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ABSTRACT 

The CdSe, CdTe and their solid solutions have 

interesting implications in thin film electro-optic devices 

and photoelectrochemical cells. 	The full range of solid 

solution can be obtained with 'tunable' band gap and lattice 

parameters. The present thesis is devoted to the deposition 

of thin films of CdS,=. and CrlSelTiTex ( 0 < x < 	), their 

characterization by 	structural, optical and 

electrical properties; and use of these films deposited on 

titanium substrates as Dhotoanode in photoelectrochemical 

(PEC) solar cell. 

Thin films of CdSe were deposited on to glass and 

titanium substrates using the method of spray pyrolysis. 

Aqueous -solutions of cadmium chloride (CdC12) and selenourea 

(NH2CSeNH2) were mixed thoroughly and sprayed onto the 

heated substrates. 	Two types of films were deposited; in 

1C1S-series, 1 part of CdC12 and 1 part of NH2CSe NH2 and in 

1C2S series, 1 part of CdCle2 and 2 parts of NH2CSeNH2 were 

taken. 	The deposition parameters such as substrate 

temperature, spray rate, concentration of starting solutions 

etc. were optimised for obtaining films of good 

crystallinity and PEC performance. 



CdSel-:Tea films have been deposited by using 

electron beam evaporation and electrodeposition. Single 

phase CdSel-xTex films in the entire composition range were 

prepared by evaporating the source material in the form of 

pellet with the help of electron beam. The pellet was 

prepared by taking appropriate amount of CdSe and CdTe 

power, mixing them thoroughly and pressing. 

Sprayed CdSe Films 

The films were deposited at substrate temperature 

rarng from 200 to 400°C 	X-ray diffraction studies showed 

that the films deposited at 220°C and 35r.'C had the best 

crystallinity for films on titatinium and glass substrates 

respectively. 	The reflections from (110) and (002) planes 

were most prominent for 1C1S and 1C2S films respectively. 

The 1C1S films showed predominantly hexagonal while 1C2S 

films showed both hexagonal and cubic phases. 

The absorption edge in the transmission spectra 

was found to be shaper for 1C1S than 1C2S films, which 

indicated better crystallinity for 1C1S films. The band gap 

was obtained by plotting (ahV )2  vs by , which was a 

straight line implying direct allowed transition. The 

absorption coefficient was in the range of 104  to 105  cm-1  

near the absorption edge. The PL spectra of as-deposited 

films showed single luminescence peak around 1.02 am 

corresponding to the impurity absorption. 



X-ray diffraction techniques has been used to 

study crystallinity and orientation of the films. The 

compositional analysis of the films were done with XPS (X-

ray photoelectron spectroscopy) and Auger spectroscopy. The 

optical reflection and transmission measurements were made 

to study the band gap of the films. The photoluminescence 

measurements were done at 10°K to obtain information about 

impurity levels. 	The refractive index was calculated by 

solving reflection and transmission equations in the 

Tomlin's form with the help of a computer using Newton-

Raphson method. The resistivity of the as-grown films were 

low which increased by several order after annealing the 

films in air. 	XPS studes of the films showed to the 

binding energies of cadmium and selenium in agreement with 

the reported values for CdSe. 

CdSel-zTex Films 

Thin films of CdSel-xTex were deposited in the 

entire composition range. X-ray diffraction studies showed 

cubic zinc blende face throughout the composition range.  

with preferred orientation in (111) direction. Except CdTe 

in which Te (101) phase was detected, all other films were 

single phase in nature. 	The lattice parameters varied 

linearly with composition and followed Vegard law. On 

annealing the CdSe rich CdSel-zTes films, a phase 

transformation from cubic to hexagonal was observed. 



The optical reflection and transmission studies 

have been done throughout the composition range. The 

transmission spectra showed absorption edge corresponding to 

the band gap of respective composition. 	A decrease in 

sharpness in the absorption edge was observed for high x in 

CdSei-xTex films which was attributed to the presence of 

free Te in these films. The CdSeo.sTeo.2 films deposited at 

substrate temperature lower that 200°C showed extension of 

transmission to lower wavelengths. 	All the films showed 

direct nature of transition, and yielded a straight line by 

plotting (ahtV )2 vs. h)) from which the band gap was 

obtained. The band gap was found to vary nonlinearly with the 

composition which showed a minimum around x = 0.6./ The Ull-

reflectanc and its derivative with respect to wavelength 

were measured in the entire composition range which showed 

transitions other than band gap. 

The refractive index showed peak corresponding to 

the fundamental absorption edge of the respective 

composition. 	The refractive index was found to increase 

with the substrate temperature for CdSeo. sTeo. 2 

The photoluminescence (PL) measurements of the as 

deposited film showed only one luminescence peak throughout 

the composition range. The peak position did not vary much 

with the composition. The half width remained constant upto 

x = 0.6 and increased beyond it. 	The effect of air- 



annealing on PL-spectra has been studied. Peak 

corresponding to the edge emission was observed for air-

annealed films. 

All the electron beam evaporated films were found 

to be n-type. 	The resistivity of the films was found to 

increase with the composition and substrate temperature. 

Sprayed CdSe and electron beam evaporated 

CdSel-:Tex films deposited on titanium substrates were used 

as photoanodes in photoelectrochemical cell. The 

electrolyte concentration was optimised against the cell 

performance and stability. The electrolyte containing 2.5M 

Na2S, 1M S and 1M NaOH was found to be optimum. As-

deposited films showed little photoelectrochemical 

behaviour. 	Air-annealing followed by etching improved -the 

performance drastically. Annealing temperature was 

optimised against the open-circuit voltage and short circuit 

current. 	Annealing temperature 450°C and 400°C were found 

to be optimum for sprayed and electron beam evaporated 

films respectively. 

Efficiencies in the range of 3-5% and 1.5-2.5% 

were obtained using sprayed 1C1S and 1C2S photoanodes 

respectively. 	The best cell parameters obtained using 1C1S 

photoanode in 2.5M Na2S, 1M S and 1M NaOH electrolyte were: 

Voc = 575 mV; Jac = 15.8 mA/cm2; F.F. = 0.38 and n = 4.93%. 

Conversion efficiency less than 2% was obtained using 



electron beam evaporated photoanodes. A typical 

CdSeo.sTeo.2 photoanode showed VOC 7- 550 mV; Jae = 6.0 

mA/cm2; F. F = 0.28 and "= 1.8-5%. The poor performance shown 

by these electrodes was attributed to the high resistivity 

and low grain size in the films. A further decrease in the 

performance was observed for films with high x values. 

The effect of light intensity on the cell 

performance was studied: For unetched electrodes the 

current density saturated at lower intensity indicating 

higher recombination losses at the surface which extends to 

higher illumination after etching. The Voc varied linearly 

with logarithm of intensity /  fn-pm which junction ideality 

factor n = 1.73 was calculated for 1C1S photoanodes. The 

fill factor decreased - with intensity. 

The spectral response measurements were performed 

by measuring short-circuit current at different wavelengths 

at constant intensity. 	After etching the electrode, the 

spectral response showed higher current gain in the longer 

wavelengths region. The spectral response using 

CdSeo. sTeo. 2 photoanode covered wider portion of the solar 

spectrum than CdSe photoanode. The band gap obtained by 

plotting 12  vs h1) were 1.66 eV and 1.5 eV for CdSe and 

CdSeo.aTo.2 photoanodes respectively which were in agreement 

with that obtained by optical studies. 



The flat band 	potential 	measurements were done 

using 	sprayed and electron beam evaporated photoanodes by 

plotting 	J2 vs. V(Vs.SCE) under 	monochromatic 	light 

illumination. The values 	of Vfb 	obtained for different 

electrodes were: -1.54V (Vs.SCE), -1.55 (Vs.SCE) for 1C1S 

and 1C2S sprayed CdSe respectively and - 1.3 V(Vs.SCE) for 

evaporated CdSeo.eTeo.2 photoanode. The Mott-Schottky curve 

was obtained by plotting 1/C2  Vs V(Vs. SCE) for 1C1S sprayed 

CdSe. 	The various parameters calculated using the curve 

were the flat band potential Vfb = -1.5 V(Vs.SCE); the 

carrier concentration ND = 2.26 x 10I6cm-3; the redox 

potential electrolyte VE,redox = -0.75 V(Vs.SCE); he 

band bending Vb = 0.15 V: the depletion layer width 

0.192 um ; conduction band edge Ec = - 1.6 V(Vs.SCE); 

the valance band edge Ev = + 0.08V (Vs.SCE). Using these 

values a band diagram has been drawn for CdSe sulphide-

polysulphide electrolyte system. 

Stability and photodegradation studies were done 

using sprayed and evaporated films. 	After exposing the 

electrode in the electrolyte, the Auger spectrum showed 

sulphur peak at 150 eV indicating sulphur substitution at 

the surface. X-ray diffraction of electrode before and 

after dipping in the electrolyte showed that the peak 

heights decreased after dipping which was attributed to the 

formation of amorphous Cd-S on the electrode surface. A 

deterioration in stability was observed at higher 

illumination intensity and low polysulphide concentration. 



TABLE OF CONTENTS 

Page No. 

CHAPTER I INTRODUCTION 

1.1 Introduction 

1.1.1 	The Nature of Solar f Energy 	2- 

1.1.2 	Photovoltaic Systems 	15 

1.1.3 	Photoelectrochemical Solar 	4 
Cells 

1.2 Historical Background 
	

6 

1.2.1 	Cadmium Chalcogenides 
	6 

1.2.2 	Thin Films of CdSe and 
	*-7  

CdSel-xTe: 

1:2.3 	Review of Literature on PEC 

1.2.4 	CdX(X = S, Se, Te) PCE Cells 12_ 

1.2.5 	Polycrystalline Films of 	17 
CdSe and CdSel-ITex 

1.3 Aim of Thesis 	 21 

CHAPTER II 	THEORETICAL BACKGROUND 

Characterization 33 

2.2.1 	Phase Diagram 33 

2.2.2 	Crystallographic Form -35 

2.1 Material Slection 

	

2.1.2 	Absorption Coefficient 	;a 

	

2.1.3 	Diffusion Length 

2.2 



2.3 

	

2.2.3 	Optical Band Gap 

	

2.2.4 	Optical Constants 

	

2.2.5 	Photoluminescence 

Theory of PEC 

78 

40 

41 

44 

2.3.1 Working Principle of PEC 1142 

2.3.2 Energetics of Semihonductors 48 

2.3.3 Redox Electrolyte 61 

2.3.4 Semiconductor-Electrolyte 5 5 
Interface 

2.3.5 Charge and Potential Distri- 
bution at the Semiconductor-
electrolyte Interface 

57 

2.3.6 Charge Distribution in the 53 
Semiconductor 

2.3.7 The space Charge Capacit.or 61 

2.3.8 Butler-Volmer Relation 66.  

2.3.9 Theoretical Models 11 

2.3.10 Photovoltage 75 

2.3.11 Flat Band Potential 78 

2.3.12 Surface States 19 

CHAPTER III EXPERIMENTAL METHODS 

3.1 Thin Film Preparation 11 

3.1.1 Spray Pyrolysis TI 

3.1.2 Electron Beam Evaporation 14- 

3.1.3 Electrodeposition 15 

3.2 Characterization of Thin Film 



3.2.1 	X-ray Diffraction 

3.2.2 	XPS and Auger Spectra 

3.2.3 	Optical Measurements 

3.2.4 	Thickness Measurements 

3.2.5 	Photoluminescence Studies 

3.2.6 	Resistivity Measurements 

3.3 Photoelectrochemical Measurements 

3.3.1 	Electrolyte Preparation 

3.3.2 	Electrode Preparation 

3.3.3 	Cell 

3.3.4 	I-V Characteristics 

3.3.5 	Spectral Response 

3.3.6 	C-V Measurements 

CHAPTER IV 	CHARACTERIZATION OF FILMS 

4.1 Diffraction Studies 	34  

4.1.1 	Sprayed CdSe Films 	91- 

4.1.2 	Electron Beam Evaporated 	Og 
CdSel-zTex Films 

4.1.3 	Electrodeposited CdSei-xTez 1O6 
Films 

4.2 Optical Properties 

4.2.1 	Optical Spectra 

4.2.2 	UV-Reflectance 	12) 
4.2.3 	Refractive Index Studies 

4.3.4 	Photoluminescence spectra 127 



4.3 Electrical Properties 

4.3.1 	Resistivity 
	j38 

4.4 XPS and Auger Studies 
	19 

CHAPTER V 	PEC MEASUREMENTS 

5.1 Current-Voltage Measurements 
	14-7 

5.2 Spectral response 
	 1641 

5.9.1 	Band-gap Determination 
	10 

5.3 Flat Band Potential Measurements 
	1E39 

5.4 Photodegradation and Stability 
	1531 

CHAPTER VI 	SUMMARY AND CONCLUSIONS 	1437 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15

