration of magnetic atoms

with that moment.

Fig.(2.10) 1/χ versus temperature T for Curie-type paramagnetism.
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** Curie – Weiss paramagnetism:

For Curie- type paramagnet, there is a force that tries to align the

magnetic moments on atoms with the magnetic field (Peff.H).The

Curie temperature dependence is a result of a competition between

the force aligning the moments parallel to the field and the

tendency for heat to disrupt the alignment. As the temperature

increases, the associated increase in heat reduces the relative effect

of the field. In Curie-Weiss paramagnet, in addition to the

interaction with the applied magnetic field, there is a mutual

interaction between the magnetic moments on different atoms.

This exchange interaction between moments can help align

adjacent moments in the same direction or it can help align

neighboring moments in opposite direction. The Curie-Weiss

Susceptibility is given by:

C W

C

T






,                        (2.59)

where θ is called the Curie-Weiss temperature and is related the

strength of the interaction between moments. From Fig.(2.11), for

θ>0 the interaction helps to align adjacent moments in the same

direction (ferrointeraction) and for θ<0 the interaction helps to

align adjacent moments opposite each other (antiferrointeraction).

    In case of the ferromagnetic θ>0, χ ~ infinity at T=θ. This is the

approximate location of a ferromagnetic transition at TC (Curie
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temperature). For antiferromagnetic θ < 0 there is no divergence at

T=θ, however the system may now have an antiferromagnetic

transition, know as Neel transition TN, T=│θ│.

Fig.(2.11) 1/χ versus T for Curie and Curie –Weiss behavior.

iii) Ferromagnetic:

Unlike paramagnetic materials, the atomic moments in these

materials exhibit very strong interactions. These interactions are

produced by electronic exchange forces and result in a parallel or

antiparallel alignment of atomic moments. The exchange force is a

quantum mechanical phenomenon due to the relative orientation

of the spins of two electrons. Ferromagnetic materials exhibit

parallel alignment of moments resulting in large net magnetization

even in the absence of a magnetic field. The elements Fe, Ni, and

Co and many of their alloys are typical ferromagnetic materials.

Two distinct characteristics of ferromagnetic materials:

(1) Spontaneous magnetization.
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(2) Magnetic ordering temperature.

The spontaneous magnetization is the net magnetization that exists

inside a uniformly magnetized microscopic volume in the absence

of a field. The magnitude of this magnetization, at 0K, is

dependent on the spin magnetic moments of electrons. A related

term is the saturation magnetization which we can measure in the

laboratory. The saturation magnetization (MS) is the maximum

induced magnetic moment that can be obtained in a magnetic field

(Hs); beyond this field no further increase in magnetization occurs.

Saturation magnetization is an intrinsic property, independent of

particle size but dependent on temperature. There is a big

difference between paramagnetic and ferromagnetic susceptibility.

The magnetization in ferromagnetic materials is saturated in

moderate magnetic fields and at high (room-temperature)

temperatures. Even though electronic exchange forces in

ferromagnets are very large, thermal energy eventually overcomes

the exchange and produces a randomizing effect. This occurs at

the Curie temperature (TC). Below the Curie temperature, the

ferromagnet is ordered and above it, disordered. The saturation

magnetization goes to zero at the Curie temperature. A typical plot

of magnetization vs. temperature for magnetite is shown in Fig.

(2.12). The Curie temperature is also an intrinsic property, but it is
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not foolproof because different magnetic minerals, in principle,

can have the same Curie temperature.

Fig.(2.12) Magnetization vs. temperature for magnetite.

Hysteresis, In addition to the Curie temperature and saturation

magnetization, ferromagnets can retain a memory of an applied

field once it is removed. This behavior is called hysteresis and a

plot of the variation of magnetization with magnetic field is called

a hysteresis loop. The value of the magnetization when H is

returned to zero is called remanent magnetization Mr, the field

required for zero magnetization is called coercive field (Hc).

Another hysteresis property is the coercivity of remanence (Hr).

This is the reverse field which, when applied and then removed,

reduces the saturation remanence to zero. It is always larger than

the coercive force (Hc). As in Fig.(2.13) the M(H) curve at fixed

temperature is not linear and not reversible. The lack of

reversibility is often called magnetic hysteresis.
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Fig.(2.13) Magnetic hysteresis for ferromagnetic materials.

The remanent magnetization depends on the preparation way and

its treatement (its history). A large remanent magnetization (hard

ferromagnets) is desirable for applications like magnetic

recording, whereas a small remanent magnetization (soft

ferromagnets) is desirable for applications like magnetic

transformer cores [99, 100].

iv) Antiferromagnetic:

   In an antiferromagnet the magnetic moments line up so that

adjacent moments are aligned in opposite directions to each other

and the moments on neighboring atoms cancel each other,

resulting in reltively small values of M. The temperature

dependence of antiferromagnetic is shown in Fig.(2.14). The

phase transition to the antiferromagnetic state is known as a Neel
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transition and occur at a temperature usually denoted TN. Above

TN an antiferromagnet is often paramagnetic exhibiting Curie-

Weiss behavior ( C W

C

T






, θ<0). Since M(H) curves are

linear below TN, χ remains a useful property.

Fig.(2.14) Temperature dependence of antiferromagnetic material.

v) Ferrimagnetic:

   Ferrimagnets are often associated with ferromagnets because

their M(H) and M(T) behavior is realy identical to that of

ferromagnets. However, at the atomic level ferrimagnets are more

similar to antiferrmagnetics because the moments of the atoms in

ferrimagnets are antiferromagnetically coupled, i.e. adjacent

magnetic moments are locked in opposite directions. What makes

ferrimagnets different from antiferromagnets is that the adjacent

moments have different magnitudes as shown in Fig.(2.15). The

large of the two moments tends to align with the applied field
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while the smaller moment aligns opposite to the field. The result is

that the different moments add up to produce a large net moment

align with the magnetic field. Some of the most useful materials

for making permanent magnets are ferrimagnets many of these

materials are non-electrically conducting ceramics.

Fig.(2.15) Arrangement of magnetic moments in ferrimagnetic material.

2.11) Electron spin resonance (ESR) spectroscopy:

Electron paramagnetic resonance (EPR) or otherwise known as

electron spin resonance (ESR) spectroscopy is the resonant

absorption of microwave radiation by an unpaired electron of an

atom or molecule (paramagnetic species) when placed in a strong

magnetic field. ESR spectra are given as the first derivative of

their absorption spectra. It is a powerful technique used to study:
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1. Free radicals: atoms, molecules or ions containing one

unpaired electron either in the solid, liquid or gaseous phases.

2. Transition ions including actinide ions: These routinely may

have up to five or seven unpaired electrons.

3. Various point defects in solids: localized imperfections

4. Systems with more than one unpaired electron: triplets state

systems, biradicals and multiradicals

5. Systems with conducting electrons: semiconductors and metals

2.11.1) Origin of ESR signal:

Every electron has a magnetic moment and spin quantum

number s=1/2, with magnetic components ms=+1/2 and ms=-1/2.

In the presence of an external magnetic field with strength B, the

electron's magnetic moment aligns itself either parallel (ms=-1/2)

or antiparallel (ms=+1/2) to the field, each alignment have a

specific energy (Zeeman effect). The parallel alignment

corresponding to the lower energy state and the separation

between it and the upper state is e BE g B   where ge is the

electron's g-factor (or also Land'e g-factor) and μB is the Bohr

magneton, 244 9.2740 10B eeh m J T     . This equation implies

that the splitting of the energy levels is directly proportional to the

magnetic field's strength. An unpaired electron can move between

the two energy levels by either absorbing or emitting

electromagnetic radiation of energy E h  such that the resonance
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condition, E E  , is obeyed. Substituting in E h  and

e B oE g B   lead to fundamental equation of ESR spectroscopy:

e B oh g B  . In principle, ESR spectra can be generated by either

varying the photon frequency incident on a sample while holding

the magnetic field constant, or doing the reverse. In practice, it is

usually the frequency which is kept fixed. A collection of

paramagnetic centers, such as free radicals, is exposed to

microwaves at a fixed frequency. By increasing an external

magnetic field, the gap between the 1 2sm    and 1 2sm  

energy states is widened until it matches the energy of the

microwaves, as shown in Fig.(2.16). At this point the unpaired

electrons can move between their two spin states. Since there

typically are more electrons in the lower state, due to the

Maxwell-Boltzmann distribution, there is a net absorption of

energy, and it is this absorption which is monitored and converted

into a spectrum.
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Fig.(2.16) The relation between energy (E) and applied magnetic field (B).

In real system, electrons are normally not solitary, but are

associated with one or more atoms. There are several important

consequences of this:

1- An unpaired electron can gain or lose angular momentum,

which can change the value of its g-factor, causing it to differ

from ge. This is especially significant for chemical systems with

transition-metal ions.

2- If an atom with which an unpaired electron is associated has a

non- zero nuclear spin, then its magnetic moment will affect the

electron. This leads to the phenomenon of hyperfine coupling,

splitting the ESR resonance signal into doublets, triplets and so

forth.
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3- Interactions of an unpaired electron with its environment

influence the shape of an ESR spectral line. Line shapes can yield

information about, for example, rates of chemical reactions.

4- The g-factor and hyperfine coupling in an atom or molecule

may not be the same for all orientations of an unpaired electron in

an external magnetic field. This anisotropy depends upon the

electronic structure of the atom or molecule (e.g., free radical) in

question, and so can provide information about the atomic or

molecular orbital containing the unpaired electron.

2.11.2) g- factor:

The g- factor can give information about a paramagnetic center's

electronic structure. An unpaired electron responds not only to a

spectrometer's applied magnetic field Bo, but also to any

experienced by an electron is thus written as:

Beff = Bo(1-σ) ,   (2.60)

where σ includes the effects of local fields (σ can be positive or

negative), therefore, the e B effh g B  resonance condition (above)

is rewritten as follows:

e B effh g B  e B og B  (1-σ)   (2.61)

The quantity ge(1-σ) is denoted g and called simply the g- factor,

so that the final resonance equation becomes:

B oh g B       (2.62)
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Equation (2.62) is used to determined g-factor in an ESR

experiment by measuring the field and the frequency at which

resonance occurs. If g-factor does not equal ge the implication is

that the ratio of the unpaired electron's spin magnetic moment to

its angular momentum differs from the free electron value. Since

an electron's spin magnetic moment is constant (approximately the

Bohr magneton), then the electron must have gained or lost

angular momentum through spin-orbit coupling. The magnitude of

the change gives information about the nature of the atomic or

molecular orbital containing the unpaired electron.



  
 
 
 
 
 

 
 
 

 
 
 

Chapter 3 
 

Sample Preparation 
& 

Experimental 
Techniques 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Experimental Techniques                                                                 Chapter 3 
 
3.1) Materials preparation: 

    The bulk samples of Cd1-xZnxSe (x=0, 0.5 and 1) and 

Cd0.5Zn0.5X0.02Se (X=Mn, Fe and Co) were prepared by the melt 

quenching technique. Proper quantities of high purity (5N) Cd, Zn, 

Se, Mn, Fe and Co were weighed according to their atomic 

weights, sealed in an evacuated silica tubes under 10-4Pa. The 

evacuated ampoules were then placed in a furnace whose 

temperature was raised gradually and kept constant at 7000C for 

24h, at 9500C for 72h and then at 10000C for 24h followed by 

sudden and rapid cooling in iced water. The long duration of 

alloying and the continuous shaking of the melt in the furnace 

insure the homogeneity of the composition of samples under test. 

The thin film samples of Cd1-xZnxSe (x=0, 0.5 and 1) and 

Cd0.5Zn0.5X0.02Se (X=Mn, Fe and Co) were prepared by thermal 

evaporation technique from the synthesized ingots using Edward 

E306 coating unit. The films were deposited on highly cleaned 

glass substrates (Soda-lime glass) at base pressure of 10-5Pa at 

room temperature. 
 

    The synthesized ingots of the prepared compositions were 

grinded and put into a cleaned dry molybdenum boat as an 

evaporation source. The distance between the source of material 

and the substrates holder was about 20cm. The film thickness 

(300nm) was controlled by using the thickness monitor (Edward  
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FTM5). A schematic diagram of the coating unit system is shown 

in Fig.(3.1). For electrical conductivity measurements (σdc and σac) 

the thin films were deposited onto glass substrates previously 

equipped with co-planner gold electrodes separated by a gap width 

(L) of about 0.5cm and length about 1cm [101] as shown in 

Fig.(3.2). 

 
Fig.(3.1) Schematic diagram of vacuum and evaporating system. W 

is work chamber, DP is diffusion pump, RP is rotary pump, S is 

substrate, Q is vibrating quartz crystal, Sh is shutter and E is 

evaporator. 
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Fig.(3.2) Coplanar contact geometry for the investigated thin film samples.   

 
 

3.2) Electron dispersive analysis: 
 
    A Jeol JSM-5400 scanning electron microscope (SEM) with 

Oxford link Isis electron dispersion X-ray (EDX) detector, 

operating at an accelerating voltage of 30keV, was used to 

determine the accurate percentage (atomic %) of the prepared 

powder and thin film samples. 

 
3.3) X-ray diffraction: 
 
    It is a fundamental property of all waves that they diffract on 

meeting an obstacle and this effect is most pronounced when the 

size of the obstacle is comparable to the wavelength of the wave. 

This is true for electrons, neutrons and X-rays and since all can 

have wavelengths comparable to atomic dimensions, it is expected 

that diffraction from atoms in the condensed state will occur. This 

of course is the basis of the technique of X-ray diffraction used in  
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conventional single crystal studies for which if constructive 

interference is to occur among the outgoing beams of X-rays of 

wavelength λ elastically scattered from regular planes of atoms 

(Fig.(3.3)) the Bragg condition is obeyed  

     2 sins id nθ λ= ,                                                                (3.1)  
where ds is the spacing of planes and ni is an integer. This gives 

rise to a series of sharp spots being detected in a plane 

perpendicular to the monochromatic incident beam. 

 
Fig.(3.3) Illustration of the Bragg scattering law. 

 
    The structure of the powder and as deposited thin film samples 

was evaluated by X-ray diffractometer (Philips PW 1373) using 

nickel filtered copper Kα radiation with wavelength λ=1.5418oA 

and X-ray tube operates at 40kV and 30mA throughout all 

measurements for powder and thin film samples. The bulk 

samples were grinded in agate mortar very well for the structural  
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investigation while the thin film samples were used as-deposited. 

Figure (3.4) shows the X-ray path in an X-ray diffractmeter. 

 
Fig.(3.4) X-ray path in an  X-ray diffractmeter. 

 
3.4) Density determination: 
      
   The density of the as prepared bulk materials was determined at 

room temperature using the method of hydrostatic weight in 
toluene .A pure Ge single crystal was used as a reference material 

for determining the density of the Toluene. It has been determined 

from the formula:  

    Ge
airW⎣

                           

Tolueneair
Toluene DWWD ×⎥

⎦

⎤
⎢
⎡ −

= \

\\ )(
                                (3.2)                                 

where W\   is the weight of Ge Crystal 

The sample density was calculated from the formula: 

  Toluene
Tolueneair

air
sample D

WW
WD ×⎥

⎦

⎤
⎢
⎣

⎡
−

=                         (3.3) 

where W is the sample weight. 
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3.5) Differential thermal analysis (DTA): 
 
    Differential Thermal Analysis (DTA) is the technique of 

measuring the heat effects associated with physical or chemical 

transformations taking place as the substance is heated at a 

constant rate. The basic concept of DTA is the measurement of the 

temperature difference between the sample and a reference 

material as they are heated simultaneously under uniform rate.   

Any transition within the sample results in the liberation 

(Exothermic peak) or absorption (Endothermic peak) of heat by 

the sample and a corresponding deviation of its temperature from 

the reference sample. Measurement of the temperature T and the 

difference ∆T over suitable range will give a thermogram 

characteristic of the reaction occurred such as shown in Fig.(3.5) 

The DTA measurements for the prepared samples were carried out 

using Shimadzu-50 DTA as in Fig.(3.6), in Nitrogen atmosphere 

and α –Al2O3 is taken   as a reference at heating rates 10 deg/min.  
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Fig.(3.5) A typical DTA thermogram. 

 

 
Fig.(3.6) Differential thermal analysis cell. 

 

3.6) Electrical measurements: 

3.6.1) DC conductivity measurements: 
 
  DC conductivity measurements of thin films were measured 

under controlled equilibrium conditions in the temperature range 

300-420K below the glass transition temperature, Tg, to prevent  
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any possible phase transformation. Figure (3.7) shows a block 

diagram for the circuit used for the resistance measurements.       

A digital electrometer (Keithly-617) was used for the resistance 

measurement. This electrometer is an automatically ranging and 

essentially a digital multimeter optimized for measuring of high 

resistive samples. Oxford cryostat DN1710 connected to automatic 

temperature controller was used. 
             

Thin film dc conductivity calculated from the formula: 

      ⎟
⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛=

A
L

Rdc
1σ ,                                     (3.4)             

where L is the electrodes separation, A is the cross-sectional area 

normal to the current direction: A= b×d, where d is the thickness 

of the film (300nm), b is the width of the film and R is the 

resistance of the film (Fig.(3.2)). 

 
              Fig.(3.7) Block diagram of circuit used for dc conductivity.         
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3.6.2) AC conductivity measurements: 
 

    AC conductivity σac(ω), dielectric constant ε1(ω), dielectric loss 

ε2(ω) and  the real Rs(ω) and imaginary X(ω) parts of impedance 

Z (ω) as a function of frequency (80Hz-5MHz) were measured 

using a programmable automatic RCL meter (Hioki 3532)(50Hz-

5MHz) as in Fig. (3.8). DC and AC conductivities were measured 

by a two-probe technique. The experimental values of total 

conductivity can be calculated by using the following equation: 

1
T

L
Z A

σ ⎛ ⎞ ⎛= ⎜ ⎟ ⎜
⎝ ⎠ ⎝

⎞
⎟
⎠

,                                                           (3.5) 

where Z is the impedance. 

Also, the experimental values of the temperature dependence of 

the ac conductivity σac(ω) are obtained by subtracting the dc 

conductivity from the total measured conductivity σT as following: 

      ( )ac T dcσ ω σ σ= −                                                            (3.6) 

 
Fig.(3.8) Block diagram of ac circuit. 
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3.6.3) Hall effect and magnetoresistance: 

 

    Oxford cryostat (DN1710) connected to automatic temperature 

controller was used to measure Hall coefficient and transverse 

magnetoresistance in temperature range from 300 to 420K under 

vacuum and under the effect of magnetic field up to 3.2kG. Both 

the Hall effect and transverse magnetoresistance were measured as 

a function of temperature using the circuit, schematically shown in 

Fig.(3.9)(b). The prepared thin film samples (S) have a rectangular 

shape and four electrodes were made by silver paste on the four 

sides as shown in Fig.(3.9)(b). The current (I) passing across the 

specimen (between the two longitudinal electrodes) was supplied 

from a highly regulated power supply (P.S.) as shown in 

Fig.(3.9)(a, b). This current was measured by digital electrometer 

((Keithly-6517A). The Hall voltage (VH) (between the two 

transverse electrodes) was measured using a digital electrometer 

(Keithly-617).  

 
(a) 
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(b) 

Fig.(3.9)(a, b)  Schematic diagram of the circuit used for measuring the Hall 
effect and transverse magnetoresistance. 
 

     A magnetic field of about 3.2kG was obtained from GMW 

electromagnet model 3470 with Bipolar operational power supply 

model Bop 50-8M. The Hall coefficient   is given by [102]: HR
 

      H
H

V dR
IB

∆
=  ,                                                                         (3.7) 
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where d is the thickness of the sample, which placed normal to a 

homogeneous magnetic filed B, I is the electrical current, which is 

applied between longitudinal opposite contacts and ∆VH the 

voltage change between the transverse contacts under the applied 

magnetic field. 

    The transverse magnetoresistance TMR was measured by 

changing the magnetic field B from 0 to 3.2kG at different 

temperatures and at the same time, the magnetoresistance of the 

connected samples was recorded in the same conditions and 

precautions used in Hall effect measurements. The TMR [61] was 

calculated using the following equation: 

     ( , ) [ ( , ) ( 0, )]/ ( 0, )TMR B T R B T R B T R B T= − = =                             (3.8) 
 

3.7) Optical techniques: 

   The optical reflectance and transmittance for the as deposited 

thin films of thickness 300nm were measured at room temperature 

in the spectral range 400-2500nm using double beam 

spectrophotometer (Type JASCO, V-570 UV-VIS-NIR). It 

consists of a monochromator that covers the range of wavelength 

from 200 to 2500nm, beam splitter, detector and recording system. 

Figure (3.10) shows the optics layout of a double beam 

spectrophotometer. 
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Fig.(3.10) Optics layout of a double beam spectrophotometer. 

 
3.8) Magnetic measurements: 
 
   The magnetization M(T) as a function of the temperature T(K) 

was measured under applied magnetic field (H=100Oe) for the 

three powder samples in temperature range from 5 to 200K. Also 

the magnetization M(H) as a function of the applied magnetic field 

H was measured under constant temperatures to determine the 

hysteresis loops of these samples. These measurements were 

carried out using mutual inductance method employed into the 

Lakeshore 7229 magnetometer (Institute of Physics, Polish 

Academy of Sciences, Warsaw, Poland). 

   One way of determining if irreversibility exists is to do a zero 

field-cooled/ field-cooled (ZFC/FC) sets of measurements. This is 

done by cooling the sample to the lowest measurement 

temperature in H=0. Once stabilized, a magnetic field is applied  
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and the moment is measured as a function of temperature up to the 

highest desired temperature. This is the ZFC part. Next the sample 

is cooled under the same field to the lowest temperature and again 

measured as a function of temperature. This is the FC part. This 

ZFC/FC method is very useful for determining the temperature 

range over which systems are irreversible. Another important 

result of irreversibility in ferromagnets is that the shape of an 

M(H) curve will change unless saturation is attained on every half 

cycle of a hysteresis loop. If a magnetic field below saturation is 

used, a different M(H) curve will be traced.   
   

3.9) ESR spectrometer: 
 

    X-band EMX-BRUKER electron spin resonance ESR or 

electron paramagnetic resonance EPR spectrometer as shown in 

Fig.(3.11) consists of: 

1- Source of the electromagnetic radiation (generator of 

microwave radiation with frequency 9.5GH and wave length of 

about 32mm). 

2- Appropriate detection system (cavity sensors) to monitor a 

mount of radiation absorbed by the sample. 

3- Waveguide to transfer the microwave radiation from the 

Klystron to the sample. 

4- Quartz tubes have inner diameter of about 3 or 5mm generally 

used to contain solid or solution samples. 
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5- Electromagnet to give the magnetic field B (from 0 to 6kG). 

6- Computer system to operate the ESR spectrometer. 

 

 
Fig.(3.11) A block diagram for a typical ESR spectrometer.  
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4.1) Density of the bulk samples:

Density is an important physical parameter which is related to

other physical properties of the material, and also is used to

examine the homogeneity of the as-prepared materials.

The experimental density dexp of the as-prepared Cd1-xZnxSe

(x=0, 0.5 and 1) bulk samples are shown in table (4.1); these

values are the average of three measurements, taken from three

different parts of the same sample.

 The theoretically calculated density dth of the prepared

compositions was also calculated theoretically using Myuller's

[103] formula.

1









 

i i

i
th d

p
d ,                                (4.1)

where pi is the fraction of weight of the ith element and di is its

density.

The values of dth as in table (4.1) decrease systematically with

increasing Zn content according to Myuller's equation. The atomic

weights of Zn(4s2) and Cd(5s2) are 65.37, and 112.4,  respectively

and their respective atomic radii are 1.53, and 1.71oA. Since the

change in the atomic weight and the atomic volume of the

substitutional element (Zn) leads to decrease of the density. But

the experimental density of CdSe was smaller than the theoretical

density this is because of the high porosity of the as prepared bulk
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CdSe compound. The experimental densities in case of

Cd0.5Zn0.5Se and ZnSe decrease systematically by increasing Zn

content according to Myuller's equation but its values were

smaller than the theoretical values because the Myuller's model

assumes single crystal structure of the material which entails more

covalent bonding and hence a more efficient packing than in the

polycrystalline material.

4.2) Cohesive Energy (CE):

The bond energies D(A-B) for heteropolar bonds have been

calculated by using the empirical relation:

        22
1

30. BABBDAADBAD   (4.2)

Proposed by Pauling [104], where D(A-A) and D(B-B) are

energies of the homopolar bonds (in units of kJ/mol) [105], χA and

χB are the electronegativities for the involved atoms [106]. The

cohesive energy (CE) can be estimated by summing the bond

energies over all the bonds expected in the system under test.

The CE for the investigated samples can be calculated by using

the following equation:









100
ii

i

DC
CE ,       (4.3)

where Ci and Di are the numbers of the expected chemical bonds

and the energy of each corresponding bond, respectively. The
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values of CE are listed in table (4.1). As shown in table (4.1) the

CE increases with increasing Zn content.

4.3) Differential thermal analysis (DTA):

In DTA, a sample and a standard substance are heated or cooled

under the same conditions, and the difference in temperature is

measured. Since the temperature difference is attributed to the

energy change caused by the change in the state of the sample, the

measuring of the temperature difference (ΔT) will give important

information on the physical and chemical changes such as

softening (Tg), crystallization (Tc), and melting (Tm) of the sample

under study. To obtain the DTA thermogram 20mg powder of the

prepared material was put in a platinum pan and scanned over a

temperature range from room temperature to 800oC at 10deg/min

heating rate. The DTA thermograms of the investigated samples

are shown in Fig.(4.1). The thermal event observed, is the glass

transition temperatures (Tg) associated with small endothermic

peaks. The values of Tg for the investigated compositions are

given in table (4.1).
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Fig.(4.1) The DTA thermograms of the investigated powder samples at
heating rate 10 deg/min.

Table (4.1) The experimental dexp and theoretical dth densities, CE and Tg for
the investigated samples.

Composition dexp (g/cm3) dth (g/cm3) CE (kJ/mol) Tg (
oC)

CdSe 4.94 6.16 64.18 269.86

Cd0.5Zn0.5Se 5.42 5.94 90.80 289.77

ZnSe 5.27 5.73 117.41 263.88

4.4) Energy Dispersive X-ray (EDX):

The chemical composition of the as prepared thin film samples

was investigated using EDX analysis. Figure (4.2)(a, b, c) shows

the spectral distribution of the constituent atoms of the

investigated thin film samples. The elemental composition

(atomic %) of the samples corresponding to the compositions

CdSe, Cd0.5Zn0.5Se, and ZnSe with small increase in Se for all
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films are shown in table (4.2). The homogeneity for thin film

samples is checked by determining the elemental composition at

random points of each sample.

(a)

(b)
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©
Fig.(4.2) EDX spectra of (a) CdSe, (b) Cd0.5Zn0.5Se and (c) ZnSe as-
deposited  thin films.

Table (4.2) EDX data (atomic %) for Cd1-xZnxSe (x=0, 0.5 and 1) thin films.
Composition Cd Zn Se
CdSe 45.4 - 54.6
Cd0.5Zn0.5Se 20.3 27.4 52.3
ZnSe - 44.5 55.5

4.5) X-ray diffraction (XRD):

The structure of the powder and as deposited thin film samples

was investigated in a wide range of Bragg's angle (2Ө = 5- 90o).

The X-ray diffraction (XRD) patterns of Cd1-xZnxSe (x=0, 0.5 and

1) powder and as-deposited thin films having thickness 300 nm

are shown in Fig.(4.3)(a, b). The figure illustrates that the addition

of Zn causes both a slightly shift in the position of diffraction lines

as well as change in their relative intensity. The chalcogenides of



95

Optical and Electrical Properties of Cd1-xZnxSe     Chapter 4

Cd as well as Zn can be formed with either sphalerite (cubic zinc

blende type) or wurtzite (hexagonal type) structure [107, 108].

The standard cards for pure CdSe (JCPDS card No. 8-459, JCPDF

card No. 19-191) and pure ZnSe (JCPDF card No. 1463, JCPDS

card No.15-105) were used for identification purpose. From

Fig.(4.3)(a, b), the X-ray diffraction patterns of powder (which is

used as a startup material) have many peaks whereas only one

prominent peak is observed in the X-ray diffraction patterns of the

thin films. There is good agreement between the experimental de-

values (de) of the peaks for the powder and thin films samples and

the standard (ds) values for hexagonal structure for CdSe and

Cd0.5Zn0.5Se and cubic structure for ZnSe. For the thin films, it has

been observed that the crystallites are preferentially oriented along

the (002) plane corresponding to hexagonal structure in case of

CdSe and Cd0.5Zn0.5Se and along the (111) plane corresponding to

cubic zinc blende structure in case of ZnSe. These agree with the

reported data [109-111]. Also, the experimental de-values (de) of

the films agree with that (d*) which were calculated by the

Vegard's law. According to Vegard's law, the value of the lattice

parameters of an alloy as obtained by X-ray data, is the linear

function of concentrations of the constituent crystals and are

expressed as [112]

      r=f1r1+f2r2,                                                                          (4.4)



96

Optical and Electrical Properties of Cd1-xZnxSe     Chapter 4

where r1 and r2 are the lattice parameters of the constituent

crystals and r is that of alloy. f1 and f2 are the mole fractions of the

constituent crystals. In case of Cd1-xZnxSe (x=0, 0.5 and 1) system,

f1=1-x, f2=x hence the inter planer spacing (d*) can be calculated

from the following relation:

d*(Cd1-xZnxSe)=(1-x)ds(CdSe)+x ds(ZnSe)                          (4.5)

The values of d* are shown in table (4.3).

For hexagonal structure the lattice parameters a and c can be

calculated from the relation:

2 2 2

2 2 2
1 4

3
e

h h k k l
d a c

  
  

 
                          (4.6)

For cubic structure the lattice constant a can be determined by the

relation:

 2 2 2
eda

h k l


 
,                                       (4.7)

where de is the inter planer spacing.

The grain size D of the deposited films can be estimated using

Scherrer formula [113]:

2

0.94 cosD


  ,                                                                (4.8)

where λ is the wave length of X-ray used and β2θ is the full width

at half maximum of (002) and (111) peaks of XRD patterns of the

films.
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The micro strain ε developed in the thin films can be calculated

from the relation:

  cos
4

1
2                                                                   (4.9)

The dislocation density ρ can be estimated by using the relation
[114]:

aD

 15
   (4.10)

The analysis of the obtained data can be shown in table (4.3). It

appears that the structure of the films transform from hexagonal

structure to cubic zinc blende structure with increasing Zn content.

The grain size D decreases with increasing Zn content while the

strain ε and dislocation density ρ increase as shown in Fig.(4.4).

For the powder samples the experimental de-values and Vegard's

d*-values at the strongest characteristic three peaks are in good

agreement (agree with Vegard's law) as shown in table (4.4). Also,

we observed that the average grain size Dav. decreases with

increasing Zn content (table (4.4)).
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Table (4.3) Structure parameters for the investigated thin films.
Composition de (oA) d* (oA) Syst., (hkl) Latt. Para. (oA) D ( oA) ε (lin-2 cm-4) Ρ (lin cm-2)
CdSe 3.5039 3.510 Hex., (002) a= 4.28, c= 7.01 205.6 1.76×10-3 3×1011

Cd0.5Zn0.5Se 3.3682 3.382 Hex., (002) a= 4.25, c= 6.74 125.05 2.9×10-3 8.19×1011

ZnSe 3.2683 3.273 Cub, (111) a= 5.66 108.08 3.35×10-3 8.22×1011

Table (4.4) Structure parameters for the investigated powder samples.
Composition de (oA) d* (oA) Syst., (hkl) Latt. Para. (oA) Dav. (

 oA)
CdSe 3.71357

3.49568
2.14451

3.729
3.510
2.150

Hex., (100)
          (002)
          (110)

a= 4.29, c= 6.99 189.66

Cd0.5Zn0.5Se 3.57636
3.37536
2.06414

3.5795
3.3815
2.0735

Hex., (100)
          (002)
          (110)

a= 4.13, c= 6.75 185.67

ZnSe 3.27439
1.99820
1.70325

3.273
2.003
1.705

Cub., (111)
          (220)
          (311)

a= 5.67 115.57
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Fig.(4.3) X-ray diffraction patterns for a- powder and b- thin films.
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Fig.(4.4) Variation of grain size D, strain ε and dislocation density ρ with the
Zn content for the investigated thin films.
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4.6) Optical properties of Cd1-xZnxSe (x=0, 0.5 and 1) thin
films:

Optical absorption coefficient measurements are necessary for

the determination of band structure of semiconductors and the

spectral response of solar cells. Also, the knowledge of optical

constants of semiconductors is often of a great interest in the

design and analysis of semiconductors to be used in

microelectronics. Figure (4.5) shows the transmittance and

reflectance distributions of the films. The figure illustrates that the

films all most become transparent T+R≈1 and no light absorbed

A≈0 at the larger wavelength region.
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100
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RCd0.5Zn0.5Se
RZnSe

R%
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nd
 T

%
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TCdSe
TCd0.5Zn0.5Se
TZnSe

Fig.(4.5) Spectral distribution of transmittance T(λ) and reflectance R(λ) for
Cd1-xZnxSe (x=0, 0.5 and 1) thin films at room temperature.
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The absorption coefficient (α) is calculated from the relation [115]

 211
ln

R

d T


 
  

 
 

,                                                          (4.11)

where d is the thickness of the film, R is the reflectance and T is

the transmittance. The relation between α and the incident photon

energy hυ in the high absorption region (α > 104cm-1) can be

written as [116-118]

  optnopt
gh A h E    ,                                                 (4.12)

where A is a constant, Eg
opt is the optical energy gap of the

material and nopt determines the type of transition which has the

values 2 and 3 for indirect allowed and forbidden transitions,

respectively and has the values 1/2 and 3/2 for the direct allowed

and forbidden transitions, respectively.

    The present results were found to obey eq.(4.12) with nopt=1/2

(direct allowed transition). The plot in Fig.(4.6) fit the linear

relation of (αhυ)2 as a function of photon energy hυ for the

investigated films. Table (4.5) lists the values of Eg
opt determined

from the intersection of the straight lines with the abscissa (α=0).

The values of the direct band gap of the investigated thin films,

listed in table (4.5), are in good agreement with the reported data

[16, 37]. The data illustrates that Eg
opt increases with increasing Zn

content. It is interesting to relate the optical band gap with the

chemical bond energy, for this purpose we calculated the cohesive
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energy (CE) of the investigated samples. The calculated values of

cohesive energy for the investigated samples are listed in table

(4.1). The obtained data shows that CE increases with increasing

Zn content. This increase in the cohesive energy is reflected in the

increase of the optical band gap of these films. A spectral change

in the optical absorption coefficient near the absorption edge (α ≤

104 cm-1) is characterized by an α that increases exponentially with

hυ obeying the exponential relation (Urbach relation)[119]:

)exp(0
eE

h  ,                                                           (4.13)

where αo is a constant and Ee (band tail width) is interpreted as the

width of the tails of the localized states in the band gap, it

represents the degree of disorder [66]. As shown in Fig.(4.7),

plotting of lnα as a function of photon energy hυ one can estimate

Ee. The values of the band tail width Ee for the investigated thin

films are listed in table (4.5).

Table (4.5) Band tail width Ee and optical band gap Eg
opt for Cd1-xZnxSe

(x=0, 0.5 and 1) thin films.
Composition Ee (eV) Eg

opt (eV)

CdSe 0.023 1.73
Cd0.5Zn0.5Se 0.032 2.20
ZnSe 0.036 2.65
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Fig.(4.6) Energy dependence of (αhυ)2 for the investigated thin films.
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Fig.(4.7) Linear energy dependence of lnα in the exponential region for the
investigated thin films.

The absorption index k was calculated from the relation [120]

4
k




                                                                                (4.14)

The refractive index n was calculated from the relation

 
 

2 2

2 2

1

1

n k
R

n k

 


 
                                                                  (4.15)

The spectral distributions of k and n versus wavelength for the
films are shown in Fig.(4.8) and Fig.(4.9) , respectively.
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Fig.(4.8) Absorption index k as a function of wavelength λ for the
investigated thin films.
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Fig.(4.9) The dispersion curves of refractive index n for the investigated thin
films.

4.7) Dispersion parameters (E0 and Ed):

The data on the dispersion of the refractive index were evaluated

according to the single effective oscillator model proposed by

Wemple and Di Domenico [121, 122]. The dispersion plays an

important role in the research for optical materials because it is a
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significant factor in optical communications and in the devices

design for spectral dispersion. It is well known from the dispersion

theory that in the region of low absorption the index of refraction

n is given in a single oscillator model by the expression:

 
 

2 0
22

0

1 dE E
n h

E h



 


,                                                    (4.16)

where E0 is the single oscillator energy and Ed is the dispersion

energy.

The oscillator energy E0 can be considered as an average of the

optical energy gap and the dispersion energy Ed measures the

average strength of interband optical transitions. The dispersion

energy parameters E0 ,Ed can be derived from the slope at the

straight line portion of the   12 1n


 versus  2
h  as illustrated in

Fig.(4.10), where the slope of these lines equal to (E0Ed)
-1 and the

intercept with the vertical axis equal to E0/Ed. The values of the

parameters E0 and Ed which can be estimated from Fig.(4.10) are

given in table (4.6). It is clear that the obtained values of E0 and Ed

increase with increasing of Zn content, this is similar to what is

described by Swanepoel, even if the bonds in our samples are

supposed to be strongly covalent, the increase in Ed has to be

attributed to the higher number of nearest neighbors in the alloy

with respect to pure compounds [29]. Also, the values of optical

band gap which obtained from Wemple -Di Domenico model
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using the relation 2
0EEWD

g  agree with those determined by the

relation    2 opt
gh A h E     as in tables (4.5) and (4.6), this

means that 0 2 opt
gE E . The small difference between them due to

the calculations in two different regions in the spectrum. WD
gE

calculated in the transparent region of the spectrum depending on

the values of n in this region, while Eg
opt calculated in the

absorption region of the spectrum depending on the values of n

and k in this region. The dispersion parameters of various

materials were investigated by using Wemple Di Domenico

model, as reported in [123-125].
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Fig.(4.10) Plot of   12 1n


  versus  2
h for the investigated thin films.
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Table (4.6) Dispersion parameters (E0, Ed) and Eg
WD for Cd1-xZnxSe (x=0,

0.5 and 1) thin films.
Composition Eg

WD ( eV) E0 (eV) Ed (eV)

CdSe 1.72 3.44 18.34
Cd0.5Zn0.5Se 2.23 4.46 21.64
ZnSe 2.39 4.79 25.10

4.8) High frequency dielectric constant (ε∞):

There are two procedures [126] to obtain the high frequency

dielectric constant from the analyzed data of refractive index n.

The first procedure depends on the contribution of the free carriers

and the lattice vibration modes of the dispersion. The following

equation can be used to obtain the values of high frequency

dielectric constant ε∞:

 
2

11  B  ,                                                             (4.17)

where ε1 is the real part of dielectric constant, ε∞(1) is the lattice

dielectric constant or the high frequency dielectric constant, λ is

the wavelength and the slope B=e2N/4π2c2ε0m*, where N is the

free charge carriers concentration, ε0 is the permittivity of free

space (8.85*10-12 F/m), m* is the effective mass of the charge

carrier and c is the velocity of light. The real part of dielectric

constant ε1=n2-k2=n2 in the transparent region k=0. The obtained

values of ε1=n2 as a function of λ2 can be plotted as shown in

Fig.(4.11). The extrapolating of the linear part of this curve at

larger wavelengths to zero wavelength gives the value of ε∞(1) and
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from the slopes of these lines the values of N/m* can be calculated

as given in table (4.7).

In the second procedure the high frequency dielectric constant

(ε∞(2)) can be calculated by using the dispersion relation of incident

photon. The model of Moss [127], which stated that the free

carriers contributions to dispersion are relatively small, this means

that data corresponding to the wavelength range laying below the

absorption edge of the material are to be used. In this case the high

frequency dielectric constant can be calculated by applying the

following simple classical dispersion relation [127]:

 
 

2 2
0 0
2

1
1

1

n

n




      
,   (4.18)

where n0 is the refractive index at infinite wavelength λ0 (average

interband oscillator wavelength), n is the refractive index and λ is

the wavelength of the incident photon. Plotting (n2-1)-1 against λ-2

below the absorption edge as shown in Fig.(4.12). The intersection

with (n2-1)-1 axis is (n0
2-1)-1 and hence n0

2 at λ0 equal to ε∞(2) (high

frequency dielectric constant) and the slope is (n0
2-1)-1λo

2. The eq.

(4.18) can be written as [128]

 
2

2 0 0

2

2
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1
1

S
n






 
 
  

       

,                                                   (4.19)

where S0 is the average oscillator strength which equals to
2
0

0 2
0

1n
S
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Fig.(4.11) Plot of n2 as a function of λ2 for the investigated thin films.

Table (4.7) Values of ε∞(1), ε∞(2), λ0, S0 and N/m* for the investigated thin
films.

Composition ε∞(1) ε∞(2) λ0 (nm) S0 (m
-2) N/m* (m-3)

CdSe 6.34 6.32 363.8 4.02×1013 2.11×1055

Cd0.5Zn0.5Se 5.89 5.83 282.1 6.08×1013 8.44×1055

ZnSe 6.31 6.24 259 7.81×1013 3.65×1055

The values of ε∞(1), ε∞(2), N/m*, λ0 and S0 are shown in table (4.7).

It is clear that the values of ε∞(1) and ε∞(2) obtained from the two

procedures approximately agreed with each other, this may be

attributed to the lattice vibrations and bounded carriers in an

empty lattice in the transparent region [129].
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Fig.(4.12) Plot of   12 1n


  versus λ-2 for the investigated thin films.

4.9) Complex dielectric constant:

The complex dielectric constant 1 2ˆ i     and refractive index

n̂ n ik   for semiconductors materials are needed to optimize the

optical devices performance [130, 131]. The imaginary and real

parts of the dielectric constant of thin films can be determined by

the following relations:

22
1 kn                                                      (4.20)

nk22                                                                          (4.21)

The real and imaginary parts of the dielectric constant of solid are

very sensitive to the local field distribution within the samples.

Fig.(4.13) and Fig.(4.14) show the real and imaginary parts of

dielectric constant as a function of photon energy for Cd1-xZnxSe

(x=0, 0.5 and 1) thin films.
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Fig.(4.13) Energy dependence of the real part ε1 of dielectric constant for the
investigated thin films.

It is clear that both ε1 and ε2 increase with increasing photon

energy as a description of the local field distribution within the

samples.
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Fig.(4.14) Energy dependence of the imaginary part ε2 of dielectric constant
for the investigated thin films.
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The dielectric relaxation time τ can be calculated by using the

relation [132, 133]:

1

2

 

                                                                      (4.22)

The dissipation factor tanδ can be determined by using the

following equation:

2

1

tan



                                                                       (4.23)

As in Fig.(4.15) and Fig.(4.16) the relaxation time τ and the

dissipation factor tanδ increase with increasing the photon energy

hυ.
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Fig.(4.15) Energy dependence of the relaxation time τ for the investigated
thin films.
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Fig.(4.16) Energy dependence of the dissipation factor tanδ for the
investigated thin films.

The optical conductivity σopt can be calculated by using the

absorption coefficient α as in the following equation [134]:

4opt

nc


 ,                (4.24)

where n is the refractive index and c is the velocity of light.

Fig.(4.17) shows the variation of the optical conductivity σopt as a

function of photon energy hυ. It is clear that the optical

conductivity increases with increasing photon energy this may be

due to the excitation of electrons by photon energy [135].
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Fig.(4.17) Energy dependence of optical conductivity σopt for the investigated
thin films.

4.10) DC electrical conductivity (σdc):

     Figure (4.18) shows the variation of dc conductivity (σdc) for

the studied thin films of thickness 300nm as a function of

temperature in the range (300-420K). It was found that the dc

conductivity increases exponentially over the entire temperature

range. These results indicate that the conduction in these films is

through an activated process and σdc can be expressed by the

relation:-








 


Tk

E

B

1
0 exp ,                                             (4.25)

where σ0 is the pre-exponential factor, ΔE1 is the activation energy

and kB is the Boltzmann constant.
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Figure (4.18) shows two straight portions over the studied

temperature range. This indicates the presence of two transport

mechanisms at high and relatively lower temperatures related to

conduction at extended and localized states, respectively. The first

type of conduction mechanism was in the temperature range from

340 to 420K for the three investigated thin films. The activation

energy was 0.59, 0.65 and 0.79eV for CdSe, Cd0.5Zn0.5Se  and

ZnSe, respectively. In accordance to the polycrystalline structure

of the films, it is assumed that depletion layers at the crystalline

boundaries act as potential barriers for conduction electrons [136].

So the temperature activation energy in this region represents the

mean value of the inter-crystalline potential barrier height. It is

observed that the activation energy increased with increase of Zn

content this is due to the decrease in the crystallite size with

increase of Zn content as shown in table (4.3). The second type of

conduction mechanism was in the temperature range from 300 to

340K. This mechanism due to the transition of charge carriers

between the localized states by hopping near the Fermi level

[117]. The conductivity σ in this range is given by :








 


Tk

E

B

2
1 exp ,                         (4.26)

where σ1 is the pre-exponential factor and ΔE2 is the activation

energy. The values of activation energies and pre-exponential
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factors are listed in table (4.8). It is observed from the table that

the values of activation energy in the second region increase with

increasing Zn content but this increase was higher in case of

Cd0.5Zn0.5Se than that in ZnSe this may be due to the increase in

the defect density in Cd0.5Zn0.5Se which leads to the increase in the

localized states near the Fermi level [117].

Table (4.8) The dc electrical conductivities of the investigated thin films.

2 .4 2 .6 2 .8 3 .0 3 .2 3 .4
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Fig.(4.18) Temperature dependence of the dc conductivity σdc for the
investigated thin films.

Composition ΔE1 (eV) σ0 (Ohm cm)-1 ΔE2  (eV) σ1 (Ohm cm)-1

CdSe 0.59 1.23×103 0.16 4.47×10-4

Cd0.5Zn0.5Se 0.65 4.09×103 0.19 6.39×10-4

ZnSe 0.79 1.51×105 0.17 1.10×10-4
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4.11) Hall Coefficient (RH):

According to Petritz [136], the Hall coefficient RH for the film

consisting of high conductivity grains surrounded by thin

insulating boundaries is determined by the carrier density in the

grains, but the Hall mobility is related to the carrier mobility in the

grains and the height of the energy barrier at the grain boundaries.

The experimental values of the Hall coefficient RH in temperature

range (300-420K) and under constant applied magnetic field

(B=3.2kG) were calculated from the following relation:

IB

dV
R H

H  ,                                                                (4.27)

where VH is the transverse voltage difference, d is the thickness of

the film, I is the longitudinal current and B is the perpendicular

applied magnetic field. All of semiconductor thin films (Cd1-

xZnxSe (x=0, 0.5 and 1)) were n-type semiconductors (RH has

negative sign). The variation of RH with temperature for the thin

film samples under investigation is opposite to that of dc

conductivity i.e. Hall coefficient decreases with the temperature as

shown in Fig.(4.19). This decrease in RH with the increase of the

temperature due to the increase in the carrier concentration as in

Fig.(4.20). Also, the temperature dependence of RH decreases with

increase Zn content this effect due to the change of the carrier

concentration with adding Zn.
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Fig.(4.19) Temperature dependence of Hall coefficient RH for the
investigated thin films.
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Fig.(4.20) Temperature dependence of carrier concentration N  for the
investigated thin films.
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Fig.(4.21) Temperature dependence of Hall mobility μH  for the investigated
thin films.
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The number of the charge carriers N was calculated using the

following relation [102]:

HeR
N

1
  ,                                                        (4.28)

where e is the electron charge and RH is the Hall coefficient.

Figure (4.20) shows the charge carriers concentration of the thin

films in the temperature range (300-420K). The Hall mobility μH

was calculated using the well known relation [137]:

HdcH R  ,                                                                    (4.29)
where σdc is the dc conductivity.

Figure (4.21) shows the temperature dependence of Hall mobility

for the investigated semiconductor thin films in the temperature

range (300-420K). As in Fig.(4.21) the mobility increases with

increase the temperature this means that the charge carrier

mobility within the grains increases with the increase of

temperature [136]. Also, we note that the mobility of the charge

carriers decreases with the increase of Zn content this effect due to

the decrease in the grain size. Since the decrease in the grain size

leads to the increase in the number of potential barriers and hence

the decrease in the mobility [138].

4.12) Transverse Magnetoresistance (TMR):

The transverse magnetoresistance TMR of the investigated thin

film samples was calculated in magnetic field range (0-3.2kG)
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and in temperature range (300-420K) by using the following

relation:

   
 TR

TRTBR

R

R
TBTMR

,0

,0,
),(

0





                                         (4.30)

Figure (4.22)(a, b, c) shows the field dependence of TMR for the

investigated thin films at different temperatures. It has been

observed that the TMR for all films are negative at high

temperatures and positive at lower temperatures. Also, the

magnitude of TMR increases with increasing the magnetic field

and temperature but it is irregular. The temperature and magnetic

field dependence of TMR for ordinary semiconductor materials

(Cd1-xZnxSe (x=0, 0.5 and 1)) is due to the effect of applied

magnetic field on the conductive electrons [139]. The negative

TMR results from the field induced destruction of quantum

interference between different paths of the hopping electrons

[140]. The nanocrystalline materials consist of isolated crystalline

grains separated by large regions of amorphous-like grain

boundaries, and the electrical conduction is dominated by grain

boundary conduction. As shown in Fig.(4.22)(a, b, c), we note

positive magnetoresistance at relatively low temperature, this

behavior of TMR was observed in doped silver chalcogenides due

to the inhomogeneous distribution of doping ions and in

disordered indium antimonide [141-143].
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Fig.(4.22)  Temperature and magnetic field dependence of TMR for a- CdSe,
b- Cd0.5Zn0.5Se and c- ZnSe thin films.
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5.1) Density of the bulk samples: 

    The values of the experimental dexp and theoretical dth densities 

of the as-prepared Cd0.5Zn0.5X0.02Se (X=0, Mn, Fe and Co) bulk 

samples are shown in table (5.1). The atomic weights of 

Mn25[Ar]3d54s2, Fe26[Ar]3d64s2  and Co27[Ar]3d74s2 are 54.936, 

55.847 and 58.933,  respectively. The table illustrates that the 

addition of Mn, Fe and Co increases the density of Cd0.5Zn0.5Se. 

The difference between dth and dexp may be related to the high 

porosity of the prepared bulk compounds.  
  

5.2) Cohesive Energy (CE): 

  The values of CE for the prepared Cd0.5Zn0.5X0.02Se (X=0, Mn, 

Fe and Co) samples, which have been calculated by using eq.(4.3) 

are listed in table (5.1). 
 

5.3) Differential thermal analysis (DTA): 

   The DTA thermograms of the investigated samples over a 

temperature range from room temperature up to 800oC at 

10deg/min heating rate are shown in Fig.(5.1). The thermal event 

observed is the glass transition temperatures (Tg) associated with 

small endothermic peaks. The values of Tg for the investigated 

compositions are given in table (5.1). Table (5.1) illustrates that 

the glass transition temperature Tg decreases with adding Mn, Fe 

and Co. 
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Fig.(5.1) The DTA thermograms of the investigated samples at heating rate 
10 deg/min. 
 

Table (5.1) The experimental dexp and theoretical dth densities, CE and Tg for 
the investigated samples.  

Composition dexp (g/cm3) dth (g/cm3) CE (kJ/mol) Tg (oC) 

Cd0.5Zn0.5Se 5.42 5.94 90.80 289.77 

Cd0.5Zn0.5Mn0.02Se 4.8192 5.9652 96.01 247.38 

Cd0.5Zn0.5Fe0.02Se 4.9112 5.9703 92.46 245.89 

Cd0.5Zn0.5Co0.02Se 4.8119 5.9808 90.60 247.99 
 
 

5.4) Energy Dispersive X-ray (EDX):  

   The chemical composition (atomic %) of the Cd0.5Zn0.5X0.02Se 

(X=0, Mn, Fe and Co) thin film samples, which were checked by 

using the energy dispersive X-ray spectroscopy (EDX) are shown 

in table (5.2). Figure (5.2)(a, b, c, d) shows the spectral 

distribution of the constituent atoms of the investigated thin film 

samples. 
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Table (5.2) EDX data (atomic %) of Cd0.5Zn0.5X0.02Se (X=0, Mn, Fe and Co) 
thin films. 

Composition Cd  Zn  Mn  Fe  Co  Se 
Cd0.5Zn0.5Se 20.3 27.4 - - - 52.3 
Cd0.5Zn0.5Mn0.02Se 20.51 23.62 1.16 - - 54.7 
Cd0.5Zn0.5Fe0.02Se 20.07 23.78 - 1.48 - 54.68 
Cd0.5Zn0.5Co0.02Se 22.76 17.92 - - 0.60 58.73 

 

 
(a) 

 
(b) 
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© 

 
 (d) 

Fig.(5.2) EDX data of (a) Cd0.5Zn0.5Se, (b) Cd0.5Zn0.5 Mn0.02Se, (c) Cd0.5Zn0.5 
Fe0.02Se and (d) Cd0.5Zn0.5 Co0.02Se thin films. 
 

 

5.5) X-ray diffraction (XRD): 

   The crystal structure of Cd0.5Zn0.5X0.02Se (X=0, Mn, Fe and Co) 

powder and as-deposited thin films having thickness 300 nm were 

analyzed by XRD technique. From Fig.(5.3)(a, b) the diffraction 

patterns of the powder (which is used as a startup material) have 

many peaks corresponding to hexagonal structure. It has been  
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observed from the X-ray diffraction patterns of the thin films that 

only one prominent peak was observed corresponding to de-values 

as in table (5.3). The preferential orientation corresponding to 

these values is in (002) plane which is possible only in hexagonal 

structure. The lattice parameters a and c for hexagonal structure, 

grain size D, micro strain ε and dislocation density ρ of the as-

deposited films were estimated using eq.(4.6), eq.(4.8), eq.(4.9) 

and eq.(4.10), respectively. The analysis of the obtained data for 

the thin films can be shown in table (5.3). It appears that the 

investigated films exist in hexagonal form and the most intense 

reflection observed was originated from (002) plane. Also as in 

Fig.(5.4) the grain size decreases with adding Mn, Fe and Co, 

while the evaluated values of strain and dislocation density are 

tending to increase. This may be due to the decrease in the 

crystallinity of the films with adding Mn, Fe and Co. For the 

powder samples, as shown in the table (5.4), the average value of 

the grain size, at the three characteristic peaks, decreases also with 

adding Mn, Fe and Co. 
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Table (5.3) Structure parameters of the investigated thin films. 

Composition de (oA) (hkl) Latt. Para. 
(oA) D (oA) ε 

(lin-2 cm-4) ρ(lin cm-2) 

Cd0.5Zn0.5Se 3.3682 (002) a= 4.25, 
c= 6.74 125.05 2.9×10-3 8.19×1011

Cd0.5Zn0.5Mn0.02Se 3.37413 (002) a= 4.28, 
c= 6.75 20.42 17.73×10-3 3.04×1013

Cd0.5Zn0.5Fe0.02Se 3.37580 (002) a= 4.22, 
c= 6.75 69.79 5.19×10-3 2.68×1012

Cd0.5Zn0.5Co0.02Se 3.36611 (002) a= 4.19, 
c= 6.73 60.09 6.03×10-3 3.59×1012

 
 
  Table (5.4) X-ray data of the investigated powder samples. 

Composition de (oA) (hkl) Latt. Para. (oA) Dav (oA) 

Cd0.5Zn0.5Se 
3.57636 
3.37536 
2.06414 

(100) 
(002) 
(110) 

a= 4.13, c=6.75 185.67 

Cd0.5Zn0.5Mn0.02Se 
3.60653 
3.39083 
2.08398 

(100) 
(002) 
(110) 

a= 3.61, c=6.78 103.32 

Cd0.5Zn0.5Fe0.02Se 
3.60019 
3.39768 
2.07913 

(100) 
(002) 
(110) 

a= 4.16, c=6.80 132.68 

Cd0.5Zn0.5Co0.02Se 
3.60344 
3.34808 
2.07766 

(100) 
(002) 
(110) 

a= 4.16, c=6.70 87.03 
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(b) 
Fig.(5.3) X-ray diffraction patterns of a- powder and b- thin films.  
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Fig.(5.4) Variation of grain size, strain and dislocation density of the 
investigated thin films.  
 

5.6) Optical properties of Cd0.5Zn0.5X0.02Se (X=0, Mn, Fe and 

Co) thin films: 

     Fig.(5.5) declares the spectral distribution of the transmittance 

and reflectance for constant thickness (≈ 300nm) of the 

investigated thin films in the wavelength range of 400-2500nm. It 

has been observed from this figure that films all most become 

transparent (T+R=1) and no light absorbed (A=0) at the larger 

wavelength region. The spectral distribution of the absorption 

coefficient of the films near the absorption edge can be determined 

by eq.(4.11). Fig.(5.6) shows two well-defined transition regions 

of the absorption coefficient as a function of energy for the thin 

129



 

Optical and Electrical Properties                                                      Chapter 5 
 

films, in the first region (i) the absorption coefficient related to 

transition between band tails and increased exponentially with 

photon energy according to the Urbach relation [119] (eq.(4.13)). 

The inverse of the slope of lnα against hυ gives the Ee values as in 

Fig.(5.7). It is obvious from table (5.5) that Ee increases with 

adding Mn, Fe and Co, this means that the degree of disorder 

increased with adding Mn, Fe and Co. In the second region (ii) the 

absorption coefficient depends on the fundamental transition 

between valence and conduction bands [144].  
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Fig.(5.5) Spectral distribution of transmittance T and reflectance R for the 
investigated thin films. 
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Fig.(5.6) Absorption coefficient for the investigated thin films.  
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Fig.(5.7) linear dependence of lnα on hυ in the exponential region for the 
investigated thin films.  
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    The optical studies, in the second region (ii), revealed that the 

films were highly absorptive with a direct type transition, which 

allowed the optical band gap to be determined by using the 

following relationship [116- 118]: 

     ( ) 2
1opt

gEhAh −= υυα ,                                                           (5.1) 
where A is a constant and hυ is the radiation energy. 
 

    The experimentally observed values of (αhυ)2 against hυ for 

Cd0.5Zn0.5X0.02Se (X=0, Mn, Fe and Co) thin films plotted in 

Fig.(5.8). The linear nature of the plots at the absorption edge 

confirmed that the investigated compounds are semiconductors 

with direct band gap. The band gap of as-deposited Cd0.5Zn0.5Se 

thin film was 2.20eV, which is in good agreement with the 

reported value [37]. The absorption edge of the as-deposited 

Cd0.5Zn0.5Se thin film was observed to shift towards shorter 

wavelengths with adding Mn and Fe and longer wavelength with 

adding Co. This means that the optical band gap of Cd0.5Zn0.5Se 

has been increased with adding Mn and Fe and decreased with 

adding Co (table (5.5)) due to the variation in the cohesive energy 

with adding the magnetic dopants as in table (5.1). 
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Fig.(5.8) Energy dependence of (αhυ)2 for the investigated thin films. 

 
 
Table (5.5) Band tail width Ee and optical band gap Eg

opt  for 
Cd0.5Zn0.5X0.02Se (X=0, Mn, Fe and Co) thin films. 

Composition Ee (eV) Eg
opt (eV) 

Cd0.5Zn0.5Se 0.032 2.20 
Cd0.5Zn0.5Mn0.02Se 0.073 2.40 
Cd0.5Zn0.5Fe0.02Se 0.046 2.24 
Cd0.5Zn0.5Co0.02Se 0.049 2.11 

 

   The optical constants like the absorption index k and the 

refractive index n at certain constant wavelength are related 

through the eq.(4.14) and eq.(4.15). By using these equations the 

values of k and n have been calculated at different wavelengths. 

The relation of the absorption index and the refractive index with 

wavelength for the investigated thin films are shown in Fig.(5.9) 

and Fig.(5.10), respectively. The figures illustrate that k values  
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increase suddenly at the absorption edge corresponding to 

wavelengths 582, 524, 554 and 588nm for Cd0.5Zn0.5X0.02Se (X=0, 

Mn, Fe and Co) thin films, respectively. The values of refractive 

index decrease suddenly near the absorption edge and decrease 

slowly up to 2500nm. 
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Fig.(5.9) Absorption index k as a function of wavelength for the investigated 
thin films. 
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Fig.(5.10) The dispersion curve of refractive index n for the investigated thin 
films. 
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5.7) Dispersion parameters (E0 and Ed): 

   Wemple and Di Domenico [121, 122] used a single oscillator 

description of the frequency dependant dielectric constant to 

define a dispersion energy parameters Ed and Eo where Ed 

measures the average strength of interband optical transitions and 

Eo is the oscillator energy which can be considered as an average 

energy gap and almost verifies the relation Eo≈2Eg
opt. The 

refractive index dispersion of the studied thin films 

semiconductors can be fitted by Wemple and Di Domenico model. 

Below the band gap the relation between the refractive index (n) 

and the single oscillator strength can be written as in eq.(4.16). 

Figure (5.11) illustrates the plotting of ( ) 12 1n
−

−  against ( )2hυ for 

the investigated thin films, which yields a straight line for normal 

behavior having the slope (E0Ed)-1 and the intercept with the 

vertical axis is E0/Ed. The obtained curves showed a positive 

curvature deviation from the linearity at longer wavelength, which 

is usually observed due to the negative contribution of the lattice 

vibrations on the refractive index [122]. The obtained values of 

the parameters Eo, Ed and Eg
WD (Eg

WD≈Eo/2) are given in table 

(5.6). 
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Fig.(5.11) Plot of (  versus (
12 1n
−

− )2hυ  of the investigated thin films. 
 
 
Table (5.6) Dispersion parameters (E0, Ed) and Eg

WD for Cd0.5Zn0.5X0.02Se 
(X=0, Mn, Fe and Co) thin films. 

Composition Eo (eV) Ed (eV) Eg
WD (eV) 

Cd0.5Zn0.5Se 4.46 21.64 2.23 
Cd0.5Zn0.5Mn0.02Se 4.40 21.55 2.20 
Cd0.5Zn0.5Fe0.02Se 4.42 41.71 2.21 
Cd0.5Zn0.5Co0.02Se 4.20 24.80 2.10 

 

5.8) High frequency dielectric constant (ε∞): 

   The obtained data of refractive index n can be analyzed to obtain 

the high frequency dielectric constant ε∞ via two procedures [126] 

as reminded in chapter (4). The first procedure describes the 

contribution of the free carriers and lattice vibration modes of the  
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dispersion. The second procedure depends on the dispersion 

arising from the bound carriers in an empty lattice. 

    The obtained values according to the first procedure (eq.(4.17)) 

can be plotted as a function of λ2 as shown in Fig.(5.12). The 

extrapolating of the linear part of this curve at larger wavelengths 

to zero wavelength gives the values of ε∞(1) and from the slopes of 

these lines the values of N/m* can be calculated as given in table 

(5.7). 
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Fig.(5.12) Plot of n2 as a function of λ2 of the investigated thin films. 
 
In accordance to the second procedure (eq.(4.18)) a Plot of (n2-1)-1 

against λ-2 below the absorption edge showed a linear part as in 

Fig.(5.13). The intersection with (n2-1)-1 axis is (n0
2-1)-1, where n0

2 

at λ0 equals ε∞(2) (high frequency dielectric constant) and the slope  
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is (n0
2-1)-1λo

2. The values of ε∞(2) for the investigated thin films are 

shown in table (5.7). It is clear from the table that the values of 

ε∞(1) and ε∞(2) which obtained from both procedures approximately 

are in agreement with each other. 
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Fig.(5.13) Plot of (n2-1)-1 versus λ-2 of the investigated thin films. 
 
 
Table (5.7) Values of ε∞(1), ε∞(2), λ0, S0 and N/m* of the investigated thin 
films. 

Composition ε∞(1) ε∞(2) λ0 (nm) S0 (m-2) N/m* (m-3) 
Cd0.5Zn0.5Se 5.89 5.83 282.1 6.08×1013 8.44×1055

Cd0.5Zn0.5Mn0.02Se 5.78 5.82 286.78 5.86×1013 5.10×1054

Cd0.5Zn0.5Fe0.02Se 8.85 8.88 373.75 5.64×1013 11.64×1055

Cd0.5Zn0.5Co0.02Se 6.44 6.46 346.7 4.54×1013 16.91×1055
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5.9) Complex dielectric constant: 

    The real part ε1 and imaginary part ε2 of dielectric constant for 

the investigated thin films can be determined by using eq.(4.20) 

and eq.(4.21), respectively. Figures (5.14) and (5.15) show the 

variation of ε1 and ε2 as a function of photon energy hυ, 

respectively. It is clear that both ε1 and ε2 increase with increasing 

photon energy and the values of ε1 are higher than those of ε2. 
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Fig.(5.14) Energy dependence of the real part ε1 of dielectric constant of the 
investigated thin films. 
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Fig.(5.15) Energy dependence of the imaginary part ε2 of dielectric constant 
of the investigated thin films. 
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    The dielectric relaxation time τ, the dissipation factor tanδ can 

be calculated by using eq.(4.22) and eq.(4.23), respectively. As in 

Fig.(5.16) and Fig.(5.17) the relaxation time τ and the dissipation 

factor tanδ increase with increasing the photon energy hυ. Also, 

the optical conductivity σopt can be calculated by using eq.(4.24). 

Figure (5.18) shows the variation of optical conductivity σopt as a 

function of photon energy hυ. It is clear that the optical 

conductivity increases with increasing photon energy this may be 

due to the excitation of electrons by photon energy. 
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Fig.(5.16) Energy dependence of the relaxation time τ of the investigated thin 
films. 
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Fig.(5.17) Energy dependence of the dissipation factor tanδ of the 
investigated thin films. 
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Fig.(5.18) Energy dependence of optical conductivity σopt of the investigated 
thin films. 
 

5.10) DC electrical conductivity (σdc):  

   Figure (5.19) shows the variation of dc conductivity (σdc) for the 

studied thin films of thickness 300nm as a function of temperature 

in the temperature range (300-420K). It was found that the dc 

conductivity increases exponentially over the entire temperature  
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range in accordance to eq.(4.25). The two straight portions over 

the studied temperature range indicate the presence of two 

transport mechanisms at higher and lower temperatures related to 

conduction at extended and localized states, respectively (as 

shown in Fig.(5.19)). The first type of conduction mechanism was 

in the temperature range from 340 to 420K for the investigated 

thin films. The activation energies are listed in table (5.8). In 

accordance to the polycrystalline structure of the films, it is 

assumed that depletion layers at the crystalline boundaries act as 

potential barriers for conduction electrons.  Hence the temperature 

activation energy in this region represents the mean value of the 

inter-crystalline potential barrier height. It is observed from the 

values of the activation energy it is increased with adding Mn and 

Fe and decreased with adding Co this due to the variation in the 

crystallite size with adding Mn, Fe and Co as shown in table 

(5.3).The second type of conduction mechanism was in the 

temperature range from 300 to 340K. This mechanism due to the 

transition of charge carriers between the localized states by 

hopping near the Fermi level [117]. The conductivity σ in this 

range is given by eq.(4.26). The values of activation energies and 

pre-exponential factors are listed in table (5.8). It is observed from 

this table the values of activation energy in the second region 

increase with adding Mn, Fe and Co this may be due to the  
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increase in the defect density with adding the magnetic elements 

which leads to the increase in the localized states near the Fermi 

level [117]. 

  
Table (5.8) The dc electrical conductivities of the investigated thin films. 

Composition ∆E1 (eV) 
σ0

(Ohm cm)-1 ∆E2 (eV) 
σ1

(Ohm cm)-1

Cd0.5Zn0.5Se 0.65 4.09×103 0.19 6.39×10-4

Cd0.5Zn0.5Mn0.02Se 0.71 1.65×104 0.32 3.25×10-2

Cd0.5Zn0.5Fe0.02Se 0.67 1.05×104 0.22 1.88×10-3

Cd0.5Zn0.5Co0.02Se 0.60 7.79×103 0.25 3.73×10-2
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Fig.(5.19) Temperature dependence of the dc conductivity σdc for the 
investigated thin films. 
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5.11) Hall Coefficient (RH): 

   According to Petritz [136], the Hall coefficient RH for the film 

consisting of high conductivity grains surrounded by thin 

insulating boundaries is determined by the carrier density in the 

grains, but the Hall mobility is related to the carrier mobility in the 

grains and the height of the energy barrier at the grain boundaries.          

The experimental values of the Hall coefficient RH were calculated 

by using eq.(4.27) in temperature range (300-420K) and under 

constant applied magnetic field (3.2kG). Fig.(5.20) shows that all 

of thin film samples, under investigation are n-type 

semiconductors. The Hall coefficient RH decreases with the 

temperature in opposite to that of the dc conductivity except for 

Cd0.5Zn0.5Co0.02Se; RH  increases in high temperature. This 

decrease in RH  with the increase of temperature due to the 

increase in the carrier concentration as in Fig.(5.21) and decrease 

in the carrier concentration in case of Cd0.5Zn0.5 Co0.02Se. Also, RH  

decreases with adding Mn and Fe and increases with adding Co 

this effect due to the variation in the carrier concentration with 

adding the magnetic elements. 
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Fig.(5.20) Temperature dependence of Hall coefficient RH for the 
investigated thin films. 
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Fig.(5.21) Temperature dependence of carrier concentration N  for the 
investigated thin films. 
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Fig.(5.22) Temperature dependence of Hall mobility µH  for the investigated 
thin films. 
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The number of the charge carriers N was calculated by using 

eq.(4.28). Figure (5.21) shows the charge carriers concentration of 

the thin films in the temperature range (300-420K). The Hall 

mobility µH was calculated by using eq.(4.29). Figure (5.22) shows 

the temperature dependence of Hall mobility for the investigated 

semiconductor thin films. As in Fig.(5.22) the mobility increases 

with increase the temperature this means that the charge carrier 

mobility within the grains increases with the increase of 

temperature [136]. Also, we note that the variation in carrier 

mobility with temperature has the maximum value in case of 

Cd0.5Zn0.5Co0.02Se this effect due to the decrease in the carrier 

concentration. Since the decrease in the carrier concentration leads 

to the decrease in the scattering of charge carriers then increase in 

the mobility. 
 
5.12) Transverse Magnetoresistance (TMR): 
 

   Understanding various mechanisms of electrical transport 

dependent on the spins of itinerant electrons and localized ions, 

such as spin-dependent magnetoresistance, is one of the most 

important elements of spintronics development. Spintronics is 

based on the control of both spin and charge of electrons. The 

transverse magnetoresistance TMR of Cd0.5Zn0.5X0.02Se (X=0, Mn, 

Fe and Co) thin film samples, was calculated in magnetic field 

range (0-3.2kG) and in temperature range (300-420K) by using  
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eq.(4.30). The nanocrystalline materials are fundamentally 

composed of crystalline grains (nanoparticles) and amorphous-like 

grain boundaries (binding regions between adjacent 

nanoparticles). The electrical and magnetic properties of 

nanomaterials are strongly dependent on the state of its grains and 

grain boundaries [145]. In the absence of the magnetic field, the 

spin orientation of an itinerant electron in the grain boundary 

region should change whenever the electron hops from one site to 

another. This would lead to high resistance, since strong spin 

scattering is necessary. The application of a magnetic field would 

cause an itinerant electron to move easily from one site to another. 

This would lead to low resistance; weak spin scattering, negative 

magnetoresistance can be expected [146-147]. Figure (5.23)(a, b, 

c, d) shows the field dependence of TMR for the investigated thin 

films at different temperatures. It has been observed that the TMR 

magnitude increases with increasing the magnetic field and 

temperature but it is irregular. Also, it has been observed that the 

most values of TMR became negative and the positive values of 

TMR at relatively low temperatures approximately disappeared 

with adding the magnetic dopants. The temperature and magnetic 

field dependence of TMR with adding the magnetic dopants 

indicates the effect of magnetic field on the electron spin of 3d 

electrons in the magnetic atoms (Mn, Fe and Co) [148]. Also, we  
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note that the increasing rate of magnitude of TMR with 

temperature and magnetic field increased with adding the 

magnetic dopants, this means that the semimagnetic 

semiconductor materials respond to the effect of temperature and 

magnetic field stronger than the ordinary semiconductor materials. 

These characteristics make the semimagnetic semiconductor 

compounds ideally suited for the development of magnetoresistive 

devices such as magnetic field sensors [149].  
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Fig.(5.23)  Temperature and magnetic field dependence of TMR for (a) 
Cd0.5Zn0.5Se, (b) Cd0.5Zn0.5 Mn0.02Se, (c) Cd0.5Zn0.5 Fe0.02Se and (d) Cd0.5Zn0.5 
Co0.02Se thin films. 
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6.1) Dielectric properties of Cd1-xZnxSe (x=0, 0.5 and 1) thin 
films: 
6.1.1) AC conductivity: 
 
     A convenient formalism to investigate the frequency 

dependence of conductivity in a material is based on the power 

law relation proposed by Jonscher [150], 

      ,                                                              (6.1) s
dcT A ωσσ +=

where σT  is the total conductivity, σdc is the frequency independent 

dc conductivity and the coefficient A and exponent s are material 

and temperature dependent parameters. The term Aωs comprises 

the ac dependence and characterizes all dispersion phenomena 

[151]. Hence the ac conductivity can be written as: 

      ,                                                              (6.2) ( ) s
ac A ωωσ =

where ω is the angular frequency. From eq.(6.2), σac(ω) increases 

linearly with frequency according to relaxation caused by the 

motion of electrons or atoms, tunneling or hopping between two 

equilibrium sites. As in eq.(6.1), the experimental results of the 

temperature dependence of the ac conductivity σac(ω) are obtained 

by subtracting the dc conductivity from the total measured 

conductivity σT. Fig.(6.1)(a, b, c) represents the ac conductivity as 

a function of temperature at different frequencies in temperature 

range from 300 to 420K and frequency range from 80Hz to 5MHz 

for the investigated thin films. It is clear that σac(ω) is slightly 

temperature and frequency dependant. The temperature  
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dependence decreases as ω increases, while increases at higher 

temperatures and lower frequencies. The plots of lnσac(ω) versus 

lnω for the three thin films are given in Fig.(6.2)(a, b, c). As 

shown, σac(ω) represents a good linear relation with the frequency. 

The frequency exponent s which represents the slope of these lines 

is plotted versus T as in Fig.(6.3). It is clear that the exponent s is 

less than the unity and decreases slightly with temperature. The 

correlated barrier hopping (CBH) model [78, 152] predicts that the 

value of the frequency exponent s for non-intimate valence 

alternation pairs (NVAP'S) decreases with temperature, while for 

intimate valence alternation pairs (IVAP'S) [97] the value of s 

decreases very slightly with temperature ( with values closer to 

unity). As shown in Fig.(6.3), for the investigated thin films the 

obtained values of s as a function of temperature can be explained 

on the basis of the CBH model between centers forming IVAP'S. 

The ac conductivity according to (CBH) model for IVAP'S is 

given by [97]: 

   
22 2

/
M

( ) 8( )
6 ( )ac

o

N e G W e
W

s

β

π ωσ ω
ε ω τ

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
,                                       (6.3) 

where N  is the spatial concentration of  IVAP centers, τo is the 

characterization relaxation time (of the order of a typical inverse 

phonon frequency), WM is the maximum barrier height over which 

the carriers must hop, β=1-s=2kBT/WM, kB is the Boltzmann  
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constant and G(W) is a constant. The value of s is very much 

closer to unity and slightly decreases with increasing temperature. 
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Fig.(6.1) Temperature dependence of ac conductivity for a- CdSe, b- 
Cd0.5Zn0.5Se and c- ZnSe thin films. 
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Fig.(6.2) Frequency dependence of ac conductivity for a- CdSe, b- 
Cd0.5Zn0.5Se and      c- ZnSe thin films. 
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Fig.(6.3) Temperature dependence of frequency exponent s for the 
investigated thin films. 
 
6.1.2) Dielectric properties: 

   It is well known that the dielectric properties of a solid are very 

sensitive to the local field distribution within the sample. Studies 

of the temperature and frequency dependence of dielectric 

properties can reveal useful information about structure changes, 

defect behaviors and transport phenomena. The complex dielectric  
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constant of a material medium is represented by a real ε1 

(dielectric constant) and an imaginary ε2 (dielectric loss) parts 

according to the relation: 

      21 εεε i+=                                                                       (6.4) 

The experimental values of ε1 and ε2 can be calculated from the 

following relations: 

      1
0

L C
A

ε
ε

⎛ ⎞⎛ ⎞= ⎜ ⎟⎜ ⎟
⎝ ⎠ ⎝ ⎠

,                                                                 (6.5) 

      δεε tan12 = ,                                                                    (6.6) 
where L is the electrodes separation, A is the side area of the film, 

C is the capacitance, ε0 is the permittivity of free space and tanδ is 

the loss factor. 

Figure(6.4)(a, b, c) shows the temperature and frequency 

dependence of the dielectric constant ε1 in the frequency range 

from 80Hz to 5MHz and temperature range from 300K to 420K. It 

is clear that the dielectric constant ε1 increases with increasing 

temperature and decreases with increasing the frequency. This 

change can be attributed to the effect of the charge redistribution 

by carriers hopping on defects [153, 154]. At low frequency the 

charge defects can rapidly redistributed, such that defects closer to 

the positive side of applied field become negatively charged, while 

defects closer to the negative side of field become positively 

charged. This leads to a screening of the field and an overall 

reduction in the electrical field. Since capacitance is inversely  
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proportional to the field, the reduction in the field for a given 

applied voltage results in the increased capacitance observed as 

frequency is lowered and hence ε1 increases in accordance to 

eq.(6.5). As the frequency is increased the dielectric constant ε1 

decreases to the minimum value as the charges on defects no 

longer have time to rearrange in response to the applied voltage. 

At a given frequency the higher temperature leads to increase the 

screening, capacitance and hence the dielectric constant ε1.       

Figure(6.5)(a, b, c) shows the temperature and frequency 

dependence of the dielectric loss ε2. It is clear that the dielectric 

loss decreases with increasing the frequency at certain temperature 

and increases with increasing the temperature at certain frequency. 

As known, the dielectric loss depends on different types of loss, 

conduction loss, dipoles loss and vibration loss at low frequency 

all of them contribute to the dielectric loss and increases with 

temperature. At high frequency the vibration loss only contributes 

the dielectric loss so ε2 has the minimum value. According to the 

increasing of the density of Zn-Se bond the dielectric constant and 

loss decrease systematically with increasing Zn content. The 

weaker bond of Cd-Se responds to the ac electric fields more 

easily than the stronger bonds of Zn-Se. From Fig.(6.4) and 

Fig.(6.5), it is clear that the dielectric constant and loss increase in 

case of Cd0.5Zn0.5Se and decrease in case of ZnSe thin films. This  
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may be due to the deviation of the chemical composition from the 

stoichiometry (table (4.2) chapter 4) which has the decisive effect 

on the system of intrinsic point defects in ZnSe crystals and other 

compounds of the II-VI family. Polarization of the crystals in an 

ac electric field is related to charge carrier hops between localized 

states induced by point defects of the structure. The occurrence of 

the point defects is mainly determined by the deviation of the 

composition from stoichiometry.  
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Fig.(6.4) Temperature and frequency dependence of  ε1 for a- CdSe, b- 
Cd0.5Zn0.5Se and c- ZnSe thin films. 
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Fig.(6.5) Temperature and frequency dependence of ε2 for a- CdSe, b- 
Cd0.5Zn0.5Se and c- ZnSe thin films. 
 
Figure (6.6)(a, b, c) shows the frequency dependence of ε2 at some 

constant temperatures. It is evident from this figure that lnε2 

versus lnω curves are straight lines which indicates that ε2 follows 

a power law with frequency, 

            ,                                                                    (6.7) mAωε =2

where A and m are constants.  

  The values of m are calculated from the slopes of lnε2 versus lnω 

curves at different temperatures. The value of m is found to be 

negative and its magnitude increases with the increasing of 

temperature as in Fig.(6.7). Elliott's theory [78] of ac conductivity 

and Guintini et al. [92] have proposed a theory of dielectric loss in 

chalcogenide glasses. The theory considers the hopping of charge 

carriers over a potential barrier between charged defect states  (D+ 

and D-) each pair of which is assumed  
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to form a dipole with a relaxation time depending on its activation 

energy [155, 156]; the latter can be attributed to the existence of a 

potential barrier over which the carriers must hop [76].  The 

maximum potential barrier height WM can be calculated from the 

following relation: 

     
MW
kTm 4−

= ,                                                                             (6.8) 

where WM is the energy required to move the electron from a site 

to infinity. The obtained values of WM are given in table (6.1). It is 

observed that WM increases with increasing Zn content this means 

that the potential barrier height increases with increasing Zn this 

may be due to the decreasing in grain size with increasing Zn 

content as in table (4.3) chapter 4.  
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Fig.(6.6)  Frequency dependence of lnε2 for a- CdSe, b- Cd0.5Zn0.5Se and c- 
ZnSe thin films. 
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Fig.(6.7)  Temperature dependence of m for the investigated thin films. 
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Table (6.1) Maximum barrier height for Cd1-xZnxSe thin films. 

Composition WM (eV)
CdSe 0.18 
Cd0.5Zn0.5Se 0.20 
ZnSe 0.23 

 
 

6.1.3) Impedance spectroscopy: 

   The impedance spectroscopy has been widely used to study the 

dielectric behavior of nanocrystalline samples [157]. According to 

Koop's theory [158], the dielectric structure is assumed to consist 

of well conducting grains separating by poorly conducting grain 

boundaries. The bulk and grain boundary contribution to the total 

conductivity can be separated out by using impedance 

measurement. The impedance spectrum is usually represented as 

imaginary component of impedance (X) vs. real component of 

impedance (Rs). It is referred to as Nyquist plot. Typical 

impedance spectra at different temperatures and in the frequency 

range 200Hz – 5MHz for thin films under investigation are shown 

in Fig.(6.8)(a, b, c). Single semicircles with a spike at low 

frequencies can be observed for all thin film samples. The 

existence of single semicircle indicates single relaxation process. 

The radius of the semicircles decreases with increasing the 

temperature which shows the temperature dependence of the 

relaxation process. The spike at low frequencies due to the 

polarization effects at the electrodes and confirms the presence of  
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an ionic contribution to the electrical conductivity [159, 160]. An 

equivalent circuit comprising of a parallel resistance and 

capacitance can be model the impedance diagrams for all samples 

[15]. The peaks of the semicircle are used to determine the 

relaxation time (τ). The low frequency intercept made by the 

semicircle on the real impedance axis can be used to determine the 

dc (frequency independent) resistance (R) of the thin film samples.  
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Fig.(6.8) Variation of complex impedance with frequency for a- CdSe, b- 
Cd0.5Zn0.5Se and c- ZnSe thin films. 
 
The temperature dependence of the Cole-Cole parameters R, C 

and τ is shown in Fig.(6.9)(a, b, c) for the investigated thin films. 

It can be seen that the resistance R and relaxation time τ decrease 

with increasing the temperature, more electrons are thermally 

excited with increasing the temperature [161]. Also, it can be seen 

that the R and τ increase with increasing Zn content while C 

decreases with increasing Zn content these changes may be due to 

the decrease in the grain size [162] with increase Zn content as in 

table (4.3) chapter 4. This effect agrees with the increasing in the 

potential barrier height as shown in table(6.1). 
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Fig.(6.9) Temperature dependence of Cole-Cole parameters a- R, b- C and c- 
τ for the investigated thin films. 
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6.2) Dielectric properties of Cd0.5Zn0.5X0.02Se (X=0, Mn, Fe and 
Co) thin films: 
 

6.2.1) AC conductivity: 

    The ac conductivity σac(ω) of nanostructured Cd0.5Zn0.5X0.02Se 

(X=0, Mn, Fe and Co) thin films was measured as a function of 

frequency and temperature. Figure (6.10)(a, b, c, d) demonstrates 

the temperature dependence of ac conductivity in temperature 

range from 300 to 420K at different frequencies. As shown in 

Fig.(6.10) the temperature dependence of ac conductivity 

decreases with increasing the frequency. Figure (6.11) (a, b, c, d) 

shows the frequency dependence of conductivity in frequency 

range from 80Hz upto 5MHz at different temperatures. It is 

observed that the ac conductivity increases linearly with 

increasing in frequency. For the range of temperature 300-420K 

and applied frequency, ac conductivity follows the power law as, 

, where A is a constant, ω is the angular frequency and 

s is the frequency exponent. The experimental values of the 

temperature dependence of ac conductivity can be obtained by 

subtracting the dc conductivity σ

( ) s
ac Aωωσ =

dc from the total measured 

conductivity σT in accordance to the equation, . The 

values of frequency exponent s were derived from the slope of the 

curves in Fig.(6.11) which represents the linear dependence of 

lnσ

s
dcT Aωσσ +=

ac(ω) on lnω over the relevant frequency range and at different  
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temperatures. Figure (6.12) shows the temperature dependence of 

the frequency exponent s which helps us to know the conduction 

mechanism in the material. It is clear that the frequency exponent 

s is less than unity and decreases slightly with temperature in 

accordance to the CBH model for IVAP'S [97]. The ac 

conductivity according to (CBH) model for IVAP'S is given by 

eq.(6.3) [97]. 
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Fig.(6.10) Temperature dependence of ac conductivity for a- Cd0.5Zn0.5Se, b- 
Cd0.5Zn0.5Mn0.02Se, c- Cd0.5Zn0.5Fe0.02Se and d- Cd0.5Zn0.5Co0.02Se thin films. 
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Fig.(6.11) Frequency dependence of ac conductivity for a- Cd0.5Zn0.5Se, b- 
Cd0.5Zn0.5Mn0.02Se, c- Cd0.5Zn0.5Fe0.02Se and d- Cd0.5Zn0.5Co0.02Se thin films. 
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Fig.(6.12) Temperature dependence of frequency exponent s for the 
investigated thin films. 
 
6.2.2) Dielectric properties: 

   Figure (6.13)(a, b, c, d) shows the temperature and frequency 

dependence of dielectric constant ε1 in the frequency range from 

80Hz to 5MHz and temperature range from 300K to 420K of 

nanostructured Cd0.5Zn0.5X0.02Se (X=0, Mn, Fe and Co) thin films. 

It is clear that the dielectric constant ε1 increases with the increase 

in temperature and decreases with the increase in frequency. This 

change can be attributed to the effect of the charge redistribution 

by carriers hopping on defects. At low temperatures the charge 

carriers can not orient themselves with respect to the direction of 

the applied field. So, in most cases they possess a weak 

contribution to the polarization. As the temperature increases the 

bound charge carriers get enough thermal excitation energy which 

enables them to respond the change in the external field more  
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easily. This in turn enhances their contribution to the polarization 

leading to an increase of the dielectric constant ε1 of the thin film 

samples [163]. When the frequency is increased the dipoles will 

no longer be able to rotate sufficiently rapidly, so their oscillation 

will begin to lay behind this frequency.  

   Figure (6.14)(a, b, c, d) shows the temperature and frequency 

dependence of the dielectric loss ε2 for nanostructured 

Cd0.5Zn0.5X0.02Se (X=0, Mn, Fe and Co) thin films. Also, it is clear 

that the dielectric loss decreases with increasing the frequency and 

increases with increasing the temperature. Mott et al. [164, 165] 

considered that electron hops take place between localized sites, 

when the sample is placed in an electric field. The charge carriers, 

moving between these sites hop from a donor to an acceptor state. 

In this respect, each pair of sites forms a dipole. Hence, the 

dielectric properties of semiconductors can be interpreted, by 

considering a set of dipoles, as long as the temperature is high enough 

[166], which is experimentally verified. But below a certain 

temperature, the dielectric loss does not depend on T . It is supposed 

that each dipole has a relaxation time depending on its activation 

energy [76], which can be essentially attributed to the existence of 

a potential barrier , over which the carriers must hop [97]. This 

potential barrier W , as proposed by Elliott

W
 [75, 88, 97, 167], is due 

to the columbic interaction between neighboring sites forming a  
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dipole. The relaxation time connected with a hop being 

( )/(exp0 TkW Bττ = ), where oτ  is the characteristic relaxation time. 

Owing to Stevels [168], the origin of the dielectric losses are 

conduction loss, dipole loss and vibrational loss. Generally, it is 

obvious that at low temperatures, the conduction loss, which have 

a minimum value is proportional to )(ωσ ac . As the temperature 

increases, )(ωσ ac  increases and so, the conduction loss increases 

( )()()( 21 ωωεεωσωσ oac == ). The decrease of )(2 ωε  with frequency 

can be attributed to the fact that at low frequencies, the high value 

of )(2 ωε  is due to the migration of ions in the material. At 

moderate frequencies the decrease of )(2 ωε  is due to the 

contribution of ion jump, conduction loss of ions migration and 

ion polarization loss. At high frequencies, the ion vibrations may 

be the only source of dielectric loss. 

   From Fig.(6.13) and Fig.(6.14), it is clear that the dielectric 

constant and loss decrease with adding the magnetic elements Mn, 

Fe and Co to Cd0.5Zn0.5Se, respectively. According to the bond 

energy, the weaker bonds respond to the ac electric fields more 

easily than the stronger bonds. The bond energies of Mn-Se, Fe-Se 

and Co-Se are stronger than the Cd-Se bond. Therefore the 

decrease in dielectric constant and dielectric loss due to the 

creation of Mn-Se, Fe-Se and Co-Se bonds which are stronger 

than Cd-Se bond. 
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Fig.(6.13) Temperature and frequency dependence of  ε1 for a- Cd0.5Zn0.5Se, 
b- Cd0.5Zn0.5Mn0.02Se, c- Cd0.5Zn0.5Fe0.02Se and d- Cd0.5Zn0.5Co0.02Se thin 
films. 
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Fig.(6.14) Temperature and frequency dependence of  ε2 for a- Cd0.5Zn0.5Se, 
b- Cd0.5Zn0.5Mn0.02Se, c- Cd0.5Zn0.5Fe0.02Se and d- Cd0.5Zn0.5Co0.02Se thin 
films. 
 

Figure (6.15)(a, b, c, d) shows the frequency dependence of ε2 at 

some constant temperatures. It is evident from this figure that lnε2 

versus lnω curves are straight lines which indicates that ε2 follows 

a power law with frequency, ,  where A and m are 

constants. The values of m are calculated from the slopes of lnε

mAωε =2

2  
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versus lnω curves at different temperatures. The value of m is 

found to be negative and its magnitude increases with the 

increasing of temperature as in Fig.(6.16). Based on Elliott's 

theory [78] of ac conductivity and Guintini et al. [92], the 

maximum potential barrier height WM can be calculated from the 

relation, 
MW
kTm 4−

= , where WM is the energy required to move the 

electron from a site to infinity. The obtained values of WM are 

given in table (6.2). It is observed that WM increases with adding 

the magnetic dopants this may be due to the decrease in crystallite 

size or decrease of crystallinty with adding the magnetic dopants 

as shown in table (5.3) chapter 5.  
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Fig.(6.15) Frequency dependence of lnε2 for a- Cd0.5Zn0.5Se, b- 
Cd0.5Zn0.5Mn0.02Se, c- Cd0.5Zn0.5Fe0.02Se and d- Cd0.5Zn0.5Co0.02Se thin films. 
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Fig.(6.16) Temperature dependence of m for the investigated thin films. 
 
Table (6.2) Maximum barrier height for Cd0.5Zn0.5X0.02Se thin films. 

Composition WM (eV) 
Cd0.5Zn0.5Se 0.20 
Cd0.5Zn0.5Mn0.02Se 0.23 
Cd0.5Zn0.5Fe0.02Se 0.21 
Cd0.5Zn0.5Co0.02Se 0.19 

 
6.2.3) Impedance spectroscopy: 
   Typical impedance spectra at different temperatures and in the 

frequency range 200Hz – 5MHz for thin films under investigation 

are shown in Fig.(6.17)(a, b, c, d). Single semicircles with a spike 

at low frequencies can be observed for all thin film samples. The 

existence of single semicircle indicates single relaxation process. 

The radius of the semicircles decreases with increasing the 

temperature which shows the temperature dependence of the 

relaxation process. The spike at low frequencies due to the 

polarization effects at the electrodes and confirms the presence of  
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an ionic contribution to the electrical conductivity [159, 160]. An 

equivalent circuit comprising of a parallel resistance and 

capacitance can be model the impedance diagrams for all samples 

[15]. The peaks of the semicircle are used to determine the 

relaxation time (τ). The low frequency intercept made by the 

semicircle on the real impedance axis can be used to determine the 

dc (frequency independent) resistance (R) of the thin film samples. 
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Fig.(6.17) Variation of complex impedance with frequency for a- 
Cd0.5Zn0.5Se, b-Cd0.5Zn0.5Mn0.02Se, c-Cd0.5Zn0.5Fe0.02Se and d- 
Cd0.5Zn0.5Co0.02Se thin films. 
 

The temperature dependence of the Cole-Cole parameters R, C 

and τ is shown in Fig.(6.18)(a, b, c) for the investigated thin films. 

It can be seen that the resistance R and relaxation time decrease 

with increasing the temperature, more electrons are thermally  
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excited with increasing the temperature [161]. Also, it can be seen 

that the R and τ increase with adding Mn, Fe and Co  while C 

decreases, these changes may be due to the decrease in the grain 

size [162] as in table (5.3) chapter 5. 
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Fig.(6.18) Temperature dependence of Cole-Cole parameters a- R, b- C and 
c- τ for the investigated thin films. 
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7.1) Energy Dispersive X-ray (EDX): 
    The chemical composition (atomic %) of the Cd0.5Zn0.5X0.02Se 

(X=Mn, Fe and Co) powder samples, which was checked by using 

the energy dispersive X-ray spectroscopy (EDX) are shown in 

table (7.1). 
 

Table (7.1) EDX data (atomic %) of the investigated powder samples. 
Composition Cd Zn Mn Fe Co Se 

Cd0.5Zn0.5Mn0.02Se 16.80 48.69 2.03   32.48 

Cd0.5Zn0.5Fe0.02Se 15.60 51.66  2.17  30.59 

Cd0.5Zn0.5Co0.02Se 16.46 51.31   1.42 30.83 
 

It is clear from this table that, there is a deficient in Cd and Se 

ratios and an excess in Zn ratio in all compositions. Figure (7.1)(a, 

b, c) shows the spectral distribution of the constituent atoms of the 

investigated powder samples. 

 
(a) 
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Fig.(7.1) EDX data of a- Cd0.5Zn0.5 Mn0.02Se, b- Cd0.5Zn0.5Fe0.02Se and c- 
Cd0.5Zn0.5Co0.02Se powder samples. 

 
7.2) Electron spin resonance (ESR): 

    Electron spin resonance (ESR) is a physical method of 

observing resonance absorption of microwave power by unpaired 

electron spins in a magnetic field. When spinning electrons are 

placed in an external static magnetic field, the direction of spin 

electrons is in the same or opposite to that of the external  
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magnetic field. The spectroscopic splitting Lande-g factor of an 

ESR signal is an important parameter, since unpaired electrons in 

different environments have slightly different g-factors, resulting 

in the appearance of signals for different centers at different 

magnetic field strengths. The g-factors for free electron are 

ge=2.0023 [169], the shift from this value is caused by the spin-

orbit interaction of the electron in the atomic orbital.       

    In ion-doped semimagnetic semiconductors, Cd0.5Zn0.5X0.02Se 

(X=Mn, Fe and Co) the magnetic dopants Mn, Fe and Co have 

two possibilities: The first is to occupy localized sites in the 

Cd0.5Zn0.5Se lattice, which leads to hyperfine splitting and appear 

of six lines in ESR pattern in case of Mn dopant for example 

[170]. The second possibility is to form small clusters which lead 

to broad single line with loss of hyperfine structure due to the 

strong dipolar interactions between Mn2+ ions [171]. From that the 

ESR technique can provide evidence of the degree of Mn, Fe and 

Co clustering, as well as discrete information of the Mn, Fe and 

Co doping sites. X-band ESR measurements were performed at 

room temperature on nanocrystalline semimagnetic 

semiconductors Cd0.5Zn0.5X0.02Se (X=Mn, Fe and Co) powder 

samples. The ESR spectra of the investigated samples are shown 

in Fig.(7.2)(a, b, c). The figure illustrates that; there is no 

hyperfine structure in all ESR spectra of the investigated powder 
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samples. This means that the magnetic atoms Mn, Fe and Co form 

small clusters which lead to broadened single line and disappear of 

the hyperfine structure. Also, as shown from the ESR spectra 

(Fig.(7.2)(a, b, c)) for the investigated powder samples that all 

samples are paramagnetic materials at room temperature. 

Concentration of paramagnetic defects of the investigated powder 

samples (N) can be calculated from the following relation: 

    ( ) ( )2
0 2

e m H

KH H A
N

G H P
∆

= ,                                                          (7.3) 

where K≈9.1×1012 is a constant of spectrum, H0 is the magnetic 

field corresponding to the center of signal (Gauss), ∆H is the 

width of the magnetic field from peak to peak (Gauss), A is the 

height of the signal (cm), Ge is the gain detection (1.42×104), Hm 

is the modulation field (6 GGauss) and PH is the microwave power 

(5.041mW).  

    The ESR data at room temperature are listed in table (7.2). It is 

clear from this table that the concentration of paramagnetic defects 

has maximum value in case of Cd0.5Zn0.5Mn0.02Se and decreases 

systematically with Cd0.5Zn0.5Fe0.02Se and Cd0.5Zn0.5Co0.02Se as 

shown in Fig.(7.3). 
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Table (7.2) g-factor and the concentration of paramagnetic defects 
(N) of the investigated powder samples.  

Composition g-factor N (cm-3) 

Cd0.5Zn0.5Mn0.02Se 2.01466 1.8×1014

Cd0.5Zn0.5Fe0.02Se 2.00825 7.22×1011

Cd0.5Zn0.5Co0.02Se 2.00815 3.88×1011
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Fig.(7.2) ESR spectra of a- Cd0.5Zn0.5Mn0.02Se, b- Cd0.5Zn0.5Fe0.02Se and c- 
Cd0.5Zn0.5Co0.02Se powder samples. 
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Fig.(7.3) Paramagnetic defects concentration (N) of the investigated samples. 
 

7.3) Magnetic properties: 

7.3.1) Field dependence of M(H): 

   Magnetic properties of diluted magnetic semiconductors (DMS) 

are largely determined by the measurement of magnetization as a 

function of magnetic field which is a useful source of information 

on magnetic ions exchange interaction in DMS [172, 173]. In this  
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chapter we interest in the study of the magnetic properties of 

nanocrystalline Cd0.5Zn0.5X0.02Se (X=Mn, Fe and Co) powder 

samples in temperature range from 5 to 200K. Figure (7.4)(a, b, c) 

shows the magnetization as a function of the applied magnetic 

field M(H) of Cd0.5Zn0.5X0.02Se (X=Mn, Fe and Co) powder 

samples. It is clear from Fig.(7.4)(a) that the Cd0.5Zn0.5Mn0.02Se 

semimagnetic semiconductor compound is paramagnetic at all 

desired temperatures (5, 10 and 100K). Also, Fig.(7.4)(b, c) shows 

the magnetization M(H) for Cd0.5Zn0.5Fe0.02Se and 

Cd0.5Zn0.5Co0.02Se at 5K. It is clear from these figures that there 

are hysteresis loops which indicate the ferromagnetic exchange 

interaction between the magnetic ions in case of Cd0.5Zn0.5Fe0.02Se 

and Cd0.5Zn0.5Co0.02Se. The coercive field Hc, remnant 

magnetization Mr and saturation magnetization Ms at 5K for 

Cd0.5Zn0.5Fe0.02Se and Cd0.5Zn0.5Co0.02Se are listed in table (7.3).  

 
Table (7.3) Saturation Ms, remnant Mr magnetizations and coercive field Hc 
for the Cd0.5Zn0.5Fe0.02Se and Cd0.5Zn0.5Co0.02Se samples.   

Composition Ms (emu/g) Mr (emu/g) Hc (Oe) 

Cd0.5Zn0.5Fe0.02Se 0.37 0.07 85.98 

Cd0.5Zn0.5Co0.02Se 0.75 0.26 202.82 
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Fig.(7.4) Field dependence of M(H) for a- Cd0.5Zn0.5Mn0.02Se, b- 
Cd0.5Zn0.5Fe0.02Se and c- Cd0.5Zn0.5Co0.02Se powder samples. 
 
Depending on the value of Mr we can define the suitable 

application for these materials. The high remnant magnetization 

material can be used in magnetic recording media. But those with 

low remnant magnetization can be used as a transformer magnetic 

core. 

  
7.3.2) Zero field-cooled/ field-cooled (ZFC/FC) traces: 
 
    Zero-field cooled vs. field cooled (ZFC/FC) measurements are 

used to study the influence of the sample history on its 

temperature dependent magnetization. The technique attempts to  
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determine if it is possible to freeze any spin clusters by applying a 

magnetic field at lower temperatures. Also, this technique can be 

used to determine the magnetic behavior (reversible / irreversible) 

of the investigated samples. Figure (7.5)(a, b, c) shows the 

ZFC/FC traces observed at H=100Oe, for the three investigated 

powder samples. It is clear from Fig.(7.5)(a) that, the two curves 

are identical, indicating no spin glass freezing down to at least 5K. 

Hence the no separation between the ZFC and FC traces indicates 

the reversible behavior of Cd0.5Zn0.5Mn0.02Se sample. The 

reversibility of ZFC/FC traces confirm the paramagnetic behavior 

of Cd0.5Zn0.5Mn0.02Se sample which was shown in Fig.(7.4)(a). 

Also, the figure illustrates that, below 50K, M(T) drops below that 

of isolated moments, this behavior indicates antiferromagnetic 

interactions between Mn2+ ions [174, 175]. In Fig.(7.5)(a) the inset 

shows the inverse susceptibility, M
H=χ

1  at H=100Oe, as a 

function of temperature for Cd0.5Zn0.5Mn0.02Se sample. It is clear 

that χ follows a Curie-Weiss law ( ( )θχ −= T
C

CW ), where C is the 

Curie constant and θ is called Curie-Weiss temperature and is 

related to the strength of interaction between moments. Fitting of 

the high temperature limit 1/χ(T) values of zero shows a negative 

curie temperature (θ=-70.71K), implying antiferromagnetic 

interactions. The deviation of 1/χ curve at low temperatures  
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confirms the clustering and random distribution of Mn2+ ions in 

the semiconductive lattice. But as shown in Fig.(7.5)(b, c), a clear 

separation was observed between the ZFC/FC traces indicating 

hysteretic (irreversibility) behavior of the two samples 

Cd0.5Zn0.5Fe0.02Se and Cd0.5Zn0.5Co0.02Se below room temperature. 

However, this measurement did not indicate conventional 

ferromagnetism, since the tendency to form a broad cusp-like 

feature was observed at relatively high temperatures in ZFC trace 

for the investigated samples as shown in Fig.(7.5)(b, c). Thus the 

Cd0.5Zn0.5Fe0.02Se and Cd0.5Zn0.5Co0.02Se samples exhibit spin-

glass behavior [176, 177]. 
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Fig.(7.5) ZFC/FC traces for a- Cd0.5Zn0.5Mn0.02Se, b- Cd0.5Zn0.5Fe0.02Se and 
c- Cd0.5Zn0.5Co0.02Se powder samples. 
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To understand spin-glass behavior, we will follow what happen to 

the clusters or domains within ZFC/FC traces for these samples. 

The clusters, which have random spin orientations, get frozen in 

their orientation under the external applied field and at the lowest 

desired temperature. Now during the warm up procedure, the 

domains orient themselves with the external field. This causes an 

increase in the magnetization as temperature is increased up to a 

point, beyond which it drops again. While a separation of the ZFC 

and FC curves in indicative of hysteretic behavior, a cusp in ZFC 

trace is a clear indicator of spin-glass or cluster-glass behavior.  
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Conclusion: 

Cd1-xZnxSe (x=0, 0.5 and 1) and Cd0.5Zn0.5X0.02Se (X= Mn, Fe and 

Co) bulk samples were prepared by melt quenching in ice water 

while thin film samples have been deposited at room temperature 

by thermal evaporation technique. 

 

The important results of this work can be summarized as follows: 
 

1) The X-ray diffraction patterns showed the nanocrystalline 

nature of the powder and thin film samples.  

2) ZnSe thin film has cubic zinc blende structure with preferred 

orientation along (111) plane. CdSe and Cd0.5Zn0.5Se have 

hexagonal structure with preferred orientation along (002) plane.  

3) The grain size decreases with increase of Zn content, while 

microstrain and dislocation density increase with increase Zn 

content.   

4) Cd0.5Zn0.5X0.02Se (X= Mn, Fe and Co) thin films have 

hexagonal crystal structure with preferred orientation along (002) 

plane. The grain size decreases with adding Mn, Fe and Co while 

microstrain and dislocation density increase with adding Mn, Fe 

and Co. 

5) The optical band gap (Eg
opt ≈ Eg

WD) increases with increase of 

Zn content due to the increase of the cohesive energy. The band 

tail width increases with increase of Zn content  
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6)  The optical band gap (Eg
opt ≈ Eg

WD) changes with adding Mn, 

Fe and Co due to the change of the cohesive energy. The band tail 

width increases with adding Mn, Fe and Co due to the increase of 

degree of disorder. 

7)  The optical dispersion parameters Eo and Ed have been 

determined by using single oscillator model proposed by Wimple 

and Di Domenico. From the dispersion data the oscillator energy 

verifies the relation Eo ≈ 2Eg. The optical relaxation time, 

dissipation factor and optical conductivity increase with increasing 

photon energy. 

8) There are two transport mechanisms at higher and lower 

temperatures related to conduction at extended and localized 

states, respectively. The first type of conduction mechanism was 

in the temperature range from 340 to 420K. The second type of 

conduction mechanism was in the temperature range from 300 to 

340K. This mechanism due to the transition of charge carriers 

between the localized states by hopping near the Fermi level. 

9) The Hall coefficient of all thin film samples decreases with the 

temperature in opposite to that of the dc conductivity except for 

Cd0.5Zn0.5Co0.02Se; RH increases in high temperature. All of 

semiconductor thin films were n-type semiconductors. 

10) The TMR for all films are negative at high temperatures and 

positive at lower temperatures.  Also TMR magnitude increases  
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with increasing the magnetic field and temperature but it is 

irregular. 

11)  The frequency dependence of conductivity follows Jonscher's 

power law. The frequency exponent s decreases slightly with the 

temperature according to CBH for IVAP'S model proposed by 

Elliott. 

12) The dielectric constant and loss increase with the temperature 

and decrease with the frequency. The Nyquist diagram shows 

single relaxation process can be modeled by equivalent parallel 

RC circuit. 

13)  The ESR spectra for Cd0.5Zn0.5X0.02Se (X= Mn, Fe and Co) 

powder samples showed that all samples are paramagnetic 

materials at room temperature. 

14) The concentration of paramagnetic defects has maximum 

value in case of Cd0.5Zn0.5Mn0.02Se and decreases systematically 

with Cd0.5Zn0.5Fe0.02Se and Cd0.5Zn0.5Co0.02Se. 

15) ZFC/FC traces confirm the paramagnetic behavior of 

Cd0.5Zn0.5Mn0.02Se sample with antiferromagnetic interactions 

between Mn2+ ions below 50K. 

16) Cd0.5Zn0.5Fe0.02Se and Cd0.5Zn0.5Co0.02Se samples exhibit spin-

glass behavior. 
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  :ملخص الرسالة
  

 شبه Cd1-xZnxSe (x=0, 0.5 and 1 (فى تلك الدراسة قد تم تحضير المرآبات 

شبه  Cd0.5Zn0.5X0.02Se (X= Mn, Fe and Co) الموصلة والمرآبات

المغناطيسية شبه الموصلة في الصورة الكتلية عن طريق التبريد الفجائي وفي 

صورة الشرائح الرقيقة عن طريق الترسيب الحراري علي شرائح الميكروسكوب 

وقد تمت .  نانومتر عند درجة حرارة الغرفة٣٠٠الزجاجية عالية النظافة بسمك 

لهذه المرآبات في صورة األغشية دراسة الخواص الترآيبية والضوئية والكهربية 

 الرقيقة وايضا تمت دراسة الخواص المغناطيسية للمرآبات شبه المغناطيسية

Cd0.5Zn0.5X0.02Se (X= Mn, Fe and Co) مسحوق في صورة.  

  

  :ويمكن تلخيص نتائج تلك الدراسة آما يلى

 ت دراسة الخواص الترآيبية للمرآبات محل الدراسة في صورة األغشية تم-١

 باستخدام حيود األشعة السينية لمعرفة الترآيب لمسحوقالرقيقة وآذلك في صورة ا

  .البللوري وآذلك حجم الحبيبات لهذه المرآبات

ت دراسة الخواص الضوئية للمرآبات محل الدراسة في صورة األغشية  تم-٢

الي  ٤٠٠الرقيقة ومنها قياس النفاذية واإلنعكاسية في مدي من األطوال الموجية من 

 مثل معامل اإلمتصاص ضوئيةل نانومتر واستخدامهما في حساب الثوابت ا٢٥٠٠

ومعامل التشتت والفجوة الطاقية الضوئية وقد تبين من دراسة تلك القيم ان هذه 

وبتحليل . المرآبات تبدي انتقال ضوئي مباشر عند امتصاص طاقة الفوتون الساقط

تم الحصول علي ثابت العزل ذو التردد قيم معامل التشتت آدالة في الطول الموجي 

وآذلك تمت دراسة زمن . )Ed, E0(العالي وآذلك تم حساب معامالت التشتت 

  .اإلسترخاء ومعامل الفقد والتوصيلية الضوئية آدالة في طاقة الفوتون الساقط

 

i
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 واعتماده علي درجة الحرارة في ) σdc (ت دراسة التوصيل الكهربي المستمر تم-٣

نوعين من ك ا آلفن وقد وجد ان هن٤٢٠ الي ٣٠٠مدي من درجات الحرارة من 

التوصيل الكهربي المستمر في ذلك المدي من درجات الحرارة لكل منهم طاقة 

   .تنشيط مختلفة

 واعتماده علي درجة الحرارة والمجال المغناطيسي RH ت دراسة معامل هول تم-٤

درجة الحرارة والمجال قابلية التحرك وترآيز الشحنات واعتمادهم علي وآذلك 

  .المغناطيسي

آدالة في المجال   Transverse magnetoresistance (TMR)ت دراسة  تم-٥

 تزداد بزيادة آل  TMRد وجد ان قيمة المغناطيسي عند درجات حرارة مختلفة وق

   . زيادة غير منتظمةمن المجال المغناطيسي ودرجة الحرارة

 لألغشية الرقيقة للمرآبات محل σac(ω) ت دراسة التوصيل الكهربي المتردد تم-٦

 وفى المدى  الترددى  آلفن٤٢٠ الي ٣٠٠الدراسة في مدي من درجات الحرارة من 

 وقد وجد أنه يعتمد على التردد من خالل العالقة  رتز ميجا ه٥ هرتز حتى ٨٠من 

σac(ω)=AωS , وقد وجد أن قيمةs (frequency exponent) تقل مع زيادة 

   .CBH model for IVAP'Sوقد تم تفسير ذلك فى ضوء , درجة الحرارة

واعتمادهما علي التردد ودرجات الحرارة و  ε1 (ε2,(ت دراسة ثابتي العزل  تم-٧

ن آل منهما يزداد بزيادة درجات الحرارة ويقل بزيادة التردد في نفس قد وجد ا

  وقد تم حساب القيمة العظمي لحاجز الجهد.المدي من درجات الحرارة والتردد

   .Guintiniباستخدام معادلة 

تعيين المقاومة والسعة وآذلك زمن اإلسترخاء وذلك من دراسة العالقة بين   تم-٨

 Nyquistي للممانعة الكلية آدالة في التردد فيما يعرف ب الجزء الحقيقي والتخيل

.diagram  
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 للمرآبات شبه المغناطيسية  electron spin resonance (ESR)  دراسةتتم -٩

Cd0.5Zn0.5X0.02Se (X= Mn, Fe and Co) ان  وقد وجد سحوقمفي صورة ال

  . عند درجة حرارة الغرفة paramagneticلعينات تكون ا تلك

 مسحوقفي صورة الت دراسة الخواص المغناطيسية لهذه المرآبات  تم ايضا-١٠

وقد وجد ان )  آلفن١٠٠ و١٠ و٥(عند درجات حرارة منخفضة 

Cd0.5Zn0.5Mn0.02Se  ن تكوantiferromagnetic  في حين ان المرآبات

Cd0.5Zn0.5Fe0.02Se  و Cd0.5Zn0.5Co0.02Se بديت spin-glass behavior.   
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