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CHAPTER - I 

INTRODUCTION 

1.1 GENERAL 

Solar energy is one of the most democratic of renewable energy resources. 

It is available everywhere on the earth in quantities that vary only moderately. The 

amount of solar energy that reaches the earth’s surface is enormous.  Two weeks 

of sunlight over the whole earth is equal to all of the energy stored in coal, oil and 

natural gas.  The problem is how to harness it.  One thing is certain that it isn’t 

constantly available.  What we do at night or on a cloudy day? It is assumed that 

the world energy demand will increase by about 70% between 2000 and 2030. 

Fossil fuels, supplying 80% of all energy consumed worldwide, are facing rapid 

resource depletion. The resource reserves of fossil fuels throughout the whole 

world in 2002 were projected to last 40 years for oil, 60 years for natural gas and 

200 years for coal.  

Solar energy is all about harnessing the power of the sun to produce 

energy. The sun rains enough solar energy on the earth in one day to power the 

entire energy needs of the world for one year. Solar energy is considered a 

renewable energy source because it will exist for as long as our sun does, 

estimated to be another 4.5 billion years. Solar energy is also considered a clean 

energy because it does not produce pollutants or byproducts harmful to the 

environment. In modern times, solar energy has been a power source since the 

early 1950s, but was not widespread due to technological issues which rendered it 

an ineffective and expensive energy source. With technology advancements, solar 

energy is moving to the forefront as a potential alternative to fossil fuels. Because 

of a growing demand for energy, combined with the depletion of fossil resources, 

global warming and its associated climate change, there is an urgent need for 

environmentally sustainable energy technologies. It is now well known that thin 

film solar energy conversion devices have become important and are eco-friendly, 

non-conventional alternative sources of energy. Photovoltaic conversion of solar 



 
 

10 
 

energy is one of the most promising alternatives. The use of photovoltaic for 

direct conversion of solar energy into electrical energy is the need of present 

world. 

1.2 LITERATURE SURVEY ON CdSe AND Al DOPED CdSe (Al:CdSe) 

THIN FILMS  

 Thin film science is a relatively young and ever growing field in science 

and technology which is confluence of materials science, surface science and 

applied physics and has become an intentifiable unified discipline of scientific 

endeavor. The studies on thin film formation are being pursued with increasing 

interest on account of its proven and potential applications in variety of 

semiconductor devices such as solar energy convertors [1,2,3], vidicon devices [4] 

etc. The development of thin film technology for the fabrication of large area 

photodiode arrays using physical and chemical deposition techniques has turned 

chemical kinetics in to one of the most active field of the electrochemistry. In 

addition to the fundamental interest, the gradual or sharp changes in chemical and 

physical properties of the thin films are observed in passing through the 

deposition technique by a routine measurement. A better understanding of either 

constituents of the thin film can be obtained by studying their structural, optical 

and electrical properties. 

 There has been considerable interest in the development of the systems for 

deposition of thin films which are capable of converting and storing the solar 

energy. The most attracting feature of a semiconductor-liquid (S-L) junction solar 

cell over a solid state junction solar cell is that it has inbuilt storage capacity. 

Therefore S-L junction solar cells are being extensively studied [5,6]. They have 

non-solar applications also viz. etching [4], photoetching [4,7], photodeposition of 

metals on semiconductor [8,9]. 

To fabricate the solar cells, the prerequisite is the conductive material 

having band gap matching with solar spectrum and high mobility of charge 

carriers. Solar cell utilizing semiconductor–liquid junction (S-L) is the simplest 
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way suggested for solar energy conversion.  The most attracting feature of a S-L 

junction solar cell over a solid state junction solar cell is that it has in-built storage 

capacity. Therefore S-L junction solar cells are being extensively studied [10-11]. 

The II-VI binary semiconducting compounds, belonging to the cadmium 

chalcogenide family (CdS, CdSe, CdTe), are considered to be very important 

materials for its potential applications in photovoltaic [12], photoelectrochemical 

(PEC) solar cells [13], optoelectronic devices [14], thin film transistors [15-16] 

and gamma ray detectors [17]. The major attention has been given to the 

investigation of electrical and optical properties of CdSe thin films in order to 

improve the performance of the devices and also finding new applications.  

Cadmium selenide (CdSe) having cubic and hexagonal crystal structure is 

considered to be a potential candidate for photoelectrochemical conversion 

because of the compatibility of its band gap (1.7 eV) with the solar spectrum [18]. 

It has been prepared by using different chemical deposition methods such as spray 

pyrolysis, vacuum evaporation, chemical bath deposition and electrodeposition. 

Bieńkowski et.al.[19] studied the proper deposition bath composition for 

electrochemical synthesis of the CdSe deposit in the hexagonal structure of the 

right elemental stoichiometry, and photoreacting as an n-type semiconductor by 

cyclic potentiodynamic technique which can be used as a stable photoanode. P. 

Mahawela et al [20] reported transparent high performance of CdSe thin film solar 

cells. In addition to the efficiency requirements, the top cell must also be 

transparent to effectively transmit sub band gap light to the bottom cell have been 

introduced. Pawar et al [21] have investigated the photoelectrochemical study of 

electrochemically prepared CdSe and Fe:CdSe thin films. The junction quality 

factor in light, series and shunt resistance, fill factor and efficiency for the cell 

have been estimated. After Fe doping, efficiency and FF of PEC solar cell is 

found to be improved from 0.34% and 0.31 to 1.80% and 0.36, respectively. 

Subba Ramaiah et.al. [22] reported the Cu doped CdSe thin films have been 

successfully grown by vacuum evaporation technique at various substrate 
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temperatures. XRD analysis revealed that the films exhibited hexagonal structure 

with (002) as the preferred orientation. The grain size of the films was varied by 

changing the deposition temperatures. The variation of grain size led to a change 

in the band gap of the films nonlinearly from 2.05 to 2.22 eV.Murali et al [23] 

prepared CdSe thin films by vacuum evaporation by using CdSe powder. CdSe 

powder was synthesized in laboratory, by the reaction of cadmium oxide with 

selenium powder at 80-90oC in the presence of oxalic acid. The mixture was 

heated for more than 10 hours with continuous refluxing. The resulting powder 

was dried and used for the deposition of the films. The films deposited at 150oC 

gives solar conversation efficiency of 6% and after photo etching it goes to 7%. 

K.R. Murali et al [24, 25] studied photoelectrochemical properties of CdSxSe1−x 

films deposited by pulse plating technique at different duty cycles in the range of 

10–50%. The band gap of the films varies from 1.68 to 2.39 eV as the 

concentration of CdS increases p hotoelectrochemical (PEC) cell studies indicated 

that the films of composition CdS0.9Se0.1 exhibited maximum photoactivity. The 

CdSe powder synthesized in the laboratory by a chemical method was used as 

source for the deposition of films. Photoconductive cells fabricated with the doped 

and undoped films have exhibited high photosensitivity and high signal to noise 

ratio. The current voltage characteristics were linear. 

After scanning through the literature, it is found that the cadmium selenide 

films have been prepared by variety of methods. Electro-deposition is one of the 

attractive methods for the preparation of elementary, binary and ternary 

compound thin films. It has some advantages over the other methods viz. it is 

easy, less expensive and of short duration. It is an isothermal process mainly 

controlled by electrical parameters, which are easily adjusted to control film 

thickness, morphology, composition etc. In recent years, electrodeposited thin 

film semiconductors are becoming popular in the field of solar cell, optoelectronic 

devices, solar selective coatings etc. 
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1.3 PURPOSE OF DISSERTATION 

 There is considerable interest in the development of the systems for the 

deposition of thin films which are capable of collecting and storing solar energy. 

In principle this is an extremely important area of research because the total 

amount of solar energy that falls on the surface of the earth per year to outweigh 

our present or near future energy demands and practical systems that works even 

at a modest operating efficiency will be of genuine significance. However there 

are many barriers to overcome before such devices exists in reality and we are still 

at a preliminary stage of the development. In fact to date we have not yet 

identified all the problems involved in the construction of practical solar energy 

converting and storing devices and many of the problems that have been identified 

remains unsolved. The present research work is aimed to develop the good quality 

photo-electrodes for semiconductor junction solar cells.  

 The main objective of the research work is  

1. To deposit the CdSe and Al doped CdSe (Al:CdSe) thin films in aqueous  

/non-aqueous medium by electro-deposition technique on to FTO and 

stainless steel substrates. 

2. To characterize the deposited films in terms of photoactive material by using 

X-ray diffraction, scanning electron microscopy(SEM), EDAX, optical 

properties etc. 

3. The doping concentration of Al in CdSe will be optimized and characterized 

for their physico-chemical properties. 

4. To test the performance of photo-electrochemical (PEC) cell fabricated using 

the CdSe and Al:CdSe thin films as a photo-electrode. 
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CHAPTER - II 

THEORETICAL BACKGROUND AND METHODOLOGY 

 

2.1 INTRODUCTION 

 The illumination of semiconductor electrolyte interface has been recently 

the subject of intensive research because it leads to the determination of various 

semiconducting parameters such as type of conductivity, carrier concentration (n), 

minority carrier length (Lp), and quantum efficiency. In view of this, the PEC 

cells based on thin films of chalcogenide have been widely studied. 

 

2.2 BASICS OF ELECTRODEPOSITION 

 The electro-deposition is an easy and attractive technique for the deposition 

of elemental, binary, ternary, quaternary and alloyed films [1]. A schematic 

diagram for the mechanism of electro-deposition is shown in Fig. 2.1. 

 

The electro-deposition system consists of: 

1) Source of direct current electricity. 

2) The plating bath containing metal ions to be deposited. 
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3) The object (cathode) to be coated, and  

 4)  A strip of the plating metal (anode). 

 A negative terminal of D.C. source is connected to the cathode, while the 

positive terminal is connected to the anode. When both the electrodes are 

immersed in the plating bath, and a potential difference is applied between two 

electrodes, the metal ions migrate and attract towards the cathode and negatively 

charged anions towards the anode. Electrons flow from the anode to the battery 

and leave positively charged metal ions which dissolve in the plating bath. The 

electrons arriving at the cathode from the battery neutralize the positive charge 

and convert them in to metal atoms. These atoms are adherent to the cathode 

and are thus removed by the metal ions from the solution. Thus chemical changes 

in the plating bath are produced by electrical energy (Electrolysis). 

 Metals are generally electrolytically deposited from solutions of their 

simple salts-sulphates, chlorides or nitrates. The overall cathodic reaction in this 

case is the discharge of hydrated metallic ions with their subsequent  

incorporation in to the crystal lattice of a cathodically formed deposit followed by 

the reaction. 

 MZ+ XH2O + Ze-                          [M] +XH2O   ---------- (2.1) 

The rate of deposition depends on potential applied and current density of the 

plating bath. 

 

2.3  FARADAY'S LAWS 

 Electrolysis was first studied quantitatively by Michael Faraday [2], who 

established, as a result of his investigations, the following laws of electrolysis, 

known as Faraday's laws. 

 First Law: The mass of a substance deposited or liberated at an electrode 

during electrolysis is directly proportional to the quantity of electricity passed 

through the electrolyte. The law is mathematically represented by the 

following equation 
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                                          M Q 

    M = ZQ = Z.I.t   --------- (2.2) 

Where - is the mass of substance deposited at the electrode, 

 Z - Proportionality constant called as electrochemical equivalent, 

 Q - The quantity of electricity passed through the electrolyte interface, 

 I - the current, 

 t - Electrolysis time 

 Second Law:  Whenthe same quantity of electricity is passed through different 

electrolytes arranged in series then the mass of the substance deposited at 

respective electrodes is directly proportional to their chemical equivalents. The 

law is mathematically represented by the following equation. 

constant
3

3

2

2

1

1 
E
M

E
M

E
M

 

 Where M1, M2, M3 be the masses of substance deposited to respective 

electrodes and E1, E2, E3 be the chemical equivalents of these substances 

respectively. 

 

2.4  MECHANISM OF ELECTRODEPOSITION 

 The steps in the mechanism of electro-deposition of elemental or 

compound semiconductors are as follows [3]. 

1) The aqua- or complexed metal ion is transferred or deposited as an adion to a 

surface site. 

2) The adion diffuses across the surface until it meets a growing edge or step, 

where further dehydration occurs. 

3) Continued transfer or diffusion steps may occur in to a kink or vacancy or co-

ordinate with other adions, accompanied  by more dehydration until it is finally 



 
 

20 
 

co-ordinate with other ions and becomes a part of the metal and being 

incorporated in to the lattice. 

4) Deposition of metal ions results in depletion in the solution adjacent to the 

surface. These ions must be replenished in three ways as ionic migration, 

convection, and diffusion, if the deposition process is to continue.  Electro-

deposition of compound semiconductors comprises placing two or more elements 

in a solution as cations. One of these elements may be a semimetal such as Te, As, 

or Sb and the other elements may be any substance which has a deposition 

potential less noble than that of the semimetal when both elements are in the 

solution.  The formation of such a compound involves the following order of 

necessary occurrences [4]. 

1) Transfer of solvated cations to the cathode with a resulting polarization. 

2) Neutralization of a nobler ion. 

3) Conversion of the cathode surface to the layer of adsorbed anions. 

4) Complete depolarization of the cathode with respect to the less noble ion. 

5) Reduction of the less noble ion at the rate of first-order electron 

conductance. 

6) Polarization of the cathode as the neutral character of surface is restored. 

7) Building of the crystal lattices and macrocrystals of a compound through 

 repetition of the polarization and depolarization steps. 

 

2.5 FACTORS THAT GOVERNTHE CHARACTER OF DEPOSITS 

 The deposition depends on number of factors which are listed below. 

2.5.1 CURRENT DENSITY 

 At low current density discharge of the ions at the cathode occurs at a low 

rate causing slow deposition.  The deposits obtained under these conditions will 

be coarsely crystalline.  High current density increases the rate of production.  

Within certain limits, as the current density is increased, the growth rate of nuclei 
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and deposits obtained will be fine grained.  Increase in current density beyond 

limiting one gives foggy and spongy deposits. 

 

 2.5.2 METAL ION   CONCENTRATION 

 The plating bath is always an aqueous as well as non-aqueous solution 

containing a compound of the metal to be deposited.  It is advantageous to use 

higher concentration of metal components in the bath solution.  A high current 

density can be employed in high metal bearing baths.  An increase in metal 

concentration under given condition, decrease the cathode polarization and 

increase the crystal size. 

 

2.5.3 HYDROGEN   ION   CONCENTRATION (pH) 

 In order to operate a bath with optimum efficiency and to maintain the 

desired physical properties of the deposits control of pH of plating bath is 

necessary.  Besides too low a pH (away from the optimum), may lead to hydrogen 

evolution and a consequent decrease in metal deposition efficiency.  This in turn 

may lead to an accumulation of hydroxyl ions in the vicinity of the cathode and 

consequent precipitation of basic salts, which may get included in the 

electrodeposits, thereby altering deposit properties.  All the aqueous solutions 

contain H+. In fact, in every deposition from an aqueous medium, there is 

possibility of hydrogen gas formation at the cathode due to the discharge of H+ 

ions.  When this take place, the efficiency for metal deposition is lowered.  As this 

efficiency and hydrogen discharge potential partly depends upon hydrogen ion 

concentration, at low pH in the bath permits the use of higher current density, to 

produce a sound deposits at a relatively high efficiency [5]. 

 

2.5.4 COMPLEXING   AGENTS 

 In case of transitional elements the structure of resulting ion is less stable.  

Due to this incomplete instability, ions of transitional elements are capable of 
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combining chemically with neutral molecules, and ions of opposite sign (usually 4 

or 6) to form more stable complex ions.  The combination is through the covalent 

bond when neutral molecules interact with a positively charged ion, positively 

charged complex ions result and metal ion interact with negatively charged ions to 

yield negatively charged complex ions. 

 Complex compounds and ions in a plating bath serve two purpose  (i)  

They makes it possible to maintain a high metal concentration but a low metal ion 

concentration.  The complex ion of the complex compound serves as a reserve and 

continuously supplies the simple ions necessary for discharge at the cathode. A 

low metal ion concentration enables us to enhance appreciably the solubility of 

slightly soluble salts. 

 The other factors such as bath temperature, addition agents, agitation also 

affect the deposition [6]. 

 

2.6 CONVERSION OF SOLAR ENERGY INTO ELECTRICITY 

THROUGH  PHOTOELECTROCHEMICAL (PEC) ROUTE 

 Number of ways such as photovoltic, photoelectrochemical, photochemical 

and photosynthetic has been adopted for collecting and converting the solar 

energy.  Out of these routes, the idea of converting solar energy directly into 

chemical or easiest one.  The photovolticeffect was first reported in 1839 by 

Bequerel who detected the photo-voltage between AgCl and platinum electrode 

immersed in an electrolyte. A  PEC effect is defined as one in which irradiation of 

an electrode / electrolyte system produces a change in electrode potential (on open 

circuit) or in the current flowing in the external circuit (under a short circuit 

conditions) [7]. A  PEC cell is defined as one in which one or both half cells 

exhibit a PEC effect.  For a PEC cell to be effective in the conversion of solar to 

useful chemical or electrical energy, the net cell reaction occurring during 

illumination must be end energetic. In the last decade interest in the photo-

electrochemistry itself has blossomed due, in no small part to the pioneering work 

of Gerscher and others [8,9]. 
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2.6.1 REQUIREMENTS   OF   PEC CELL  

 

A schematic of photo-electrochemical (PEC) cell shown in Fig.2.2 consists 

of three parts namely a semiconductor photo-electrode, an electrolyte and a 

counter electrode. Following are their requirements expected for achieving good 

performance of the PEC cell. 

 

 

 

 

 

 

 

 

 

 

 

 

2.6.1.1 SEMICONDUCTOR   PHOTOELECTRODE 

 

 This being heart of PEC cell, any modification in the properties of a 

semiconductor photo-electrode reflects consecutive changes in the electrical 

properties of a cell.  It has certain advantages over the metals as higher quantum 

efficiency for electron flow, longer life time of the photo-generated electron hole 

pairs, potential drop occurs in the depletion layer and not in the Helmholtz double 
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layer and allows considerable scope for doing surface treatment etc.Various 

ternary semiconductors have been used as photo-electrodes in single crystal as 

well as in photocrystalline forms.  In general photo-electrode used in PEC cell 

should satisfy the following requirements. 

1)  The band gap (Eg) of the photo-electrode  material should match with the  

 Maximum span of the solar spectrum i. e. Eg  =  1.4 to 1.6 eV.  

2) It should be stable in the electrolyte and should not decompose during 

 illumination. 

3) It should be of the direct band gap type with high optical absorption

 coefficient ( 104 - 105 cm-1). 

4) Charge carriers in the material should have high mobility and life time. 

5) Thickness of the material should be large enough to absorb all the incident 

 radiations. 

6) Cost of the material and manufacturing process and efficiency should be 

 acceptable. 

 

2.6.1.2  ELECTROLYTE   

 An electrolyte plays an equally important role in PEC cell, which helps to 

scavenge the photo-generated holes from photo-electrode to the counter electrode.  

A current flow and energy level diagram for n-type semiconductor is shown in 

Fig.2.3. The energy levels in the electrolyte are analogous to the concept of 

energy states in a solid and Efredox is equivalent to the Fermi energy of a 

semiconductor.  As the difference between Ef of a semiconductor and Ef redox of 

an electrolyte defines the upper limit to photovoltage, the choice lies both for 

semiconductor and electrolyte. It is observed that aqueous electrolytes causes 

surface modification and hence restrict the use of many semiconductors. 

Molecular, organic or inorganic solvents with supporting electrolytes and 

mixtures of totally ionic molten salts have been substitute for aqueous 

electrolytes. Following are the electrolyte properties requisite for PEC cells. a) 
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Reduction-oxidation reactions should occur appropriate to the semiconductor 

band edges. 

b) Charge-transfer rates of oxidized and reduced species at both semiconductor 

and counter electrode should be high. 

c) Oxidized, reduced species and solvent components should have photo and 

thermal stability throughout usable solar spectrum and operational temperature 

range. 

d) It should be non-corrosive to the electrode and containment materials. 

e) Minimum light absorption should occur in the electrolyte. 

f) Oxidized, reduced species and supporting electrolyte concentration in solvent 

should be adequate to reach required current densities. 

g) Ionic conductance of electrolyte should permit negligible Ohamic losses. 

h) Toxicity, reactivity and cost should preferably be low. 

 

2.6.1.3 COUNTER ELECTRODE 

 A counter electrode is a third a part of the PEC system. For better cell 

performance the counter electrode should have: 

1) Low over potential for the reduction reaction. 

2) Large area to avoid concentration polarization and 

3) Should be chemically inert 

 Many counter electrode material have been evaluated electrochemically by 

Allen and Hicklig [10]. 

 

2.6.2 PHOTOINDUCED CHARGE TRANSFER ACCROSS           

SEMICONDUCTOR - ELCTROLYTE JUNCTION 

 If positive potential is applied to the n-type semiconductor, the fermi level 

would be lowered further with respect to Ef.redox and the band bending 

wouldincrease and with a strong enough potential, turning from Ef.redox in to the 

conduction band may occur. The transfer of an electron to or from the solution 
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can take place only in the energy region of the conduction band while the hole 

transfer can take place in the region of the valence band. Such a transfer can occur 

between two stages of the same energy, one empty and other filled [11].The 

photo-generated excess charge carriers charge the band bending at the interface as 

shown in Fig.2.3. This changes the charge distribution within the space charge 

layer and hence the electrode potential is changed. It may be emphasized again 

that the photoinduced charge transfer is essentially controlled by excess minority 

carriers. It is seen that the change in quasi Fermi level depends upon the change D 

n (over no) or D p (over po). Since the number of majority carriers very large, the 

changes induced by majority carriers can be neglected. Under the space charge 

potential, the excess minority carriers accumulate near the surface, for example, in 

n-type semiconductor the electron move towards the semiconductor bulk while 

the holes accumulate near the surface.  

 

 

 

 

 

 

 

 

 

Thus they can oxidize the reduced species in the electrolyte. 

   solv solvred OXe    

for a p-type illuminated semiconductor, the reduction reactions due to the photo-

generated electrons occur at the conduction band edge. 

 A typical PEC cell and the energy level diagram for n-type semiconductor 

based PEC cell are shown in Fig.2.2 and Fig.2.3 respectively. The various steps  

involved are summarized below for an  n-semiconductor. 

a) Light absorption (in space charge and bulk): 
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  hv -------> e-  + h+ 

b) Electron hole separation in the space charge region: 

  e- sc ------>  e- bulk 

  h+ sc ------->  h+ surface 

c) Electron- hole recombination in bulk: 

  e-  + h +------> heat ( in semiconductor) 

d) Semiconductor surface reacts with redox spacier 

  h+ [ red ]solv > [ OX ] solv 

e) Semiconductor surface holes may react with the semiconductor bands itself: 

  h+ + semiconductor  ----------> semiconductor photodecomposed 

  This has to be avoided. 

f) Reduction of relevant redox species at the counter electrode 

  e- +  [ OX ] solv>  [ Red ] solv 

g) Surface recombination at electron-hole traps 

  e- sc     --------> e- tr 

  h+ surf  --------> h+ tr 

  e-tr    +     h+tr  ----- > Heat ( at semiconductor surface)  

 Obviously, this lowers the efficiency of the solar cell. 

 The open-circuit cell voltage is given by 

 V cell  =  - Vfb + Ef, redox -----------(2.3) 

 Where Vfb is the flat band potential for charge transfer to take place, Ef, 

redox should be nearly equal to Ev to permit overlap of energies with the valance 

band [12] 
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CHAPTER - III 

PREPARATION AND CHARACTERIZATION OF 

ELECTRODEPOSITED CdSe THIN FILMS 

 

3.1 INTRODUCTION 

 The II-VI binary semiconducting compounds, belonging to the 

cadmium chalcogenide family (CdS, CdSe, CdTe), are considered to be very 

important materials for its potential applications in photovoltaic [1], 

photoelectrochemical (PEC) solar cells [2], optoelectronic devices [3], thin film 

transistors [4,5] and gamma ray detectors [6]. The major attention has been given 

to the investigation of electrical and optical properties of CdSe thin films in order 

to improve the performance of the devices and also finding new applications.  

 The preparation of thin film semiconductors with the electro-

deposition technique has some advantages.  The basic steps involved in thin film 

deposition technology are   1) Creation of materials to be deposited in an atomic, 

molecular or particular forms prior to the deposition. 2) Transport of materials 

thus treated to the substrate in the form of vapor stream or solid or spray etc.  3)  

Deposition of materials on the substrate and film growth by a nucleation and 

growth process. 

 The film deposition techniques have been broadly classified in four main 

Categories as 

i) Physical Vapour Deposition ( PVD) 

ii) Chemical Vapour Deposition ( CVD) 

iii) Electroless or solution growth process 

iv) Electrochemical Deposition 

 The electro-deposition technique is found to be very simple, attractive and 

inexpensive technique.  The growth rate can be easily controlled by varying 
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current density and deposition time.  This method is easy and economical as the 

semiconductor with no or small waste of materials would be prepared.  Because of 

the purification which often results from the electrodeposition, it is not required to 

have very pure starting material as is the case for other methods [7]. 

 The semiconductor properties like n or p  type  conductivity , band gap 

variation, control of stoichiometry, doping etc. would be controlled with a 

reasonable accuracy, as the parameters like deposition time  and current density 

can be controlled to the accuracy of  ms and mc  respectively [8,9]. 

 The present chapter deals with the preparation of the CdSe thin films from 

aqueous media, and study of their structural and optical properties. 

 

3.2EXPERIMENTAL DETAILS 

 The CdSe thin films are electrodeposited at room temperature. 

 

3.2.1 EXPERIMENTAL SET UP FOR ELECTRODEPOSITION 

Cadmium Selenide (CdSe) compounds in thin film form have actual and 

potential applications in diverse fields, a few to maintain are in solar selective 

and conversion coatings, thermoelectric coolers, optoelectronic and photo-

electrochemical (PEC) devices. Thin film materials can be prepared by different 

techniques. These can be broadly classified into two main categories as physical 

and chemical techniques. Every technique has its own advantages and 

disadvantages. The Experimental set up for electro-deposition technique is shown 

in Fig.3.1(a,b). Electro-deposition is suitable for deposition of binary and ternary 

compound thin films. Since it is simple relatively less expensive and convenient 

for large area deposition of any configuration. Dopants can be easily incorporated 

in the bath. Stoichiometry of the compound can maintain by optimizing 

preparative parameters such as composition, pH, deposition time, temperature 

and current density. 

 The electro-deposition is process of depositing a substance upon an 

electrode by electrolysis (i.e. the production of chemical changes by passage of 
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current through an electrolyte). The phenomenon of electrolysis is governed by 

Faraday’s laws: (1) The amount of chemical change produced by an electric 

current is proportional to quantity of electricity passed and (2) amount of different 

substances liberated by a given quantity of electricity are proportional to their 

chemical equivalent weights. When a metal electrode is dipped in a solution 

containing the ions of that metal, a dynamic equilibrium is setup.   

XeMM X    Where M- metal atom 
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Fig. 3.1 (a) Experimental setup for electro-deposition technique 
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The electrode gains a certain charge on itself which attracts appositely charged 

ions holding them at the electrode/ electrolyte interface by electrostatic forces. A 

double layer consisting of an inner layer of oriented water molecules interposed 

by preferentially adsorbed ions immediately on the electrode followed by a 

second layer of charge apposite to that of electrode is formed. During deposition, 

ions reach the electrode surface, move to stable positions on it, release their 

legand (water molecules or complexing agents) if solvated, release their charges 

and in the process undergo the stipulated electrochemical reaction. The rapid 

depletion of depositing ions from double layer region is compensated by a 

continuous supply of fresh ions from the bulk of electrolyte. The transport of ions 

to the depletion region occurs because of the following : i) diffusion owing to 

concentration gradient ii) migration owing to the applied electric field , and iii) 

convection currents in the electrolytes. The factor influencing electro-deposition 

process is: I) temperature of bath ii) pH of electrolyte iii) current density iv) bath 

composition V) electrode shape, and vi) agitation.  

  

 

 

 

 

 

 

 

Fig. 3.1(b) shows the actual photograph of experimental set up used for the 

electro-deposition of  CdSe thin films.  It consists of the following: 

a) Solution container 
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b) Bakellite holder 

c) Counter electrode 

d) Substrate 

e) Standard Calomel electrode ( SCE) 

a) Solution container  

 A corning glass cylinder of volume 30 cc is used as a solution container for  

the deposition. 

b) Bakeliteholder:-   

 It is a Bakelite disc having thickness 1.2 cm and diameter 3.8 cm. It 

consists of two slots; one for substrate and another for counter electrode with 

attachment of screw to hold them.  The distance between counter electrode and 

substrate is 0.6 cm Standard calomel electrode (SCE) can be inserted in the 

solution through a hole made on Bakelite holder. 

c) Counter electrode:-  

 Highly pure and polished graphite plate of size 3 x 2.3 x 0.5 cm3 is used as 

a counter electrode. 

d) Substrate:- 

 Commercially available stainless steel strips are used as substrates.  In 

present work stainless steel strip of size 5 x 1 x 0.1 cm3 and fluorine doped tin 

oxide (FTO) coated conducting glass strips of size 4 x 1 x 0.1 cm3 are used as a 

substrate. 

e) Standard calomel electrode (SCE):- 

 SCE is used to record deposition potentials.  It is filled with a saturated 

KCl solution.  It is always dipped in water after experiment. 

 

3.2.2 SUBSTRATE CLEANING  

 In thin film deposition process substrate cleaning is the important factor to 

get reproducible films as it affects the smoothness, uniformity, adherence and 

porosity of the films. The substrate cleaning process depends upon the nature of 

the substrate. The common contaminants are grease, adsorbed water, air borne 
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dust, lint, oil particles etc. The steel plates of dimensions 5 X 1 X 0.1 cm3 and 

conducting glass of dimension 4 X 1X 0.1cm3 have been used as the substrates. 

The following process has been adopted for cleaning the substrates. 

 Steel Substrates 

1) The substrates were mirror polished by polish paper. 

2) The substrates were washed with detergent solution ' Labonene ' and washed    

with double distilled water. 

3) Then substrates are ultrasonically cleaned for 15 minutes 

4) After that the substrates were wiped with Acetone and wrapped in butter paper   

   and packed in dust free container for further use. 

 

  FTO coated glass substrate 

1) The conducting glass substrates were boiled in chromic acid solution for 15  

Minutes. 

2) Then are cleaned by double distilled water. 

3) Then substrates are ultrasonically cleaned for 15 minutes 

4) After that the substrates were wiped with Acetone and wrapped in butter paper   

   and packed in dust free container for further use. 

 

3.2.3 PREPARATION OF SOLUTIONS 

 Initial ingredients used to deposit undoped CdSe thin films are as follows: 

i) Cadmium Acetate ((CH3COO)2Cd.2H2O) A. R. Grade supplied by S. D. Fine  

    Chem. Limited, Boisar-1. 

ii)  Cadmium sulphate (3CdSO4.8H2O), A.R. grade supplied by S.D. fine Chem.  

     Ltd., Mumbai. 

iii) Selenium dioxide (SeO2 ) ,L.R. grade supplied by S.D. fine Chem. Ltd.,  

      Mumbai. 

iv) EDTA (Ethylene diamine tetra acetic acid-disodium salt ) used as complexing 

     agent (C10H14N2Na2O8) 
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 The solution of Cadmium Acetate ((CH3COO)2Cd.2H2O) ,Cadmium 

sulphate (3CdSO4.8H2O) is used as  a cationic precursor and that of Selenium 

dioxide (SeO2) as an anionic precursor. The solution of Cadmium Acetate, 

Cadmium sulphate and Selenium dioxide (SeO2) was prepared by dissolving 

appropriate amount of it in double distilled water. 

 

3.3  ELECTRO-DEPOSITION OF CdSe THIN FILMS 

 The stainless steel substrates firstly mirror polished with polish papers of 

three different grades starting from rough to smooth. In order to remove oily 

substances they are cleaned with liquid detergent Labogene.  These substrates 

further ultrasonically cleaned, wiped with acetone, wrapped in butter paper and 

stored in air tight container for further use. The three electrode cell consists of 

stainless steel substrate as cathode, graphite as a counter electrode and Saturated 

Calomel Electrode (SCE) as a reference electrode.  

 

The Cadmium Selenide (CdSe) thin films were deposited using Cadmium 

Acetate ((CH3COO)2Cd.2H2O) as a cationic precursor and Selenium dioxide 

(SeO2) as an anionic precursor using electro-deposition technique on stainless 

steel substrate. The electrolytic bath was aqueous acidic containing 0.01M 

(CH3COO)2Cd.2H2O and 0.01M SeO2   solutions. In order to determine deposition 

potential; cyclic voltammograms of various volumetric proportions of Cd:Se 

solutions viz. 10:0, 9:1, 8:2, 7:3, …… 2:8, 1:9, 0:10 recorded   for stainless steel 

substrate in potential range 0 to -1V. The typical voltamogram for CdSe thin film 

deposition is shown in Fig.3.2. 

The deposition potentials for various volumetric proportion of Cd:Se  was 

observed  and  thin films were deposited at various volumetric proportions of two 

solutions but it is found that during CdSe film deposition , formation of precipitate 

takes in the  in the electrolyte bath and also the films deposited were dissolved in 

polysulphide electrolyte during photo-electrochemical (PEC)study. Therefore this 
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approach of deposition is not suitable for deposition of CdSe thin films. Hence 

this way of deposition was discarded.     
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Fig.  3.2 Voltammogram  of 0.01M Cadmium Acetate(10ml)+0.01MSelenium 
dioxide(10ml) reduction potential =  -0.80 V/SCE  

From literature survey it is found that very few researchers reported Cadmium 

Acetate as a source of cadmium ions. From Literature survey [10-12] it is 

observed that cadmium sulphate (CdSO4) and cadmium chloride (CdCl2) are the 

mostly preferred sources of cadmium ions for electro-deposition process. Out of 

these two cadmium chloride is hygroscopic in nature hence we preferred cadmium 

sulphate as cationic source for electro-deposition process.  For preparation of 

cadmium selenide thin films 0.1Mcadmium sulphate (3CdSO4.8H2O) and 0.01M 

selenium dioxide (SeO2) of are used as cadmium and selenium ion source 

respectively. EDTA (Ethylene diamine tetra acetic acid-disodium salt) used as 

complexing agent. 

a) Optimization of EDTA concentration 

Initially the deposition potential was determined for various concentrations 

of EDTA solution by keeping volumetric ratio of Cd:Se as 1:1 and concentration 

of CdSO4 solution as 0.1M and that of SeO2 as 0.01M. To determine suitable 

concentration of  EDTA; five different concentrations are chosen viz. 0.25M, 

0.1M, 0.075M, 0.05M, 0.025M.  Polarization curves recorded using Cyclic 

voltammetry (CV) technique by using a potentiostat (Princeton Applied Research, 
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Versa Stat- II ). The typical voltamogram for these films is shown in Fig.3.3. The 

reduction potential for various EDTA concentrations is listed in Table 3.1.All the  

Voltages are measured w.r.t SCE. 
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Fig. 3.3Cyclic Voltammogramof 0.1MCdSO4+0.1M Na2EDTA+0.01MSeO2
 

 In order to optimize the EDTA concentration; Photo electrochemical 

(PEC) properties were studied under 40mW/cm2 light illumination, using 1M 

polysulphide (NaOH-Na2S-S) as electrolyte, graphite as a counter electrode and 

Table 3.1 Deposition potential for various concentrations of EDTA  

Precursor Reduction Pot. 

in V/SCE 

0.1MCdSO4 -0.745 

0.01MSeO2 -0.207 

0.1MCdSO4+0.01MSeO2 -0.770 

0.1MCdSO4+0.25MNa2EDTA +0.01MSeO2 -0.715 

0.1MCdSO4+ 0.1MNa2EDTA +0.01MSeO2 -0.729 

0.1MCdSO4+ 0.075MNa2EDTA +0.01MSeO2 -0.737 

0.1MCdSO4+ 0.05 MNa2EDTA +0.01MSeO2 -0.742 

0.1M(10ml)CdSO4+ 0.025 M(5ml)Na2EDTA 

+0.01M(10ml)SeO2 

-0.751 
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CdSe thin film as a photocathode. The experimental arrangementto measure Isc 

and Voc is shown in Fig.3.4. 

 

 

Using this arrangement of PEC cell the short circuit current (Isc) and open 

circuit voltage (Voc) was measured (Table3.2) and from this data the maximum 

power is calculated. The graph of photovoltaic output power versus the various 

EDTA concentration is shown in Fig. 3.5. (a) 

From this graph the maximum output power is obtained for EDTA 

concentration 0.1M. From this Table 3.2 we see that the photovoltaic power 

Table 3.2 Optimization of concentration of EDTA using PEC output power 

Precursor Electrolyte used  : 1M Polysulphide 

Isc in 

mA 

Voc in 

mV/SCE 
Power in mW 

0.1MCdSO4+ 0.25MNa2EDTA +0.01MSeO2 -0.56 255 -142.8 

0.1MCdSO4+ 0.1MNa2EDTA +0.01MSeO2 -0.9 277.54 -249.786 

0.1MCdSO4+ 0.075 MNa2EDTA +0.01MSeO2 -0.01 247 -2.47 

0.1MCdSO4+ 0.05 MNa2EDTA +0.01MSeO2 -0.31 340 -105.4 

0.1MCdSO4+ 0.025 MNa2EDTA +0.01MSeO2 -0.74 -223 -165.02 
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output is maximum for 0.1M concentration of EDTA solution. Hence this 0.1 M 

concentration is used for further deposition of CdSe thin films. 

 0.025 M  0.05 M 0.075 M  0.1M  0.25M
0

-50

-100

-150

-200

-250

Fig.3.5 (a)Optimization of concentration of complexing agent disodium EDTA
 using PEC method with  composition 0.1MCdSO4(10ml)+ 0.01MSeO2 (10ml)

concentration of EDTA

Output Power

 

b) Optimization of deposition potential 

The CdSe thin films were deposited for 20 min.  Using PEC method the optimized 

deposition potential is -0.717 V for 20 minutes   as given in Table 3.3. 

 

C) Optimization of deposition time 

For the same deposition potential the deposition time is varied between 10 

min to 40 min in step of 5min and the Isc and Voc was measured (Table 3.4) 

Optimised time is 30minutes. After 30 minutes film redissolves in precursor 

solution. Cadmium Selenide thin films electrodeposited by this way exhibited 

good photo response but electro-deposition process was suffered by hydrogen gas 

Table 3.3 Optimisation of deposition potential for CdSe thin films(t=20min) 

Sr.No. 
Deposition 
potential in 
V/SCE 

Isc in mA Voc in mV/SCE Power in 
mW 

1 -0.700V -0.816 420 -342.72 
2  -0.717V -1.0404 472 -491.0688 
3 -0.729V -0.831 438 -363.978 
4 -0.737V -0.821 378 -310.338 
5 -0.745V -0.939 440 -413.16 
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evolution problem resulting in pinholes in film. These pinholes caused increase in 

dark current and voltage. To reduce hydrogen evolution problem if deposition 

potential is decreased then instead of deposition, anodization of stainless steel 

substrate observed. As films suffered by pinholes hence this method and 

precursors are discarded. 

Finally the CdSe thin films were deposited using 0.05MCdSO4 as cationic 

precursor and 0.01M SeO2 as anionic precursor, cadmium selenide thin films 

electrodeposited cathodically on stainless steel substrates. Firstly the 

concentration of cadmium precursor is optimized using PEC method. The 

observed values of Isc and Voc are given in Table 3.5 and its graph is shown in 

Fig.3.5 (b). The optimised concentration of CdSO4 is 0.05M. 

 

Firstly the polarization curves were recorded using linear sweep 

voltammetry (LSV) technique. Potential scanned from 0 to -1 V with scan rate 

20mV/sec.  Polarization Curves are shown below in Fig. 3.6 (a),(b),(c) for  0.05M 

CdSO4,0.01MSeO2and 0.05M CdSO4+ 0.01MSeO2from these polarization curves 

deposition potential estimated for 0.05M (10ml) CdSO4 and 0.01M (10ml) SeO2 

solutions and is listed in Table 3.6. 

Table 3.4 Optimisation of deposition time for CdSe thin films 

Sr.No. 
Deposition time 

 

Electrolyte used- 1M Polysulphide 

Isc in ‘mA’ Voc in ‘mV’ 

1 10Min -0.73 192 

2 15min -1.997 270 

2 20Min -0.771 438 

3 25min -0.841 350 

4 30Min -1.29 436 

5 35Min -1.071 464 

6 40min -1.031 382 
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Table 3.5 Optimisation of concentration of CdSO4 

Sr. No. Precursor Isc in µA Voc in 
mV/SCE 

1. 0.5MCdSO4+0.01MSeO2 
-49 

 295 

2. 0.1MCdSO4+0.01MSeO2 
-159 

 159 

3. 
0.05MCdSO4+0.01MSeO2 
(Optimized composition ) 

 
-451 306 

4. 0.01MCdSO4+0.01MSeO2 
-294 

 199 

5. 0.001MCdSO4+0.01MSeO2 
-0.19 

 114 
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It is seen that the reduction potential of Cadmium Selenide lies between reduction 

potential of cadmium and Selenium as shown in Table 3.6.  

Parameters like pH, temperatures strongly affect quality and characteristics 

of electrodeposits. Thus effect of pH (within range from 2 to 3.2) on deposition 

potential of CdSe was studied.  Positive shifting of deposition potential with 

decrease in pH values for stainless steel substrate observed.  This is because 

complex becomes weak; therefore lower potential is required to gain ions for the 

deposition.  For deposition purpose at 270c suitable pH of electrolyte is found to 

be 3. As pH of electrolyte solution is increased above 3.2 formation of white 

precipitate is observed in precursor solution. While at lower pH values corrosion 

of substrate is observed. At higher pH values the films are not adherent while at 

lower pH values deposition current density increases rapidly resulting in powdery 

Table 3.6 Depoistion potential for precursor Cs,Se and both Cd,Se 
Precursor Deposition Potential in mV/SCE 

0.05M CdSO4 -0.74 
0.01M SeO2 -0.38 

0.05M  CdSO4 + 0.01M SeO2 -0.65 
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electrodeposits. It is found that at pH value 3 compact and adherent thin film 

deposited so it is a suitable value of pH for deposition purpose. 

The effect of bath temperatures on deposition potential for stainless steel 

substrate studied.  Decrease in deposition potential with increase in bath 

temperature observed. Increase in temperature increases diffusion rate and ionic 

mobility’s and thus conductivity of bath. Also rise in temperature dissociates 

complex, increasing concentration of simple ions. Thus, at higher temperature ion 

discharges at lower potentials.   

Deposition time for the CdSe thin film is again optimized by observing Isc 

and Voc using PEC method.  The variation of photovoltaic power is shown in 

Table.3.7.  

 

  

Thus from above studies it is seen that the  films deposited at room temperature 

270C   at deposition potential -0.65V/SCE at pH=3 for deposition time 40 minutes 

are compact and adherent. These films are used for the characterization purpose. 

 

 

 

Table 3.7Optimisation of deposition time for CdSe thin film for pH=3 

Sr.No. 

 

Deposition  

time 

Jsc in 

mA/cm2 

Voc in 

'mV/SCE' 
Power in mW 

1. 10 Min. -0.366 412 -150.792 

2 20 Min. -0.755 438 -330.69 

3 30 Min. -1.141 456 -520.29 

4 40 Min. -1.208 478 -577.424 

5 50min 1.061 228 -241.908 

6 60min -0.591 430 -254.13 
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3.4 CHARATERISATION OF CdSe THIN FILMS 

The structural and optical characetirisation of deposited CdSe thin film was 

done by using following techniques. 

 

3.4.1 X- RAY DIFFRACTION 

The structural characetrisation of CdSe thin films was carried out by 

analyzing the X-ray diffraction(XRD) patterns obtained using  Bruker D-8 

diffractometer with CuKα radiation  (λ=1.54 A0) in range of 2θ=100 to 900.  

 

3.4.2 SCANNING ELECTRON MICROSCOPY 

The study of microstructure of CdSe thin films using scanning electron 

microscopy (SEM), films were coated with gold-palladium and surface 

morphology was visualized using a Scanning electron microscope JEOL-JSM 

6360. 

 

3.4.3 OPTICAL ABSORPTION 

The optical absorption study was carried out using a UV spectrophotometer 

UV-1800 SHIMADZU   in a wavelength range 300 to 900nm with FTO coated 

glass substrate as a reference. 

 

3.5 RESULTS AND DISCUSSION 

The thickness of the prepared CdSe thin film was determined using XP 

stylus profiler model XP-1 with laser calibration and was found to be 817nm. The 

color of CdSe thin film is grey black The X-ray diffraction pattern  for the CdSe 

thin films deposited on stainless steel substrate at room temperature for 

composition 0.05M(10ml) CdSO4+ 0.01M(10ml) SeO2    film  was recorded in the 

range of diffracting angle 100 to 900. The XRD pattern observed for CdSe thin 

films is shown in Fig.3.7 (a). Close inspection of the XRD pattern in Fig.3.7(c) 
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revealed that the deposited films exhibit cubic structure. The diffraction peaks of 

cubic CdSe are occurred at 2θ values of angles 25.130 and 41.890, corresponding 

to lattice planes (111) and (220) of CdSe material respectively.  The peaks are 

indexed as by comparing with JCPDS card no.00-019-0191(Fig.3.7 (b)). All peak 

intensities identified are of CdSe and no additional line corresponding to Cd  or Se 

are present. The CdSe thin films deposited are amorphous or consist of 

nanocrystaline grains. The XRD pattern for stainless steel substrate is shown in 

Fig.3.7 (a) 
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The surface morphology was visualized using a Scanning electron 

microscope JEOL-JSM 6360.The SEM was used to study the surface morphology 

of the films .A SEM image at the magnification of 2000X is shown in Fig. 3.8.     

The films shows fine grains with nanoworms like morphology.The CdSe thin film 

is grey black in colour.   

The thin films are optically characterized by measuring the optical density ( 

 t) in the  wavelength range of 350 to 850 nm.  The variation of the optical 

density ( t) with wavelength    was   studied and from this '    ' is found to be 

of the order of  104 cm -1, supporting the presence of a direct band edge [12]. 

 The nature of the transition (direct or indirect) involved can be determined 

by considering the dependence of onh Following the usual theoretical 

analysis, the energy dependent absorption coefficient    (h) can be expressed by 

the relation  

       2/1Egh    

Where Eg is the separation between the conduction band and the valance band .  If 

the plot of (h1/2 vs. his linear then the transition is known as an indirect band 

edge transition.  And if the plot of (h2 vs. h is linear such transition is known 

as a direct band edge transition.  

 In present case the plot of (h2 vs. has shown in Fig.3.9 is linear, 

indicating that the transition is a direct band edge transition. The extrapolation of 

the linear portion of such a plot at yields the band edge Eg equal to 1.82eV 

.The higher band gap in the present case can be attributed to the interference by 

diffuse reflectance with the nanocrstalline deposits [13].  This difficulty arise 

when penetration depth of the incident   radiation exceeds the grain size, which is 

thus indicated to extend to 0.15 eV  in case of  Bi2S3 thin films prepared by 

solution gas interface. Bhattacharya and Pramanik [14] reported that the higher 

band gap might be due to the mixture of amorphous and crystalline phases and 

further it is accounted for anisotropy of the films formation process. 
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Fig.3.9 Plot of (αh v )2 versus  h v  for CdSe film on FTO coated 
              glass substrate 

Band Gap energy  Eg=1.82eV.  

 
 

CONCLUSIONS 

From the results reported here, it is concluded that CdSe thin film 

deposition using cadmium acetate and selenium dioxide is not possible as the 

precipitation takes place during the deposition. The Cdse thin film deposition is 

also not possible with CdSO4 and Selenium dioxide with use of complexing agent 

EDTA.In this case also Hydrogen gas evolution takes place. The good quality 

CdSe thin films are deposited using CdSO4 and Selenium dioxide with pH of the 

solution is 3.The optimized parameters are 0.05M CdSO4,0.01M SeO2. Deposition 

potential of -0.65 V/SCE, deposition time 40 sec. 

As deposited CdSe thin films are gray back in color .The XRD study shows 

that amorphous or consist of nanocrystaline grains. The SEM study shows that the 

film consist of fine grains with nanoworms. Optical band edge is 1.82 eV (Direct).   
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CHAPTER - IV 

PREPARATION AND CHARACTERIZATION OF 

ELECTRODEPOSITED Al:CdSe THIN FILMS 

4.1 INTRODUCTION 

           Aluminium   is very useful for wide range of applications due to its 

excellent corrosion resistance and decorativeness. Thus various techniques were 

developed for coating of aluminium such as vapor deposition [1], thermal 

spraying [2], sputter deposition [3] and electro-deposition [4]. Electro-deposition 

offers various advantages over other techniques such as simplicity, 

inexpensiveness and deposition on any shape and size of substrate. The only 

prime requirement of electro-deposition technique is substrate should be 

conductive. Electro-deposition of Aluminium from aqueous bath is quite   difficult 

as it suffers by massive hydrogen evolution problem. As the standard reduction 

potential of Al/Al (III) couple is highly negative (-1.67 V/NHE), water dissociates 

and hydrogen gas evolves at cathode making aluminium deposition difficult using 

aqueous bath. Thus to electro-deposition aluminium three different types of 

organic solvents are used viz. Dimethyl sulfone [5], hydrocarbons [6] and ethers 

[7].Commercially Aluminium electroplated by REAI [8] and SIGAL [9] processes 

using organic solvents.  The aluminium coating prepared by these processes are of  

best  quality  still due to high volatility, low conductivity, aluminium salts less 

solubility and lastly slightly narrow electrochemical window limits aluminium 

electro-deposition  using organic solvents.   Deposition of Aluminium is also 

extensively studied from high temperature inorganic molten salts but it suffered 

by highly corrosive nature [10] and need of very high temperature. 

 

4.2 Al:CdSe THIN FILM DEPOSITION 

4.2.1 PREPARATION OF SOLUTIONS 

Ingredients used to deposit Al:CdSe thin films are  

1).Cadmium sulphate (3CdSO4.8H2O), A.R. grade supplied by S.D. fine Chem.  
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       Ltd., Mumbai.  

 2). Selenium dioxide (SeO2 ) , L.R. grade supplied by S.D. fine Chem. Ltd.,  

       Mumbai. 

3).EDTA (Ethylene diamine tetra acetic acid-disodium salt) used as complexing 

agent (C10H14N2Na2O8) 

4) Aluminium Sulfate 16 hydrate Purified (Al2(SO4)3.16H2O) 

 

4.2.2. ELECTRODEPOSITION OF Al:CdSe THIN FILMS   

Photo-electrochemical (PEC) solar cell 2.6.1was fabricated using a three 

electrode system comprising Al:CdSe thin film as a photoanode, graphite as a 

counter electrode and SCE as a reference electrode. 1M polysulphide (NaOH-

Na2S-S) used as the redox electrolyte.  The cell was illuminated with tungsten 

filament lamp and the short circuit current (Isc) and open circuit voltage (Voc) was 

measured. It is found that the deposition of Al:CdSe thin film using aqueous 

medium is difficult on stainless steel substrate therefore the films are deposited on 

FTO coated glass substrates. 

 

  In the present work Aluminium   doped cadmium selenide thin films 

electrodeposited on FTO coated glass substrates. FTO coated glass sheets (sheet 

resistance ≈ 10 to 15Ω) of size 4cm × 1cm were used as substrate. The electrolyte 

was prepared in non-aqueous bath with Ethylene glycol as a solvent. Precursors 

used are viz. 0.05M Cadmium sulphate (CdSO4), 0.1M Ethylene diamine tetra 

acetic acid (EDTA), 0.01M Selenium dioxide (SeO2).  Different amounts of 

Aluminium sulfate16-hydrate purified (Al2(SO4)3.16H2O) solution were added  to 

the cadmium selenide solution to achieve (0.025, 0.05, 0.25, 0.5, 1 At % of Al/ 

Cd) doping. A series of films with different dopant amounts were deposited with 

these electrolytes. Depositions were carried out in glass beaker using three 

electrode systems. Proper biasing was provided by computer controlled 

galvanostat / potentiostat. The electrolyte was heated to 850C , the  temperature 

was allowed to  stabilize, then all electrodes were immersed in the solution for 
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deposition. Films were then deposited under galvanostatic conditions with current 

density 1mA/cm2 for 30 minutes.  After deposition samples were rinsed with 

double distilled water and dried with nitrogen.  

 

 The Al:CdSe thin films were deposited at various At% of Al. The Isc and 

Voc are measured .The Fig.4.1shows the graph of Isc,Voc with At% of Al . From 

this graph photovoltaic power is maximum corresponding to At% as 0.25The 

graph of film thickness versus doping At% of Al/Cd is shown in Fig.4.1.  
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The graph exhibits that thickness of doped films initially increases with increase 

in doping At % of Al/Cd and reaches to maximum for 0.25 At% of Al/Cd  and  

then drops with further increase in doping At wt%. This is depicted in Table 4.1. 

 

Table 4.1 Variation of film thickness with Al/Cd At% 
Sr.No. Doping Al / Cd in At% Al:CdSe Film thickness in nm 

1. 0.025 589 
2. 0.05 766 
3. 0.25 833 
4. 0.5 504 
5. 1 477 
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Fig. 4.2 Variation of film thickness as a function of At %
  Al doping in Cadmium Selenide thin films

 

 The variation of band gap with At% of Al is given Table 4.2 and shown in 

Fig.4.3.  It is also seen that As shown in Fig.4.3 band gap energy of doped films 

decreases as doping At% increases from 0.025 to 0.25, reaches to a minimum up 

to 1.68eV at 0.25 At wt% doping. Then as doping proceeds to 1% band gap 

energy increases. The doped Al: CdSe film has smaller band gap than undoped 

CdSe(Eg=1.82eV) films.  
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4.3 

CHARACTERISATION OF Al:CdSe THIN FIMS 

The structural and optical characterization of Al:CdSe thin films was done 

using the techniques as given below: 

 

4.3.1 X-RAY DIFFRACTION 

The structural characterization of CdSe thin films was carried out by 

analyzing the X-ray diffraction(XRD) patterns obtained using  using Bruker D-8 

diffractometer with CuKα radiation  (λ=1.54 A0) in range of 2θ =100 to 900.  

 

4.3.2 SCANNING ELECTRON MICROSCOPY 

For the study of microstructure of Al:CdSe thin films using scanning 

electron microscopy(SEM) , films were coated with gold-palladium and surface 

morphology was visualized using a Scanning electron microscope JEOL-JSM 

6360. 

 

4.3.3 OPTICAL ABSORPTION 

The optical absorption study was carried out using a UV spectrophotometer 

UV-1800 SHIMADZU   in a wavelength range 300 to 900nm with FTO coated 

glass substrate as a reference. 

 

4.4 RESULTS AND DISCUSIONS 

 The thickness of the prepared CdSe thin film was determined using XP 

stylus profiler model XP-1 with laser calibration and was obtained as given in 

Table4.1  The X-ray diffraction pattern  for the Al:CdSe thin films was recorded 

Table 4.2 Variation of optical band gap with At% of Al/Cd 
Sr.No. DopingAl / Cd in At% Optical Band Gap ineV 

1. 0.025 1.79 
2. 0.05 1.73 
3. 0.25 1.72 
4. 0.5 1.8 
5. 1 1.82 
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in the range of diffracting angle 100 to 900., as shown in Fig.4.4. Close inspection 

of the XRD pattern in Fig.4.4 revealed that the deposited films exhibit cubic 

structure. The diffraction peaks of cubic Al: CdSe are occurred at 2θ values of 

angles 25.130 and 41.890, corresponding to lattice planes (111) and (220) of CdSe 

material respectively.  The peaks are indexed as by comparing with JCPDS card 

no.00-019-0191. All peak intensities identified are of CdSe and no additional line 

corresponding to Cd  or Se are present. The enhancement in the intensity of CdSe 

peak is observed in Al:CdSe thin films as the crystilinity increase. Al:CdSethin 

films deposited are amorphous or consist of nanocrystaline grains.  The X-ray 

diffraction pattern for Al:CdSe do not shows any peak corresponding to 

Aluminium. 
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The surface morphology was visualized using a Scanning electron 

microscope JEOL-JSM 6360.The SEM was used to study the surface morphology 

of the films .A SEM image at the magnification of 2000X is shown in Fig. 4.5. 

The films shows fine grains with Cotton flower like morphology.   
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The thin films are optically characterized by measuring the optical density ( 

 t) in the  wavelength range of 350 to 850 nm.  The variation of the optical 

density ( t) with wavelength  was   studied and from this '    ' is found to be of 

the order of  104 cm -1, supporting the presence of a direct band edge. 
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Fig.4.6 Plot of (ahn)2 vs h for Al:CdSe thin films   

 

 In present case the plot of (h2 vs. has shown in Fig.4.6 is linear, 

indicating that the transition is a direct band edge transition. The extrapolation of 

the linear portion of such a plot at yields the band edge Eg equal to 1.72eV. 

This vale is in good agreement with value reported earlier [11]. 
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4.5 CONCLUSIONS 

From the results reported here, it is concluded that  Al doped CdSe thin 

film deposition is impossible using aqueous bath as standard reduction potential 

of Al/Al(III) couple is highly negative(-1.67V/NHE).The Al:CdSe thin film 

deposition is possible by using organic solvents. The Al:CdSe films are deposited 

using CdSO4and Selenium dioxidein non-aqueous media. The optimized 

precursor concentrations are 0.05MCdSO4 ,0.01M SeO2 and 0.25 At% of 

Aluminium doping in cadmium selenide solution. Deposition current density is 

1mA/cm2. deposition time is 30 minutes. The optimized doping At % is 0.25 of 

Aluminiumin cadmium selenide. 

As Aluminium doped CdSe thin films are amorphous or consist of 

nanocrystaline grains. The enhancement in the relative intensity of (111) plane of 

CdSe is observed. The SEM study shows that the film consists of fine grains with 

cotton flower like morphology. Optical band edge is 1.72 eV for optimized doping 

At% of 0.25.   
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CHAPTER - V 

 (PHOTO) ELECTROCHEMICAL CHARACTERIZATION OF CdSe AND 

Al:CdSe THIN FILMS  

 

5.1 INTRODUCTION  

  For a couple of decades interest in the use of photo-electrochemical solar 

cells for low cost energy conversion has led to a large  amount of research in the 

search for thin film polycrystalline  materials with acceptable performance [1,2] . 

These cells are simple in construction and have the advantages that they can be 

used for both Phototvoltaic and chemical energy conversion. For a  photo-

electrochemical solar cell the prime requirement for good solar energy conversion 

is that  the photocathode / photo anode  should have a band  gap close to the 

maximum in the visible spectrum ; second the semiconductor electrode must be 

stable [3,4] .   

  In  this chapter , photo-electrochemical cell (PEC) cell of configuration n-

CdSe or Al:CdSe/1 NaOH - 1 M Na2S - 1 M S/C is formed .The construction of 

PEC cell along with the experimental setup for electrical and optical 

characterization are discussed in  section 2.6. The performance parameters studied 

include open circuit voltage (Voc) , short circuit current ( Isc) , fill factor (FF) , 

efficiency ()  etc. 

5.2 EXPERIMENTAL  

5.2.1 CONSTRUCTION OF PHOTO-ELECTROCHEMICAL (PEC) CELL 

  A schematic of PEC cell is discussed in section 2.6.1 of Chapter 2. A PEC 

cell consist of i) a semiconductor photo-electrode, ii) an electrolyte and iii) a 

counter electrode.  A Schottky type of cell constructed in which one electrode is a 

photoactive semiconductor and   other a metal counter electrode.   
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5.2.1.1 PHOTOELECTRODE 

  The semiconductor photo-electrode is the heart of a PEC cell.  The 

deposition of CdSe and Al:CdSe thin film photo-electrode is discussed in chapter 

III and IV. As deposited CdSe and Al:CdSe thin films are used as photo-electrode 

in PEC cell. 

5.2.1.1.1. PREPARATION OF CONDUCTING GLASS SUBSTRATES 

  Fluorine doped tin oxide (FTO) coated glass substrates were prepared by 

using spray pyrolysis technique [5].  The ingredients used for the preparation of 

conducting glass substrates were stannic chloride (SnCl4, 5 H2O), ammonium 

fluoride (NH4F) , iso-propyl alcohol[ (CH3)2CHOH].  The solution of 0.2 M (100 

c.c.)  Stannic chloride was prepared in double distilled water and 14.285 gm of 

NH4 F was dissolved in it to obtain 20 weight % doped concentration of fluorine .  

From this solution mixture 5cc solution was taken and 20 c.c. of iso-propyl 

alcohol was added in it.  The final solution was sprayed through a corning glass 

nozzle with spray rate of 5 c.c./min onto the glass substrates maintained at 

temperature of 500oC. The sheet resistance and transmitivity of the conducting 

glass is found to be in the range of 20 - 30 -cm-2 and 80 - 90 % respectively. 

5.2.1.1.2   DEPOSITION OF CDSE AND AL: CDSE PHOTOELECTRODE 

  The conducting glass substrates were cleaned using the procedure 

discussed in section 3.2.2.  of Chapter 3. The n-CdSe and n-Al:CdSe films were 

deposited by using optimized preparative parameters as discussed  in chapter III 

and IV. The prepared thin films are used as photoelectrode   in a PEC cell. 

5.2.2. ELECTROLYTE  

  The electrolyte is equally important in PEC cell which helps to scavenge 

photo-generated   holes from a photo-electrode.  The theory regarding the photo-

induced charge transfer across a semiconductor-electrolyte junction is already 

discussed in section 2.6. Organic or inorganic solvents with supporting 

electrolytes may be used as aqueous electrolytes [6, 7].    
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  In present investigation polysulphide electrolyte with NaOH as a 

supporting electrolyte of composition 1 M NaOH + 1 M Na2S+ 1 M S was 

prepared in double distilled water and well filtered before use.  The polysulphide 

has stabilizing effect on CdSe photo-electrode under exposure to light in aqueous 

solution.  Since Ef,redox of  S2/ S2
2- (0.7V) is incapable of oxidizing  CdSe 

anodically and suppress the photo-anodic dissolution of the photo-electrode in 0.2 

M basic solution [8,9]. 

5.2.3 COUNTER ELECTRODE  

  A counter electrode is the third important part of a PEC cell.  In a 

regenerative process, the electrolyte species are oxidized at the photo-electrode 

(n-type) and are again reduced at the counter electrode giving no net chemical 

change in the composition of the electrolyte .  The requirements of a counter 

electrode for use in  PEC cell are discussed by G. Holdes [10] 

  In PEC cells platinum in the form of wire or foil and carbon in the form of 

rod or plate are being used as a counter electrode as they fulfill the first two 

requirements. 

  By considering all above three parts, the PEC cell was constructed by using  

n–CdSe and n-Al:CdSe  thin film  as photo-electrode ,polysulphide an the 

electrolyte and  graphite as the counter electrode .  The PEC cell has the 

configuration 

  F : SnO2 - n – CdSe or Al:CdSe / 1 M NaOH - 1 M Na2S - 1 S /C  

  The experimental setup to plot I-V characteristics of PEC solar cell is 

shown in Fig 5.1(a) and the tungsten filament lamp along with cooling system is 

shown in Fig.5.1 (b) 

5.3 (PHOTO) ELECTROCHEMICAL CHARACTERIZATION OF CdSe 

BASED PEC CELL 

  The (photo) electrochemical characterization namely current-voltage (I-V) 

characteristics in dark and in light, photovoltaic power output characteristics etc. 
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are essential in order to study the charge transfer across the semiconductor-

electrolyte junction. 

5.2.3.1 Current–Voltage (I-V) characteristics. 

 The computerized experimental set up used to study the I-V characteristics 

of PEC cell in dark and in light is shown in Fig. 5.1(a). All the voltages were 

measured with respect to saturated calomel electrode (SCE). The cell is 

illuminated with 500 Watt tungsten filament lamp. The cooling system is provided 

to avoid extra heating of PEC cell. 

 

 

 

 

 

 

 

 

5.2.3.2 Photovoltaic output characteristics  

Photovoltaic output characteristics of the photo electrochemical (PEC) 

cells were studied using circuit diagram as shown in Fig. 5.2. The water filter was 

interposed between source of light and the PEC cell for avoiding the direct 

heating of the cell.( Fig.5.1.(b))  The distance of PEC cell was adjusted in such a 

way that the illumination intensity is equal to 40mW/cm2.  The load current and 

load voltage are measured using Princeton Potentiostat   shown in Fig. 5.1(a) 
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5.2.3.3 Spectral response 

  Fig. 5.3. Shows the circuit diagram used for study of spectral response  of 

photo electrode in PEC cell.  The short circuit current (Isc) between photoanode 

and counter electrode at various wavelengths of illuminating radiations were 

measured. Different wavelength filters (350–1100nm) were interposed between 

the light source and photo-anode as shown in Fig.5.3. 
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5.3 RESULTS AND DISCUSSIONS 

A PEC cell with the configuration n-CdSe/1 M NaOH-1 M Na2S-1M S/C 

is formed. It is observed that even in dark PEC cell gives some voltage Vd and 

current Id with CdSe electrode as negative and graphite electrode is positive. 

It is observed that even in dark, PEC cell gives some dark voltage Vd. The 

polarity of this voltage is negative towards the CdSe and Al:CdSephotoelectrode. 

The origin of this voltage is attributed to the difference between two half cell 

potentials in the PEC cell and can be written as [11]  

E = ECdSe/Al:CdSe – EGraphite                                   

where, ECdSe/Al:CdSe and EGraphite are the half cell potentials developed at 

CdSe /Al:CdSephotoelectrode and graphite electrode respectively. It is observed 

that. 

 ECdSe/Al:CdSe>EGraphite 

When the above junction is illuminated photo-voltage increases with 

polarity negative towards the CdSe and Al:CdSe electrode, showing that CdSe 

and Al:CdSe is of n-type semiconductor [12,13] 

5.4.1 Current-Voltage ( I -V ) characteristics in dark and in light 

  The current voltage (I-V) characteristics of PEC cell formed with CdSe and 

Al: CdSe thin films in dark and under illumination are shown in Fig. 5.4(a) and 

5.4(b.) respectively. The nature of I-V curves for both as deposited CdSe and Al: 

CdSe thin films are analogus with that reported by Killedar et al.[ 14]  which 

indicates formation of rectifying junction. Under illumination, the I-V curves 

shifts in the fourth quadrant indicating that cells are a generator of electricity [15] 

also  this indicates the type of conductivity exhibited by CdSe and Al:CdSe  is n-

type. The shifting of curve under illumination is larger for doped film than that of 

undoped one. This may be due to enhancement in grain size of Al:CdSe photo-

electrode[  16].  Also it is seen that Al:CdSe thin films are more stable than that of 
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undoped CdSe thin films[17]. Fig. 5.3.(c) shows photovoltaic output 

characteristics of CdSe and Al:CdSe photo-electrode. Under light illumination an 

enhancement in Isc and Voc Values observed upon doping. 
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Fig.  5.4(a)The Current- voltage Characterisitics of PEC cell formed  with
undoped Cadmium selenide  thin film electrode in dark and under light
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Fig.5.4(c) Plots of Power output characterisitcs for n-CdSe and

 Al:CdSe electrodes under illumination intensity 40mW/cm2
 

5.4.2 Photovoltaic output characteristics 

    A photovoltaic output characteristic (Photocurrent density versus photo-

voltage characteristics) of CdSe and Al:CdSe thin films is shown in  Fig.5.5(a) 

and Fig.5.5(b) respectively .  

  The efficiency (ɳ %) , fill factor( FF),  are calculated using the relations  [18] 

                       ɳ % =୭ୡ.୍ୗୡ
  ୧୬    × 100 

Where P in is input light density that incidents on PEC cell. 

                                FF= 
୍୫ୟ୶.୫ୟ୶
୍ୱୡ ୭ୡ

 

The photovoltaic power output characteristics were studied under illumination 

intensity of 40 mW/cm2. The maximum power output of the cell is given by 

largest rectangle that can be drawn inside the curve. The open circuit voltage 

(Voc) and short circuit current ( Isc)  for CdSe and 0.25 At % Aluminium doped 

CdSe are found to be 856 V/SCE , 1.36 mA and 864 V/SCE ,1.53mA 

respectively. The calculation leads to the fill factor ( FF )  and  power conversion 

efficiency () for CdSe and Al:CdSe  are 0.35 , 0.97 % and 0.37 and 1.25% 

respectively.  The efficiency and fill factor for Al:CdSe photo-electrode  is much  

higher than CdSe photo-electrode. The low efficiency in this investigation might 
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be due to the high series resistance of the cell and interface states which are 

responsible for recombination mechanism. 
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Fig.5.5(a) Photovoltaic output Characterisitcs of PEC cell formed with
 undoped Cadmium Selenide thin film
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5.4.3 Spectral response 

The spectral response for CdSe and Al: CdSe thin films are shown in Fig. 

5.6(a) and 5.6 (b) respectively. From Fig. 5.6 (a) and (b)for CdSe, Al:CdSe  it is 

observed that Isc attains maximum value at around 677 nm and  728nm  

respectively.  The decrease of Iscon shorter wavelength side might be due to the 

absorption of light in the electrolyte [18] and high surface recombination of 

photogenerated carriers by surface states [19, 20]. Using spectral response, at 

maxima, the band gap of CdSe and Al: CdSe is found to be 1.83 and 1.72 eV 

respectively.  After Al doping, the spectral response is in higher magnitude with 

shifting of maxima peak towards the longer wavelength side. 
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Deposited 

thin films 

Isc 

(mA) 

Voc 

(mV/SCE) 

Fill factor 

F.F. (%) 

Conversion efficiency 

 % 

CdSe 1.36 856 0.35 0.97 

0.25 At% 
Al:CdSe 

1.53 864 0.37 1.25 
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5.5 CONCLUSIONS 

From I-V Characteristics of PEC cell using CdSe and Al:CdSe  as 

photoelectrode and when the above junction is illuminated photo-voltage 

increases with polarity negative towards the CdSe and Al:CdSe electrode, 

showing that CdSe and Al:CdSe is of n-type semiconductor. From the study of 

output characteristics the fill factor and % efficiency for CdSe and Al:CdSe  are      

found to be  0.35,0.97 and 0.37,1.25 respectively. From spectral response the band 

gap of CdSe and Al:CdSe is found to be 1.83 and 1.72 eV respectively. These 

values agree with band gap estimated using optical absorption studies.  
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CHAPTER - VI 

SUMMARY AND CONCLUSIONS 

 

 Thin film science is a relatively young and ever growing field in science 

and technology which is confluence of materials science, surface science and 

applied physics and has become an intentifiable unified discipline of scientific 

endeavour.  The studies on thin film formation are being pursued with increasing 

interest on account of its proven and potential applications in variety of 

semiconductor devices such as solar energy converters, vidicon devices,etc. The 

development of thin film technology for the fabrication of large area photodiode  

arrays using physical and chemical deposition techniques has turned chemical 

kinetics into one of the most active field of the electrochemistry.  In addition to 

the fundamental interest, the gradual   or sharp changes in chemical and physical 

properties of the thin films are observed in passing through the deposition 

technique by a routine measurement.  A better understanding of either constituents 

of the thin film can be obtained by studying their structural, optical 

 There has been considerable interest in the development of the systems for 

deposition of thin films which are capable of converting and storing the solar 

energy.  The most attracting feature of a semiconductor-liquid (S-L) junction solar 

cell over a solid state junction solar cell is that it has inbuilt storage capacity.  

Therefore S-L junction solar cells are being extensively studied. They have non- 

solar applications also viz. etching, photoetching, photodeposition of metals on 

semiconductors. 

 The fundamental research has led to improvement in our understanding of 

thin films for generating ideas for new devices. The present investigation 

therefore, deals with the electrodeposition and characterization of CdSe and 

Al:CdSe thin films The present work is divided into six phases. 
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 The first chapter is introductory in nature. A brief survey of literature on 

CdSe and Al:CdSe  material is given which is followed by the scope of the 

present work. 

 The theoretical background about elctrodeposition techniques and the 

conversion of solar energy into electricity through photoelectrochemical (PEC) 

route is discussed in this chapter along with the construction of PEC cell in 

chapter-II. The mechanism of photoinduced charge transfer across 

semicounductor-electolyte jucion is also explained in this chapter. 

Chapter-III opens with the introduction of one of the simplest thin film 

deposition technique “Electrodeposition ”. The experimental setup for 

eletrodepostion method and the process of substrate cleaning is discussed. The 

deposition of CdSe thin films by suing different procedures is discussed. The 

Cadmium Selenide (CdSe) thin films were deposited using Cadmium Acetate 

((CH3COO)2Cd.2H2O) as a cationic precursor and Selenium dioxide (SeO2) as an 

anionic precursor using electro-deposition technique on stainless steel substrate. 

The electrolytic bath was aqueous acidic containing 0.01M (CH3COO)2Cd.2H2O 

and 0.01M SeO2   solutions. In order to determine deposition potential; cyclic 

voltammograms of various volumetric proportions of Cd:Se solutions viz. 10:0, 

9:1, 8:2, 7:3, …… 2:8, 1:9, 0:10 recorded   for stainless steel substrate in potential 

range 0 to -1V. The deposition potentials for various volumetric proportion of 

Cd:Se  was observed  and  thin films were deposited at various volumetric 

proportions of two solutions but it is found that during CdSe film deposition , 

formation of precipitate takes in the  in the electrolyte bath and also the films 

deposited were dissolved in polysulphide electrolyte during photo-electrochemical 

(PEC)study. Therefore this approach of deposition is not suitable for deposition of 

CdSe thin films.  

The second attempt to deposite CdSe thin films was made by using  0.1M 

cadmium sulphate (3CdSO4.8H2O) and 0.01M selenium dioxide (SeO2) solutions 

as cadmium and selenium ion source respectively. EDTA (Ethylene diamine tetra 

acetic acid-disodium salt) used as complexing agent. By using PEC cell and 
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measuring the Isc and Voc the preparative parameters were optimized as 0.05M 

CdSO4 , 0.01M SeO2,deposition potential 0.65 V and deposition time 30 min. 

Cadmium Selenide thin films electrodeposited by this way exhibited good photo 

response but electro-deposition process was suffered by hydrogen gas evolution 

problem resulting in pinholes in film. As films suffered by pinholes hence this 

method and precursors was discarded. 

Finally the CdSe thin films were deposited using 0.05M CdSO4 as cationic 

precursor and 0.01M SeO2 as anionic precursor, cadmium selenide thin films 

electrodeposited cathodically on stainless steel substrates. Parameters like pH, 

temperatures strongly affect quality and characteristics of electrodeposits. Thus 

effect of pH (within range from 2 to 3.2) on deposition potential of CdSe was 

studied.  Positive shifting of deposition potential with decrease in pH values for 

stainless steel substrate observed.  Firstly the concentration of cadmium precursor 

is optimized using PEC method. The CdSe thin films deposited at room 

temperature 270C at deposition potential -0.65V/SCE at pH=3 for deposition time 

40 minutes are compact and adherent. These films are used for the 

characterization purpose. 

The structural and optical characterization of the films deposited at 

optimized preparative parameters is carried out by means of X-ray diffraction , 

scanning electron microscopy , optical absorption. The  XRD patterns of the 

films are recorded in the range of diffracting angle 10 to 900 .The XRD patterns ( 

by considering the peak count and background count) indicates the presence of 

(110) planes of  CdSe material.  This shows that the CdSe thin films prepared 

amorphous in nature and consist of nanocrystalline grains.   

 The CdSe thin films deposited are grey black in color. SEM micrographs 

of CdSe thin films deposited shows the total coverage of the substrate surface by 

the film.  The SEM of CdSe thin films shows nanograins with nanoworms.  

 The optical characterization of  CdSe thin films is carried out by measuring 

the optical density (t) in the wavelength range of 350 to 850 nm.  From the 



 
 

76 
 

variation of the optical density (t) with wavelength  , band edge is calculated.  

This can further be analyzed by plotting (h)2 versus h.  The extrapolation of 

the plot to the energy axis at =0 gives a value of 1.82 eV as the band gap energy 

of CdSe thin film. The higher band gap energy in the present case can be 

attributed to the mixture of amorphous and crystalline phases and further it is 

accounted for anisotropy of the film formation process. 

In chapter-IV emphasis is given on preparation and characterization of 

aluminium doped Al:CdSe thin films. In the present work Aluminium   doped 

cadmium selenide thin films electrodeposited on FTO coated glass substrates. The 

electrolyte was prepared in non-aqueous bath with Ethylene glycol as a solvent. 

Precursors used are viz. 0.05M Cadmium sulphate (CdSO4), 0.1M Ethylene 

diamine tetra acetic acid (EDTA), 0.01M Selenium dioxide (SeO2).  Different 

amounts of Aluminium sulfate16-hydrate purified (Al2(SO4)3.16H2O) solution 

were added  to the cadmium selenide solution to achieve (0.025, 0.05, 0.25, 0.5, 1 

At % of Al/ Cd) doping. A series of films with different dopant amounts were 

deposited with these electrolytes. Proper biasing was provided by computer 

controlled galvanostat / potentiostat. The electrolyte was heated to 850C and then 

thre films were then deposited under galvanostatic conditions with current density 

1mA/cm2 for 30 minutes.  After deposition samples were rinsed with double 

distilled water and dried with nitrogen. The Al:CdSe thin films were deposited at 

various At% of Al. The Isc and Voc are measured. The variation of  band gap 

with At% of Al is also studied  .The band gap energy of doped films decreases as 

doping At% increases from 0.025 to 0.25, reaches to a minimum up to 1.68eV at 

0.25 At wt% doping. The doped Al: CdSe film has smaller band gap than undoped 

CdSe(Eg=1.82eV) films. From the study it is found that Al:cdSe thin film 

deposition is not possible from aqueous bath. The Al:CdSe thin film deposition is 

possible by using organic solvents. The Al:CdSe films are deposited using 

CdSO4and Selenium dioxidein non-aqueous media. The optimized precursor 

concentrations are 0.05M CdSO4, 0.01M SeO2 and 0.25 At% of Aluminium 

doping in cadmium selenide solution. Deposition current density is 1mA/cm2. 
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Deposition time is 30 minutes. As Aluminium doped CdSe thin films are 

amorphous or consist of nanocrystaline grains. The enhancement in the relative 

intensity of (111) plane of CdSe is observed. The SEM study shows that the film 

consists of fine grains with cotton flower like morphology. Optical band edge is 

1.72 eV for optimized doping At% of 0.25.   

In chapter-V , the construction of PEC cell along with the experimental 

setup for (photo)electochemical characterization is discussed. The requisites for 

photoelectrode , electrolyte and counter electrode are also discussed in this 

chapter. The performance parameters studied include open circuit voltage (Voc) , 

short circuit current ( Isc) , fill factor (FF) , efficiency () etc.  

(Photo)electrochemical (PEC) cell is formed with n-CdSe and n-Al:CdSe  

thin film as a photoelectrode, polysulphide as a electrolyte with NaOH as a 

supporting electrolyte  of composition 1M  NaOH + 1M Na2S+ 1M S is prepared 

in double distilled water and graphite plate of high purity is used as a counter 

electrode .The PEC cell has the configuration 

       F : SnO2 - n – CdSe or n-Al:CdSe / 0.2 M NaOH - 0.2 M Na2S - 0.2 S /C  

It is observed that even in dark PEC cell gives some dark voltage and dark current 

with negative polarity towards the CdSe and Al:CdSe  electrode. The origin of this 

voltage is attributed to the difference between two half cell potentials of the 

electrodes in the PEC cell. The type of conductivity exhibited by the CdSe and 

Al:CdSe material is n type. 

      Current-voltage (I-V) characteristic of PEC cell in dark and under 

illumination are studied at room temperature. The nature of the I-V curves 

indicates the formation of rectifying junction and the cell is a generator of 

electricity. From photovoltaic power output characteristics the fill factor and 

power conversion efficiency for CdSe thin films is estimated to be 0.35 and  

0.97%. and it is o.37 and  1.25 % for Al:CdSe thin films. The low efficiency in 

this investigation might be due to the high series resistance of the film and 

interface states which are responsible for recombination mechanism.  
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  The photo response of the cell is also studied by noting the Isc and Voc as 

a function of light intensity. It is seen that the Voc saturates at the higher intensity 

which is in good agreement with theory. 

  The spectral response of the PEC cell is studied in wavelength range of 350 

to 1100 nm. It is seen that Isc attains the maximum value at = 677 nm for CdSe 

and 728nm for Al:CdSe and decreases with further increase of wavelength. The 

maximum Isc is obtained corresponding to  = 645 nm which corresponds to the 

band gap energy (Eg ) equal to 1.82 eV for CdSe and 1.72 for Al:CdSe agreeing 

with result of optical absorption studies. 
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PHOTOGALLERY 
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