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ABSTRACT 
 

     The thesis presents optical and magnetic properties of K, (Cu, K) and (Fe, 

K) doped ZnO thin films and ZnO/KI compositec In the present study, K 

doped, (Cu, K) and (Fe, K) codoped ZnO thin films were prepared by 

chemical bath deposition technique and their optical and magnetic properties 

were studied to determine the effect of dopingc In K doped ZnO thin films, the 

optical band gap values change with the crystallite sizesc The optical 

constants such as refractive index, extinction coefficient, real and imaginary 

parts of dielectric constant as a function of wavelength were determinedc The 

thin films were found to have low refraction index and good qualityc The PL 

spectra show a UV emission and two weak blue emissions (deep level 

emissions) for all the filmsc In the case of (Cu, K) doped and  

(Fe, K) doped ZnO thin films, K was kept at a concentration of 1 % and Cu 

and Fe concentrations were varied at 1, 2, 3 and 4 %c These thin films were 

found to exhibit semiconducting and magnetic properties giving rise to the 

behaviour of diluted magnetic semiconductors (DMS)c The transmittance 

shows a significant variation when Cu and Fe are incorporated at different 

doping levels along with K and the band gap changes for higher doping 

concentrationc The room temperature magnetic hysteresis reveals the typical 

ferromagnetic behavior for K doped, (K, Cu) and (K, Fe) doped ZnO thin 

filmsc The magnetic properties have been explained on the basis of the 

photoluminescence spectrumc The origin of ferromagnetism is due to the p-d 

hybridization which has the influence on the band gap alsoc 

 

     Novel ZnO/KI composite were synthesized by solid state reaction method 

at room temperaturec The band gap values of ZnO/KI composites are found 

to decrease with increase in the KI concentrationsc The transmittance 

spectrum reveals that the transmittance is not affected in the visible region 

due to the addition of KI to ZnOc Interference fringes appear for 20% and 

40% exhibiting a good dispersion at these compositionsc The 

photoluminescence spectrum shows a very strong UV emission and two very 

weak deep level emissionsc HALL Effect measurements of the composite 

reveal the p-type nature for 30% and 40% of KIc 
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1. NTRODUCTION 

 

1.1 MOTIVATION AND OBJECTIVE 

     Zinc Oxide is a promising material and it has unique desirable properties 

such as wide band gap (3.37eV) and large exciton energy (60meV). ZnO is 

thermally more stable in hexagonal wurtzite structure at room temperature 

than in cubic zinc blend structure. In ZnO crystal, Zn2+ and O2- planes are 

formed alternatively along the c-axis and it has P63mc space group. The 

basic hexagonal wurtzite crystal structure of ZnO is shown in Figure. 1.1.  

 

Figure.1.1: Hexagonal Wurtzite crystal structure of ZnO. 

     The desirable physical and chemical  properties of ZnO has received 

great attention and make it viable for the design of optical, electrical and 

magnetic devices such as photo detectors, NO2 gas sensors, ZnO based 

LEDs, transistors, sensors, solar cells, optical switches, photo-catalyst, 

surface acoustic wave guides and piezoelectric  transducer [1-5]. Also, ZnO 

can be employed in biomedical applications [6], antireflection coatings, 

transparent electrodes in solar cells [7], whisper gallery mode (WGM) lasers, 

information storage, transducers, light emitters [8], transparent solar thin film 

transistors [9] and blue/UV light emitting electrodes [10].  
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     The major advantage is its availability as large bulk single crystals. ZnO is 

amenable to wet chemical etching which is particularly important in the 

device design and fabrication.  Hence, ZnO and the chemically modified ZnO 

have been the potential candidates in the frontier areas of research. Over the 

past decade, there is a significant improvement in the quality of ZnO single-

crystal substrates and epitaxial films [11-15] and this has resulted in the use 

of ZnO as an optoelectronic or electronic material. The prospect of using 

ZnO as an alternative to GaN in optoelectronics has driven many research 

groups worldwide to focus on its semiconductor properties. Consequently,   

extensive research is being carried out to control the unintentional n-type 

conductivity and to achieve p-type conductivity in ZnO. Achieving the p-type 

ZnO still remains as a challenge and acceptor doping method has not 

yielded a perfect p-type ZnO suitable for applications.  

       A very few candidates such as Li, Na and K doped at the Zn site act as 

the deep acceptors or  stable as interstitial donors that contributed to the p-

type conductivity. The key factors that would lead to reproducible and stable 

p-type doping have not yet been identified [11-15]. 

     However, researchers focused on ZnO greatly as it can replace GaN not 

only for the reasons mentioned earlier and also due to its simple growth 

techniques, which results in potentially low cost ZnO based devices. By 

doping to ZnO, the optical properties such as transmittance, optical constant, 

band gap and absorption coefficient can be tailored to achieve the desired 

characteristics for optoelectronics and spintronics applications. Magnetic 

ultrathin structures receive great attention in both theoretical and 

experimental condensed-matter physics as technological applications in the 

fields of nano-electronics and nano-magnetism have become increasingly 

relevant. The promising field of spintronics leads to practical implications of 

magnetic ordering phenomena such as data storage, sensor technology and 

data processing. Diluted magnetic semiconductors (DMS) are promising 

materials for spintronics applications. The ZnO doped with transition metal 

ions exhibit both the semiconducting and magnetic properties. Hence, for 
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spintronics applications, there is a great demand for the nanostructured thin 

films of doped ZnO.  

      The interest in DMS was triggered by the discovery of a Curie 

temperature as high as 110 K in (Ga, Mn) As by Ohno and co-workers [16]. 

They identified the driving mechanism behind the ferromagnetic order as 

charge-carrier mediated. In (Ga, Mn)As, which has been the focus of 

attention in many experimental and theoretical studies of DMS systems since 

then, the Mn-impurities act both as acceptors and localized magnetic 

moments. Later, several DMS were explored using various semiconductors. 

Among these, ZnO is considered to be one of the promising semiconductor 

for achieving DMS. Among the potential host materials for DMS, ZnO has 

been predicted to be promising material to achieve room temperature (RT) 

DMS [17]. Among the semi-conductor groups, ZnO is known to show an 

excellent solubility for doping. In the literature, numerous studies on the 

single element doped ZnO have been reported. However, reports on the 

simultaneous doping of two elements for investigation of optical and 

magnetic properties of ZnO are scanty.  

     Motivated by all the above said, the work presented in this thesis was 

taken up to explore the optical properties and magnetic properties for some 

of the doped ZnO in which the dopants are new. In the present work, the K 

doped, (K and Cu) doped and (K and Fe) doped ZnO thin films were 

fabricated by a chemical bath deposition method to explore their optical and 

magnetic properties for spintronics applications. Also, a composite of ZnO 

with KI was prepared by a solid state reaction method to investigate the 

optical and electrical properties suitable for solar cell or LED applications. 

The detailed literature survey reveals that investigations made on the optical 

and magnetic properties of codoped zinc oxide thin films are limited. In 

particular, the optical and magnetic properties of (Cu, K), (Fe, K) doped ZnO 

thin films prepared by chemical bath deposition method have not been 

reported so far. Hence, optical, magnetic and electrical properties of ZnO 

were carried out at different doping and composite concentrations. The 
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obtained results were analyzed and discussed in detail to bring out the 

possible applications. 

     Literature survey reveals that ZnO thin films have been synthesized by a 

variety of techniques, such as wet chemical methods [18-20], physical vapor 

deposition [21-23], metal–organic chemical vapor deposition (MOCVD)  

[24-26], molecular beam epitaxi (MBE) [27], pulsed laser deposition [28 and 

29], sputtering [30], flux methods [31], electrospinning [32-34], and even top-

down approaches by etching [35]. Among these techniques, physical vapor 

deposition and flux methods usually need high temperature and can easily 

incorporate catalysts or impurities. In the case of MOCVD and MBE 

techniques, deposition is usually poor.  Also, product yield is low and limited 

choices of substrate are suitable. The experimental cost is usually very high 

in all these methods and so they have been less widely adopted. Pulsed 

laser deposition, sputtering and top down approaches have less 

controllability and reproducibility compared to other techniques.  

Comparatively, wet chemical methods are attractive for several reasons such 

as the low cost, less hazardous and thus capable of easy scaling up. 

Moreover, the growth occurs at a relatively low temperature, compatible with 

flexible organic substrates and there is no need for the use of metal catalysts. 

Moreover, a variety of parameters can be tuned to effectively control the 

morphology and properties of the final product. Wet chemical methods have 

been demonstrated as a very powerful and versatile technique for growing 

ZnO thin films.  

     The synthesized samples were characterized by X-ray diffractometer 

(Brukker D8 FOCUS, CuKα, λ= 1.5406Å), scanning electron microscope 

(HITACHI SU 6000 and SUPRA 55) and atomic force microscope 

(NTMDT).The optical properties of doped and composite ZnO were analyzed 

by UV-Vis spectrometer (Cary 5E and Thermo Scientific Evolution 201) and 

photoluminescence (Cary 5E and Perkin Elmer Spectrophotometer-LS 45). 

The electrical property was analyzed by Hall Effect (ECOPIA MS 3000).The 

magnetic properties were measured by vibrating sample magnetometer 

(VSM- Lakeshore 7304). 
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     The results of the research work presented in this thesis will bring a 

hopeful contribution to the development of high level optical, electrical and 

spintronics devices such as solar cell, LEDs, sensors and MRI body scanner 

devices. 

1.2 OUTLINE OF THE THESIS 

     This thesis is divided into nine chapters. The first chapter brief about the 

background and motivation of the research work presented in the thesis 

along with the aim and objective. The next chapter deals with the literature 

review.  The literature review will reflect the extent of the latest trend in the 

work carried on ZnO and doped ZnO with respect to its optical and magnetic 

properties by different synthesis techniques. Third chapter presents the 

synthesis methods used for the studied samples involved in this research 

work and all characterization techniques carried out for analysis of their 

properties under investigation.  

     Chapters 4, 5, 6 and 7 form the core part of the thesis and elaborate the 

results and discussion of the research work. In chapter 4, the optical 

properties of potassium doped ZnO thin films synthesized on glass 

substrates by chemical bath deposition technique are explained. The effect of 

low doping concentration of K to ZnO on the transmittance, band gap, 

absorption coefficient, refractive index and dielectric constants were 

discussed. The photoluminescence spectrum was used to analyze the 

emission properties and defects present in the prepared K doped ZnO thin 

films. 

     In chapter 5, synthesis and characterization of co-doped (K and Cu) ZnO 

thin films are discussed. The optical and magnetic properties of the thin films 

grown on glass substrate by chemical bath deposition technique are 

presented. The optical properties such transmittance, band gap, absorption 

coefficient, refractive index and dielectric constants were discussed.  The 

photoluminescence is investigated for the emission behavior of codoped ZnO 

thin films. The magnetic properties such as saturation magnetization, 

remnant magnetization and coercive field measured at room temperature 
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were analysed to explore the diluted magnetic semiconductor properties of 

these semiconducting thin films. The exhibited ferromagnetism of these thin 

films were related to the defects which were identified from the 

photoluminescence spectrum. 

     Chapter 6, presents the synthesis and characterization of co-doped  

(K and Fe) ZnO thin films on glass substrate by chemical bath deposition 

technique are discussed. As for (K and Cu) ZnO thin films, both optical and 

magnetic properties were investigated at room temperature.  

     In chapter 7, synthesis and characterization of ZnO/KI composites which 

were prepared by solid state reaction method are discussed. The optical 

properties of ZnO/KI composites such as transmittance, band gap, 

absorption coefficient, refractive index and dielectric constants were 

investigated. The photoluminescence spectrum is also investigated for 

analysis of quality of composites and different emissions (red emission) are 

explored. Also, the electrical conductivity of the composites has been 

investigated by Hall Effect. Due to the presence of KI, the conductivity has 

changed from n-type to p-type.  

     Chapter 8 summaries the entire research work presented in the thesis 

with conclusion. 

     In Chapter 9, scope for future work is presented. 
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2. LITERATURE SURVEY 

 

2.1 INTRODUCTION 

     For many decades, researchers focused on II-VI semiconductor oxide 

group materials for developing the next generation high performance devices 

based on optoelectronic, electrical and spintronics properties. In recent 

years, optoelectronics and magnetic industries face different types of 

challenges in developing the devices due to the demand of new advanced 

materials. To meet these challenges, there is growing need to develop novel 

materials with improved qualities. One of the best example is ZnO based 

white LED which has a rapid luminescence process and low energy 

consumption.  

     The conductivity of ZnO thin film semiconductors is very important for 

various applications such as optical, magnetic and electrical applications. 

The nature of ZnO conductivity changes by the different parameter conditions 

such as annealing temperature and doping concentration. The n-type and  

p-type ZnO thin films and ZnO powder have been synthesized by various 

techniques [16, 36-38]. Naturally, ZnO has n-type semiconductor due to O 

vacancies, interstitials or antisites of Zn ion [39]. When the group I elements 

(Li, Na and K) are doped with ZnO, its conductivity changes from n-type to  

p-type [40]. The group I elements will make a shallow acceptor level above 

the valence band. Similarly, while the transition metal elements were doped 

with ZnO, the electron concentrations increase in ZnO that means their 

conductivity is increased because the transition metals donate electrons to 

the conduction band and it will make shallow donor level below the 

conduction band. Due to the doping of As, In, P and Ga, zinc oxide has p-

type conductivity [41]. There is a growing demand for the diluted magnetic 

semiconductors for spintronics applications. 
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2.2 ROLE OF DEFECTS IN ZnO 

     Zinc Oxide is a good conductor at high temperature. The property of ZnO 

changes due to its native point defects. During the synthesis process, the 

native point defects are formed at different doping concentrations, 

temperatures and different annealing temperature. Due to these defects, the 

carrier concentrations are varied. For example, in ZnO nano wire, the carrier 

concentration is low due to Zni and due to this defect the photocurrent got 

decayed [42]. These different types of native defects affect the luminescence 

properties of ZnO even electrical and magnetic properties as well. In the 

visible region, violet, blue, green, yellow and red are emerged from the defect 

level of ZnO in deep electronic transition energy levels. In ZnO thin film, Zn 

site defect induces the ferromagnetism. However, the electrical behavior of 

ZnO is also varied which describe the type of conductivity change. When 

some elements are doped with ZnO, its carrier concentrations vary due to the 

production of defects and the conductivity of ZnO (from n-type to p-type or p-

type to n-type) also changes. Similarly, substitution or interstitial of doping 

elements create the defects in ZnO lattice site and so the change in the 

luminescence, magnetic and electrical properties of ZnO depend upon the 

defects [43-45].   

2.3 ZINC OXIDE 

     Zinc Oxide (ZnO) has three different types of crystal structures: wurtzite 

(B4), Zinc blend (B3) and rock salt (B4). Its crystal structure diagram are 

shown in Figure. 2.1. The rock salt structure of ZnO is similar to the NaCl 

crystal structure at high pressure. ZnO has a hexagonal crystal structure and 

it is thermodynamically stable. The hexagonal wurtzite ZnO crystal structure 

has a unit cell with space group C6mc and lattice parameters a=0.3296nm 

and c=0.52065nm, where O2- atoms are covered with tetrahedral coordinated 

around the Zn2+ atoms [37-47].  
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Figure. 2.1: (a) Hexagonal wurtzite structure and (b) Zinc blend  
structure of ZnO. 

     Recently, transparent conducting zinc oxide films have been widely 

fabricated and they are used in various optoelectronics fields such as LCDs, 

p-n junction diodes and spintronics applications due to the high electrical 

conductivity, higher optical transmittance in the visible region, high 

reflectance in (IR) region and ferromagnetic behavior. After finding TCO [48], 

TCO thin films have been used in different optoelectronics applications such 

as liquid crystal  displays, gas sensors, solar cell and light emitting diodes 
[49,48,50]. Large numbers of different TCO materials have been investigated 

such as SnO2, InO3, CdO and ZnO. The significance of TCOs is to improve 

the optical efficiency and electrical conductivity of the devices. Most of the 

transparent conductivity oxide materials are n-types and p-type transparent 

ZnO also found for electronic device applications [51]. 

     A high level research has been carried out on ZnO as thin films and 

powder from long days. To support this research, Claus Klingshim et al. [52] 

report that zinc oxide is a well known semiconductor material and research is 

being carried on ZnO from quarter of the last century. From 1944 onwards, 

the properties of zinc oxide emerged for various applications such as 

optoelectronics, spintronics and electrical device applications. The optical 

phenomenon in ZnO thin films depend upon the various processes in the 

materials, such as the interaction of electromagnetic radiations with 

electrons, atoms and ions. Among the interactions, electron energy transition 

and electronic polarization are very important. The metallic oxide materials 

(a) (b) 
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like ZnO thin films emitted the luminescence at short wavelength, the 

phenomena of ZnO absorption can be explained by fundamental of energy 

gap [53- 55]. At the same period, J. V. Foreman et al. [56] reported the 

optical quantum efficiency of zinc oxide powder through the luminescence 

spectrum. However, they have explained the strong connection of exciton 

intensity and growth of zinc oxide. 

     The refractive index and dielectric constant of ZnO are very important for 

developing the optical devices in thin film technology. The optical 

transmittance of ZnO thin films can be determined by the surface of the thin 

films, since the UV transmittance and absorption changes according to the 

atoms of the film surface. In solids materials, absorption of photons probably 

occurs due to the excitation of an electron from the valence band across the 

energy gap in empty state of the conduction band and due to this process 

free electrons are available in the conduction band and holes are available in 

valence band. Further, the excitation energy ΔE is related to the absorption 

of photon based on the electron transition ΔE=hϑ. Thus, the phenomena of 

absorption can take place only with the photon energy, greater than the 

energy gap, it is represented as hϑ>Eg. The semiconductor materials have 

enough energy to excite electrons from the filled valence band into 

unoccupied of the conduction band. In zinc oxide thin films, more percentage 

of light will transmit in the visible or narrow band gap region [57].  

     The optical band gap is of great importance for designing the optical 

devices in the optical and electrical industries. Amjid et al. [58] and Ziaul 

Raza khan et al. [59] synthesized doped ZnO thin films by sol-gel and 

reactive electron beam evaporation technique. They discussed about the 

doping effect on ZnO thin films. In their investigation the optical band gap 

was determined using transmittance and optical constants such as refractive 

index, extinction coefficient were also calculated by ellipsometry.  Eun Sub 

Shim et al. [60] studied that the annealing effect of ZnO thin films. They found 

that the annealing temperature enhanced the optical properties of ZnO thin 

films. Due to different annealing temperature, crystal structure, crystal 

orientation, grain size, strain and stress also changed [61- 63]. In recent 
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times, zinc oxide is reviewed for spintronics application due to its 

ferromagnetism behavior at room temperature. S. J. Pearton et al. [64] 

reported that the plausible mechanism was explained the ferromagnetism in 

ZnO due to the spin-split impurity and bound magnetic polarons. Recently, 

diluted magnetic semiconductors (DMS) are expected to fabricate the 

spintronics device in the modern society [65 and 66].  

2.4 POTASSIUM DOPED ZnO THIN FILMS (ZnO: K) 

     Alkali elements are considered to improve the optical and electrical 

properties of ZnO. For example, Linhua Xu et al. [67] has studied the 1 at %K 

doped ZnO thin films at different temperature. In their investigation, blue 

emission was observed due to K interstitial defects in ZnO lattice site. P-type 

conductivity was found for K doped ZnO with the high hole density  

2.36x1019 /cm3 by Hall measurement [68]. Following potassium (K), Li and 

Na were also doped with ZnO for p-type conductivity. S. Ghosh et al. [69] 

investigated Li doped ZnO for spectroscopy analysis such as 

photoluminescence and modified the vacancy-type defects. The electrical 

properties such as Hall mobility and hole concentrations were investigated for 

Li doped ZnO [70]. While Li and Na doped ZnO were used extensively to 

improve the optical and electrical properties of ZnO, a very few works have 

been reported for K doped ZnO. Hence, the optical properties of K doped 

ZnO thin film prepared by CBD was investigated for low concentrations of K. 

2.5 (Cu, K) AND (Fe, K) CODOPED ZnO THIN FILMS  

     The transition elements are very good dopant candidates because they 

enhance the optical, magnetic and electrical properties of ZnO. When Sc, Ti, 

Va, Cr, Mn, Fe, Co, Ni and Cu were doped with ZnO thin films, the optical, 

magnetic and electrical properties exhibit the influence of these dopants [71]. 

When Sn was doped with ZnO thin films, the optical properties such as 

transmittance and the optical band gap was also changed [72].Many 

researchers investigated the different properties of transition elements doped 

ZnO thin films. Their research analysis shows the outstanding performance 

of metal elements on ZnO thin films. S. H. Jeong et al. [73] studied the TM 
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doped ZnO thin films for optical applications. Arun Aravind et al. [74] have 

studied Cu doped ZnO thin films for optical applications. Zhi- Yua Ye et al. 

[75] reported the structural, electrical and magnetic behavior of Ti doped 

ZnO. Fe and Ni doped ZnO thin films exhibited very good magnetic and 

electrical properties [76-78].  

     From recent decades, codoped ZnO thin films are focused to improve all 

kinds of applications of ZnO, particularly optoelectronics, spintronics and 

electrical conductivity. From recent decades, especially, codoped with ZnO 

thin films are developed to improve the optical, magnetic and electrical 

properties. The codoping leads to improvement in optoelectronic, magnetic 

and electrical conductivity properties for device applications. To mention a 

few, R. Swapna et al. [79] fabricated p-types ZnO homojunction using Na-N 

dual acceptor. Woojin Lee et al. [80] reported that the electronic and optical 

properties of Al-Ga codoped ZnO films. Seung Wook Shin et al. [81] studied 

the band gap of Mg and Ga codoped ZnO thin films. Yue Zhau et al. [82] 

have investigated the effect of K-N on ZnO films for structural and optical 

properties. While either transition metals or alkali metals are doped to ZnO as 

a single dopant, the simultaneous incorporation of these two metals in the 

ZnO lattice, may cause few interesting results and improvement in their 

desired property compared to the single doping. So, in the present work, 

such  codoping was undertaken and optical and magnetic properties were 

investigated. 

2.6 ZINC OXIDE COMPOSITE  

     While extensive research on the doped ZnO material takes place, the 

composites of ZnO have also been proved to be effective in obtaining the 

desired optical and electrical properties. Hence, considerable research has 

emerged in the investigation of the properties of the ZnO composites 

compared to the doping effects on ZnO. The zinc oxide composite has 

potential applications, leading to Photonics, Optoelectronics, catalysis and 

other applications. Jiao Xu et al. [83] have studied the ZnO/TiO2 by two step 

method for photocatalytic application. However, Linhua Xu et al. [67] reported 

that the ultraviolet emission observed from composite of ZnO/TiO2 thin films 
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by electron beam evaporation method. Jayasankar Mani et al. [84] found that 

the macro-meso-porous TiO2 composite with ZnO thick films may be suitable 

for application of photocatalysis. Mohamed S. Hamdy et al. [85] studied the 

photocatalytic performance of ZnO-TiO2 core composite for solar cell [86]. 

Litty Irimpan et al. [87] have investigated a new nanocomposite of  

ZnO-TiO2-SnO2 for development of nonlinear optical devices with a small 

limiting threshold.K.Byrappa et al. [88] studied the photocatalytic 

performance using ZnO: CNT composite by hydrothermal method. More 

recently, WO3, SnO2 and Fe2O3 composites were synthesized for optical and 

other potential applications. Among them, to the best of our knowledge, the 

ZnO/KI composite has not been studied so far. Hence, ZnO/KI composite 

was undertaken in this investigation as a part to study the optical and 

electrical characteristics.   

   The reasons for the choice of the dopants are explained in detail with 

reference in the corresponding chapters.   
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3. EXPERIMENTAL WORK 

 

3.1 SYNTHESIS OF ZnO THIN FILMS  

   ZnO thin films were synthesized by a chemical bath deposition technique. 

The chemical bath deposition method is one of the solution methods that has 

been used to deposit compound semiconductor thin films and shown in 

Figure. 3.1. In this method, micro glass was used as a substrate to deposit 

thin films and water was used as a solvent. The temperature was acquired 

from hotplate magnetic stirrer to make the chemicals to react among them. 

The homogeneous particles were formed in bath solution due to reaction of 

the chemicals and this leads to good quality of thin films at room 

temperature.  

       

Figure. 3.1: Chemical Bath Deposition Technique. 
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     Chemical bath deposition method has some advantages over other 

methods such as large area coating, good uniformity and good stoichiometry. 

Using this method, thin films can be prepared at room temperature and 

thickness can be controlled. Moreover, this is a simple and low cost method 

and suitable for all materials. It has a simple disadvantage such as wastage 

of solution after deposition. 

3.2 PREPARATION OF K DOPED ZnO THIN FILMS 

     Undoped and K-doped ZnO thin films were prepared by a Chemical Bath 

Deposition method (CBD). Zinc chloride (Merck, 99.95%), potassium 

hydroxide (Merck, 85%) and potassium acetate (Merck, 99.5%) were used as 

precursor materials. The concentration of potassium as a dopant was 1%, 

2% and 4% with respect to Zn. Initially, potassium hydroxide and zinc 

chloride were dissolved in the 50 ml of the triple distilled water in the ratio 1:1 

in a glass beaker and then stirred at 60⁰C using a magnetic stirrer for  

10 minutes to prepare the solution. Then, potassium acetate was added to 

this solution for doping. In all the synthesized homogenous solution, HCl was 

added to keep the pH at 8. The solution was stirred at constant temperature 

of 70⁰C for 1 hour for homogenization. The homogenous solution was then 

cooled to the room temperature and was used to deposit on the substrate. 

Micro glass slide was used as substrate which was initially cleaned with HCl, 

acetone and double distilled water. The cleaned glass plate was immersed 

vertically in the solution kept in the beaker and the glass plate was supported 

by sample holder. The solution was steadily stirred by the magnetic stirrer to 

have uniform deposition on the substrate. After 45 minutes of deposition, 

coated substrates were taken out and cleaned with the double distilled water 

and then dried in air. The thin films were then kept in the furnace and 

calcinated at 400⁰C for 1 hour in air.   
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3.3 PREPARATION OF CODOPED ZnO THIN FILMS 

     For the preparation of (Cu, K) codoped ZnO thin films, ZnCl2 (Merck, 

99.95%), KOH (Merck, 85%), KCH3COO (Merck, 99.5%) and CuSO4.5H2O 

(Merck, 99.5%) were used as the source material. In the case of (Fe, K) 

codoped ZnO thin films, ZnCl2 (Merck, 99.95%), KOH (Merck, 85%), 

KCH3COO (Merck, 99.5%) and FeSO4.7H2O (Merck, 99.5%) were the source 

materials.  The homogenous solution and thin films on glass substrate were 

then prepared as described in 3.2. 

3.4 PREPARATION OF ZnO/KI COMPOSITE 

     (1-x) ZnO – (x) KI composites (x = 20 at %, 30 at %, 40 at %) were 

prepared by a solid-state reaction method. ZnO (99.99%) and KI (99.9%) 

were used as precursor materials. Initially, the mixture of ZnO and KI was 

taken in the appropriate proportion and was grained well by agate mortor for 

3 hrs to achieve uniform mixing of the powders. The mixed powders were 

calcined at 600°C for 1 hour in the furnace as this temperature is suitable for 

quantum size effects. The different molecular percentages of ZnO (80 at %, 

70 at % and 60 at %) and KI (20 at %, 30 at % and 40 at %) were taken to 

prepare different compositions. The synthesized samples were characterized 

using powder X- ray diffraction (XRD), Scanning electron microscope (SEM) 

and EDAX to study the crystalline phases, morphology, and the elemental 

analysis. Combined photoluminescence results and HALL EFFECT 

measurements were employed to understand the luminescence and 

electrical behavior respectively. 

3.5 CHARACTERIZATION TECHNIQUES, SPECIMEN PREPARATION 
AND MEASUREMENT CONDTIONS 

     All the characterizations were performed at room temperature. X-ray 

diffraction (Brukker D8 FOCUS, CuKα1, λ = 1.5406Å) pattern was used for 

the analysis of crystal structure of the studied samples. For XRD 

measurement, the size of all the thin films was 2 cm length and 1cm breadth. 

All the XRD pattern of undoped and doped ZnO thin films were observed 
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using Cu Kα1 radiation for the wavelength of 1.5406 Å at the scan rate of 

4°/min. The field emission scanning electron microscope (HITACHI SU 6000 

and SUPRA 55) and atomic force microscope (NTMDT) were used for 

surface analysis. For scanning electron microscope (SEM) analysis, length 

and breadth of ZnO thin film were 8 mm, 5 mm respectively. Gold was coated 

on the prepared thin films by sputtering method for the analysis of surface 

morphology. Thin film thickness was analyzed from the cross sectional view 

of the thin film samples obtained using SEM. For atomic force microscope 

(AFM) analysis, length and breadth of thin films were 6mm, 5mm 

respectively. Surface topography of all thin films was scanned at 5 × 5�m in 

tapping mode. The tapping mode is gentle enough to visualize the image  

and prevent the damage of the thin films. The transmittance spectrum was 

obtained using UV Vis spectrometer (Cary 5E and Thermo Scientific 

Evolution 201). The transmittance spectrum was used to investigate the 

optical properties such as band gap, refractive index, dielectric constant and 

absorption coefficient. The luminescence property was studied by 

photoluminescence spectrophotometer (Cary5E and Perkin-Elmer 

spectrophotometer – LS45). For UV – Vis spectrometer and 

Photoluminescence, the thin film size was 10 mm length and 7 mm breadth. 

All the thin films were investigated in the wavelength range of 300 nm to 

1000 nm. In the case of powder, the sample was dissolved in 2ml HCl with 

8ml water to analyze the UV and photoluminescence spectrum.  

The conductivity of ZnO/KI composite was investigated using Hall Effect 

(ECOPIA MS 3000) for different composition. For Hall Effect measurement, 

the powder sample was prepared as pellet by applying 5 tons of pressure for 

2 minutes with help of hydraulic press. The prepared pellets size was 2 mm 

thickness and 10 mm diameter. The magnetic properties were investigated 

from the magnetic hysteresis curve obtained using vibrating sample 

magnetometer (Lakeshore 7304). For magnetic measurement, length and 

breadth of thin film was 10 mm and 2 mm respectively. The magnetic 

properties of thin films were analyzed from -15000 Gauss to 15000 Gauss 

range.   
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4.  INFLUENCE OF K-DOPING ON THE OPTICAL PROPERTIES OF  
                                             ZnO THIN FILMS 

 

4.1 INTRODUCTION 

     ZnO thin films have been prepared by different techniques such as 

pulsed laser deposition [89 and 90], Magnetron sputtering [91 and 92], 

Molecular beam epitaxy [93] and Sol-gel method [94]. Many works have 

been reported on the doping of ZnO with various elements. The synthesis 

of potassium doped ZnO nano films by sol – gel dip-coating method has 

been reported by Xu et al.  [95-97] and they have studied the optical 

properties and the evolution behavior under different annealing 

temperatures. But the preparation of K-doped ZnO thin films using the 

chemical method such as the chemical bath deposition (CBD) method has 

not been reported yet. The CBD technique has many advantages such as 

simplicity, large area films with good uniformity, low cost etc. Moreover, so 

far, there are no reports on the optical constants of the K-doped ZnO thin 

films. It is known that measured parameter of material properties may vary 

depending upon the different approaches of synthesis and different 

methods of fabrication of thin films. So, the thin films prepared by CBD 

method may lead to tailoring of the materials properties. 

     Hence, the focus is to synthesize potassium doped zinc oxide thin films 

by chemical bath deposition technique and to study effect of K-doping on 

the surface morphology and optical properties such as optical energy band 

gap, refractive index, extinction coefficient, dielectric constant, absorption 

coefficient and photoluminescence of ZnO thin films. The synthesized 

materials were subjected to various characterizations such as X–ray 

diffraction analysis (XRD), FESEM, energy dispersive X ray (EDAX) 

analysis, optical and photoluminescence (PL) studies and the results have 

been discussed in detail. 
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4.2 RESULTS AND DISCUSSION 

4.2.1 Powder X-ray diffraction studies 

XRD patterns of K-doped and undoped ZnO thin films were 

obtained using Cu-Kα1 radiation for the wavelength of 1.5406 Ǻ at the scan 

rate 4°/min and XRD patterns are shown in Figure. 4.1. All the films are 

polycrystalline and exhibit the hexagonal wurzite structures which are in 

very good agreement with JCPDS card number PDF # 891397,  

PDF # 890510. No other phases are observed in the XRD pattern.  

 

Figure. 4.1: XRD patterns of (a) 1%, (b) 2%, (c) 4% K-doped and  
(d) undoped ZnO thin films. 

     In the XRD patterns, there are three prominent peaks of (100), (002) and 

(101) planes and this reveals that the thin films have hexagonal wurzite 

structure. The (100) peak is very strong for 2% doped thin film. The angle of 

diffraction of (002) plane for the undoped ZnO thin film is (34.30⁰), and for 

1%, 2%, and 4% doped films are 34.39⁰, (34.45⁰) and (34.35⁰) respectively. 

After doping, the (002) peak shifts towards the higher angle side and this 

suggests that the lattice constant of the crystal decreases which may be due 

to the occupation of some K atoms on the Zn site [98]. 
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4.2.2 Surface morphology and EDAX  

     The surface morphologies of the undoped and K-doped ZnO thin films 

were studied by field emission scanning electron microscope (FESEM) and 

the SEM micrographs are shown in Figure. 4.2. The SEM images show that 

the doped thin films comprise single crystalline nano sized grains whereas 

the surface of undoped ZnO thin film exhibits a rod like structure. The K-

doped ZnO thin films have small grains of almost uniform shape and the 

surface of these thin films is very smooth. 

 

Figure. 4.2: Surface morphology of (a) 1%, (b) 2%, (c) 4% K-doped and 
(d) undoped ZnO films. 

From the micrograph, it is observed that undoped ZnO film exhibits in 

the form of rods but the doped ZnO films exist in circular shape. This change 

in the shape is due to the presence of the doping concentrations [99-107]. 

The grain size of the doped samples measured from the SEM images ranges 

from 6 nm to 11 nm. The element compositions of the undoped and all the  

K-doped ZnO films were analyzed by energy dispersive X ray (EDAX) 

analysis and are shown in Figure. 4.3.  
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Figure. 4.3: EDAX spectrum of K-doped (a–c) and (d) undoped  
Zinc Oxide thin films. 

     The presence of the constituent elements for the undoped and K-doped 

ZnO crystal was confirmed by the occurrence of their respective peaks. In 

Figure 4.3 (a, b and c), the sharp peaks that lies between 1.5 and  

2 eV corresponds to Si (Substrate). This peak is indicated in the EDAX of 

undoped ZnO.  

4.2.3 Optical studies 

     Transmission spectra of the undoped and K-doped ZnO thin films as a 

function of wavelength in the range 300 – 800 nm are shown in Figure. 4.4. 

The transmission spectra have 40 to 50% of transmittance in the visible 

region for the thin films. The transmittance of the thin films shows variation 

with increasing doping concentrations of ZnO thin film.  
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Figure. 4.4: Optical transmittance spectrum of undoped and K-doped 
ZnO thin films. 

     The energy gap and the refractive index of semiconductors represent two 

fundamental physical aspects that characterize their optical and electronic 

properties. The optical energy gap (Eg) determines the threshold for 

absorption of photon in semiconductor. The energy gap of all the films is 

determined from the absorption coefficient (α) which can be calculated from 

the transmittance (T) of the doped ZnO thin films. The absorption coefficient 

(α) is calculated from equation 4.1. 

                                                    (4.1) 

 where, d is film thickness. The thickness of the undoped and 1%, 2% and 

4% doped ZnO films are found to be 1880, 4180, 3180 and 2680 nm 

respectively. The absorption edge was analyzed by the following equation 

[108]. 
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Figure. 4.5: Plot of (αhϑ)2 vs photon energy for the undoped and K-
doped  ZnO thin films. 

(αhϑ)² = A (hϑ - Eg)                                     (4.2)   

 where A is a constant, hϑ is the incident photon energy and Eg is the optical 

energy band gap. Based on the equation 4.2, the plots of (αhϑ)² as a function 

of incident photon energy (hϑ) were obtained for the undoped and doped thin 

films and  are shown in Figure. 4.5. The linear portions of these plots are 

extrapolated to meet the energy axis and the energy value at (αhϑ)² =0 gives 

the values of the energy gap Eg for the thin films. The Eg values are 3.8, 3.94, 

3.89 and 3.86 eV for the undoped and 1%, 2%, and 4% of K-doped ZnO thin 

films respectively. From these energy gap values two points are inferred. 

One is from the undoped to doped thin film, it is observed that Eg value 

increases.  The second is with the increase in the doping concentration from 

1 % to 4 %, Eg value decreases.  

     The first one can be explained as follows. It is known that the absorption 

spectrum of pure semiconductor is largely altered by doping resulting in 

degenerate energy levels which causes the Fermi level to push above 
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conduction band edge. This shift is known as doping induced band-filling 

called as Burstein - Moss shift and so the band gap increases from the 

undoped to doped thin film. The second one is caused by the increase in the 

band tail states that arise due to increase in the doping level resulting in the 

shrinkage of band gap.  Xu et al. [97] have also reported that for the K-doped 

ZnO thin films (1 %, 2 % and 3 % doping) prepared by the sol-gel dip coating 

method on the glass substrate, the Eg value initially increases and then 

slightly  decreases as the doping level is increased. In our study, the band 

gap reduces from 3.94 eV to 3.86 eV for the different doping concentrations, 

which is due to increase in the grain size [109 and 110].  

4.2.4 Determination of optical constants 

     The optical constants of materials are important parameters for the 

designing of the optical devices. The refractive index of the semiconductor is 

a measure of its transparency to incident spectral radiation. The assessment 

of the refractive index of optical materials is notably important for the 

applications in integrated optic devices [111].  

     The refractive index (n) and extinction coefficient (k) of the thin films were 

calculated from the equation 4.3 and 4.4 [112] given below. 

 

                                                                       (4.3) 

                                          (4.4) 
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Figure. 4.6: Refractive index (n) and extinction coefficient (k) for  
(a) 1%, (b) 2%, (c) 4% K doped and (d) undoped ZnO   thin films. 

  where, R is  reflectance, n is  refractive index, k is  extinction coefficient, α is  

absorption coefficient and λ is wavelength. The plot of refractive index (n) 

and extinction coefficient (k) for the K-doped and undoped ZnO films are 

shown in Figure. 4.6. For the undoped thin film, the refractive index remains 

almost constant around 2 for the entire spectral range. From the graph, it is 

found that the refractive index of all the K-doped thin films decreases with 

increase in the wavelength showing the same trend. The n values range from 

2 to 3.3 for the thin films. When the refractive index values for various doping 

levels are compared, the refractive index values are found to decrease with 

the increase of the doping content. For instance, for 400 nm, the values of 

the refractive index are 3.26, 3.05 and 2.6 for the 1%, 2% and 4% 

concentrations respectively. Liu et al. [113] explained the reason for the 

decrease in the refractive index as due to voids on the surface. For the 

decrease of the refractive index Li et al. [114] suggested that it is due to the 
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increase in the carrier concentration which is the indication that most of K 

ions occupy the interstitial positions as donors rather than occupying the 

substitutional sites replacing the Zn ions, as acceptors. In our study, the 

photoluminescence spectra (shown in the later section) of all the thin films 

show that the interstitial defects are very low and the level of defects also 

remains the same indicating that the interstitial donors do not vary with the 

increase in the doping. So, the observed decrease of the refractive index with 

increase in the doping level is not attributed to the increase in the carrier 

concentration. So, in our study, the decrease of the refractive index is due to 

the voids in the ZnO thin films. The variation of refractive index with K-doping 

suggests that the optical properties can be controlled by changing the dopant 

level and this is important for the optoelectronic applications. 

     The extinction coefficient (k) of all the thin films initially decreases in the 

absorption region (UV) and then shows an increasing trend with the increase 

in wavelength. In the range from 400 nm to 800 nm, as the K-doping is 

increased, the k value of the thin films increases. For instance, in the case of 

400 nm, the k values are 0.0088, 0.0116 and 0.0135 respectively for 1%, 2% 

and 4% K-doping. The k values vary from 0.001 to 0.0163 for the thin films. 

For the undoped thin film, the k value is 0.001. The extinction coefficient of all 

the thin films is of very low order for the entire studied wavelength.  This very 

low value of k indicates the smoothness on the surface and homogeneity of 

the films [115]. Using the obtained values of refractive index and extinction 

coefficient, the real and imaginary parts of the dielectric constant are 

calculated by the following equations 4.5 and 4.6 [116]. 

     The variation of εr (real part of dielectric constant) and εi (imaginary part of 

dielectric constant) with respect to wavelength for the doped and undoped 

ZnO films are shown in Figure. 4.7. The plots of εr are similar to that of 

refractive index because of the smaller values of k. The values of εi depend 

mainly on the k values and so εi initially decreases and then increases. The 

real and imaginary dielectric constant values are in the range 3.5 - 11 and 

0.055 – 0.085 respectively for the thin films.  
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Figure. 4.7: Real and imaginary parts of dielectric constant for  
(a) 1%, (b) 2%, (c) 4% K-doped and (d) undoped ZnO thin films. 

                                        εr= n²- k²                                                             (4.5) 

       εi = 2nk                                                               (4.6) 

     The variation of absorption coefficient as a function of wavelength in the 

range 400 nm - 800 nm is shown in Figure. 4.8 for all the thin films. For all 

the doped thin films, the variation absorption coefficients with the increase in 

the wavelength show the similar trend. As the doping concentration is 

increased, the value of absorption coefficient increases.       
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Figure. 4.8: Absorption coefficient as a function of wavelength for the 
undoped and K doped ZnO thin films. 

      For 400 nm, the values of absorption coefficient are 2.75x105 cm-1 

,3.7x105 cm-1 and 4.26x105 cm-1 respectively for 1%, 2% and  

4 % K-doping.  For the undoped thin film, the absorption coefficient slightly 

decreases in the lower wavelength and then it is almost the same around 

3.25x105 cm-1. All the thin films show the high absorption coefficient greater 

than 3.25x105 cm-1 in the absorption region. Hence, these thin films are 

suitable as absorber layers in solar cell. 

4.2.5  Photoluminescence studies   

     The photoluminescence study is a powerful tool for investigating the effect 

of doping in nanostructures.  The photoluminescence (PL) spectra of 

undoped and K-doped ZnO thin films are shown in Figure.4.9. The PL 

spectra of the thin films show the UV emission and blue emission (deep level 

emissions) as previously   reported by Xu et al. [97] who studied the PL 

spectra of the K doped ZnO thin film prepared by dip-coating method on the 

glass substrate.  
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Figure. 4.9: Photoluminescence of spectrum of undoped and K-doped 
ZnO thin films. 

     In this work, the PL spectra of the doped and undoped films show that the 

UV emission peaks centered at 393 nm and 389 nm respectively. This 

change in the shift for the doped films is due to the presence of doping 

concentrations. When doped, the energy gap has increased compared to the 

undoped thin films and so the doped films show a emission at lower 

wavelength (λ) compared to undoped. The two weak blue emissions (deep 

level emissions) are in the range from 465-487 nm for all the films. The UV 

emission originates from free exciton recombination [117 and 118] and the 

blue emission is attributed to the presence of defects such as Zn interstitial. 

Different defects are different centers of radiative recombination and are 

related to different transitions. According to Xu et al. [97] and Zheng et al. 

[119 and 120] the blue emission is due to the Zn interstitial defects.  

     It is observed from the PL spectra of the doped films that the UV emission 

intensity decreases from the undoped to 1 % doped thin film. Then it 

increases from 1 % doped thin film to 2 % doped followed by the decrease 

for 4 % doped thin films. The variation in the UV intensity may be due to the 

structural defects as the intensity of the luminescence depends on the nature 
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of the exposed surface of the material. The intensity of the blue emission is 

very low for all the doped thin films compared to that of UV emission which 

indicates that the Zn interstitial defects are very low for all the doped thin 

films. The intensity of the blue emission are almost similar for all the doping 

levels suggesting that the level of Zn interstitial defects do not vary 

significantly with the rise in the K-doping concentration.  

4.3 CONCLUSION 

     Potassium doped and undoped zinc oxide thin films with different doping 

concentrations were synthesized using chemical bath deposition technique. 

The powder X-ray diffraction analysis confirms the crystalline quality of the 

doped ZnO nano films without any degradation of the wurtzite structure of the 

zinc oxide. The grain size of the doped thin films is in the range from  

6 nm to 11 nm as measured from FESEM analysis. The optical studies reveal 

that the band gap of K doped ZnO thin films decreases with the rise in the 

doping level with grain sizes and the values are 3.94, 3.89 and 3.86 eV  

respectively for 1%, 2% and 4% concentrations. Various optical 

investigations such as refractive index, extinction coefficient, dielectric 

constant and absorption coefficient were obtained from the transmittance 

studies and the optical constants confirms its suitability for the optical device 

fabrication.  All the thin films show high absorption coefficient greater than 

3.25x105 cm-1 in the absorption region. The PL spectra of the doped thin films 

for various concentrations contains two emission peaks namely strong UV 

emission and weak blue emission. The intensity of the blue emission is very 

low for all the doped thin films suggesting the presence of low Zn interstitial 

defects. All these studies reveal that the potassium doped ZnO nano films 

are suitable for the fabrication of optoelectronic and various sensing devices.  
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5. ROOM TEMPERATURE OPTICAL AND MAGNETIC PROPERIES OF 
(Cu, K) DOPED ZnO BASED DILUTED MAGNETIC 

SEMICONDUCTOR THIN FILMS 

 

5.1 INTRODUCTION 

     Diluted magnetic semiconductors (DMS) have attracted enormous 

attention due to their possible applications in the spin based devices  

[121-125]. Diluted Magnetic Semiconductor are obtained, when a small 

amount of transition metal ions are doped to the cation site of semiconductor. 

The doped semiconductor material exhibits both magnetic and 

semiconducting nature. Magnetic semiconductor is a multifunctional material 

as it exhibits both ferromagnetism and semiconductor properties. Traditional 

electronics are based on control of charge carriers (n- or p-type), while the 

practical magnetic semiconductors manipulates the spin and charge in a 

single material i.e., allow control of quantum spin state (up or down) also. 

This would lead to theoretically 100% spin polarization. This important 

phenomenon has led to its applications for spintronics such as spin 

transistors as DMS are used for injecting spin polarized carrier into 

semiconductors and spin valves. It is essential to achieve room temperature 

ferromagnetism (RTFM) in DMS for the applications. Among the potential 

host materials for DMS, ZnO has been predicted to be promising material to 

achieve room temperature (RT) DMS [17]. Among the semi-conductor 

groups, ZnO is known to show an excellent solubility for doping. RT 

ferromagnetism (FM) is also observed in non-magnetic ion doped ZnO such 

as Cu-doped ZnO [126 and 127]. 

 

     Theoretical works have predicted that wide-band-gap semiconductors 

shall achieve high Curie temperatures [17 and 128]. New functionality in field 

effect transistors (FETs), spin-polarized lasers, light emitting diodes, 

nonvolatile semiconductor memory, enhanced performance and quantum 

computing can be achieved in diluted magnetic semiconductors based on 

ZnO [129,121 and130]. In DMS, the electronic, optical and magnetic 
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properties have control one over the other resulting in an efficient 

engineering of ZnO based DMS for potential applications. Cation vacancies 

and holes can introduce local magnetic moments and hence induce FM in 

ZnO based DMS. Hence to enhance FM in ZnO, cation vacancies are to be 

stabilized and hole are to be introduced. It is known that alkali metals such as 

Li, K and Na produce p-type ZnO [131 and132] and also Cu doped ZnO can 

be p-type ZnO [133] leading to the formation of holes. Polarz et al reported 

that when alkali elements are doped in ZnO, conductivity of ZnO changes 

from n to p type [134]. Similarly, when Cu is introduced into ZnO lattice, it 

leads to p - type conductivity in ZnO [135]. Ghosh et al. [69] showed that non-

magnetic K-doped ZnO exhibited RTFM and the RTFM was suggested to be 

mainly due to Zinc vacancies (VZn) as evidenced by the PL studies. Santa 

Chawla et al. [136] studied the RTFM in Li-doped ZnO nano rods as Li can 

introduce holes so that carrier mediated FM is induced in ZnO. Also Cu-

doped ZnO has potential applications for green luminescence [137] due to 

defects such as VZn. Theoretically, a FM ground state has been predicted in 

Cu doped ZnO [138]. Cu which is non-magnetic is also a promising p-type 

dopant and so it is expected that  an alkali metal and Cu doped together at 

cationic sites of host ZnO  may  enhance  FM. Hammad et al. [139] studied 

the optical and magnetic properties of Cu-doped ZnO nano particle and 

showed that magnetization decreases with increase in Cu doping. 

 

     Several experiments reported RTFM of Cu-doped ZnO [140,133,126 and 

141]. Also, first principles calculations showed that Cu-dopants in ZnO favor 

spin polarization and FM at RT [142,138 and143]. Also, Ferhat et al. [144] 

predicted that Cu dopant led to p-type doping and FM in ZnO and they 

showed the band gap narrowing of Cu doped ZnO with increase in Cu 

concentration. Several experiments also exhibited the band gap narrowing of 

Cu doped ZnO [133]. For DMS studies, single TM or double TMs doped ZnO 

thin films have been synthesized on various substrates by different 

techniques such as pulsed laser deposition [145], chemical vapor deposition 

[146], and chemical bath deposition [147], sol-gel dip coating [148] and 

sputtering techniques [149]. But, a combination of alkali metal and TM 

spontaneously doped to ZnO for the study of DMS is found rarely as per 
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literature survey. In the present work, two non-magnetic elements such as  

K and Cu simultaneously to ZnO at the Zn site to investigate the influence on 

the room temperature optical and ferromagnetic properties. In the present 

study, chemical bath deposition method which is a simple chemical route 

leading to very good morphological thin films is employed to grow the thin 

films. In this study, K was kept at a concentration of 1% and Cu concentration 

was varied at 1, 2, 3 and 4 %. To compare, 1 % K doped ZnO was also 

prepared. The correlation between the magnetic order, band gap and 

photoluminescence (PL) has been illustrated and the origin of FM has been 

explained through the PL studies which depict the possible defects created 

during doping process. For simplicity the symbols ZnO:K, ZnO:K,Cu(1), 

ZnO:K,Cu(2), ZnO:K,Cu (3) and ZnO:K,Cu (4) will be used in following for 1% 

K doped ZnO, Cu 1% and K 1% doped ZnO, Cu 2% and K 1% doped ZnO, 

Cu 3% and K 1% doped ZnO and Cu 4% and K 1% doped ZnO respectively. 

 

5.2 RESULTS AND DISCUSSION      

5.2.1 X-ray analysis  

     The X-ray diffraction patterns for ZnO:K, ZnO:K,Cu(1), ZnO:K,Cu(2), 

ZnO:K,Cu (3) and ZnO:K,Cu (4)  thin films are shown in Figure. 5.1. The 

XRD pattern reveals that all the films exhibit hexagonal wurtzite crystal 

structure (JCPDS, PDF # 891397, PDF # 890510 and PDF # 792205). In 

XRD patterns, three prominent peaks of ZnO such as (100), (002) and (101) 

were observed for all the films and no other phases were found. The intensity 

of XRD peaks is low for ZnO: K. It is observed that when copper is added to 

ZnO: K, the intensity of three prominent peaks has increased. The 

incorporation of copper ion in ZnO: K is also indicated by the shift in the 

position of three prominent peaks to higher angle or lower angle. After dual 

doping by Cu and K, the position of (101) peak changes significantly. Also, 

when copper concentration is increased, the position and intensity of (002) 

peak change gradually due to the incorporation of Cu ion. In the XRD pattern, 

when doping concentration was increased the peak shift is not consistent and 

this may be due to the change in the lattice constant and compressive stress. 
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Figure. 5.1: XRD pattern of ZnO: K thin film and (K, Cu)-doped  
ZnO thin films. 

When K and Cu are incorporated to ZnO, XRD peaks shift towards the higher 

angle side when compared with the XRD peaks for ZnO: K system. This 

suggests the decrease in the lattice parameters and this is expected as the 

ionic radius of Cu2+ (0.057 nm) is less than that of Zn2+ which is 0.074 nm. 

Hence this peak shift also confirms the incorporation of the Cu in the ZnO 

lattice.  

5.2.2 Surface morphology and EDAX 

     Figure.5.2 shows the surface morphology of doped ZnO films analysed by 

field emission scanning electron microscope (SUPRA 55). Compared to K 

doped ZnO, there is a significant variation in the morphology when Cu is also 

doped. When 1% potassium is introduced to ZnO (ZnO: K), SEM image has 

a granular structure.  For Cu (1%) is added to this ZnO: K, the surface is 

found to be like sea pebble stones at a 100 nm scale range (Figure 2a).But 



35 
 

for the 2 at.% of Cu, the development of hexagonal rod like structures is 

visible at 1μm range and its hexagonal (200 nm range) structure is 

interpolated (Figure 5.2b).  

Figure. 5.2: Surface morphology of (a) ZnO: (K, Cu 1 %),  
(b) ZnO: (K, Cu 2 %), (c) ZnO: (K, Cu 3 %), (d) ZnO:(K, Cu 4 %)  

and (e) ZnO: (K 1 %) thin films. 

While 3 at. % and 4 at.% of Cu ion is incorporated, the surface consist of 

hexagonal structure at 1μm scale range (Figure 5.2c & 2d). So, it is observed 

that when the percentage of Cu ion is increased, the surface morphology of K 

doped ZnO films changes due to the Cu ion which signifies that Cu has 

noticeable impact on the crystallinity of the thin films. This also corroborates 

with XRD pattern of the corresponding samples.  
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Figure. 5.3: EDAX spectrum (a) ZnO: (K, Cu 1 %) (b) ZnO: (K, Cu 2 %) (c) 
ZnO: (K, Cu 3 %) (d) ZnO: (K, Cu 4 %) and (e) ZnO: (K 1 %) thin films. 

     The presence of constituent elements of the prepared samples such as 

Zn, Cu, K and O is confirmed by Energy dispersive X-ray analysis 

spectroscopy. In Figure.5.3 (a-d), a slightly sharp peak presented between 

1.9 to 2.5eV corresponds to the substrate (Si). 

5.2.3 Surface Topography 

     Figure.5.4 shows the surface topography of dual doped (K and Cu) ZnO 

films were analysed at 5x5 μm scans in semi contact mode (or tapping mode) 

by Atomic force microscope. Its average surface roughness and root mean 

square are indicated. The average roughness are 58, 59.66, 27.87 and 26.13 

nm respectively for 1, 2, 3 and 4 at.% Cu respectively and their 

corresponding root mean square values are 76.78, 76, 38.51 and 34.42 nm 



37 
 

respectively. Figure 5.4 (a) and 5.4 (b) shows that when 1 at. % Cu is 

introduced to ZnO: K (1%) films, its surface does not exhibit higher 

agglomeration and its particles are spread evenly on film surface.  

 

Figure. 5.4: Atomic Force Microscope image (a) ZnO: (K, Cu 1 %), 
(b) ZnO: (K, Cu 2 %), (c) ZnO: (K, Cu 3 %) and  

(d) ZnO: (K, Cu 4 %) thin films. 

     Figure 5.4 (c) and 5.4 (d) shows that for 2 at. % Cu, their surface 

roughness is more than for 1 at. % Cu and it is also seen that the particles 

tend to grow uniformly but in some place uneven growth of particle appeared. 

The roughness is for 3 at % and 4 at % less than for 2 at % Cu and this is the 

indication of better crystalline nature and smoothness of 3 and 4 % dual 

doped ZnO films. The present study has reveals that surface changes and 

ZnO crystallinity is controlled by Cu.  

5.2.4 Transmittance and band gap 

     Figure. 5.5 shows the wavelength dependent optical transmittance of  

films recorded  in the range of 300 to 1000 nm by UV -Vis spectrophotometer 

(Thermo Scientific,Evolution 201). The optical transmittance spectrum 

indicates that the thin films show higher absorption in the visible range. The 

transmittance is 20 % for 1 at. % of Cu dopant  (film thickness 5699 nm)  and 
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15 %, 32 %  and  27 % transmittance for 2 at. % Cu (film thickness 9059 nm), 

3 at.% Cu (film thickness 6114 nm) and 4 at.% Cu (film thickness 1043 nm) 

doping concentration respectively. Thus it is observed  that for (Cu and K)  

co- doped  ZnO films, the  transmittance is very low.In our previous study 

[150], the transmittance of 1% K doped ZnO was about 40% in the visible 

region. When Cu is included, the transmittance dropped further and 

maximum  transmittance is about 32 % corresponding to 3 %Cu. The films 

are less transparent in the visible  spectrum indicating the weak light 

dispersion. However, in the short wavelength near the optical band gap (Eg), 

the losses are donimated by the fundamental absorption. All the thin films 

show high UV absorption. 

 

Figure. 5.5: Transmittance spectrum of (a) ZnO: (K, Cu 1 %),  
(b) ZnO: (K, Cu 2 %), (c) ZnO: (K, Cu 3 %) and 

(d) ZnO: (K, Cu 4 %) thin films. 

Figure.5.6 shows the optical band gap of dual doped ZnO thin films 

determined from the equations 5.1 and 5.2. 

                                                   (5.1) 

  (αhϑ)² = A (hϑ - Eg)                                      (5.2) 
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where α is  absorbance, d is film thickness , hϑ is photon energy and Eg is 

the direct optical band gap. The energy gap values can be acquired by 

extrapolating the linear part to (αhϑ) ² =0 axis. For ZnO: K, the optical band 

gap Eg is 3.94 eV [150].  

 

Figure. 5.6:  Plot of (αhϑ)2 vs photon energy for (a) ZnO:(K, Cu 1 %), 
(b) ZnO: (K, Cu 2 %), (c) ZnO: (K, Cu 3 %) and  

(d) ZnO: (K, Cu 4 %) thin films. 

     When 1, 2, 3 and 4 % of Cu is introduced to ZnO: K, the optical band gap 

is found to be 3.89, 4.04, 3.97 and 3.4 eV respectively. It is clear that when 

Cu percentage is increased the optical band gap values in general show the 

decrease (red shift) except for a little rise for 2 % Cu. This trend is consistent 

with the other experimental results. Gaurav Shukla et al. and Hyeon-Jun Lee 

et al. reported that when Cu ion is doped with ZnO, its optical band gap 

decreases [151,133] due to the substitution of Cu ions. Zhang Guo-Heng et 

al. have also reported a similar trend for Cu doped ZnO thin films [152]. The 

optical shifts indicate the incorporation of Cu ion.   
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5.2.5 Optical constants 

The refractive index of films which were calculated from the equation 5.3 and 

5.4. 

                                                                    (5.3)   

                                                          (5.4) 

    where R is reflectance, n is refractive index, k is extinction coefficient, α is 

absorption coefficient  and λ is wavelength. The refractive index as function 

of wavelength the co-doped thin films are shown in Figure.5.7.The refractive 

index (n) of the films changes for different doping concentration of Cu ion. It 

is known that n is related to the speed of light and k is to the alteration of the 

light due to absorption.  

 

Figure. 5.7: Refractive index  of ( K (1 % ), Cu) Co- doped ZnO for Cu 
concentrations (a) 1 %, (b) 2 %, (c) 3 % and (d) 4 %. 
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      Refractive index and extinction coefficient have a steep rise at the UV 

region for all the films. The normal light dispersion occurs in the visible region 

due to the virtual electronic transition contribution [141]. The extinction 

coefficient of films changes for various Cu ion concentrations. The lower 

values of extinction coefficient reveals the well smoothness of film surface 

[134]. 

     Figure. 5.8 shows, the wavelength dependent real part (εr) and imaginary 

part (εi) of dielectric for films were calculated using the equations 5.5 and 5.6. 

                                 εr= n²- k²                                                        (5.5) 

                                 εi = 2nk                                                        (5.6) 

     Generally, the real part of dielectric constant εr is similar to refractive index 

plot. Because, the dielectric constant is equal to square root of refractive 

index and also this is another way to measure the speed of light in dielectric 

medium. Like, refractive index, the dielectric constant changes with respect 

to different Cu percentages. When Cu percentage increases, the dielectric 

reduces in the visible region. The low dielectric in the visible region is due to 

electron interband transition between the valence band and conduction band 

[142]. Some researchers reported that when εr decreases due to the grain 

boundary which plays important role in real part of dielectric constant [138]. 

The values of real part dielectric constant are higher than imaginary part of 

dielectric constant and this indicates the interaction between electrons and 

photons [141]. 

Figure.5.9 shows, variation of the band gap, refractive index and extinction 

coefficient for different concentrations of Cu. Figure (a) shows, the optical 

band gap increases with Cu concentration upto 3 % gradually and then 

decreases for further addition of Cu at 4%. Figure (b) shows the variation of 

refractive index n and k at λ=398nm as a function of copper concentrations. 

Extinction coefficient (k) for 2 % is least of all indicating the best smoothness 

of thin film compared to other. The n and εr values are low for 2 and 3 %, 

indicating a good dispersion of light. 
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Figure. 5.8:  Dielectric constant of (K ( 1 % ), Cu) Co- doped ZnO for  
Cu concentrations (a) 1 % (b) 2 % (c) 3 % and (d) 4 %. 

 

Figure. 5.9: shows (a) Band gap versus different Cu at %  
     (b) Refractive index and Extinction coefficient versus  
     different Cu at %. 
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     Figure.5.10 shows the optical absorption coefficient (α) of co-doped ZnO 

films for different Cu doping concentrations and the absorption coefficient 

was compared for the same. The absorption value for 1 at % of Cu doped 

with  ZnO:K(1%)  is 7.9x105cm-1, for 2 at.% Cu, 3 at.% Cu and 4 at.% Cu,  

the absorption values are 3.3x105cm-1, 4.8x105 cm-1 and 30.4x105 cm-1 

respectively. For 2% to 4%, α increases, thus indicates that when Cu 

percentage increases the absorption strength of the ZnO films increases.       
The absorption of material is directly proportional to the thickness of the 

material. However, in the present study, for the Cu doped ZnO thin films, 

absorption of the thin film does not vary linearly with thickness of the thin film. 

Hence, the change in the absorption coefficient values of the thin film, might 

have been caused due to the defects or surface roughness.  For ZnO: K 

(1%) [150], α is reported to be 2.75x105 cm-1 whereas the present study 

shows that for (K, Cu) co-doped ZnO, α is of the order of 105 cm-1. This 

confirms that Cu co-doping has not affected the optical absorption coefficient 

and so the film may be considered to be the promising materials for UV- 

absorption optoelectronic applications. 

 

Figure. 5.10: Absorption coefficient of ( K (1 % ), Cu) Co- doped                                                           
ZnO for Cu concentrations (a) 1 %, (b) 2 %, (c) 3 % and (d) 4 %. 
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5.2.6 Magnetic properties and Photoluminescence spectrum 

     Magnetic hysteresis loop (M-H curve) was measured for K (1 %) doped 

ZnO, K, Cu (1 %) doped ZnO and K, Cu (4 %) doped ZnO thin films. Out of 

the 4 concentrations of Cu, 1 and 4 % were considered so as to have the 

appreciable difference in the concentration for the magnetic studies. In the 

present investigation, the 1 % of K and 1 % of K-Cu and 1 % of K –Cu (4 %) 

is doped with ZnO and it was represented by the symbol ZnO:K, ZnO:K,Cu (1 

%) and ZnO:K,Cu (4 %) for K doped ZnO, K and Cu (1 %) doped ZnO and K 

and Cu (4 %) doped ZnO respectively. The recorded RT M-H loops for these 

three are shown in Figure.5.11. All the thin films exhibit the typical FM 

hysteresis loop.  

 

Figure. 5.11: Magnetic field dependence of magnetization for ZnO: 
 (K, Cu 1 %) and ZnO: (K, Cu 4 %) thin films. 

     The saturation magnetization (Ms), retentivity (Mr) and coercivity (Hc) 

values of these three samples are summarized in Table 5.1. Saturation 

magnetization (Ms) of ZnO:K is more than the Cu incorporated ZnO:K but the 
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Mr     and    Hc are lower than that of Cu doped samples.  When the 4 samples 

of (Cu, K)- doped ZnO thin films are compared, the Ms for ZnO:K, Cu(1 %) is 

more than ZnO:K,Cu(4 %). With increase in Cu concentration, Ms is found to 

increase but Mr decreases. For ZnO: K, Cu (1 %), a square shaped M-H 

curve is obtained indicating a hard FM character compared to ZnO: K, Cu (4 

%) for which the relatively slim M-H loop is obtained. When 1 % Cu is added 

to ZnO: K, the values of Mr and Hc increase but for higher Cu concentration  

(4 %), a quenching in the Mr  and  Hc values is observed.  

Table 5.1 Magnetic parameters of ZnO: K, ZnO: (K, Cu 1%) and  
                                  ZnO: (K, Cu 4%) thin films. 

 

     Several explanations were given to explain the ferromagnetism exhibited 

by doped ZnO. Though these reasons are controversial, in general, a few 

explanations are found to be satisfactory in the literature. Next, the observed 

magnetic properties of all the samples are explained on the basis of 

photoluminescence (PL) spectrum as it reveals the formation of the defects in 

ZnO thin films. It is known that the defects in ZnO have the effect of changing 

its band gap and the concentration of charge carriers. In the present study, 

the incorporation of K to ZnO host lattice and the incorporation of (K, Cu) to 

ZnO reveals the possible defects through the respective PL. There is no 

noticeable change in the PL peak shift while there is change in the intensity 

of the peaks.  

Materials 

Saturation 
Magnetization 

(Ms) in 
emu/cm3 

Retentivity (Mr) 
in emu/cm3 

Coercivity 
(Hc) in Oe 

ZnO: K 36.26 14.75 439 

ZnO: (K, Cu 1%) 14.75 19.79 689 

ZnO: (K, Cu 4%) 24.83 13.08 352 
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     From the PL of ZnO: K (Figure. 5.12 (a) ), it is clear that there are no 

defect levels corresponding to Vo as there is no green emission [153]  and 

the PL consists of the ultraviolet emission centered at 389 nm. For 

comparison, PL for ZnO is also given which shows the existence of blue 

emission corresponding to Zinc interstitials (Zni) [96, 154] depicting the n-

type nature of ZnO. However, when K is incorporated into ZnO, the intensity 

of blue emission abruptly decreases in the visible region. This indicates the 

disappearance of the Zni which are hole killers and so the decrease in Zni 

indicates that more holes tend to exist and hence the magnetization in  

ZnO: K is hole mediated [69]. ZnO: K introduces more holes in the ZnO 

lattice when Zn is replaced by K as K forms the shallow acceptor levels as in 

the case of Li doped ZnO [69,155 and 156] . 

 

Figure. 5.12:  Photoluminescence spectrum of (a) ZnO: (K, Cu 1 %), 
(b) ZnO: (K, Cu 2 %), (c) ZnO: (K, Cu 3 %) and  

(d) ZnO: (K, Cu 4 %) thin films. 

     When Cu is added to ZnO: K, a significant change in the PL spectra is 

seen (Fig. 5.12 (b)). The blue emission appeared for ZnO: K, now has almost 

disappeared and shows a very feeble contribution around    450 nm   which 

means that Cu introduction has greatly reduced the formation Zni further. 

There are two main emission peaks observed. The one centered about 360 

nm to 380 nm corresponds to strong UV emission of ZnO which is due to the 

exciton recombination corresponding to the near band edge exciton emission 
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and the other one is weak red emission centered about 686nm. No emissions 

corresponding to other defects such as Vo and VZn are seen. Majority Cu ions 

have 2+ valence in ZnCuO and thus each Cu ion contributes 1 Bohr 

magnetron due to its incompletely filled 3d9 outer shell [157]. When TM is 

doped to ZnO, the hybridization between O –p states and TM –states, leads 

to FM [158]. Hence, when Cu is incorporated into ZnO: K system, O-p and 

Cu-d hybridization is the reason for the FM character. Also, According to the 

Ruderman–Kittel–Kasuya–Yosida (RKKY) theory [159 and 160], the 

exchange interaction between local spin-polarized electrons of Cu2+ ions and 

conductive electrons is the another reason that leads to the ferromagnetism. 

When Cu is incorporated into ZnO: K system, it is to be noted that a red 

emission peak appears and it is due to oxygen interstitials Oi which are 

shallow acceptors (electron killers). Hence, the O-p and Cu-d hybridization 

becomes stronger due to additional oxygen to induce the enhanced FM order 

in the ZnO: K, Cu system.  

     There are strong evidences of an effect of the magnetic order on the 

energy gap in the diluted magnetic semiconductors. The decrease in band 

gap is attributed to the p-d interaction between free charge carriers in the 

band of semi-conductor and localized moments [160]. So, the change in 

band gap is attributed to the p-d interaction between O-p states and Cu –d 

states. When Cu is increased, the red emission peak diminishes suggesting 

that the oxygen interstitials (Oi) decreases as the red emission is due to Oi 

[154]. This will lead the reduction in the p-d hybridization and so the magnetic 

order for this higher Cu concentration is found to decrease. Also from 1 % to 

4 % Cu doping, there is reduction in the band gap which is due to the 

reduction the p-d hybridization. Thus the reflect of the magnetic order can be 

seen on the energy gap. 

     Shukla et al. [151] have shown that 1 % Cu doped ZnO  thin film show 

very poor magnetization with respect to the Ms, Mr and Hc whereas in our 

study for the K, Cu (1 %) doped ZnO thin films, the FM character is better 

and the Mr and Hc values are  19.79 emu/cm3 and 339 Oe respectively. The 

present study shows that for ZnO:K,4 % Cu doping, these values are  
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increased that of 5 % Cu doped ZnO thin film as measured by Shukla [151]. 

So, this indicates that the simultaneous introduction of Cu and K enhances 

the magnetic properties significantly. Hence, the present study reveals that 

the Cu and K doped diluted magnetic semiconductors are promising 

candidates for the spintronics applications. 

5.3 CONCLUSION 

     In the present work, K doped and (Cu and K) doped ZnO DMS thin films 

were fabricated by chemical bath deposition method. Hexagonal crystal 

structure was confirmed by X-ray diffractometer for all the doped thin films. 

Cu doping shows a significant effect on the transmittance of films. Typical FM 

character is exhibited by all the doped thin films. Magnetization is found to be 

enhanced for the dual doped ZnO thin films compared to K doped ZnO thin 

film. Magnetic order is found to decrease when Cu concentration is increased 

and correspondingly the band gap also decreases exhibiting the effect of 

magnetic order on the band gap. The insignificant defect levels for the dual 

doped thin films are seen from the PL spectrums which are in support for the 

variation in the magnetization.  The absence of secondary phases in the XRD 

pattern and the insignificant defect level shows that the magnetism in the two 

non-magnetic ion doped ZnO thin film is not due to these two reasons and it 

is mainly due to p-d hybridization as revealed by the band gap which is 

dependent of the p-d hybridization. The present study reports that the 

magnetization of K, Cu simultaneously doped ZnO thin films are potential 

candidates for DMS applications. 
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6. ROOM TEMPERATURE OPTICAL AND MAGNETIC PROPERTIES 
OF (Fe, K) DOPED ZnO THIN FILMS 

 

6.1 INTRODUCTION  

     Alkali elements are well known materials for tuning ZnO optical and 

electrical behaviors. Alkali doped ZnO films have been broadly investigated 

in recent decades. Sung-Kyu Kim et al reported that when K doped ZnO thin 

films were synthesized on Al2O3 (001), the optical properties were improved 

[161]. Linhua Xu et al. also reported that the optical emission was emerged 

while K doped ZnO were annealed during different temperatures [96]. 

Depending on the different types of substrates such as Si (111), ZnO 

exhibited different emissions such as green and yellow emissions at  

529 – 567 nm and 600 – 640 nm due to oxygen vacancy and oxygen 

interstitials respectively [97]. For Na-doped ZnO, the carrier mobility was 2.1 

cm2 V-1S-1 and structural and optical properties were reported elsewhere 

[162-164]. Li doped ZnO is also used for developing the ferroelectric, optical 

and multiphonon properties of ZnO semiconductor [165 and 166]. In latest 

decades, Fe doped ZnO has been synthesized for optical properties [167] 

because Fe is well known optical emitter in doped ZnO. Y. Zhang et al. 

reported [168] the optical mechanism of ZnO alloyed with Fe ion. Not only 

optical properties but Fe is also well known as a doping element for altering 

the magnetic and electrical properties [169-171]. The extensive literature 

survey shows that only few works were reported on the optical properties of 

dual doped ZnO films. Some experimental works such as Al-K [172], Li-N [2], 

Li-Mg [3], Fe-Co [173] and Fe-N [174] reported the dual doped ZnO to 

investigate the optical and magnetic properties.  

     As per the literature till date the study on the optical properties of K and 

Fe-doped ZnO thin films have not been reported yet.  Both Fe and K when 

doped to ZnO separately, they modify the band gap and also the 

luminescence characteristics and hence, Fe and K simultaneously doped to 

ZnO can bring out some interesting results and so in the present study,(K, 
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Fe) codoped ZnO thin films were investigated for the influence on the optical 

properties. The optical properties of K doped ZnO films show that 1% of K 

exhibited better optical properties [150]. For further optical investigation, the 

transition metal Fe is added into ZnO: K (1%) due to its excellent optical 

emission property. The chemical bath deposition method was employed to 

fabricate these films. The influence of Fe concentration on the optical 

behavior has been discussed in the transmittance and photoluminescence 

sections. In the present work, 1% K doped ZnO would be indicated as ZnO: 

K (1%).The main purpose of this study is to examine the effect of Fe ion 

concentration on optical properties of ZnO: K (1%) films. 

6.2 RESULTS AND DISCUSSION 

6.2.1 Structural analysis  

     The XRD pattern of codoped (K, Fe) ZnO thin films are shown in 

Figure.6.1. All the thin films exhibit hexagonal crystal phase and it is 

confirmed with standard JCPDS card (PDF # 891397, 890510) number. In 

XRD pattern, the three prominent peaks such as (100), (002) and (101) were 

obtained for all films without any secondary phase. In our previous report, 

three prominent peaks such as (100), (002) and (101) were observed for 

ZnO: K (1%) thin film [150]. In the present work, when Fe concentration is 

increased, the crystal properties of the codoped ZnO thin films have 

changed. The low intensity peak was observed for ZnO: K (1%) [150]. 

However, in the present work, it is observed that when Fe is introduced, the 

intensity of three prominent peaks has changed. The variation in intensity 

indicates the incorporation of Fe ions in the lattice of ZnO site. In the doping 

process, the three prominent peaks are shifted from higher to lower angles 

due to the different ionic radius of Fe such as Fe3+ and Fe2+. For 2, 3 and 4 % 

of Fe, the three prominent peaks shifted to higher angle than 1  % Fe due to 

the  inclusion of  Fe3+ (0.068nm) [36]. For 4 % Fe, the (002) peak shift  to 

lower angle due to the high ionic radius (0.078) of Fe2+ [175 and 176].  
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Figure. 6.1: XRD pattern of  (K(1 %), Fe) Co- doped ZnO for Fe 
concentrations (a) 1%, (b) 2%, (c) 3% and (d) 4%. 

     In the entire XRD pattern, the intensity of (002) plane varied for different 

Fe ion concentrations which indicates that the film has grown along c-axis. In 

the XRD pattern, the high intensity of (002) plane reveals the improved 

crystallinity [177].The full width half maximum of (002) peaks are significantly 

varied with various Fe concentrations. For 4 % Fe, the FWHM is lower than 

others. Shibu saha et al. reported that the low FWHM reveals the detoriation 

of the crystallinity [178].   

The crystalline sizes of thin films are calculated using Scherrer formula 6.1.  

                                                           (6.1) 

6.2.2 Surface morphology analysis and EDAX spectrum 

     The surface morphology of dual doped (K, Fe) ZnO thin films were 

analyzed by field emission scanning electron microscope (FESEM SUPRA 

“55”) as shown in Figure. 6.2. SEM image shows that morphology changes 

with Fe doping concentrations. The film exhibits small grains of varied size at 
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different level of Fe. So, when Fe ion concentration is increased, the surface 

morphology of K doped ZnO thin films changed due to the incorporation Fe 

ion in ZnO lattice site. The presence of chemical elements such as Zn, O, K 

and Fe is confirmed by Energy dispersive X-ray analysis spectroscopy which 

is shown in Figure.6.3, the substrate peak is presented between 2.4 to 2.5 eV 

[150]. 

 

Figure. 6.2: Surface morphology (FESEM) of (K (1 % ), Fe) codoped ZnO 
for Fe concentrations: (a) 1 %, (b) 2 %, (c) 3 % and (d) 4 %. 
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Figure. 6.3: EDAX spectrum of (K (1%), Fe) codoped ZnO for Fe 
concentrations: (a) 1%, (b) 2%, (c) 3% and (d) 4%. 

6.2.3 Surface topography   

     In Figure.6.4, three dimensional (3D) surface topography of (K, Fe) 

codoped ZnO thin films are presented. Surface topography was scanned at 

5x5 μm in tapping mode. The average roughness and root mean square 

values were determined. The average roughness are 84.50 nm, 73.06 nm, 

69.80 nm and 50.35 nm at level 1, 2, 3 and 4 % Fe respectively. The RMS 

values are 107.60 nm, 94.14 nm, 86.94 nm and 69.43 nm for 1, 2, 3 and 4 at 

% Fe respectively. The decrease in average roughness and RMS shows that 

the crystalline quality of the co-doped ZnO thin films has been improved by 

increase in Fe concentration. The low roughness indicates the enhancement of 

crystalline quality [179].  



54 
 

 

Figure. 6.4: Atomic force microscope of (K (1 % ), Fe) codoped ZnO for        
       Fe concentrations: (a) 1%, (b) 2%, (c) 3% and (d) 4%. 

6.2.4 Transmittance Spectrum and optical band gap  

     The transmittance spectrum of (K, Fe) codoped ZnO nano films are 

shown in Figure.6.5. The (K, Fe) codoped ZnO thin films exhibit a low 

transmittance as seen from Figure.6.5. In the visible region, the transmittance 

are 50 %, 45 %, 25 % and 10 % for 1, 2, 3 and 4 at % Fe respectively and 

the transmittance is found to decrease with increase in Fe dopant 

concentration. The film thickness is one of the main factor for low 

transmittance. In the doping process, the film thickness are 4.348 μm, 4.690 

μm, 5.078 μm and 6.520 μm for 1, 2, 3 and 4 % Fe respectively. Linhua Xu et 

al. and S. M. Salaken et al. have reported that the optical transmittance 

obviously reduced in the visible region due to the Fe ion concentrations  

[176 and180]. C. S. Prajapati et al. have studied that the low transmittance 

was obtained for Fe doped ZnO thin films due to lattice defects into ZnO 

lattice [175]. Due to the film thickness, the incident light is absorbed much 
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and so the transmittance light intensity is less pronounced. This fact is well 

reported by the absorption coefficient values of these thin films (Figure.6.10). 

 

Figure. 6.5: UV transmittance spectrum of (K (1 %), Fe) codoped ZnO  
for Fe concentrations: (a) 1 %, (b) 2 %, (c) 3 % and (d) 4 %. 

     The optical band gap of co-doped (K, Fe) nano ZnO films are calculated   

from the equations 6.2 and 6.3. 

                                                                                              (6.2) 

                                 (αhϑ) ² = A (hϑ - Eg)                                               (6.3) 

     where, α is absorption coefficient, d is film thickness, hϑ is 

 photon energy and Eg is energy gap. The optical band gaps of co-doped 

ZnO films are shown in Figure.6.6. The optical energy gap can be obtained 

by extrapolating the linear part to x axis. In our previous work, the band gap 

was 3.94 eV for ZnO: K (1%) film [150].  
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Figure. 6.6: Optical band gap of (a) (K (1%), Fe (1, 2 %) and  
(b) (K (1%), Fe (3, 4 %) codoped ZnO thin films. 

     The energy gap reduces due to the increase in Fe doping concentration. 

The band gap values are 3.42 eV, 3.24 eV, 3.18 eV and  

3.06 eV for 1, 2, 3 and 4 at % Fe respectively and this indicates the red shift. 

C. S. Prajapati et al. reported that when Fe ion was doped with ZnO, the 

optical band gap changes [175]. However, Linhua Xu et al. reported that the 

band gap of ZnO was increased by Fe ion concentrations [176]. The red shift 

was also observed for ZnO thin films due to the high doping material [167], 

renormalization effect [101] and film thickness [167 and 181]. Among the 

three factors, the change in the optical band gap also depends on the 

thickness of the thin film. 

6.2.5 Optical constants  

The refractive index of codoped ZnO films are calculated from equations 6.4 

and 6.5. 

                                                                   (6.4) 

 
              (6.5) 
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    where R is  reflectance, n is  refractive index, k is  extinction coefficient, α 

is absorption coefficient and λ is wavelength. The refractive index of codoped 

ZnO thin films as function of wavelength is shown in Figure.6.7. The 

refractive index varies with variation in Fe concentrations. In the visible 

region the light is normally dispersed due to the contribution of virtual 

electronic transition [182] and lower dense medium.  

 

Figure. 6.7: Refractive index of (K (1 %), Fe) codoped ZnO for Fe 
concentrations: (a) 1 %, (b) 2 %, (c) 3 %, and (d) 4 %. 

     For the 375 nm, the refractive index of co-doped ZnO thin films are 5.3, 

3.2, 4.3 and 6.2 for 1, 2, 3 and 4 % Fe respectively. The thin films are 

exhibits significant changes and also suitable for integrated optical device 

application. The normal dispersion indicates that the films do not have voids 

and any defects. The lower values of extinction coefficient indicate that film is 

well smoothness.  
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Figure.6.8: Dielectric constant of (a) K(1%) - Fe(1%)-ZnO, (b) K ( 1% )- Fe 
( 2 %)-ZnO, (c) K(1%) – Fe (3%) – ZnO and (d) K ( 1 %)- Fe ( 4 %)-ZnO. 

In Figure.6.8 shows the real (εr) and imaginary (εi) parts of dielectric constant 

of codoped (K, Fe) ZnO films are determined using the equations 6.6 and 

6.7.  

       εr= n²- k²                                                         (6.6) 

        εi = 2nk                                                            (6.7) 

     Commonly, the real and imaginary parts of dielectric constant is similar to 

refractive index because of the absolute refractive index is corresponding to 

dielectric constant. The real part of dielectric constant decreases with 

increasing wavelength in the visible region and increases in UV region 

similarly refractive index. The changes of real part of dielectric constant 

values are indicating the interaction between photons and electrons [4, 183]. 

     Figure.6.9 shows the variation of optical band gap, refractive index and 

extinction coefficient of Fe concentrations. In Figure (a), the optical band gap 

decreases significantly with increases in Fe concentrations. Figure (b) shows 
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the refractive index of codoped ZnO films is increased (at λ = 375 nm) 

considerably for different doping (Fe) concentrations. This is indicates that 

the light is normally travelled through the medium. Moreover, the extinction 

coefficient (k) reveals that the well smoothness of thin films surface.  

 

Figure. 6.9: The figure shows (a) band gap versus different Fe % and (b) 
refractive index and extinction coefficient versus different Fe %. 

     Figure.6.10 shows, the absorption coefficient (α) of (K, Fe) co-doped ZnO 

thin films for different of Fe doping concentrations. For ZnO: K (1%), α was 

2.75x105 cm-1 [150].  

 

Figure. 6.10: Absorption coefficient of (K (1 %), Fe) codoped ZnO for 
Fe concentrations: (a) 1 %, (b) 2 %, (c) 3 % and (d) 4 %. 
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     In the UV region at λ = 375nm,  absorption coefficient are  

2.03x105 cm-1, 2.48x105 cm-1, 3.30x105 cm-1 and 3.95x105 cm-1 for 1 , 2 , 3  

and 4 % of  Fe respectively. In the present investigation, in the UV region, the 

absorption of light depends on the thickness of the film. The higher 

absorption of ZnO thin films are suitable for anti-reflecting coating (ARC) and 

optoelectronic applications [184]. 

6.2.6 Photoluminescence study         

     Figure.6.11 shows the photoluminescence spectrum of (K, Fe) codoped 

ZnO films at room temperature. Generally, UV emissions exist in the range 

between 360 nm to 380 nm range [185]. The UV emission was observed at 

389 nm for ZnO: K (1%) [150].  

 

Figure. 6.11: Photoluminescence spectrum of (K (1 %), Fe) codoped ZnO 
for Fe concentrations: (a) 1 %, (b) 2 %, (c) 3 %, and (d) 4 %. 

     In the PL spectrum, UV emission appears around 345 nm (3.59 eV) due to 

the free exciton transition [59]. However, in the photoluminescence spectrum, 

the intensity of UV emission is significantly varies for 1, 2 and 3 % of Fe ion 

concentrations but the UV intensity is reduced for 4 % Fe ion concentration. 
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This may be due to the low concentration of Zn and O and it can be seen in 

EDAX spectrum. This is the evidence for the variation of UV intensity in the 

photoluminescence.  

     The weak blue emission is presented with low intensity at 437 nm due to 

the low interstitial of Zn [186]. The red emission is obtained between in the 

range of 661 nm to 663 nm due to the surplus of oxygen or interstitials of 

oxygen [187]. The peak position of the photoluminescence depends on the 

contribution between the free exciton and transition between free electrons to 

acceptor bound holes [188]. And also the position and intensity of UV and red 

emissions in PL are enhanced by incorporation of Fe ion in ZnO lattice site. In 

this study photoluminescence spectrum clearly reveals that the co-doped ZnO 

thin films are free from any defects.  

6.2.7  Magnetic properties 

     Figure.6.12 shows the magnetic hysteresis (M-H) curve measured at 

room temperature for the prepared thin film samples of ZnO:K, ZnO:K, Fe (1 

%) and ZnO:K, Fe (4 %). All the films exhibited typical ferromagnetic 

hysteresis loop at room temperature.  

 

Figure. 6.12: Room Temperature M-H curves of   ZnO: (K 1 %),  
(K, Fe 1 %) and (K, Fe 4 %) doped ZnO thin films. 
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     When the Fe is doped to ZnO along with the K which is an alkali metal, a 

significant change has occurred in the FM loop and this indicates that Fe has 

influenced the FM character of the thin films. When K and Fe doped ZnO thin 

films are considered, the magnetic saturation (Ms) and magnetic retentivity 

(Mr) are found to increase with the increase in the Fe concentration. 

However, the coercivity (Hc) decreases with the Fe dopant level. Low 

coercivity and high saturation magnetization is required for spintronics 

memory devices and this is obtained for the ZnO: K, Fe (4 %) thin films 

compared to the other thin films.  

     Table 6.1 shows the magnetic saturation (Ms), magnetic retentivity (Mr) 

and coercivity (Hc) for all the thin films. The ferromagnetic nature of K doped 

ZnO is due to the shallow acceptor created.  Hyeoun Jun lee et al reported 

that the alkali elements created the shallow acceptor (p-type) above the 

valence band and it has indicated that the p-type elements [189]   induce the 

ferromagnetism in doped ZnO. Due to the cationic effect of Li/Na/K, the 

shallow acceptor level will create the holes in ZnO lattice. When the holes are 

created in alkali doped ZnO, the magnetic moment will appear [155].   

Table 6.1 Magnetic parameters of ZnO: K, ZnO: (K, Fe 1%) and  
ZnO: (K, Fe 4%) thin films. 

 

     Low coercivity of Fe doped samples speculates that these films are soft 

compared to ZnO: K thin film. This indicates that Fe along with K in ZnO give 

a soft FM nature and this will be useful for suitable applications. 

Materials 
Saturation 

Magnetization 
(Ms) in emu/cm3 

Retentivity 
(Mr) in 

emu/cm3 

Coercivity 
(Hc) in Oe 

ZnO: K 36.26 14.75 439 

ZnO: (K, Fe 1%) 15.42 16.10 630 

ZnO: (K, Fe 4%) 46.67 20.11 468 
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     Several reasons were given in the earlier studies for the existence of 

ferromagnetism in Fe doped ZnO. An earlier report claims that Fe cluster and 

secondary formation (Fe2O3, Fe3O4) were responsible for orgin of 

ferromagnetism in Fe-doped ZnO [190]. Xiaojuan Wu et al. [191] reported 

that the origin of ferromagnetism in Fe doped ZnO is due to interaction 

between local spin-polarized electrons and this interaction is occurred by 

exchange of Fe3+ ions.  

     It is known that the defects in ZnO have the effect of changing its band 

gap and the concentration of charge carriers. In the present study, the 

incorporation of K to ZnO host lattice and the incorporation of (K, Fe) to ZnO 

reveal the possible defects through the respective PL. There is no noticeable 

change in the PL peak shift. However, there is a change in the intensity of the 

peaks.  

     From the PL of ZnO: K (Figure.6.11), it is clear that there are no defect 

levels corresponding to oxygen vacancies (Vo) as there is no green emission 

[190]  and the PL consists of the ultraviolet emission centered at 389 nm. For 

comparison, PL for ZnO is also given which shows the existence of blue 

emission corresponding to Zinc interstitials (Zni) [192 and 96] depicting the n-

type nature of ZnO. However, when K is incorporated into ZnO, it is seen that 

the intensity of blue emission abruptly decreases. This indicates the 

disappearance of the Zni which are hole killers [154] and so the decrease in 

Zni indicates that more holes tend to exist and hence the magnetization in 

ZnO: K is hole mediated [69]. ZnO:K introduces more holes in the ZnO lattice 

when Zn is replaced by K as K forms the shallow acceptor levels as in the 

case of Li doped ZnO [69,193 and 194].  

     When Fe is added to ZnO: K, a significant change in the PL spectra is 

seen. The blue emission appeared for ZnO: K, now has almost disappeared 

and shows a very feeble contribution around 450 nm which means that Fe 

introduction has greatly reduced the formation Zni defects further. There are 

two main emission peaks observed. The one centered about 345 nm to 350 

nm corresponds to strong UV emission of ZnO which is due to the exciton 

recombination corresponding to the near band edge exciton emission and the 
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other one is weak red emission centered about 675nm. No emission 

corresponding to other defects such as Vo and VZn are seen. When Fe is 

doped to ZnO, the hybridization between O–p states and TM –d states leads 

to ferromagnetism nature [156]. Also, According to the Ruderman–Kittel–

Kasuya–Yosida (RKKY) theory [158 and 159], the exchange interaction 

between local spin-polarized electrons of Fe2+ ions and conductive electrons 

is the another reason that leads to the ferromagnetism. The variation in the 

optical band gap in doped ZnO indicates the variation in carrier concentration 

and it corresponds to changes in the magnetic properties.  

6.3 CONCLUSION  

     K doped and (K and Fe) doped ZnO DMS thin films were fabricated by 

chemical bath deposition method. Hexagonal crystal structure was confirmed 

by X-ray diffractometer for all the doped thin films. Band gap decreases with 

Fe concentration indicating the red shift. Typical FM character is exhibited by 

all the doped thin films at room temperature. Magnetization is found to be 

enhanced with the Fe concentration. Fe doped samples exchibit soft FM 

nature. The absence of secondary phases in the XRD pattern and the 

insignificant defect level shows that the magnetism in the doped ZnO thin film 

is not due to these two reasons and it is mainly due to p-d hybridization as 

revealed by the band gap which is dependent on the p-d hybridization. The 

different optical properties such as refractive index and absorption coefficient 

revealed that the optical behavior of thin films and the low extinction 

coefficient value indicates the better quality of the film. The absorption 

coefficients show an increase with doping concentration. The 

photoluminescence spectrum revealed that the co-doped ZnO thin films are 

mostly defect free. The present investigation confirms that K and Fe 

simultaneously doped ZnO thin films are diluted magnetic semiconductors at 

room temperature due to the magnetic and semiconducting nature of these 

thin films. Hence, these Fe and K simultaneously doped ZnO thin films are 

potential candidates for DMS applications, anti-reflecting coating (ARC) and 

optoelectronic devices. 
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7. STRUCTURAL, OPTICAL AND ELECTRICAL PROPERTIES OF 
NOVEL ZnO/KI COMPOSITE 

 

7.1 INTRODUCTION 

     It is easy to create low resistive n-type ZnO with good optical and 

electrical properties even without doping [195]. Conductivity of ZnO changes 

by native defects such as Oi and Vzn [196] despite the fact that they are 

shallow (i.e., supplying holes at room temperature). This is because at both 

Zn-rich and O-rich conditions, the defects that could compensate p-type 

doping (VO, Zni, ZnO) have low formation enthalpies so these “hole killers” 

form easily. Hence, preparation of the stable p-type ZnO having high carrier 

concentration and low resistivity which is required for solar cell, still remains a 

challenge. Also, p-type conduction is highly sensitive to the growth conditions 

[197]. Hence, much focus is given on achieving the p-type ZnO due to its 

various applications. The large binding energy of acceptor levels and the low 

solubility of acceptor dopants [132] are challenging in making the p-type ZnO. 

Many efforts have been taken to prepare p-type ZnO by doping Group I 

elements such as Li, Na and K and by co-doping such as Na-H and Li-H as 

shallow acceptors.  Group I elements substituted for Zn2+ and the substitution 

of O2- by group V (N, P, As, Sb) elements or VII (F, Cl, Br) elements are the 

promising candidates for shallow acceptors states. For device functionality, 

the wide gap materials with low resistivity and high hole concentration are 

required. The efficiency of the ZnO based devices strongly depends on the 

electrical and optical properties of both n- and p-type ZnO.  This attracted 

considerable interest and ZnO engrossed the attention of the researchers to 

explore its properties by the process of doping ZnO and making ZnO 

composites for creating the p-type ZnO. Nowadays, ZnO composites play an 

important role in the fabrication of modern devices such as novel 

optoelectronic devices [198].  

     Even though many works have been reported on doped and codoped 

ZnO [150,199-201], the reports on the composites of ZnO are limited [202]. 
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Many investigators exploited various methods to obtain composites of ZnO. 

For instance, literature survey reveals that the synthesis and characterization 

of various composites such as SrFe12O19/ZnO [203], ZnO/NiO [204] and 

Polyimide/ZnO [205] was carried out by chemical bath deposition, mechano 

chemical synthesis route and Ion-exchange technique respectively. Many 

research articles are available on the studies on composites of ZnO with 

other oxide materials [206, 207 and 208].In the present work, the novel 

ZnO/KI composites were synthesized and the optical and electrical 

characterizations are reported for the first time to explore the possibility of p-

type nature by forming composites of ZnO coupling with KI. Potassium Iodide 

is a wide band gap semiconductor (6.2 eV) having cubic crystal structure. 

The solid state reaction method was employed for the preparation of this 

novel ZnO/KI composite as it is one of the simplest methods. The effect of 

potassium iodide (KI) with ZnO on the optical and electrical properties has 

been investigated. Such studies reveal the suitability of the synthesized 

composites for the fabrication of optoelectronic devices. 

7.2 RESULTS AND DISCUSSION 

7.2.1 Structural studies  

     The synthesized composite powder was analyzed by powder X-ray 

diffractometer (ULTIMATE Rigaku, Cu kα1, λ-1.5406Ǻ, Scan rate- 4 degree / 

min) to confirm the formation of ZnO/KI composite. The recorded XRD 

patterns of uncoupled ZnO and ZnO/KI composites are shown in   

Figure.7.1. The XRD profiles exhibit sharp crystalline peaks corresponding to 

the peaks of ZnO and KI. The obtained peaks were indexed with the help of 

powder X software to compare with JCPDS file (card file no. 891397, card file 

no. 893621, and card file no. 730382) and the presence of the hexagonal 

wurtzite phase of ZnO and cubic phase of KI peaks were confirmed from this 

observation. No other phases are present. Hence, the obtained XRD pattern 

of the composites reveals that ZnO/KI composites have been successfully 

prepared at different composition ratio. The (101), (001) and (002) peaks of 

ZnO and the (111), (200) and (220) peaks of KI are found to be the stronger. 

After coupling with KI, the intensity of (100), (002) and (101) peaks of ZnO is 
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observed to be perturbed. When the KI content increases, the intensity of 

(100), (002) and (101) peaks of ZnO decreases compared to that of KI 

peaks. It may be due to the incorporation of some of the K+ and/or I- in the 

ZnO lattice. 

 

Figure. 7.1: XRD patterns of uncoupled ZnO and 20, 30 and 40 at% K 
coupled ZnO composites.  

     The XRD peak of (101) plane for ZnO is shown in Figure.7.2 to illustrate 

the change in the peak position after coupling with KI. There is no noticeable 

change in the peak position for 20 at % composition. However, for 30 at % 

composition, there is a shift in the peak which is due to Zn2+, being replaced 

by higher ionic radius K+. The shift in the peak for 20 and 30% ZnO/KI 

composites indicates the linear variation of lattice parameters as per  

 



68 
 

Vergard’s law [209, 210]. For 40% KI, the lower angle peak shift of (101) 

plane may be due to the lattice strain between ZnO and KI [211]. 

 
Figure. 7.2: (101) XRD peak of uncoupled ZnO and 20, 30 and 40 

at % KI coupled ZnO composites. 

7.2.2 Surface morphology and EDAX         

     The element composition and morphology of uncoupled and coupled ZnO 

at different compositions were recorded with the help of High resolution 

scanning electron microscope (HITACHI S 4800). The captured SEM images 

are presented in Figure.7.3 (a – d). The uncoupled ZnO has well defined 

hexagonal morphology structures. When KI is introduced to ZnO, the KI 

easily spread over on ZnO and the morphologies appeared like cactus 

structure. Figure.7.4 (a-d) shows the recorded EDAX spectrum of the 

samples. From the EDAX analysis it is clearly understood that the expected 

atomic % of ZnO and KI composite were achieved and also there is no 

impurity incorporation in the synthesized composites. 
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Figure. 7.3: SEM images of (a) uncoupled ZnO, (b) 20 at % (KI),  
(c) 30 at % (KI) and (d) 40 at % (KI). 

 

Figure. 7.4:  EDAX spectrum of (a) uncoupled ZnO, (b) 20 at % (KI),  
(c) 30 at % (KI) and (d) 40 at %(KI) coupled ZnO composite. 
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7.2.3 Optical studies                

     The optical transmission studies of uncoupled and coupled ZnO 

composites for different percentages were carried out using UV-Vis 

spectrophotometer (Thermo Scientific, Evolution 201). The composites were 

taken in the form of solution by using water as a solvent (10 mm cuvette 

thickness) and the resultant spectra are shown in Figure.7.5. The 

transmittance spectra indicates that synthesized materials have very low 

absorbance in the entire visible region and IR region.  

 

Figure. 7.5: Optical transmittance spectrums of uncoupled ZnO and 20, 
30 and 40 at % KI coupled ZnO Composites. 

     This results in the high percentage of transmission, which is one of the 

most desired properties for the fabrication of optoelectronic devices and 

photonic structures [212]. In the 20 at % KI and 40 at % KI, UV spectrums 

have ripples and it may be due to good dispersion of light. The optical 

absorption coefficient (α) was calculated using the equations 7.1 and 7.2.         
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            (αhϑ)2  = (hϑ − Eg)                                         (7.1) 

 
                                                   (7.2) 

     Where α is the absorption coefficient, Eg is the band gap energy, hϑ is a 

incident photon energy, A is absorbance, d is a thickness of the UV cell [167]. 

The plot of variation of (αhϑ)2 vs hϑ is shown in Figure.7.6. Eg is evaluated by 

the extrapolation of the linear part to meet the energy axis at (αhϑ)2 = 0. For 

uncoupled ZnO, the band gap is 3.17 eV but for 20 at %, 30 at % and 40 at 

% composites, the band gap are 3.05 eV, 2.58 eV and 2.73 eV respectively. 

When KI is coupled with ZnO by replacing 20 at %, 30 at % and 40 at % of 

ZnO by KI, the band gap of the composites is observed to decrease which 

suggests the incorporation of the KI in ZnO.  

 

Figure. 7.6: Band gap of uncoupled and KI coupled ZnO composite. 

     The photoluminescence spectrum of uncoupled ZnO and KI coupled ZnO 

composites were recorded with the help of Perkin-Elmer spectrophotometer 

(Perkin–Elmer spectrophotometer-LS45) at room temperature. The recorded 

PL spectra are presented in Figure.7.7.  
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Figure. 7.7: Photoluminescence of uncoupled and KI coupled ZnO 
composite. 

     The PL spectra of uncoupled ZnO and ZnO/KI coupled composite display 

three emission peaks. A strong UV emission peak occurs at 356 nm which is 

the characteristic emission of ZnO and the other two are the weak defect-

related visible emission peaks. The profound enhancement of UV emission is 

attributed to the good crystalline quality of the samples and the smaller 

concentration of intrinsic defects. The UV emission is due to the 

recombination of the excitons or it is attributed to the band edge emission 

[213].The two visible emissions which are due to the defects are in the violet 

region (407 nm) and in the deep red region (707 nm). The violet emission at 

407 nm is originated from the electron transition from conduction band tail 

states to valence band tail states [214]. The deep red emission is caused by 

the presence of defects such as excess of O (Oi) interstials [187].The overall 

spectral features remain the same for the uncoupled ZnO and KI coupled 

ZnO samples. For uncoupled ZnO, the intensity of the visible emissions is 

very low and it is not significantly affected even after coupling with KI except 

a small variation in the intensity. It means that the defect–related visible 

emission is weak for the composites also. The low intensity of the visible 
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emission of all the samples indicates that the uncoupled and KI coupled ZnO 

composite samples have low defect density and due to this fact the UV 

emission remains as the highly intense peak.  

7.2.4 Electrical properties 

     The electrical conductivity of uncoupled ZnO and KI coupled composites 

of ZnO are determined by Hall Effect measurement in van der Pauw 

configuration (ECOPIA MS-3000) at room temperature. The pellets required 

for electrical conductivity measurement of the samples were prepared with 2 

mm thickness and 10 mm diameter from the calcined powders by applying 5 

tons of pressure for 2 min with the help of hydraulic press. During the 

experiment, magenetic field of 0.5 Tesla and the current of 3 micro amperes 

were applied on the sample. The obtained values are presented in the Table 

7.1. 

Table 7.1 The electrical conductivity properties of Pure ZnO  
and KI coupled ZnO. 

  

 

 

 

      

 

      From the Table, it is observed that the resistivity increases with increases 

KI content and so the mobility decreases correspondingly. The Hall effect 

measurements show a distinct effect in the nature of conductivity for the 

ZnO-KI composites. While the uncoupled ZnO and 20 at % KI coupled 

composites exhibit n-type conductivity, 30 at % and 40 at % KI mixed 

composites exhibit p-type. It is known that the group I elements such as  Li, 

Materials 
Resistivity 
(ohm  cm) 

Hall 
mobility 
(cm2/Vs) 

Carrier 
Concentrations 

(cm-3) 

Carrier 
Type 

Pure 1.44x106 3.10 -1.39x1012 n-type 

KI (20%) 2.15x106 2.04 -1.47x1012 n-type 

KI (30%) 5.19x103 1.95x102 6.16x1012 p-type 

KI (40%) 9.44x103 1.14x102 5.76x1012 p-type 
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Na, K when doped with ZnO leads to p-type ZnO [134, 215, 70 and 41] 

replacing Zn ion with less stability at room temperature.  Also by doping the 

group V elements such as As, Sb and P with ZnO, the p-type conductivity 

can be achieved since they make shallow acceptor level [40] replacing the Zn 

ion. The formation energy for replacing the Zn atom is lower than the 

formation of Zn vacancy and so the replacement of Zn by the atoms occurs 

readily. In the present work, 30 at % KI composite ZnO has carrier 

concentration in the order of 6.0 x 1012/cm3, but the literature survey reveals 

that the carrier concentration [96] of p-type ZnO varies in the order of 1016-

1018/cm3 for different type of dopants. From this, it is evident that the carrier 

concentration of ZnO will vary with the composite materials. So, it is clear 

that in the present study, replacement of Zn by K would leads to the transition 

from n-type to p-type at higher KI content. Therefore, the change in the 

electrical conductivity of ZnO strongly depends on potassium iodide.  

7.3 CONCLUSION 

     Novel composites of ZnO with 20 at %, 30 at % and 40 at % of KI were 

prepared at room temperature by solid state reaction method. The XRD 

patterns and EDAX analysis confirm the presence of ZnO and KI. The 

transmittance spectrum indicates that synthesized materials have very low 

absorbance in the entire visible region and IR region. The band gap values 

decrease drastically due to the presence of KI confirming the effective 

coupling of KI with ZnO. The photoluminescence spectra shows that coupling 

of KI with ZnO has not introduced any new defect levels except the little 

change in the intensity of UV and red emission peaks. The PL presents a 

strong UV emission for all composites. The hole concentration dominates 

over the electron concentration at 30 at % and 40 at % to signify the p-type 

conductivity. When the electrical conductivity of 20 at % KI content is n-type, 

the 30 at % and 40 at % show the p-type nature with high hole concentration 

which is a remarkable result, thereby achieving the p – type nature.  
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8. CONCLUSIONS 

 

     In the current research, undoped and doped ZnO thin films have been 

prepared by chemical bath deposition (CBD) technique. ZnO / KI composite 

has also synthesized by solid state reaction route. In K doped thin films, 

when K (alkali) was doped with ZnO, the optical properties of ZnO thin films 

strongly varied with the doping element concentrations. The optical 

transmittance and the optical band gap have drastically changed due to 

doping. The optical constants such as refractive index, dielectric constant 

and absorption coefficient reveal that the K doped thin films are suitable for 

optoelectronics applications. From the luminescence spectrum, effects of K in 

ZnO lattice site can be understood. So, all the K doped ZnO thin films are the 

best candidate for optoelectronics and sensor applications. 

     The co-doped ZnO thin films were developed to improve the 

optoelectronics and spintronics device applications. The optical band gap of 

the thin films noticeably is increased due to the Cu (Fe) concentrations. The 

enhanced magnetic properties such as retentivity and coercivity reveal that 

(Cu, K) doped ZnO thin films and (Fe, K) doped ZnO thin films are suitable 

for magneto-optoelectronic (optoelectronic and spintronics) device 

applications.  The present work proves that CBD method is one of the best 

methods to develop ZnO thin films for optoelectronics and spintronics 

applications. 

     ZnO/KI composite was prepared at room temperature by solid state 

reaction method. The luminescence spectrum indicates that the composites 

are free from deep-level defects.  The conductivity of ZnO was changed from 

n-type to p-type by KI remarkably. The pure ZnO and 20 % composite has  

n-type whereas 30 and 40% composite is p-type.  So, the present 

investigation will help to fabricate the p-type devices. The results of ZnO/KI 

composites, speculates that p-type conductivity in ZnO can be achieved. 

Through ZnO composites in addition to doping suitable alkali ions to ZnO 

lattice replace Zn2+ ions. 
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     The dissertation gives the high advantages of chemical modification of 

ZnO in the field of optoelectronics, spintronics and electrical applications. The 

chemical bath deposition method is proved to be one of the best methods to 

develop the doped ZnO thin films for optical and magnetic applications.  
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9. SCOPE FOR FUTURE WORK 

 

     The work presented in the thesis leads to several interesting results. The 

enhanced magnetic properties along with the semiconducting nature of ZnO 

indicate the significant application of these materials to spintronics 

application. 

It is proposed to study the optical properties for the thin films of same 

thickness. Also, for particular doped ZnO thin films, it is proposed to study the 

optical properties for various thickness. Also, effect of heat treatment on the 

properties of doped ZnO thin films will be investigated. 

    The alkali metals doped ZnO thin films will be used to design the optical 

device in medical instrument. 

     These materials will be used in biomedical related applications. 

     The dual doped ZnO thin films will be used to fabricate the optoelectronics 

devices. 

     Further work in this direction will lead to new materials for spintronics 

application. Hence, it is envisaged to investigate the effect of doping of other 

transition metals (TMs) and alkali metals to ZnO. 

 

 

 

 

 

 



78 
 

REFERENCES 
  

[1] Chen K.J, Hung F.Y, Chang S.J, and Young S.J, “Optoelectronic 

characteristics of UV photodetector based on ZnO nanowire thin 

films,” J. Alloys Comp., Vol. 479, pp. 674-677, 2009. 

 

[2] Daoli Zhang, Jianbing Zhang, Zhe Guo, and Xiangshui Miao, “Optical 

and electrical properties of zinc oxide thin films with low resistivity via 

Li–N dual-acceptor doping,” J. Alloys Comp., Vol.509, pp. 5962–5968, 

2011. 

 

[3] Seval Aksoy, Yasemin Caglar, Saliha Ilican, and Mujdat Caglar, “Sol–

gel derived Li–Mg co-doped ZnO films: Preparation and 

characterization via XRD, XPS, FESEM,” J. Alloys Comp., Vol.512, 

pp.171-178, 2012. 

 

[4] Erdogan I.Y, and Gullu O, “Optical and structural properties of CuO 

nanofilm: Its diode Application,” J. Alloys Comp., Vol. 492, pp. 378-

383, 2010. 

 

[5] Inamdar A.I,  Sonavane A.C, Sharma S.K, Hyunsik I.M, and Patil P.S, 

“Nanocrystalline zinc oxide thin films by novel double pulse single step 

electro deposition,” J. Alloys Comp., Vol. 495, pp. 76-81, 2010. 

 

[6] Nirmala M, Manjula , Nair G, Rekha K, Anukaliani A, Samdarshi S.K, 

and Ranjith   Nair G, Afr.  “Photocatalytic Activity of ZnO Nanopowders 

Synthesized by DC Thermal Plasma,” J. Basic & Appl. Sci., Vol. 2, 

pp.161-166, 2010. 

 

[7] Oleg Lupan, Sergiu Shishiyanu, Lee Chow, and Teoder Shishiyanu, 

“Nanostructured zinc oxide gas sensors by successive ionic layer 

adsorption and reaction method and rapid photothermal processing,” 

Thin Solid Films, Vol. 516, pp. 3338-3345,  2008. 



79 
 

[8] You Z. Z, and Hua G.H, “Electrical, optical and microstructural 

properties of transparent conducting GZO thin films deposited by 

magnetron sputtering,” J. Alloys Comp., Vol. 530, pp. 11-17, 2012. 

 

[9] Oleg Maksimov, “Recent Advances and Novel Approaches of P-type   

doping of Zinc Oxide,” Rev.  Adv.  Mater. Sci., Vol.24, pp. 26-34, 2010. 

 

[10] Wang D.Y, and Gao S.X, “Influence of Annealing Condition on  the  

Structure and Optical Properties of Na-doped ZnO Thin  Films 

Prepared by Sol-gel Method,” J. Alloys Comp., Vol.476, pp. 925-928, 

2009.  

 

[11] Look D. C, “Recent advances in ZnO materials and devices,” Mater. 

Sci. Eng. B, Vol. 80, pp. 383-387, 2001. 

 

[12] Ozgur U, Alivov Y.I, Liu C, Teke A, Reshchikov M.A, Dogan S, Avrutin 

V, Cho and Morkoc  S. J¸ “A comprehensive review of ZnO materials 

and devices,” J. Appl. Phys., Vol. 98, pp. 041301-041301-103, 2005.  

 

[13] Ogale S.B, “Thin Films and Heterostructures for Oxide Electronics,” 

Springer Science+ Business media, New York, USA, 2005.  

 

[14] Nickel N. H, and Terukov E, “Zinc Oxide- A Material for Micro- and 

Optoelectronic Applications,” Optics & Lasers, Vol. 194, pp.240, 2005.  

 

[15] Jagadish C, and Pearton S. J, “Zinc Oxide Bulk, Thin Films, and 

Nanostructures,” Elsevier, 2006. 

 

[16] Ratanaa T, Amornpitoksuk P,  Ratanac T,  and Suwanboon S,  “The 

wide band gap of highly oriented nanocrystalline Al doped ZnO thin 

films from sol–gel dip coating,” Journal of Alloys and Compounds, Vol. 

470, pp. 408-412, 2009. 

 



80 
 

[17] Dielt T, Ohno H, and Matsukura F, “Zener Model Description of 

Ferromagnetism in Zinc-Blende Magnetic Semiconductors,” Science, 

Vol. 287, pp. 1019-1022, 2000. 

 

[18]  Laudise R. A, and Ballman A. A, “Hydrothermal synthesis of zinc oxide 

and zinc sulfide,” J. Phys. Chem., Vol. 64, pp. 688–691,1960. 

 

[19] Verges M. A, Mifsud A, and Serna C. J,  “Formation of rodlike zinc-

oxide micro crystals in homogeneous solutions,” J. Chem.Soc., 

Faraday Trans, Vol. 86, pp. 959–963, 1990.  

 

[20] Vayssieres L, Keis K, Lindquist S. E, and Hagfeldt A, “Purpose-built 

anisotropic metal oxide material: 3D highly oriented micro rod array of 

ZnO”, J. Phys. Chem. B, Vol. 105, pp. 3350–3352, 2001. 

 

[21] Pan Z. W, Dai Z. R, and Wang Z. L, “Nano belts of semiconducting 

oxides. Science,” Vol. 291, pp. 1947–1949, 2001. 

 

[22] Huang M. H, Wu Y. Y, Feick H, Tran N, Weber E, and Yang P. D, 

“Catalytic growth of zinc oxide nano wires by vapor transport,” Adv. 

Mater., Vol. 13, pp.113–116, 2001. 

 

[23] Yao B. D, Chan Y. F, and Wang N, “Formation of ZnO nanostructures 

by a simple way of thermal evaporation,” Appl. Phys. Lett., Vol. 81,pp. 

757–759,2002. 

 

[24] Park W. I, Yi G. C, Kim M. Y, and  Pennycook S. J, “ZnO Nano 

needles grown vertically on Si substrates by non-catalytic vapor-phase 

epitaxy,” Adv. Mater., Vol. 14, pp. 1841–1843, 2002. 

 

[25] Park W. I, Kim D. H, Jung S. W, Yi G. C. “Metal organic vapor-phase 

epitaxial growth of vertically well-aligned ZnO nanorods,” Appl. Phys. 

Lett., Vol. 80, pp. 4232–4234, 2002. 



81 
 

[26] Yuan H, Zhang Y, “Preparation of well-aligned ZnO whiskers on glass 

substrate by atmospheric MOCVD,” J. Cryst. Growth, Vol. 263, pp. 

119–124, 2004. 

 

[27] Heo Y. W, Varadarajan V, Kaufman M, Kim K, Norton D. P, and Ren 

F. Fleming P. H, “Site-specific growth of ZnO nanorods using 

catalysis-driven molecular-beam epitaxy,” Appl. Phys. Lett., Vol. 81, 

pp. 3046–3048, 2002. 

 

[28] Sun Y, Fuge G. M, and Ashfold M. N. R, “Growth of aligned ZnO nano 

rod arrays by catalyst-free pulsed laser deposition methods”, Chem. 

Phys. Lett., Vol. 396, pp. 21–26, 2004. 

 

[29] Hong J. I,  Bae  J, Wang  Z. L, and Snyder  R. L,  “Room temperature,           

texture-controlled growth of ZnO thin films and their application for 

growing aligned ZnO nanowire arrays,” Nanotechnology, Vol. 20, pp. 

085609, 2009. 

 

[30] Chiou W. T, Wu W. Y, and Ting J. M, “Growth of single crystal ZnO 

nanowires using sputter deposition,” Diam. Relat. Mater., Vol. 12, pp. 

1841–1844, 2003. 

 

[31] Xu C. K, Xu  G. D, Liu Y. K, and Wang G. H, “A simple and novel route 

for the preparation of ZnO nanorods,” Solid State Commun., Vol. 122, 

pp. 175–179, 2002. 

 

[32] Lin D. D, Pan W, and Wu H, “Morphological control of centimeter long 

aluminum-doped zinc oxide nano fibers prepared by electrospinning,” 

J. Am. Ceram. Soc., Vol. 90, pp. 71–76, 2007. 

 

[33] Lin D, Wu H, and Pan W, “Photo switches and memories assembled 

by electrospinning aluminum-doped zinc oxide single nanowires,” Adv. 

Mater., Vol. 19, pp. 3968–3972, 2007. 



82 
 

[34] Sui X. M, Shao C. L, and Liu Y. C, “White-light emission of polyvinyl 

alcohol/ZnO hybrid nano fibers prepared by electrospinning,” Appl. 

Phys. Lett., Vol. 87, pp.113-115, 2005. 

 

[35] Wu J. J, Wen H. I, Tseng. C. H, and Liu S. C, “Well-aligned ZnO 

nanorods via hydrogen treatment of ZnO films,” Adv. Funct. Mater., 

Vol. 14, pp. 806–810, 2004. 

 

[36] Zhang Bin, Zhou Shao Min, Wang Hai Wei, and Du Zu liang, “Raman 

scattering and photoluminescence of Fe-doped ZnO nano cantilever 

arrays,” Chinese Science Bulletin, Vol. 53, pp.1639-1643, 2008. 

 

[37] Karamdela J,  Deeb C.F,  Sawc K.G,  Varghesed B,  Sowd C.H,  

Ahmade I, and  Majlis B.Y, “Synthesis and characterization of well-

aligned catalyst-free phosphorus-doped ZnO nanowires,” Journal of 

Alloys and Compounds, Vol. 512,pp. 68-72, 2012. 

 

[38] Zhi-Zhen Ye, Jian-Guo Lu, Han-Hong Chen, Yin-Zhu Zhang, Lei 

Wang, Bing-Hui Zhao, and Jing-Yun Huang, “Preparation and 

characteristics of p-type ZnO films by DC reactive magnetron 

sputtering,” Journal of Crystal Growth, Vol. 253, pp. 258-264, 2003. 

 

[39] Xiu F.X,  Yang Z, Mandalapu L.J, Zhao D.T, and  Liu J. L,  “High-

mobility Sb-doped p-type ZnO by molecular-beam epitaxi,” Applied 

Physics Letters, Vol.87, pp.152101-1 to3, 2005. 

 

[40] Woo-Jin Lee, Joongoo Kang, and Chang .K.J, “p-Type Doping and 

Compensation in ZnO,” Journal of the Korean Physical Society, Vol. 

53, pp. 196-201, 2008.  

 

[41] Lin S.S, He H.P, Lu Y.F, and Ye .Z.Z, “Mechanism of Na-doped p-type 

ZnO films: Suppressing Na interstitials by codoping with H and Na of 

appropriate concentrations,” Journal of Applied Physics, Vol.106, pp. 

093508-1 to 6, 2009. 



83 
 

 

[42] Bera A, and Basak D, “Role of defects in the anomalous 

photoconductivity in ZnO nano wires,” Appl. Phys. Lett., Vol. 94, 

pp.163119, 2009. 

 

[43] Garcia M.A, Merino L.M,   Fernandez Pinel  E, Quesada  A, de la 

Venta J, Ruiz Gonzalez  M.L, Castro G.R, Crespo P, Llopsis J, 

Gonzalez-Calbet J.M, and Hernando A,  “Magnetic Properties of ZnO 

Nanoparticles,” Nano Lett., Vol. 7(6), pp. 1489-1494,  2007. 

 

[44] Qingyu Xu, Shengqiang Zhoub, and Heidemarie Schmidt, “Magnetic 

properties of ZnO nanopowders,” J. Alloys and  Comp., Vol. 487, pp. 

665-667, 2009.  

 

[45] Hongyan Liu,  Fei Zeng,  Shuang Gao, Guangyue Wang,  Cheng 

Songa, and    Feng Pan, “Contributions of magnetic properties in 

epitaxial copper-doped ZnO,” Phys. Chem., Vol. 15, pp. 13153-13161, 

2013.  

 

[46] Ozgur U, “A comprehensive review of ZnO materials and devices,” 

Journal of Applied Physics, Vol. 98, pp. 041301, 2005, 

10.1063/1.1992666.  

 

[47] Wang Z. L, “ZnO nanowire and nano belt platform for 

nanotechnology,” Materials Science & Engineering R-Reports, Vol. 64, 

pp. 33-71, 2009. 

 

[48] Andreas Stadler, “Transparent Conducting Oxides-An Up-To-Date 

Overview,” Advances in Transparent Conducting Oxides, Vol. 5, pp. 

661-683, 2012.   

 

[49] Badeker, “Electrical Conductivity and Thermo‐Electromotive Force of 

Some Metallic Compounds,” Ann. Phys., Vol. 22, pp. 749, 1907. 

 



84 
 

[50] Thrinath Reddy Ramireddy, Velmurugan Venugopal , Jagadeesh Babu 

Bellam ,Arturo Maldonado , Jaime Vega-Pérez , Subramaniam 

Velumani,  and María De La Luz Olvera , “Effect of the Milling Time of 

the Precursors on the Physical Properties of Sprayed Aluminum-

Doped Zinc Oxide (ZnO: Al) Thin Films,” Vol. 5, pp. 1404-1412 , 2012. 

 

[51] Kaminska E, “Transparent p-type ZnO films obtained by oxidation of 

Sputter deposited Zn3N2,” Solid State Communications, Vol. 135, p. 

11-15, 2005. 

 

[52] Claus Klingshirn,  Fallert J, Zhou H, Sartor J, Thiele C, Maier-Flaig F, 

Schneider D, and Kalt H, “65 years of ZnO research – old and very 

recent results,” Phys. Status Solid B, Vol. 247, pp. 1424–1447, 2010. 

 

[53] William D Callister J, “Fundamentals of materials science and 

engineering,” Fifth editioned. 2000: John Wiley & Sons, Inc, New York. 

 

[54] Andreas Klein , Christoph Korber , Andre Wachau , Frank Sauberlich , 

Yvonne   Gassenbauer, Steven P. Harvey , Diana E. Proffit, and 

Thomas O. Mason , “Transparent Conducting Oxides for 

Photovoltaics: Manipulation of Fermi Level, Work Function and Energy 

Band Alignment,” Materials, Vol. 3, pp. 4892-4914,  2010. 

 

[55] Srikant V and Clarke D.R, “On the optical band gap of zinc oxide,” 

Journal of Applied Physics, Vol. 83, pp. 5447-5451, 1998. 

 

[56] Foreman J.V, Simmons J.G, Baughman W.E, Liu J, and Everitt H.O, 

“Localized excitons mediate defect emission in ZnO powders,” J. Appl. 

Phys., Vol.113, pp. 133513, 2013. 

 

[57] Tauc J, Grigorovici R, and Vancu A, “Optical Properties and Electronic 

Structure of Amorphous Germanium,” Physica status solid (b), Vol. 15, 

pp. 627-637, 1966. 

 



85 
 

[58] Amjid Iqbal, Arshad Mahmood, Taj Muhammad Khan, and Ejaz 

Ahmed, “Structural and optical properties of Cr doped ZnO crystalline 

thin films deposited by reactive electron beam evaporation technique,” 

Vol.  23, pp. 64–69, 2013. 

 

[59] Ziaul Raza Khan, Mohd Shoeb Khan, Mohammad Zulfequar, and 

Mohd Shahid Khan, “Optical and Structural Properties of ZnO Thin 

Films Fabricated by Sol-Gel Method,” Materials Sciences and 

Applications, Vol. 2, pp. 340-345, 2011. 

 

[60] Eun Sub Shim, Hong Seong Kang, Seong Sik Pang, Jeong Seok 

Kang, Ilgu Yun, and Sang Yeol Lee, “Annealing effect on the structural 

and optical properties of ZnO thin film on InP,” Materials Science and 

Engineering B, Vol. 102, pp. 366-369, 2003. 

 

[61] Mahmood A, Nadeem Ahmed , Raza Q,TAJ Muhammad Khan, 

Mehmood  M, Hassan M.M, and N Mahmood, “Effect of thermal 

annealing on the structural and optical properties of ZnO thin films 

deposited by the reactive e-beam evaporation technique,” Phys. Scr., 

Vol. 82, pp. 065801, doi:10.1088/0031-8949/82/06/065801. 

 

[62] Laurent K, and D P Yu, “Tusseau-Nenez.S and Leprince-Wang. Y, 

Thermal annealing effect on optical properties of electrodeposited ZnO 

thin films,” J. Phys. D: Appl. Phys., Vol. 41, pp. 195410, 2008, 

doi:10.1088/0022-3727/41/19/195410. 

 

[63] Jamilah Husnaa, Mannir Aliyua  M,  Aminul Islama M, Chelvanathana 

P,  Radhwa Hamzaha N,  Sharafat Hossaina M,  Karimc M.R, and  

Nowshad Amin, “Influence of Annealing Temperature on the 

Properties of ZnO Thin Films Grown by Sputtering,” Energy Procedia, 

Vol.  25, pp. 55-61, 2012. 

 

 



86 
 

[64] Stephen J. Pearton,  David P. Norton, Ivill P, Hebard  F, John M. 

Zavada, Weimin M. Chen, and Irina A. Buyanova, “ZnO Doped With 

Transition Metal Ions,” IEEE Transactions on Electron Devices, Vol. 

54, pp.1040-1048, 2007. 

 

[65] Usha Philipose, and Gopal Sapkota, “Ferromagnetic ZnO Nanowires 

for Spintronics  Applications,” pp. 45-62, doi.org/10.5772/52825. 

 

[66] Parmanand Sharma, Amita Gupta, Rao K.V, Frank J. Owenes, Renu 

sharma, Rajeev Ahuja, Osorio  Guillen J.M, Borje Johansson, and 

Gehring G.A, “Ferromagnetism above room temperature in bulk and 

transparent thin films of Mn-doped ZnO,” Nature Publishing Group, 

Vol. 2, pp. 673-677, 2003. 

 

[67] Linhua Xu, Hua Shen, Xiangyin Li, and Rihong Zhu, “Enhanced 

ultraviolet emission from ZnO thin film covered by TiO2 nanoparticles,” 

Chinese Optics Letters, Vol. 7, pp. 953-955, 2009. 

 

[68] Manoj K. Gupta, Nidhi Sinha, and Binay Kumar, “p-type K-doped ZnO 

nano rods for optoelectronic applications,” J. Appl. Phys., Vol.109, 

pp.083532, 2011, doi.org/10.1063/1.3574656. 

 

[69] Ghosh S, Gobinda Gopal Khan, Bipul Das, and Mandal K, “Vacancy-

induced intrinsic d0 ferromagnetism and photoluminescence in 

potassium doped ZnO nano wires,” Journal of Applied Physics, Vol. 

109, pp. 123927, 2011. 

 

[70] DeYi Wang , Jian Zhou, and Gui Zhen Liu, “Effect of Li-doped 

concentration on the structure, optical and electrical properties of p-

type ZnO thin films prepared by sol–gel method,” Journal of Alloys and 

Compounds, Vol. 481, pp. 802-805, 2009. 

 

 



87 
 

[71] Dominic Bresser, Franziska Mueller, Martin Fiedler, Steffen Krueger, 

Richard Kloepsch, Dietmar Baither, Martin Winter, Elie Paillard, and 

Stefano Passerini, “Transition-Metal-Doped Zinc Oxide Nanoparticles 

as a New Lithium-Ion Anode Material,” Chem. Mater., Vol.25 (24), pp 

4977–4985, 2013. 

 

[72] Nadia Chahmat, Ammar Haddad, Azzedine Ain-Souya, Rachid 

Ganfoudi, Nadir Attaf, Mouhamed Salah Aida, and Mokhtar Ghers, 

“Effect of Sn Doping on the Properties of ZnO Thin Films Prepared by 

Spray Pyrolysis,” Journal of Modern Physics, Vol. 3, pp. 1781-1785, 

2012. 

 

[73] Jeong S.H, Park B.N, Lee S.B and Boo J.H, “Metal-doped ZnO thin 

films: Synthesis and characterizations, Surface & Coatings 

Technology,” Vol. 201,pp. 5318–5322, 2007. 

 

[74] Arun Aravind, and Jayaraj M.K, “Optical properties of Cu doped ZnO 

thin films grown by pulsed laser deposition,” Phys. Express, Vol. 3:7, 

pp.1-4, 2013. 

 

[75] Zhi-Yuan Ye, Hong-Liang Lu, Yang Geng, Yu-Zhu Gu, Zhang-Yi Xie, 

Yuan Zhang, Qing-Qing Sun, Shi-Jin Ding, and David Wei Zhang, 

“Structural, electrical, and optical properties of Ti-doped ZnO films 

fabricated by atomic layer deposition,” Nanoscale Research Letters 

,Vo. 8:108, pp.1-6, 2013. 

 

[76] Jie Jianga, Xuetao Wanga, Liping Zhua,  Yinzhu Zhanga, Zhizhen 

Yea, and Bo He, “The effects of Ni–Na codoping on structure and 

properties of ZnO films by pulsed laser deposition,” Journal of Alloys 

and Compounds, Vol. 513, pp. 445–448, 2012. 

 

 

 



88 
 

[77] Mallick P, and  Mishra N.C, “Evolution of Structure, Microstructure, 

Electrical and Magnetic Properties of Nickel Oxide (NiO) with 

Transition Metal ion Doping,” American Journal of Materials Science, 

Vol. 2(3), pp. 66-71, 2012. 

 

[78] Jefferson A. Wibowo, Nadia F. Djaja, and Rosari Saleh, “Cu- and Ni-

Doping Effect on Structure and Magnetic Properties of Fe-Doped ZnO 

Nanoparticles,” Advances in Materials Physics and Chemistry, Vol.3, 

pp. 48-57, 2013. 

 

[79] Swapna R, and Santhosh Kumar M.C, “Deposition of Na–N dual 

acceptor doped p-type ZnO thin films and fabrication of p-ZnO:(Na, 

N)/n-ZnO: Eu homojunction,” Materials Science and Engineering B , 

Vol. 178,  pp. 1032–1039,  2013.  

 

[80] Woojin Lee, Sungjin Shin, Dae-Ryong Jung, Jongmin Kim, Changwoo 

Nahm, Taeho Moon, and  Byungwoo Park, “Investigation of electronic 

and optical properties in AlGa codoped ZnO thin films,” Current 

Applied Physics,  Vol. 12, pp. 628-631, 2012. 

 

[81] Seung Wook Shin, In Young Kim,  Kishorb G.V, Yeong Yung Yoob, 

Young Baek Kimb, Jae Yeong Heob, Gi-Seok Heoc,  Patilb P.S, Jin 

Hyeok Kim, and Jeong Yong Lee, “Development of flexible Mg and Ga 

co-doped ZnO thin films with wide band gap energy and transparent 

conductive characteristics,” Journal of Alloys and Compounds, Vol. 

585 , pp. 608–613,  2014. 

 

[82] Yue Zhao, Mingtao Zhou, Zhiyong Lv , Zhao Li , Jian Huang , Xiaoyan 

Liang ,and Jiahua Min, “Effect of K–N on the structural and optical 

properties of K–N co-doped ZnO film,” Materials Science in 

Semiconductor Processing, Vol.14, pp. 257–260, 2011. 

 

 



89 
 

[83] Jiao Xu, Bei-fang Yang, Zheng-ping Fu, Mei-wang Wen, Yong-xun 

Zhao, “Synthesis and Photocatalytic Property of ZnO/TiO2 Inverse 

Opals Films with Controllable Composition and Topology,” Chinese 

Journal Of Chemical Physics, Vol. 25, pp. 235-241, 2012. 

 

[84] Jayasankar Mani, Hazem Sakeek, Salah Habouti, Matthias Dietze, 

and Mohammed Es-Souni,“Macro–meso-porous TiO2, ZnO and ZnO–

TiO2-composite thick films, Properties and application to 

photocatalysis,” Catal. Sci. Technol., Vol. 2, pp. 379–385, 2012. 

 

[85] Mohamed S. Hamdy, Patrick Nickels , Isam H. Abd-Elmaksood,  Hang 

Zhoua, El-Mossalamy .E.H, Abdulrahaman O. Alyoubic, Stephen 

Lynch, Arokia Nathan, and Geoff Thornton, “Parameters controlling 

the photocatalytic performance of ZnO/Hombikat TiO2 Composites,” 

Journal of Photochemistry and Photobiology A: Chemistry, Vol. 228, 

pp. 1-7, 2012. 

 

[86] Lori E. Greene, Matt Law, Benjamin D. Yuhas, and Peidong Yang, 

“ZnO-TiO2 Core-Shell Nano rod/P3HT Solar Cells,” Journal of physical 

chemistry, Vol. 111, pp. 18451-18456,  2007.  

 

[87] Litty Irimpan, Bindu Krishnan,  Nampoori V.P.N, and Radhakrishnan P, 

“Nonlinear optical characteristics of nanocomposites of ZnO–TiO2–

SiO2,” Optical Materials, Vol.31, pp. 361-365, 2008. 

 

[88] Byrappa K  A. S, Dayananda A.S,  Sajan C.P , Basavalingu B , 

Shayan M.B, Soga K, and Yoshimura M, “Hydrothermal preparation of 

ZnO:CNT and TiO2:CNT composites and their photocatalytic 

applications,” J. Mater. Sci., Vol. 43,  pp. 2348–2355,  2008. 

 

[89] Caglar M, Ilican S, Caglar Y, and Yakuphanoglu F, “Boron doped 

nanostructure ZnO films onto ITO substrate,” J. Alloys Comp., Vol. 

509,  pp. 3177–3182,  2011. 

 



90 
 

[90] Chien-Yie Tsay, Kai-Shiung Fan, and Chien-Ming Lei, “Synthesis and 

characterization of sol–gel derived gallium-doped zinc oxide thin films,” 

J. Alloys Comp., Vol. 512,  pp. 216–222,  2012. 

 

[91] Peng L.P, Fang L, Yang X.E, Li Y.J,  Huang Q.L,  Wu .F, and  Kong 

C.Y, “Effect of annealing temperature on the structure and optical 

properties of In-doped ZnO thin films,” J. Alloys Comp., Vol. 484, pp. 

575–579,  2009. 

 

[92] Wang X.C, Chen X.M, and Yang B.H, “Microstructure and optical 

properties of polycrystalline ZnO films sputtered under different 

oxygen flow rates,” J. Alloys Comp., Vol. 488, pp. 232–237, 2009. 

 

[93] Jiao S.J,  Lu Y.M,  Shen D.Z,  Zhang Z.Z,  Li B.H, Zh H. Zheng,  Yao 

B, Zhang Y.Z, Zhao D, and Fan X.W, “Donor–acceptor pair 

luminescence of nitrogen doping p-type ZnO by plasma-assisted 

molecular beam epitaxi,”  J. Luminescence,  Vol. 368, pp. 122–123,  

2007. 

 

[94] Arshad M,  Azam A,  Ahmed A.S,  Mollah S,  and Naqvi A.H, “Effect of 

Co substitution on the structural and optical properties of ZnO 

nanoparticles synthesized by sol–gel route,” J. Alloys Comp., Vol. 509, 

pp. 8378–8381, 2011. 

 

[95] Wu J, and Yang Y.T, “Deposition of K-doped p type ZnO thin films on 

(0001) Al2O3 substrates,” Mater. Lett., Vol. 62, pp.1899-1901, 2008. 

 

[96] Linhua Xu, Fang Gu, Jing Su, Yulin Chen, Xiangyin Li, and  Xiaoxiong 

Wang, “The evolution behavior of structures and photoluminescence 

of K-doped ZnO thin films under different annealing temperatures,” J. 

Alloys Comp., Vol. 509, pp. 2942-2947,  2011. 

 



91 
 

[97] Xu L.H, Li X.Y, and Yuan Y,“Effect of K-doping on structural and 

optical properties of ZnO thin films,” Superlattices Microstruct., Vol. 44, 

pp. 276-281, 2008. 

 

[98] Yamamoto T, and Yoshida H.K, "Unipolarity of ZnO with a wide-band 

gap and its solution using codoping method", J. Crystal Growth, Vol. 

552, pp. 214–215, 2000. 

 

[99] Gang Li, Xuebin Zhu, Hechang Lei, Wenhai Song, Zhaorong Yang, 

Jianming Dai, Yuping Sun, Xu Pan, and Songyuan Dai, “Study on 

chemical solution deposition of aluminum-doped zinc oxide films,” J. 

Alloys Comp., Vol. 505, pp. 434-442,  2010. 

 

[100] Saliha Ilican,“Effect of Na doping on the microstructures and optical 

properties of ZnO nano rods, Journal of alloys and compound,” Vol. 

553 pp. 225–232, 2012. 

 

[101] Tao Wang, Yanmei Liu, Qingqing Fang, Yangguang Xu, Guang Li, 

Zhaoqi Sun,  Mingzai Wu, Junlei Li, and Hao He, “Morphology and 

optical properties of Co doped ZnO textured thin films,” J. Alloys 

Comp., Vol. 509, pp. 9116-9122, 2011. 

 

[102] Chien-Yie Tsay, and Kai-Shiung Fan, “Optimization of Zr-Doped ZnO 

Thin Films Prepared by Sol-Gel Method,” Mater. Trans., Vol. 49, 

pp.1900-1904, 2008. 

 

[103] Jin-Hong Lee, and Byung-Ok Park, “Transparent conducting ZnO: Al, 

In and Sn thin films deposited by the sol–gel method,”  Thin Solid 

Films, Vol. 426 , pp. 94-99, 2003. 

 

[104] Maldonado A, Mallen-Hern S.A, J. Vega-P, M. de la L. Olvera, and 

Revista Mexicana De F Isica S, “Chromium doped Zinc oxide thin films 

deposited by chemical spray used in photo-catalysis and gas sensing,” 

Vol. 55 ,  pp. 90-94,  2009. 



92 
 

[105] Ilican S, Caglar Y, Caglar M, and Demirci B,“Preparation and 

characterization of ZnO thin films deposited by sol-gel spin coating 

method,” J. Optoelec. Adv. Mater, Vol. 10, pp. 2578-2583, 2008. 

 

[106] Hong-Ming Zhou, Dan-Qing Yi, Zhi-Ming Yu, Lai-Rong Xiao, and Jian 

Li, “Preparation of aluminum doped zinc oxide films and the study of 

their microstructure, electrical and optical properties,” Thin Solid Films, 

Vol. 515, pp. 6909–6914, 2007.  

 

[107] Shinde S.S, Korade A.P,  Bhosale C.H, and  Rajpure K.Y,  “Influenced 

of tin doping on to structural, morphological, optoelectronic and 

impendence properties of sprayed ZnO thin films,” J. Alloys and 

Comp., Vol. 551,  pp. 688-693, 2013.  

 

[108] Major S, Banerjee A, Chopra K.L, and Nagpal K.C,“Thickness - 

dependent properties of indium-doped ZnO films,” Thin Solid Films, 

Vol. 143, pp. 19–30, 1986. 

 

[109]  Cortes A, Glomez H, Marotti R.F, Riveros G,  and Dalchiele E.A, 

“Grain size dependence of the band gap in  chemical bath deposited 

CdS thin films,” Solar Energy Mater. & Solar Cells, Vol. 82, pp. 21-34, 

2004. 

 

[110] Mustafa oztas,“Influence of Grain Size on Electrical and Optical 

Properties of INP Films,” Chi. Phys. Lett., Vol. 25, pp. 4090-4092, 

2008. 

 

[111] Khan M.A.M, Khan M.W,  Alhoshan M, AlSalhi M.S, and Aldwayyan 

A.S, “Influences of Co doping on the structural and optical properties 

of ZnO nanostructured,” Appl. Phys. A, Vol. 100, pp. 45-51, 2010. 

 

[112] Pankov J, “Optical Processes in Semiconductors,” London, 1971. 

 



93 
 

[113] Jianguo Lv, Kai Huang, Xuemei Chen, Jianbo Zhu, Chunbin Cao, and 

Xueping Song, Zhaoqi Sun,  “Optical constants of Na-doped ZnO thin 

films by sol–gel method,” Opt. Comm., Vol.284,  pp. 2905, 2011. 

 

[114] Li Q.H, Zhu D,  Liu W.J,  Liu Y, and  Ma X.C, “Optical properties of Al-

doped ZnO thin films by ellipsometry,”  Appl. Surf. Sci., Vol. 254, pp. 

2922, 2008. 

 

[115] Anis Akkari, Cathy Guasch, Michel Castagne, and Najoua Kamoun 

Turki, “OpticalstudyofzincblendSnSandcubicIn2S3: Al thin films 

prepared by chemical bath deposition,” J. Mater.Sci., Vol. 46, pp. 

6285-6292, 2011. 

 

[116] Belgacemet S, and Bennaceur R, “Propriétés optiques des couches 

minces de SnO2 CuInS2 airless spray,” Rev. Phys. Appl., Vol. 25, pp. 

1245-1258, 1990. 

 

[117] Sharma R, Sehrawat K, Wakahara A, and Mehra R.M, “Epitaxial 

growth of Sc-doped ZnO films on Si by sol–gel route,” Appl. Surf. Sci., 

Vol.  255, pp. 5781-5788, 2009. 

 

[118] Shao L.X, and Zhang J, “A simple preparation technique of ZnO thin 

film with high crystallinity and UV luminescence intensity,” J. Phys. 

Chem. Solids, Vol. 69, pp. 531-534, 2008. 

 

[119] Zeng H,  Duan G,  Li Y, Yang S, Xu X, and Cai W, “Blue luminescence 

of ZnO nanoparticles based on non-equilibrium processes: defect 

origins and emission,” Adv. Funct. Mater., Vol.  20, pp. 561-572, 2010. 

 

[120] Zeng H, Cai W,  Li Y,  Hu J,  and Liu P, “Composition/structural 

evolution and optical properties of ZnO/Zn nanoparticles by laser 

ablation in liquid media,”  J. Phys. Chem. B, Vol. 109 , pp. 

18260,2005. 

 



94 
 

[121] Wolf S.A, Awschalom D.D, Buhrman R.A,  Daughton J.M, Molnar S.V, 

Roukes M.L,  Chtchelkanova A.Y, and Tregger D.M, “Spintronics: A 

spin based electronics vision for the future,”  Science, Vol. 294,  pp. 

1488-1495,  2001. 

 

[122] Zutic I, Fabian J, and Sarma S.D, “Spintronics: Fundamentals and 

applications,” Rev. Mod. Phys., Vol.  76, pp. 323, 2004. 

 

[123] Mazin I.I. “Robust half metalicity in Fex Co1-xS2,” Appl. Phys.  Lett., Vol. 

77, pp. 3000, 2000, doi.org/10.1063/1.1324720. 

 

[124] Kimura S, Emura S,  Tokuda K, Zhou Y.K, Hasegawa  S, and Asahi  

H, “Structural properties of AlCrN, GaCrN and InCrN”, J. Cryst. 

Growth, Vol.  311, pp. 2046-2048, 2009. 

 

[125] Jain M, Kronik L,  Chelikowsky J.R, and Godlevsky V.V,  “ Electronic 

Structure and Spin Polarization of Mn-containing Dilute Magnetic III-V 

Semiconductors,” Phys. Rev. B, Vol.  64, pp. 245205, 2001. 

 

[126] Buchholz D.B, Chang R.P.H, Song J.H, and Ketterson J.B, “Room-

temperature ferromagnetism in Cu-doped ZnO thin films”, Appl. Phys. 

Lett., Vol.  87, pp. 082504, 2005, DOI: 10.1063/1.2061347. 

 

[127] Hou D.L, Ye X.J, Meng H.J, Zhou H.J, Li X.Z, Zhen C.M, and Tang 

G.D, “Magnetic properties of n-type Cu-doped ZnO thin films,”  Appl. 

Phy. Lett., Vol. 90, pp. 142502-1- 142502-3, 2007.  

 

[128] Sato K, and Katayama-Yoshida H, “Material Design for Transparent 

Ferromagnets with ZnO-Based Magnetic Semiconductors,” Jpn. J. 

Appl. Phys., Vol. 39, pp. L555-L558, 2000. 

 

[129] Sato K, and Katayama-Yoshida H, “First principles materials design for 

semiconductor spintronics,” Semicond. Sci. Technol., Vol.17, pp. 367, 

2002, doi:10.1088/0268-1242/17/4/309.  



95 
 

[130] Prinz G.A,“Magneto electronics,” Science, Vol. 282, pp. 1660-1663, 

1998. 

 

[131] Xioao B, Ye B.Z,  Zhang Y,  Zeng Y,  Zhu L, and Zhao B, “Facrication 

of p- type Li-doped ZnO films by pulsed laser deposition,”  Appl. Surf. 

Sci.,Vol.  253, pp. 895-897,2006. 

 

[132] Park C.H, Zhang S.B, and   Wei S.H, “Origin of p-type doping difficulty 

in ZnO: The impurity perspective,” Phys. Rev. B, Vol. 66, pp. 73202, 

2002. 

 

[133] Leu H.J, Kim B.S, Cho C.R, and  Jeong S.Y, “A study of magnetic and 

optical properties of Cu-doped ZnO,” Phys. Stat. Sol. B, Vol. 241 , pp. 

1533-1536,  2004. 

 

[134] Polarz S, Orlov A,  Hoffmann A,  Wangner M.R, Rauch C, Kirste R, 

Gehlhott W , Aksy Y, Driess M , Van den Berg M.W.E,  and  Lehman 

M, “A Systematic Study on Zinc Oxide Materials Containing Group I 

Metals (Li, Na, K)-Synthesis from Organometallic Precursors, 

Characterization, and Properties,” Chem. Mater., Vol. 21, pp. 3889-

3897, 2009. 

 

[135] Muhammed Shaif K,  Vinodkumar R,  Jolly Bose R, Uvais V.N, and 

Mahadevan Pillai V.P, “Effect of Cu on the microstructure and 

electrical properties of Cu/ZnO thin films,” J. Alloys Comp., Vol. 551,  

pp. 243-248, 2013. 

 

[136] Santa Chawla, Jayanthi K, and Kotnale R.K,“Room-temperature 

ferromagnetism in Li-doped p-type luminescent ZnO nanorods,” 

Physical Rev .B, Vol. 79, pp.125204, 2009.  

 

[137] Garces N.Y, Wang L,  Bai L, Griles N.C, Halli burton L.E, and Cantwell 

G, “Role of copper in the green luminescence from ZnO crystals,” 

Appl. Phys. Lett., Vol. 81 , pp. 622, 2002.  



96 
 

[138] Ye L. H, Freeman A. J, and Delly B, “Half-metallic ferromagnetism in 

Cu-doped ZnO: Density functional calculations,” Phys. Rev. B, Vol. 73, 

pp.033203, 2006.  

 

[139] Hammed T.M, Salem J.K, Roger G. Harrison, Rolf. Hempelmann, and 

Hejazy N.K,“Optical and magnetic properties of Cu-doped ZnO 

nanoparticles, J. Mat. Sci. Mat. Elect., Vol. 24, pp. 2486-2852, 2013. 

 

[140] Ando K, Saito H,  Jin Z,  Fukumura T,  Kawaski M,  MatsumotoY, and 

Koinuma H, “Magneto-optical properties of ZnO-based diluted 

magnetic semiconductors”,  J. Appl. Phys., Vol. 89, pp. 7284-7286, 

2001.   

 

[141] Chakraborti D, Narayan J, and Prater J.T, “Room temperature 

ferromagnetism in Zn1−xCuxO thin films,” Appl. Phys. Lett., Vol. 90, p. 

062504, 2007. 

 

[142] Park M.S, and Min B.I, “Ferromagnetism in ZnO codoped with 

transition metals: Zn1-x (Fe Co) x O and Zn1-x (Fe Cu) x O,” Phys. 

Rev. B, Vol. 68, pp. 224436, 2003. 

 

[143] Huang D, Zhao Y.Z, Chen D.H, and Shao Y.Z, "The impact of 

lattice volume on the band gap broadening of isovalent,” Appl. Phys. 

Lett., Vol. 92, pp.182509, 2008. 

 

[144] Ferhat M, Zaoui A, and Ahuja R, “Magnetism and band gap narrowing 

in Cu-doped ZnO,”  Appl. Phys. Lett., Vol. 94, pp.142502, 2009. 

 

 [145] Ohshima T, Thareja R.K,  Ikegami  T, and Ebihara K, “Preparation of 

ZnO thin films on various,  substrates by pulsed laser deposition 

Surface coatings Tech,” Vol. 169-170,  pp. 517-520, 2003. 

 



97 
 

[146] Hiroshi Funakubo, Nobuyasu Mizutani, Maki Yonetsu, Atsuhi Saki, and 

Kazuo Shinozaki, Orientation Control of ZnO Thin Film Prepared by 

CVD,”J. Electro ceramics,  Vol. 4,  pp. 25-32, 1999. 

 

[147] Wu Z.Y,   Cai J.H, and G. Ni, “ZnO films fabricated by chemical bath 

deposition from zinc nitrate and ammonium citrate tri basic solution,” 

Thin Solid Films, Vol. 516,  pp. 7318-7322, 2008. 

 

[148] Gil Mo Nam, and Myoung Seok kwon, “Al-doped ZnO via Sol-Gel 

Spin-coating as a Transparent Conducting Thin Film,” J. Information 

Display, Vol. 10, pp. 24-27, 2009. 

 

[149] Saravanakumar K, Ganesan V, Lalla N.P, Gopinathan C, 

Mahalakshmi K,  and Sanjeeviraja C, “Columnar Growth of 

Nanocrystalline ZnO Thin  Films Prepared through RF Magnetron 

Sputtering,”  Adv. Studies Theor. Phy., Vol. 5, pp.143-154, 2011. 

 

[150] Shanmuganathan G, Shameem Banu I.B ,  Krishnan S , and 

Ranganathan B, “Influence of K-doping on the optical properties of 

ZnO thin films grown by chemical bath deposition method,” J. Alloys a 

Comp., Vol. 562,  pp. 187-193, 2013.  

 

[151] Gaurav Shukla, “Magnetic and optical properties of epitaxial n-type 

Cu-doped ZnO thin films deposited on sapphire substrates,”  Appl. 

Phys. A, Vol. 97, pp.115-118, 2009. 

 

[152] Zhang Guo-Heng, Deng Xia-Yan, Xue Hua, and Xiang Gang, 

“Engineering of electronic and optical properties of ZnO thin films via 

Cu doping,” Chin. Phys. B, Vol. 22, pp. 047803-1 - 047803-4, 2013.  

 

[153] Zhang S.B, Wei S.H, and Alex Zunger, “Intrinsic n-type versus p-type 

doping asymmetry and the defect physics of ZnO,” Phys. Rev. B,  Vol 

.63,  pp. 075205, 2001.  

 



98 
 

[154] Alvi N.H, Kamran ul Hasan, Omer Nur, and Magnus Willander, 

“Influence of helium  ion bombardment on optical properties of ZnO 

nanorods/p-GaN light emitting  diodes’’,   Nanoscale Res Lett., Vol. 6,  

pp. 1-12,  2011. 

 

[155] Santa Chawla, Jayanthi K, and Kotnala R.K, “High temperature carrier 

controlled ferromagnetism in alkali doped ZnO nanorods,” J. App. 

Phy., Vol. 106 , pp. 113923-1- 113923-6,  2009. 

 

[156] Janotti, and Van de Walle C. G, “ Fundamentals of zinc oxide as a 

Semiconductor,” Rep. Prog. Phys.,Vol. 72, pp.1-29, 2009.  

 

[157]  Li X.L, Xu X.H, Quan Z.Y, Guo J.F, Wu H.S, and  Gehring  G.A, “Role 

of Donor Defects in Enhancing Ferromagnetism of Cu-Doped ZnO 

Films,” J. Appl. Phys., Vol. 105, pp. 103914, 2009.  

 

[158] Yufeng Tian, Yong feng Li, Mi He, Irwan Ade Putra, Haiyang Peng, Bin 

Yao, Siew Ann Cheong, and Tom Wu, “Bound magnetic polarons and 

p-d exchange interaction in ferromagnetic insulating Cu-doped ZnO,”  

Appl. Phys. Lett., Vol. 98,  pp. 162503, 2011.  

 

[159] Ruderman M. A, and Kittel C, “Indirect Exchange Coupling of Nuclear 

Magnetic Moments by Conduction Electrons,”Phys. Rev., Vol. 96, 

pp.99, 1954.  

 

[160] Yosida K, “Magnetic properties of Cu-Mn alloys,”  Phys.  Rev., 

Vol.106, pp. 106:893-8, 1957. 

 

[161] Sung-Kyu Kim, Shin Ae Kim, Chang-Hee Lee, Hyeon-Jun Lee, Se-

Young Jeong, and Chae Ryong Cho, “The structural and optical 

behaviors of K-doped ZnO/Al2O3(0001) films,” Appl. Phys. Lett., 

Vol.85,   pp. 419-421, 2004. 

 



99 
 

[162] Jianguo Lu, Kai Huang, Jianbo Zhu , Xuemei Chen , Xueping Song, 

and Zhaoqi Sun, “Preparation and characterization of Na-doped ZnO 

thin films by sol–gel method,” Physica B,  Vol. 405,  pp. 3167-3171,  

2010.  

 

[163] Wei Liu, Faxian Xiu , Ke Sun , Ya-Hong Xie, Kang L Wang , Yong 

Wang , Jin Zou , Zheng Yang, and Jianlin Liu, “Na-Doped p-Type ZnO 

Micro wires,” J. Am. Chem. Soc., Vol. 132,  pp. 2498-2499, 2010.  

 

[164] Sanjeev Kumar, and Thangavel R, “Structural and optical properties of 

Na doped ZnO nanocrystalline thin films synthesized using sol–gel 

spin coating technique,” J Sol-Gel Sci. Techno, Vol. 67, pp. 50-55,  

2013.  

 

[165] Joseph M, Tabata H, and Kawai T, “Ferroelectric behavior of Li-doped 

ZnO thin films on Si(100)by pulsed laser deposition,” Appl. Phys. Lett., 

Vol. 74, pp. 2534- 2536, 1999.  

 

[166] Subramanian Kalyanaraman, and Rajapandi Vettumperumal, “Study of 

Multiple Phonon Behavior in Li-doped ZnO Thin Films Fabricated 

Using the Sol-gel Spin-coating Technique,” Journal of the Korean 

Physical Society, Vol. 62, pp. 804-808,  2013.  

 

[167] Rattanaa T, Suwanboon S,  Amornpitoksuk P, Haidouxd  A, and 

Limsuwana P, “Improvement of optical properties of nanocrystalline 

Fe-doped ZnO powders through precipitation method from citrate-

modified zinc nitrate solution,” Journal of Alloys and Compounds, Vol. 

480,  pp. 603-607, 2009.   

 

[168] Yongzhe Zhang, LihuiWu, Hui Li, Jinhai Xu, Lizhong Han, 

BochongWang, Zhongliang Tuo, and Erqing Xie, “Influence of Fe 

doping on the optical property of ZnO films,” Journal of Alloys and 

Compounds, Vol. 473,  pp. 319-322,  2009.  

 



100 
 

[169] Benhaliliba M, Ocak Y.S, and Tab A, “Characterization of Coated Fe-

Doped Zinc Oxide Nanostructures, Journal of nano- and electronic 

physics,” Vol. 5,  pp. 03001-1- 03001-4, 2013. 

 

[170] Jianwei Wang, Jiaqi Wan, and Kezheng Chen,”Facile synthesis of 

super paramagnetic Fe-doped ZnO nanoparticles in liquid polyols,” 

Materials Letters, Vol. 64, pp. 2373-2375, 2010. 

 

[171] Ayman Sawalha, AbuAbdeen M, and Sedky A, Electrical conductivity 

study in pure and doped ZnO ceramic system,” Physica B, Vol. 404, 

pp. 1316-1320, 2009. 

  

[172] Jianping Xu, ShaoboShi , Xiao song Zhang, You wei Wang, and  Ming 

xue Zhu Lan Li, ”Structural and optical properties of (Al, K) codoped 

ZnO thin films deposited by Sol gel technique,” Materials Sciencein 

Semiconductor Processing, Vol. 16,  pp. 732-737, 2013. 

 

[173] Beltrán J.J, Osorio J.A, Barrero C.A, Charles B. Hanna, and Punnoose 

A, “Magnetic Properties of Fe Doped, Co Doped, and Fe+Co Co-

Doped ZnO,” Journal of Applied Physics, DOI: 10.1063/1.4799778. 

 

[174] Ghosh S, Mandal M, and Mandal K, “Effects of Fe doping and Fe–N-

codoping on magnetic properties of SnO2 prepared by chemical co-

precipitation,” Journal of magnetism and magnetic materials, Vol. 323, 

pp. 1083-1087, 2011. 

 

[175] Prajapati C.S, Ajay Kushwaha, and Sahay P.P, “Experimental 

Investigation of Spray-Deposited Fe-Doped Nanoparticle Thin Films: 

Structural,” Microstructural and Optical Properties, JTTEES, Vol. 22, 

pp. 1232-1241,  2013.  

 

[176] Linhua Xu, and Xiangyin Li, “Influence of Fe doping on the structural 

and optical properties of ZnO thin  films prepared by sol–gel method,” 

Journal of Crystal Growth , Vol. 312,  pp. 851-855, 2010. 



101 
 

[177] Yang L.C, Wang R.X, Xu S.J, Xing Z, and Fan Y.M, “Effects of 

annealing temperature on the characteristics of Ga-doped ZnO film 

metal-semiconductor –metal ultraviolet photodetectors,” Journal of 

Applied Physics , Vol. 113,  pp. 084501-3, 2013. 

 

[178] Shibu Saha, and Vinay Gupta, “Al and Fe co-doped transparent 

conducting ZnO thin film for mediator-less bio sensing application,” 

Journal of Applied Physics,  Vol. 1,  pp. 042112-3, 2013. 

 

[179] Kevin Alvin Eswar, Aziz Azlinda, H Fadzilah Husairi, Mohamad Rusop, 

and Saifollah Abdullah, “Post annealing effect on thin film composed 

ZnO nano-particles on porous silicon,” Nano  Bulletin, Vol. 2, pp. 

130212-1 - 130212-6,  2013. 

 

[180] Salaken S.M , Farzana E, and Podder J, “Effect of Fe-doping on the 

structural and optical properties of ZnO thin films prepared by spray 

pyrolysis,” Chinese Institute of Electronics, Vol. 34, pp. 073003-1- 

073003-6,  2013. 

 

 [181] Mustafa Oztas, and Metin Bedir, “Thickness dependence of structural, 

electrical and optical properties of sprayed ZnO: Cu films,” Thin Solid 

Films, Vol. 516, pp. 1703-1709, 2008. 

 

[182] Abdolahzadeh Ziabari A, and Ghodsi  F.E, “Optoelectronic studies of 

sol-gel derived nanostructured CdO-ZnO composite films,” Journal of 

Alloys and compounds, Vol. 509, pp. 8748-8755, 2011.  

 

[183] Abdel-Sattar Gadallah, and El-Nahass M.M, “Structural, Optical 

Constants and Photoluminescence of  ZnO Thin Films Grown by Sol-

Gel Spin Coating,” Advances in Condensed Matter Physics, Vol. 2013,  

pp. 1-11, 2013. 

 

 



102 
 

[184] Qing Guo Du, Alagappan  G, Haitao Dai,  Demir  H.V, Yu H.Y, Xiao 

Wei Sun, and Chan Hin Kam, “UV-blocking ZnO nanostructure anti-

reflective coatings, Optics Communications,” Vol. 285, pp.3238-3241, 

2012. 

 

[185] Lupana O,  Pauporte T, Chowc L, Vianae B,  Pelle F, Onoc  L.K, 

Rolda Cuenyac B,  and Heinric H, “Effects of annealing on properties 

of ZnO thin films prepared by electrochemical deposition in chloride 

medium,” Applied Surface Science , Vol. 256,  pp.1895-1907,  2010. 

 

[186] Ibrahim E. Erdogan, “The alloying effects on the structural and optical 

properties of nanocrystalline  copper zinc oxide thin films fabricated by 

spin coating and annealed method,” Journal of alloys and Compounds, 

Vol. 502, pp.445-450,  2010. 

 

[187] Kuznetsov A.S, Lu Y.G, Turner S, Shestakor M.V, Tikhomirov V.K, 

Kirilenko D, Verbeeck J, Baranov A.N, and Moshchalko V.V, 

“Preparation, structural and optical characterization of nano crystalline 

ZnO doped with luminescence Ag-nanocluster,” Optical Materials 

Express , Vol. 2,  pp.732, 2012. 

 

[188] Ming Gao , Jinghai Yang , Lili Yang , Yongjun Zhang , Jihui Lang , 

Huilian Liu , Hougang Fan, Yunfei Sun, Zhiqiang Zhang, and Hang 

Song, “Enhancement of optical properties and donor-related emissions 

in Y-doped ZnO,” Superlattices and Microstructures , Vol. 52,  pp.84-

91,  2012. 

 

[189]  Hyeon-Jun Lee and Sung-Kyu Kim, Influence of the impurities on the 

structural and magnetic properties in ZnO, Journal of the Korean 

Physical Society, 46, pp.S34-S38, 2005.  

 

[190] Wenjuan Cheng, and Xueming Ma, “Structural, optical and magnetic 

properties of Fe-doped ZnO,” Journal of Physics: Conference Series, 

Vol. 152, pp. 1-8, 2009.   



103 
 

[191] Xiaojuan Wu, Zhiqiang Wei, Lingling Zhang,  Xuan Wang,  Hua Yang, 

and Jinlong Jiang, “Optical and Magnetic Properties of Fe Doped ZnO 

Nanoparticles Obtained by Hydrothermal Synthesis,” Journal of 

Nanomaterials, Vol. 2014, pp.1-6,  2014. 

 

[192] Zhang S.B,  S.-H. Wei, and Alex Zunger, “Intrinsic n-type verse p-type 

doping ... and the defect physics of ZnO”, Phys. Rev. B, Vol. 63, pp. 

075205- 075205,  2001. 

 

[193] Hyeon-Jun Lee, and Sung-Kyu Kim, “Influence of the impurities on the 

structural and magnetic properties in ZnO,”Journal of the Korean 

Physical Society, Vol. 46, pp. S34-S38, 2005. 

 

[194] G. Shanmuganathan, and I.B. Shameem Banu, “Room temperature 

optical  and  magnetic properties of (Cu, K) doped ZnO based diluted 

magnetic semiconductor thin films grown by chemical bath deposition 

method”, Superlattices and Microstructures,  Vol. 75, pp. 879–889, 

2014.  

 

[195] Lu J.G, Ye Z.Z, Zeng Y.Z,  Zhu L.P, Wang L, Yuan J, Zhao B.H, and 

Liang Q.L, “Structural, optical, and electrical properties of (Zn, Al)O 

films over a wide range of compositions,” J. Appl. Phys., Vol. 100, pp. 

073714,  2006. 

 

[196] Fan J.C, Sree kanth K.M, Xie Z, Chang S.L, and Rao K.V, “p-type ZnO 

materials: theory, growth, properties and devices,” Prop. Mater. Sci., 

Vol. 58,  pp. 874-985, 2013. 

 

[197] Zeng Y.J, Ye Z.Z,  Xu W.Z, Li D.Y, Lu J.G, Zhu L.P, and Zhao B.H, 

“Dopant source choice for formation of p-type ZnO: Li acceptor,” Appl. 

Phys. Lett., Vol. 88,  pp. 062107,2006. 

 

 



104 
 

[198] Othman Z.J, and A. Matoussi, “Structure and optical properties of Znx-

1MgxO ceramic composites,” Mater. Sci. Appl., Vol. 3, pp. 538, 2012. 

 

[199] Ivanova T, Harizanova A, Koutzarova T, and Vertruyen B, “Study of 

ZnO sol–gel films: effect of annealing,” Mater. Lett., Vol. 64,  pp. 1147-

1149,  2010. 

 

[200] Hernandez R.G, Martinez A.I, Falcony C, Lopez A.A,  Pech-Canul M.I, 

and Hdz-Garcia H.M, “Study of the properties of undoped and fluorine 

doped zinc oxide nanoparticles,” Mater. Lett., Vol. 64, pp. 1493-1495, 

2010. 

 

[201] Wei H, Wu Y, Wu L, and Hu C, “Preparation and photoluminescence 

of surface N-doped ZnO nano crystal,” Mater. Lett., Vol. 59, pp. 271-

275, 2005. 

 

[202] Saravanakumar K, Sakthivel B, and Ravichandran K, “Simultaneous 

doping of aluminum and fluorine on zinc oxide nanopowder using a 

low-cost soft chemical route,” Materials Letters, Vol.65, pp. 2278-2280, 

2011. 

 

[203] Poorbafrani A, Kameli P, and Salamati H, “Structural, magnetic and 

electromagnetic wave absorption properties of SrFe12O19/ZnO 

nanocomposites,” J Mater Sci., Vol. 48, pp.186-191, 2013.  

 

[204] Ajuba A.E, Ezugwu S.C, Asogwa P.U, and Ezema F.I, “Composition 

And Optical Characterization of ZnO/NiO Multilayer Thin Film: Effect of 

Annealing Temperature,” Chalcogenide Letters, Vol. 7, pp. 573-579, 

2010. 

 

[205] Shuxiang Mu, DezhenWu, Shengli Qi, and Zhan peng Wu, 

“Preparation of Polyimide/Zinc Oxide Nano composite Films via an 

Ion-Exchange Technique and Their Photoluminescence Properties,” 

Journal of Nanomaterials, Vol. 2011,  pp. 1-10, 2011. 

http://www.sciencedirect.com/science/article/pii/S0167577X11004472
http://www.sciencedirect.com/science/article/pii/S0167577X11004472
http://www.sciencedirect.com/science/article/pii/S0167577X11004472
http://www.sciencedirect.com/science/article/pii/S0167577X11004472


105 
 

[206] Kandasami Asokan, JaeYoung Park, Sun - Woo Choi, and Sang Sub 

Kim, “Nanocomposite ZnO-SnO2 nano fibers Synthesized by 

Electrospinning method,” Nanoscale Res Lett., Vol. 5, pp. 747-752, 

2010. 

 

[207] Yasemin Caglar, Dilek Duygu Oral, Mujdat Caglar,  Saliha Ilican, M. 

Allan Thomas,  Keyue   Wu,  Zhaoqi Sun,  Jingbiao Cui, “Synthesis 

and characterization of (CuO)x(ZnO)1 − x composite thin films with 

tunable optical and electrical properties,” Thin Solid Film, Vol. 520, pp. 

6642-6647,  2012. 

 

[208]  Zheng Bi-Ju, Lian Jian-She, Zhao Lei, and Jiang Qing, “Optical and 

Electrical Properties of ZnO/CdO Composite Thin Films Prepared by 

Pulsed Laser Deposition,” Chin. Phys. Lett., Vol. 016801, pp.1-4, 

2011. 

 

[209] Navale S.C,  Ravi V, Mulla I.S,  Gosavi S.W, and Kulkarni S.K, “Low 

temperature synthesis and NOx sensing properties of nanostructured 

Al-doped ZnO,”  Senser Actuators B. Chemical., pp.126- 382, 2007. 

 

[210] Sundara Venkatesh P, Ramakrishnan V, and Jeganathan K, “Vertically 

aligned indium doped zinc oxide nanorods for the application of 

nanostructured anodes by radio frequency magnetron sputtering,” 

Cryst. Eng. Comm., Vol.14, pp. 3907-3914, 2012. 

 

[211] Gültekin D, Alaf M, and Akbulut H, “Synthesis and Characterization of 

ZnO Nanopowders and ZnO-CNT Nanocomposites Prepared by 

Chemical Precipitation Route,” Acta Physica Polonica A , Vol.123, pp. 

275, 2013. 

 

[212]  Struk P, PustelnY T, and  Opilski Z, “Gas Sensors Based on ZnO 

structures,” Acta Physica Polonica A, Vol. 118,  pp.567-569,  2010. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Asokan%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20SW%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20SS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20SS%5Bauth%5D
http://www.sciencedirect.com/science/article/pii/S0040609012007742
http://www.sciencedirect.com/science/article/pii/S0040609012007742
http://www.sciencedirect.com/science/article/pii/S0040609012007742
http://www.sciencedirect.com/science/article/pii/S0040609012007742
http://www.sciencedirect.com/science/article/pii/S0040609012007742
http://www.sciencedirect.com/science/article/pii/S0040609012007742
http://www.sciencedirect.com/science/article/pii/S0040609012007742
http://www.sciencedirect.com/science/article/pii/S0040609012007742
http://www.sciencedirect.com/science/article/pii/S0040609012007742


106 
 

[213]  Santa Chawla, Jayanthi K, Sukhvir Singh, and Harish Chander, 

“Growth, microstructure, UV and orange pink emission from ZnO 

nanocones,” Journal of Crystal Growth, Vol. 310, pp. 3517-3521, 

2008. 

 

[214] Wang Q.P, Zhang D.H, Xue Z.Y, and Hao X.T, “Violet luminescence 

emitted from ZnO films deposited on Si substrate by rf magnetron 

sputtering,”  Applied Surface Science, Vol. 201,  pp. 123-128, 2002. 

 

[215] Balakrishnan L, Gowrishankar S, Premchander P, and Gopalakrishnan 

N, “Dual codoping for the fabrication of low resistivity p-ZnO,” Journal 

of Alloys and Compounds, Vol. 512,  pp. 235-240,  2012. 

         

 

 

 

 

 

 

 

 

 

 

 

 



107 
 

 TECHNICAL BIOGRAPHY 

 

 

 

 

 

 

     Mr. G.SHANMUGANATHAN (RRN:1090203) was born on 25th December 

1981 in Pinnaiyur village, Orathanadu (TK), Thanjavur (DT), Tamil Nadu. He 

completed 10thstd in April 1997 at Pinnaiyur high school, Pinnaiyur and 

12thstd in March 1999 at Boys higher secondary school, Orathanadu. He 

received B.Sc. degree in Physics in November 2002 from Rajah Serfoji 

Government College, Bharathidasan University, Tiruchirappalli. In April 2006, 

he received M.Sc. degree in Physics from Christhu Raj College, 

Bharathidasan University, Tiruchirappalli. Further, he received M. Phil. 

degree in Physics from Bharathidasan University, Trichirapalli in April 2008. 

He is currently pursuing his Ph.D in Material Science in the Department of 

Physics, B.S.Abdur Rahman University, Chennai. His research is on the 

preparation and characterization of ZnO thin films by chemical bath 

deposition technique and by solid state reaction route. He has published five 

papers in international peer-reviewed and scopus indexed journals. He has 

presented two papers in international conferences and one paper in national 

conferences. Besides this, one more paper has been communicated to the 

international journal. His e-mail ID is: shangovinth@gmail.com and contact 

number is: 9751819307. 

  

 

mailto:shangovinth@gmail.com


108 
 

List of publications based on the research work 

[1]  G. Shanmuganathan, I.B. Shameem Banu, S. Krishnan and B. 

Ranganathan, Influence of K-doping on the optical properties of ZnO 

thin films grown    by chemical bath deposition method, , Journal of 

Alloys and Compounds, Vol. 562, pp. 187–193, 2013. (Impact Factor- 

2.726). 

[2]  G. Shanmuganathan and I.B. Shameem Banu, Room temperature 

optical and magnetic properties of (Cu, K) doped ZnO based diluted 

magnetic semiconductor thin films grown by chemical bath deposition 

method, Superlattices and Microstructures, Vol.75,pp. 879– 889,2014. 

(Impact Factor- 1.979).  

 [3]  G. Shanmuganathan and I. B. Shameem Banu, Influence of Codoping 

on the Optical Properties of ZnO Thin Films Synthesized on Glass 

Substrate by Chemical Bath Deposition Method, Advances in 

Condensed Matter Physics, Vol. 2014,1-9.2014. (Impact Factor-1.030). 

[4]  G. Shanmuganathan, I. B. Shameem Banu and R. Indirajith, Structural,  

optical and electrical properties of novel ZnO/KI composite prepared by 

solid state reaction method, Journal of Mater Science and Material 

Electronics,pp.1-9,2014. (Impact Factor- 1.966). 

[5]  G.Shanmuganathan and I.B.Shameem Banu, Investigation of optical 

properties of ZnO/MnO2, ZnO/TiO2 and ZnO/MnO2/TiO2 

nanocomposites, Advanced Materials Research, Vol. 938,pp 123-

127,2014. 

 

 

 

 



109 
 

Papers communicated based on the research work 

[1]  G.Shanmuganathan and I.B.Shameem Banu, Room temperature optical 

and magnetic properties of (Fe, K) doped ZnO based diluted magnetic 

semiconductor thin films grown by chemical bath deposition method, 

have been communicated to international journal. 

 

Presentation in conferences 

[1] G.Shanmuganathan and I.B.Shameem Banu, Investigation of optical 

properties of ZnO/MnO2, ZnO/TiO2 and ZnO/MnO2/TiO2 

nanocomposites, International conference on ICNM13. 

[2]  G.Shanmuganathan and I.B.Shameem Banu, Tuning of band gap by 

single and co-doped in ZnO thin films synthesized on glass substrate by 

chemical bath deposition method, has been presented in the National 

Conference on Functional Materials, has been presented in the National 

Conference on Functional Materials, May 23-24, 2014. 

[3] G.Shanmuganathan and I.B.Shameem Banu, Studies on the OPTICAL 

Constants of K and Fe Codoped ZnO Thin Films Prepared by Chemical 

Bath Deposition Technique, has been presented in the International 

Conference on Advances In New Materials (ICAN-2014), has been 

presented in the International Conference on Advances In New 

Materials (ICAN-2014), June 20-21, 2014. [ISBN: 978-81-89843-57-1].  


	A THESIS
	BONAFIDE CERTIFICATE

