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List of Samples and Abbreviations

Description units
Symbol
a Electrode area ¢m
a.c Alternative current Amper
A Cross section area of the film tm
B Magnetic Field Went
C Capacitance Farad
C.B Conduction Band
CBH Correlated barrier hopping
D Negative Dangling Bond
D* Positive Dangling Bond
d.c Direct current Amper
iy The Inter Planar Distance for Different A
Planes
E. Electrical Activation Energy eV
E. Conduction Band Energy eV
Er Fermi Level Energy eV
En Hall Electric Field
E, Valence Band Energy eV
E, A.C Activation Energy eV
h The distance Between The Boat and cm
Substrate
lo Direct current Amper
Iy Polarization displacement current Amper
J Current Density Amper\cm
Kg Boltzman Constant J\ém
L Distance between the electrodes cm
LP Large polaron Tunneling
LRO Long Range Order
m Mass of material gm
N(Eex) Density of extended states ¢m
N(Ef) Density of States Near Fermi Level tm
N(Ejo0) Density of localized states ¢
Na Acceptors concentration ¢in
Np Donors concentration ¢
n Electron concentration cin
P Holes Concentration ¢
g=e Charge of Electron Colomb ((
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Quantum Mechanical Tunneling

R Film resistance Q.cnf
Ry Hall Coefficient cm\C
Rw Tunneling Distance A
4 Polaron radius A
S Frequency Exponent
SP Small Polaron Tunneling
SRO Short Range Order
T Absolute Temperature K
t Film Thickness nm
Ta Annealing Temperature K
T, Substrate Temperature K
V.B Valence Band
Vy Hall Voltage Volt
W, Maximum Barrier Height Volt
W, Activation enery of polaron eV
X Concentration of material
AX Distance between fringes :&
X Width of fringe :&
XRD X-Ray Diffraction
o polarizability
p Resistivity Q.cm
4 Hall Mobility cn/V.sec
Oy D.C. Conductivity Q.cm)?
O, A.C. Conductivity @Q.cm)*
T Total conductivity Q.cm)’
X Real part of susceptibility
X Imaginary part of susceptibility
€ Complex Dielectric Constant
€6 Space dielectric constant
€1 Real Part of Dielectric Constant
€ Imaginary Part of Dielectric Constant
€ Static Dielectric Constant
€s Dielectric constant at infinite frequency
14 flat distribution
T Relaxation time sec
o Deby relaxation time sec
A Wavelength nm
Ap The half peak width of Debye nm
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chh

P Density of materials
W Angular Frequency Hz
AN Loss peak frequency Hz
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Abstract

This thesis was including study the effafctifferent concentration
(X=0.1,0.2,0.3,and 0.4), thickness, t (200-500)nand, substrate
temperature ,J(300-393)K on the structural and electrical projsrtor

CdiSea.x thin films ,which prepared by thermal evaporatimm glass

substrate under vacuum @k(0° mbar), and studying the mechanism of

transition for the d.c conductivity and a.c contmity.

CdSe x alloys for different (X) was prepared inside gaatracuum

tube; then heated to melting point and left forefilours to get
homogenous compound and then allowed to cool slowlyroom
temperature. From X-ray diffraction spectrum appdathat all alloys
have polycrystalline structure with hexagonal et phase at (X=0.2)
and mixture phase of hexagonal and cubic at (X8(810.4).
XRD results shows that all 8.« films for thickness (400 nm) at
(T<=300 K) are polycrystalline with mixture of hexagd and cubic
phase at (X=0.1,0.3,0.4), while the other films(&t0.2) at the same
condition are polycrystalline with cubic structueand the preferred
orientation is (111), also it has been found thatdtructure of the film at
(X=0.3), and at room temperatures£800 K) with different thicknesses
are polycrystalline with mixture structure a hesiagl and cubic phase
and the preferred orientation is (111), but at slane concentration
(X=0.3) at thickness (400 nm) with different substrtemperature the
films are polycrystalline with hexagonal and culsictucture, and the
concentration of Se increases with substratpéeature increasing.

D.C. conductivity showed irregular behaviaith increasing
concentration (X), but it's increases with the @ase in thickness (t),
while decrease when increase substrate temperatndeall films have

two activation energy.
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N From studying the variation of A.C. conduit$i and the exponent N
& 3

factor (s) with angular frequency and temperatwe,founded that the

v \{
A . . . . . A
& correlated barrier hopping (CBH) is a suitable niotie explain S
v . . v
2| experimental result, also by use the Cole-Cole rdiagwe calculated 2|
&b S5

relaxation timex),(t p) for ideal and non ideal Debye model respectively

> <
> <

A oo
o o

, polarization @), and the static dielectric constasj @nd we found that

v v
A A
x2S the static dielectric constant increasing fromt8.28 with increasing the x2S

v v
gg;‘ substrate temperature from 300 K to 393 K, but theaxation time gg;‘

N decreasing with increasing the substrate temperatur N
& 3

Hall measurements confirmed that all the films (arype).
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CHAPTER ONE | NTRCDUCTI ON

( 1-1) Introduction:

The term of “Thin Films “is used to describeagdr or several layers of the

atoms of a certain substance whose thickness rdmgg@gen (10nm) and less
than ( 1um.Y 1. Being very thin, the film layer deposits on cartalates
chosen according to the nature of the study ostientific need. Such plates
could be glass slides, silicon wafers, aluminumartu and others. The
physical properties of the thin films are differeffbom those of their
characteristics materials in their bufk.

These films are first made by ( Busen & Grovén)1852 by using
(Chemical Reaction). In 1857, the scientist (Fayatlas been able to obtain a
thin metal film by means of (Thermal Evaporatibh).

The thin films have huge importance today, beeatheir applications
industry, these films have been various used tiet are used in the field of
manufacturing (p-n) junctions, rectifiers, mirravgh two types ordinary and
thermally, reflected & anti-reflected coating, camgrs, photograph, digital
photo, integrated circuits, and of optical commatimns as light emitting
diodes, lasers of semiconductors, detectors asdlaf cells, ..... , et

There are many methods to prepare thin film$okmwing:'

1- Thermal Evaporation.
2- Sputtering.
I- DC sputtering.
lI- RF sputtering.
3- Glow Discharge.
4- Molecular Beam Epitaxy(MBE).
5- Chemical Vapor Deposition(CVD).
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CHAPTER ONE | NTRCDUCTI ON

Thermal evaporation method is used to gme|CdyxSe .« films in this
research. The deposition by thermal evaporationhoaktis simple, very
convenient and most widely for producing thin filnismay be achieved by
resistive heating, and this method consists of ihgathe material with
resistivity heated filament of boat by passing &leal current through it in
vacuum chamber at pressure betweenr10° Torr. Pressure lower than 10
Torr are necessary to ensure a stright-line patimfost of the emitted vapor
atom&!. Thin films preparation in thermal evaporation elegs on substrate
temperature, substrate-source separation and ati@mt base gas pressure in
the chamber and boat or filament temperdturehe rate of deposition of the
vapor on a substrate depends on the vapor souoreegey, and its position
relative to the substrdfe

(1-2) Semiconductors M aterials:

These materials have an electrical condugtibgtween conductors and

insulator materials about (10 10% (Q.cm )' .There intermediate properties
are determined by the crystal structure, bondiregatteristics, and electronic
energy band.

The crystal structure has a profound effecttlos electronic and optical
properties of the semiconductor. According to tbargum theory, the energy
of an electron in the crystal must fall within wdkfined bands. The energy of
valence orbital which form bonds between the atoemsesent just such a
band of states, the valence band .The next higlredl s the conduction band
that is separated from the valence band by theygrgap, or band g&h The
width of the band gap is a very important charastierof semiconductor and

is usually denoted by’ .
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CHAPTER ONE | NTRCDUCTI ON

(1- 3) Semiconductors Classification :

Semiconductors classified according to itacgtire ase%":

1-3-1 Crystalline semiconductor

There are two types of the ordered array ofmatoin crystalline
semiconductors:

a) Single Crystalline Semiconductors

Single crystal is defined as materials charagd by having atoms
arranged in a pattern that is repeated periodigal ¢tong distance (Long
Range Order [LRO]) as shown in fig (1.1-a ). Thegkrcrystal semiconductor
gives rise to three dimensions (3D) with spot diftron patterns where the
overlap among different diffraction peaks is mininMost of semiconductor
devices require the used of single crystal matdresdause of its electrical
properties are superior to those of a non singlstat semiconductols!.

b) Polycrystalline Semiconductors

The structure of polycrystalline materials sish of many tiny single
crystal known as grains or crystalline which angasated by grain boundaries
each of which contains a periodic array of atomd @nconsidered to pass
long range order, while the grain in polycrystadlistate posses (Short Range
Order [SRO] ) with random grain sites, shape andntation packing as
11]

shown in fig (1.1-c}
1-3-2 Amor phous Semiconductors:

Amorphous semiconductor is defined as matemalghich the atomic sites
are randomly arranged in three-dimensions, as shoWwg(1.1-b).
Amorphous semiconductor is lacking long rang pedoardering in their
lattice network, [i.e. they have short rang ord8RQ)] because of the
variation in the inter atomic distance and bondlesmghat mostly form

covalently bonded atoms which are arranged in @&m otwork, through its
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CHAPTER ONE | NTRCDUCTI ON

to bonds are saturated, with correlations in thdeong up to the third or
fourth nearest neighbors . The properties of anmrphsemiconductor thin
films are very sensitive for the preparation tegei and thermal history
because there is no limit to the variation of bdadgths and angles in

addition to the preparatidfi.
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(a) crystalline (c) polycrystalline (b) amorphous

Figure (1.1) : shown structure of solid state™

(Alexander 1974 could distinguish the crystalline and amorphous
materials by studying the diffraction patternsiofdse materials ,which caused
by dispersed the X-rays ,then he found out thadtfieaction patterns of the
one-crystalline materials will be spots , whilebé wide and dim light rings
which overlaps and center joined in the amorphoatenals.

The amorphous materials are thermodynamic hlestat the time when
these materials are getting the enough energy ftransd to the
polycrystalline materials and after that transfadm& the crystalline
materials.

The critical point of the energy barrier is timit between the amorphous

and crystalline materials, which measured by tlmmat measurement, as

applying
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CHAPTER ONE | NTRCDUCTI ON

amount of energy which is enough to change the ggndrarrier and
transformed the amorphous materials to the crys¢athaterials, as shown in
fig (1.2).

Structural Change

Figure (1.2): structural transformation from amor phous to crystalline.*”

This transformation of these materials is resgaa about the changing of

many physical properties,

(1-4) The physical propertiesof CdSe
Cadmium Selenide (CdSe) is a binary chalcogenides (lI-VI)

semiconductors. The atoms of (Cd) and (Se) have jogeed with each other
by the covalent bonds, which caused by subscrigivmn electrons between
(Cd) and (Se) atorft§. The (CdSe) compound consider as a toxic black bulk
material§”, which influenced to atmospherically circumstanessecially the
oxyger®, hence imperative studying its properties undetuuan As a
semiconductor CdSe has a band gap of 1.74 eV @tk30and a n-type
semiconductor which make it an interesting mateoalvarious application
such as solar cells, thermal detectors and phdecwes?, also it has been

fit for nuclear detectors because of its atomicgheequal (403%.
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CHAPTER ONE | NTRCDUCTI ON

(1-5) Crystallography of (CdSe)
Most of compound semiconductors form the zieote structure, but a few

of (II-V1) compounds crystallize in slightly d#éfent form known as
wurtizite, in which the tetrahedral bonding is mained but the two
interlocking sub lattices are hexagonal rathen iCC) .

The lattice structure of CdSe can be foundienforms of sphalerite (cubic)
and wurtizite (hexagonal) as shown in figure (LraThe former is a
metastable phase constituting the almost excluspreduct of an
electrochemical formation process, while the Ilaterthermodynamically
stable structure obtained either by annealing thi@ccphase or directly by

various preparation technigifes

Figure (1.3): the structure of CdSe (a) Zincblende structure (b) Wurtzite structure.l”
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CHAPTER ONE | NTRCDUCTI ON

(1-6) Literature Review

Kubovy et. al ! observed that the structure and chemical compositf

the CdSe films which evaporated on glass and midastgate at room

temperature are strongly dependent upon the deposéte (0.2 to 70ﬁ/s) :

because at low rate of deposition films with amowgh structure appear,
while for medium rate the crystalline size of Cd&&reases ,and at high rate
the films consist of a Cd — Se phase which is faring amorphous Se and
dispersed Cd.

Snejdar ,and Jerhot. [ observed that the resistivity of CdSe film
increase with increasing the substrate temperdtare (298-473) K, while
the concentration of carrier decrease.

Thutupalli et. al ', studied the structural properties for CdSe films
which deposited at different substrate temperat(Reb-473)K, he found that
the films have a hexagonal structure at room teatpee , while the cubic
phase appeared when the substrate temperaturasedre

Dhere et. al ' reported the structural characterization of Cdiasf
about (1um) thick deposited on unheated glass substrateshdyeflection
electron diffraction studies showed the growth obree dimensional [001]
texture orientation of the hexagonal phase, anstithted the resistivity of
films decrease by increasing the heat treatmemh 0.035(Q2.cm) at room
temperature to 0.020Q(cm) at 413 K , and he found that the resistivity

increased by increasing the rate of deposition f00d35 £.cm) at 8.8 @/S)
to 0.735Q.cm) at 79.4{/S).

Sharma, and Barua '?”, found that the electrical resistivity of the CdSe
films which prepared by thermal evaporation methatbcrease with
increasing the substrate temperatures which wasibwit to the
recreystallization, in addition to the increasihg tmobility and decreasing the

concentration of charge carrier.
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CHAPTER ONE | NTRCDUCTI ON

Uthanna , and Reddy '®, pointed to the crystal structure of CdSe films
which prepared by thermal evaporation method wdgcpgstalline and the
structure become better by increase the subswatperature , while all the
films were found to be (n-type).

Masahiko ,and Tado ), prepared the CdSe compound by the molecular
beam technique, and the structural examination stdhat the films have the
hexagonal phase were preferentially oriented Wi}, with the grain size
increased by increase the substrate temperaturerbfom temperature to 573
K ,and he found that a large value of the eledtnieaistivity equal (110°
Q.cm) at substrate temperature (473 K).

Raoutl et. al % noticed that the values of resistivity of the Cdfhms
which prepared by thermal evaporation method toubstable, but after
annealing it was much order especially at tempesgl 8 K), because of the
improvement of a crystallization by increasing train size and discarding
from the defect like pending bond and vacancigkénenergy gap*!

Mondale et. al Y, pointed up to all CdSe films were found to be (pey
and the Hall mobility not influenced by a substremperature at the range
(390-550)K , while the charge carrier increasemffd*10'’ cmi®) to (5*10'®
cm’®) at the same range.

Rao, and Islam ¥, studied the structural properties for the CdSmdil
which prepared by electron beam evaporation at rtmmperature , and the
structural examination showed the crystal structutle cubic phase and the
preferred orientation along (111) plane.

Shaharie et. al *, found the crystal structure was polycrystalline &tir
CdSe films which prepared by the chemical depasit@nd the electrical

conductivity was {10 (Q.cm)*}, while all the films were found to be (n-

type).
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CHAPTER ONE | NTRCDUCTI ON

M akeeha ¥ studied the structural and electrical propertieshef CdSe
films which prepared by a thermal evaporation méthkdgth a thickness of
(680 nm) at room temperature, the XRD shows thiath&l samples were
amorphous ,while from the d.c. conductivity meamept she founded that
the conductivity was 7.8407(Q.cm) with two activation energies , and all
the films were found to be (n-type).

Abbas ™ studied the effect of the rate of deposition amtsgate
temperature on the structure and electrical pragseifor CdSe thin films
which prepared by thermal evaporation method witbkhess of (360 nm), at
different rate of deposition ,and different substreemperature, the structure
of thin films appeared variation in the phase winetreasing the rate of
deposition. From d.c conductivity measurement heced that a large value

of conductivity was equal 2.58(cm) ™ for the films at room temperature
and rate deposition (04Zs) ,while a small value was equal39°(Q.cm)*

for the films at (T=473 K) and rate deposition (],OAZS) , also he found that

all the films have two activation energy, while Istudying the a.c
conductivity measurement he noticed that a lardeevaf conductivity was

equal 6.1610°% (Q.cm) * for the films at room temperature and rate
deposition  (0.63/S) ,while a small value was equal 786%Q.cm)* for

the films at (T=473 K) and rate deposition (1}2/8) ,also he showed the

correlated barrier hopping (CBH) was a suitable ehodo explain

experimental result.
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CHAPTER ONE | NTRCDUCTI ON

Shreekanthan et. al B¥, studied the effect of various growth parameters
like rate of deposition and deposition temperaforethe CdSe films which
prepared by thermal evaporation method, and hedfdlat the films which
deposited at R.T are cadmium rich with segregatézhgim globules. But the
deposition temperature (453 K) has been found &dystoichiometric |,
homogeneous films, and he found that all the filonise (n-type) with atypical
low resistivity of the order of {16 (Q.cm)*},and two activation energy 0.34 -
1.86) eV at low and high temperature respectively.

Baban et. al 7, studied the structural properties of the CdSe fihins
which deposited by thermal evaporation under vacoono glass substrates.
The XRD showed that the polycrystalline films witkxagonal (002) planes
and he found that the crystallites size increadesmwthe substrate temperature
and the temperature of the evaporation sourcenareased.

Suthan et. al *, studied the optical and structural propertiestoé CdSe
thin films which deposited by the physical vapaleposition method of
electron beam evaporation (PVD.EBE) technique umdessure of (5*19
mbar) at substrate temperature s (¥R.T), and different thickness
(710,290,160,120)nm .The deposited films grow inataystalline phase with
(002) hexagonal plane orientation. The crystallsize of the particles
increases as a result of increasing film thicknassl, he found that the band
gap valueis 1.92 eV .

Elahi, and Ghobadi ¥, studied the effect of annealing temperature,
annealing time, and deposition time on the strattand electrical properties
of CdSe thin films which prepared by chemical batposition method
(CBD), he found that the Films grew with nanocritsta cubic phase, and he
found that the electrical conductivity in the temgdare range of (300-475) K
was due to the hopping of carriers between locdlistates at the Fermi levels.

10
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Haidar 9, studied the structural and electrical propertiesCdBSe thin
films, which prepared by thermal evaporation metlood glass substrates
under vacuum of (Idmbar) with different thickness(0.5 , 1, 1.5 ufn)

, and rate of deposition (1.5*fQum/s) at different annealing temperatures
(373, 423 , 473)K , he showed by the XRD that laé films were nearly
single crystalline with a hexagonal structure , #mel preferentially oriented
is (002) , and from the studying the electricalganies of these films he
found that the d.c conductivity increased with kimess increasing .there were
two activation energies for d.c conductivity, whidacreases with increasing
of thickness. By the a.c conductivity he found ttie films with different
thickness consistent with correlated barrier hogpmodel (CBH), also he
pointed to all the films were found to be (n-typgehduction.

(1-7) The Aim of Research Work
We note that progress of research and stukdagsaddressed to study the
properties of the A.C. conductivity of the CdSensl, and the affected of the

concentrations, thicknesses, and substrate termperabn the D.C.
conductivity and Hall measurement are not extemgias well as the impact
of these variables on the dielectric propertieseréfore, we focused in our
study the effect of each of the concentration, kikss and substrate
temperatures on the A.C. conductivity, D.C. conohtyt dielectric
properties , and Hall measurement, As well assthectural properties of the
prepared CdSe x films in order to give a comprehensive picturetlod

behavior of electronic transitions and mechanistmasfsition.

11
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CHAPTER TWO THE ELECTRIQAPROPERTIES

(2-1) Introduction

The electrical properties of semiconductorsetielpon many factors ;( heat,

light, magnetic field, and doping), the sensitivitiy semiconductor on these
factors make it an important material in many siiflenand technological

applications.

(2-2) D.C-Conductivity

The D.C conductivity in semiconductors depeadsthe presence of free

electrons and free positive holes. At (OK), theamak band is regarded as
filed and conduction band is empty.As temperatigeraised the free
electrons are excited into conduction band, ansl lgaved behind holes in

valance barfd . The electrical conductivity] is given by Ohrs law

Where J:is the current density.

E: is the electrical field.

Where n: is the carrisrconcentration.
g: is the electron charge.

w: is the mobility.

The change of electrical conductivity with tesrgture for most cases of
intrinsic semiconductors is given by:
o =00 exp (-E/KgT).covvvennn. (2-3)

12
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CHAPTER TWO THE ELECTRIQAPROPERTIES

Where:
E: is the thermal activation energy
T: is the absolute temperature
ks: is the Boltzmann constant
oo: IS the minimum electrical conductivity at (OK)
Indeed for intrinsic semiconductor 2EE, , where the Fermi energy is
centered at the middle of the gap, and equatiomeaban be written a&”.
6 =0 eXp (-E/2KgT)................ (2-4)

(2-3) A.C. Conductivity

A.C measurements are complementary to D.C uneaents and not a

substitute for them. Alternative current responseadunction of frequency
offers valuable additional information about thendmic response of the
system. However the principle strength of ac-stidies their ability to

provide information on the polarization responsdarrthe study, from which
many deductions may be regarding the physical gsoaevolved the ac-
conductivity for many materials such as amorpho@nisonductors,

chalcogenide and crystals increases linearly widguency and obey the
empirical formuld®*4 .

(=AW ..o, (2-5)

Where A is multiplicity factor, (s) is exponent factow is the angular
frequency. The value oE)is less than one if A anslare independent on
temperature, but if they are temperature depen@@mill equal unity at low
temperaturé>*® . The exponenty is function of frequency and is determined
from the slope of a plot la , {w) versus In @) then:

s=dIno(a)/dIn(a) .............. (2-6)

13
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CHAPTER TWO THE ELECTRIQAPROPERTIES

Alternating current loss measurements are goitant means by which
deep defect centers may be studied. They are sengtprocesses in which
such centers, or groups of centers develop eledifrie moments under the
action of the applied field, and the interactiohshe applied field with such a
pair can in general be split in to two grotips™*

(a) Resonant Absorption.
Due to the interaction between the two centdrs, ground state of the
combined system will be split into symmetric andi-agmmetric levels.
Resonant absorption of a photon from the apgiedd will then occur when
the photon energy is equal to the ground statéisgli and the presence of
a wide range of atomic environments in an amorphsnlgl ensures that
photon absorption will occur over a wide rangerefjtiencies.
Analysis of this type of process suggests, hawnethat when the photon
energy is less than thermal energygTK the loss due to resonant processes
will vary as (f) which is stronger frequency dependence and wiltemd to

dominate only at higher frequencies.

(b) Relaxation Processes

These processes events, the exciting fieldggmthe relative environment
of apair of centers, and causes transitions betwleem governed by the

intrinsic relaxation time of the pair is given by*®

T=ToeXpP @) ...ocovvvnnnn (2-7)
Where 15 is a constant characteristic relaxation time dndas a flat

distribution.
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CHAPTER TWO THE ELECTRIQAPROPERTIES

Generally there are two physical microscopliaxation mechanisms:
1) Classical hopping of a carrier over theeptial barrier separating two
energetically favorable sites in whith:
C=WIKgT.......... (2-8-a)
2) Phonon — assisted quantum-mechanical tunnelingugtrdhe barrier
separating two equilibrium positions. In which case
(=20R ........... (2-8-b)
W: the barrier high separated between two positions
a: the polarizability.
the ac-conductivity is constant at low frequencasl increases rapidly at
higher frequencies this behavior is observed iamibrphous semiconductors,
so the total conductivity.( «) at particular frequendg given by°>*®! ;
W7 I V7 (2-9)

Wheres,. is the dc conductivity at zero frequency.

Fig (2.1) reveals the ac- conductivity verangular frequencya), region
(a) occurs at a very low frequency which is attidalito electrode polarization
.Region (b) is due to the dc conductivity and itfrsquency independent.
Dispersion (c) is due to high frequency and takespgower low form ¢J),
this dispersion occurs at frequency larger t{idr) (wherez is the relaxation

time).
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Figure.(2.1) the variation of total conductivity vs angular frequency*®

We think that the study of dc and ac - cotidiyg is very important
because it gives a complete picture about therelgctstructure of the solid
films. According to equation (2-@)«) dominates at high frequencies or low
temperatures while,. dominate at low frequencies or high temperattifes
It is found that the temperature dependence(aj is less than that foioy.

,this means that dc- activation energy is alwagsaggar than for ac.

(2-4) Models Of A.C Conductivity

There are several models proposed for ac-adivily which explain the

experimental data for amorphous semiconductors @dradcogenide, these
models are briefly reviewed.
2-4-1 Quantum Mechanical Tunneling Model (QMT)

This was the first type of charge transfercpss considered first by

Pollak*? and Geballe 196%! in connection with impurity conduction in
doped crystalline Si . and subsequently appliedhto case of amorphous
semiconductors first by Austin and Mott (1989)
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CHAPTER TWO THE ELECTRIQAPROPERTIES

This model is widely used for deep states nitihie energy gap (closed to
the Fermi levelf*.
The ac conductivity for (QMT) is given by:
o(c) = CEkeTIaN*(E) wR o ............ (2-10)

WhereC is a constant and equal ta/@4 or 77/12),N(Ey) is the density of
states at the Fermi level (&em®) and N = KgT N(E), is the number of states
actually contributing to the a.c 1093, is the tunneling distance and given by:

R, =12a In(Vwr) ............ (2-11)
a : is the decay of localized wave functiofhe exponent (s) of this model
given by
s=1-4/In(wr,) ...... (2-12)

Wheret, is the relaxation time.

Note that in this model the expones)ti§ temperature independent but it is
frequency dependent and decreases with increasqgdncy.
In this model there is no lattice distortion asated with the carrier whose

motion gives rise to the a.c conductivity (i.e pola formation is not

considered).

2-4-2 Small Polaron Tunneling (SP)

When addition of charge carrier to the covakailid causes a large degree

of Local lattice distortion; this may form small lpmon have total energy
(electronic+ distortion) of the system is loweregl dn amount (), the

polaron energy. As the name implies small polaamesgenerally assumed to
be so localized that their distortion clouds do aweeérlap. In this case the
activation energy for polaron transfer¥A(1/2) W, and the relaxation time

for small polaron tunneling take two formulas acliog to the temperatures;
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at high temperature can be written
as: T =T, exp(WL/KgT) exp Qa R)........ (2-13)
Whereas at very low temperatures the relaxatioe aine no longer thermally

activated and can be written as:
=1, exp(vw%h%) expa R).......(2-14)

Where wy, the vibrational frequency describing the latticgtaltion.
So the ac-conductivity in the high temperaturetliexpected for the tunneling
of the carriers trapped at structural defects.
The frequency exponent (s) may be written as:
S=1-4/[In@f,)-(WH/KgT)] e, (2-15)

Equation (2-15) predicts that (s) increases asndreases and decreases at

wincreases as shown in fig(2.3).

2-4-3 Large Polaron Tunneling (LP)

In this model, a.c conductivity occurs by fongian extended polaron
which is large compared with the interatomic distgrtherefore; it is called

large polaron , and the a.c conductivity is giver'

Oac (00) =(T/12) f(KsT)? N*(Eq)[ (2-16)

wR'o ]
20K, T +WHo%zw

Where g is the polaron radius, and)s a function of atomic position.

The frequency exponent s can then be evaluated as

S=

1| 4+6W, r /K TR}
R, | @+W,_r, /K TR?, )?
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Where the reduced quantitieR ,=2aR, andf,=20a r,

Where R, is the tunneling distance .

And the relaxation time for a large polaron telimg transition is the same
of the small polaron at the high temperature ina¢ign(2-13)
From equation(2-17) this overlapping polaron maakeldicts that s should
be both temperature and frequency-dependent.

2-4-4 Correlated Barrier Hopping Model (CBH)
Primarily this mechanism had been first expidi by Pike*®.Elliot “°!
followed Pike and developed a new model for ac actidn for Chalcogenide

material based on Pick's concepts as CorrelatedeBatopping (CBH), in
this model the electrons hopping over the potehigatiers between two sites
See fig.(2.2) each having a coulombic potentiall\askociated with it. For
neighboring sites at a separation R ,the coulomlksweerlap resulting in a
lowering of the effective barrier from YMo a value W ,which for the case of
a single electron hopping between positive defentears,

then the potential barrier will be reduced by tbalomb interaction.
WaW-" ... (2-18)
R
Wheree :dielectric constant.

The relaxation time for the electrons to hop ovdyaarier of height W is

given by:
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so the conductivity is given approximately as:
o(u))zérf NZegy o Roponnnn.. (2-21)
Where the hopping distance at a frequesndy given by:

2

e
e (TR e (T R (2-22)

The frequency dependence in the CBH model (for Hotiits) can be
expressed in terms of the frequency exponent (s):

6K T

S=1
W, - K, TIn(/ wr,)

Energy

Figure(2.2) Two level system with Coulomb like potatial of the barrier height
separated between two charge carriers in case of BEl) ©°.
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Note that (s) is predicted to be both frequencytantperature dependent.
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Figure (2.3) a-frequency dependence of exponefs). b- Temperature dependence of
exponent(s) in case of CBH, QMT, SP&LP“®!

(2-5) Polarization and Dielectric Response:

When an external electric field is applied ty anaterial medium, a finite
amount of charge transport by either electron®os itakes place resulting in
a direct current,land polarization displacement currenf the magnitudes of
l, and |, may vary in wide limits according to the naturetbé material
medium. The material medium is said to be insuldttre magnitude oflis
found to be very small in comparison tpdnd in such materials the
phenomena of polarization and relaxation dominatbereas if | dominates,

the medium is said to be a conductor of electricity
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CHAPTER TWO THE ELECTRIQAPROPERTIES

When a bounded charge or a dipole displaces i® equilibrium position
by the application of the applied field, polaripatiis said to occur . There are
several distinct physical mechanisms of polarizatMhich are characterized
by very different response rate and are given b&lot
1- Electronic polarization:

A dielectric medium consists of ions surrountgdhe electron cloud and
posses a complete neutrality in the absence oktarmal applied field and
shows a relative shift in their charge centers wénremexternal field is applied.
This shift of electronic charge nature is referascelectronic polarization .As
the electrons are very light they have a rapidoesp to the field changes.

2- lonic polarization:

In ionic materials, (e.g. alkali halide), thetexnal applied field displaces
the ions with respect to each other and induces poiarization which has a
response time of order (1bsec), the vibration time of ions.

3- Molecular polarization:

Bonds between atoms in molecules are stretdiyedhe applied of
electronic field when the lattices are charged. ISdeformation of the ionic
bond will increase the dipole moment of the lattitke polarization achieved
in this way is known as molecular polarization.

4- Orientational polarization:

When the molecules of gases or liquids haviegmnanent or induced
dipole moments move in line with the applied fidltg polarization is said to
occur and is termed as orientational polarization.

Basically the mechanisms of electronic, iomd arientational polarization
are due to charges which are locally bound in atomsnolecules or in the
structure of solids. Some mobile charges eithectels or ions can also be
found in dielectrics and may move by hopping betwieealized sites. If the
hopping is confined only to limited paths it doed produce d.c conduction
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which requires transfer of charge from onetetele to other. When a time
dependent electric field is applied to a dielecmedium, it disturbs the
equilibrium of the dielectric medium, the procesk recovery of the
equilibrium within the
System after the removal of the disturbingdfiisl called relaxation time.
The first relaxation model was proposed by Debyalidg with the non-
interacting permanent dipoles embedded in a viscoeslium. So the
polarization vanishes by vanishing the appliedtelegeld.
And the response mechanisms of the medium atriigrg frequency range
according to Debye model is:
xl@)=x'()-ix"(w)
xlw)= x(O)L+iwr)”

x(©) is the magnitude of the real part of the complesceptibility at zero

frequency, the real and imaginary part of the sotsodity gives by :
X(@ = xOh+atr?)* ... (2-25-a)
x'(@)= X+ ) wr ........ (2-25-b)

The ratio of the imaginary part to the realtjmdithe complex susceptibility
for a Debye system is given as:

X (2-26)
X'(@)
Which is a frequency dependent parameter.
A Debye system is shown in figure(2.4),the elglic loss curve is
symmetric about the loss peak frequency in therltgaic frequency plot

with the characteristic full width at half heigl#(4.44 decades).
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Figure (2.4): The frequency dependence of the reahd imaginary components of the
complex susceptibility corresponding to the ideal Bbye responsg?.

In the Debye process the dielectric procesthesmally activated by an
activation energy E , the loss peak moves towtlrelfiigher frequencies with
the increase of temperature.

The loss peak frequency,wan be given as:

w, :% = w, exp(‘ ? KBT) ........ (2-27)
Where w is the pre exponential factor.
The well known method of displaying Debye typtaxation is by drawing
a Cole-Cole plot, Cole and Cole suggested thatréla¢ part of dielectric
constant €; as a function of imaginary part of dielectric ctamg € , gives
important information about the distribution ofarhtion times. In this model
the dielectric constant depends mainly on four patars, the static dielectric

constant, the dielectric constant at infinite frequencythe relaxation time

°, as shown in figure(2.5,a,b):
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%{E(’fx }

(a)

(b) .

Figure (2.5):a- The Cole-Cole plot for the ideal Disye dielectric.
b- The Cole —Cole plot for the non ideal Deby dietgric. ¥

The simplest plot is for ideal Debye, becauseciv verifies that the locus

of the points § 1(w), € (w)] is a semicircle with radiu{gs _g%j .and
centre ore; axis ate, (w) :(‘gs +£%j.The maximum value of, occurs when

£(w) = (‘gs +£%jthis is when @ 1p=1) as will be seen in figure( 2.5,a), for a

Debye dielectric the relaxation tintg can be determined by measuring the
angular frequency at whick, is a maximum. In the case the centre of a

circular arc lies below the horizontal axis, thetpt symmetrical about the
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vertical line through the point, (w) =(€s+€%j whene, is a maximum ai

frequenc { 2 T, (1+ 2 sinrta )] .The circular arc intersect tlg
axis at the acute angle dqil—a) /2 at both ends as illustrated in

figure(2.5,b), wherer : the polarizability.
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CHAPTER THREE EXPERIMENTAL PART

(3-1) Introduction

This chapter includes the preparation amtgssing of CgSe x
alloy and technique employed to producex®a.x films of various
concentrations , (X= 0.1, 0.2, 0.3, 0.4 ) ,thiekses and substrate
temperature ,which deposited onto glass substrabesCd Se_x alloys
prepared by us were used as a source to prepadiiaribe

The X-ray diffraction technique was used toed®ine the crystalline
structure. The electrical measurements (D.C comdtyGtHall effect |,
and A.C conductivity) were made for films depositedglass substrates
to study the transmissions mechanisms and thereslsyanl addition to
study the dielectrics responsibility .

All these procedures are illustrated as schemigi(8f1).

(3-2) CdkSea.x_Compound preparation

The CgSe_x with (X=0.1, 0.2, 0.3, 0.4) compound were prepaasd
alloys by using stoichiometric and high purity @®9%) cadmium metal
and high purity (99,999%) selenium metal obtainedmf Balzeres
company. Each element weighted according to ith@ataveight and then
mixing in quartz tube (length=7 cm, diameter=0.9) cevacuated at
pressure of (1&mbar).

The tube was sealed and heated in electriogram controller furnace
of type (Qallenhamp),England , at temperature(925aKd maintained at
this temperature for about two hours and then dais€1173 k),and also
maintained at this temperature for about two haund then allowed to

cool slowly to room temperature as shown in fi@)3.
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1400 -
1200
1000 2h
200 -
600 - : ,
400 -
200 - : !

2h

TiK)

Tim s {h}

Figure (3.2) The curve of preparing CdxSe _x alloy

After that the ampoule was broken and the pegh@ompound of
CdiSe.x was taken out and powdered to grain powder fanexed by
X-ray diffraction to be sure of the purity and sfiwre of the compound.
The powder of the compounds was used as a solrtieeoof the

evaporation to prepare the films.
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Experimental work and procedure

(X=0.1, 0.2 ,0.3,0.4)

‘ Preparation of CdxSa x alloys |_> ‘ X-ray

Diffraction

l

Preparing CdxSe;.x films with different
(X=0.1,0.2,0.3,0.4) by thermal
evaporation on glass substrate

v

Measurements for CckSe_x films on ‘

glass substrate

3

I Structural I Electrical
X-ray D.C,AC
Diffraction conductivity and

Hall effect

Figure(3.1) Schematic diagram for the experiental work.
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(3-3) Masks

The mask is a piece of aluminum foil havingkhess (0.2 mm)
With the same size of substrate. Various shapeasasks were used to

determine the shape of films and electrodes fdediht measurement as
shown in fig (3.3)

] ’“ — L %M@% Io.sm

Case I 0.7cm
5 2

=] 7989 |

Figure (3.3) The masks with solid lines represent)d.C mask Measurement

b) A.C mask Measurement c) Hall Efct mask Measurement

(Sandwich)

Thin films can be prepared in sandwich or coatageometries
according to the type of the measurements  fig(3shows that the
coplanar geometry has been used for D.C conductmgasurements

,and fig(3.3b) shows that the sandwich geometryldses used for A.C
conductivity measurements.
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The sandwich techniques have a number of impoedvantag&s”:

1- The conductance of the sandwich sample is genaralgh higher
than the possible in coplanar geometry, and the hosasurement
more straight forward.

2- The sample capacitance is dominated by the actvecenducting
region as edge effects are small.

The main advantage of using coplanar techniguésat the bulk
resistance of the sample generally masks any doetfacts. Contact
effects are the major problem associated with safdgeometry.

The masks were cleaned according to theviatlg stages:

1- Washed in distilled water.

2- Immersed in a pure alcohol.

3- Dried by blowing..

(3-4) substrate cleaning

The type and nature of the substrate arenthgence parameters,
the substrate ideally should has no chemical macind can not
change the properties of the film except for sugfit adhesion. The
Cd xSe_x films were deposited on glass substrates (typaimgy
Germany) with dimensions (7.6 x2.6 x0.1) cm .

The cleaning procedure of the substrates cbaldummarized as
follows:

1- They were cleaned by using detergent water to renamy oil or
dust that might be attached to the surface of tistsate, and then
they were rubbed gently under tap (15) minutes.

2- After that, they were placed in a clean beakeraiamtg distilled

water and then rinsed in ultrasonic unit for (1%)ues.
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CHAPTER THREE EXPERIMENTAL PART
3- Step(2) was repeated by replacing the distilledewatith pure

alcohol solution.
4- The slides eventually were dried by air blowing amged with
soft paper

(3-5) The specification of Boat

The evaporation method requires using a bo&tament of tungsten
(W) and molybdenum (Mo) as sample evaporation sguitee suitable
boat must posses high melting point and should reatt with the
evaporation material.

The design and shape of the boat must alselbeted . To evaporated
the aluminum electrodes a basket or spiral filangniungsten (W) of
(3683 K) melting point was used, as shown in figlt (@) .A molybdenum
boat (Mo) with Baffle to prevent material sputtgriduring evaporation
process of (2895 K) melting point was used to evafgo(CdySe x)
films, as shown in fig (3.4b). The current was pasthrough the boat in
order to clean it and drive off the surface contahon. The temperature
that was produced from the current should be bétmamelting point of

the boat material.

=

Figure (3.4) Types and shapes of, (a)Tungsten spitaoat, (b) Molybdenum boat
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CHAPTER THREE EXPERIMENTAL PART

(3-6) Vacuum Technigque

The vacuum unit system, which is used to @mepthermally
evaporated Gegbe « films, was Edwaed coating unit model (306 A). The
vacuum consist of three main important parts, theuum enclosure
(chamber),the rotary pump which represents the& §itage of vacuum
technique called roughing stage and would provide gressure in the
chamber to about (Fombar), while the diffusion pump which represents
the second stage, called the high vacuum stagehighwhe pressure
decreases to about £4.0° mbar).

The main construction of the vacuum unit is showfig(3.5)

Subsirate

Boat
™S . High vacuum

Variabhle +

power supply

Penning gauge

Diffusion
pump

Figure (3.5): Typical experimental set up of thermal evaporatiorsystem.
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CHAPTER THREE EXPERIMENTAL PART

The substrates were fixed on a spherical haderplaced in position
at height of about (15 cm) above the boat. Whensystem is pumped
down to a vacuum of (10mbar), an electric current was passed through
the boat gradually to prevent breaking the boat herw the boat
temperature reached the required temperature tpesd®n process
starts. After these two steps the current supply svaitched off and the
samples were left in the high vacuum for one dayl then the air was
admitted to the chamber then the films were takaenfrom this coating
unit, and kept in the desiccator until the measer@swere made.

The films of CgdSe x of different concentrations (X=0.1, 0.2, 0.3, 0.4)
were deposited at thickness (=400 nm) and subkstt@amperature
(T<=R.T) while the films of CgdSe _x at (x=0.3) was deposited at different
thickness (t=500, 300, 200)nm and different substtamperature I
=348,373,393) K.

(3-7) Thickness Measurements:

Vacuum deposited films used for electrical, cqitior other purposes
must normally be deposited to a specified thicknddse thickness
methods are:-

3-7-1 Weighting Method:

A given film thickness may be obtained by $iraple formula :

Wheret=is the film thickness
m =is the mass of the materials to be evaporated.
h = is the source (boat) to substrate distance .
p = Is the density of materials to be evaporated.
As shown in fig (3.6)
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(substrate’

- A e e
current ~iage= current

.0 © O O O P~ (I Boat)

CdSe

Figure (3.6) The id®f weighting method.

This method gives an estimate of the depogikas thickness that is

safe to work with. The error percentage in thishodtis 30%.

3-7-2 Optical Interference Fringes:

Wiener (1887) was the first to measure tthekness of the films
using optical interference fringes. His methodnsagplication of Fizeau
fringes of equal spacing. Donaldson and khamass&d uhe multiple
beam interferometric method for precise measuremg&film thickness.
Tolansky(1948) has given detailed attention to thaious factors
influencing fringe width and for the production stharpened multiple
beam Fizeau fring€§. The following conditions must be cosidered

1- The surface must be coated with high reflectingdil

2- The film must be of uniform thickness.

3- The air gap between the flat and specimen surfarst be as small
as possible (less than 0.01mm)

4- The incidence beam should be normal.
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CHAPTER THREE EXPERIMENTAL PART

Fizeau fringes of equal thickness are obtaineghioptical aperture of

the type shown in fig.(3.7) the film thicknessé)given by:

WhereAx is the shift between the interference fringess, the distance

between the interference fringes anig the Na wavelength (5899).

Sample

Screen

Figure (3.7): The schematic diagram of the film thtckness measurement.

(3-8) X-Ray Diffraction Measurements:
The structure of the G&e x films grown on glass substrates with

different (X), substrate temperatures and thickriesse been examined
by X-ray diffractions using a Philips X-ray diffrexneter system which
records the intensity as a function of Bragg's @anglhe source of
radiation was Cu@ with wavelengthA=1.5406A, the current was
30mA and the voltage was 40 kv. The scanning aP@leas varied in

the range of 20 — 60 degree with speed of 4 deg/frhe inter planer

distance g for different planes was determined by using Bisua/®:

AE 2dsi®.......o.ooe (3-3)

Where n is the reflection order afids Bragg's angle.
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(3-9) The Electrical Measurements
D.C. conductivity and Hall effect for G&e x flms deposited on

glass substrate at room temperature with (Al) edbelets were measured.

3-9-1 D.C. Conductivity Measurement
The electrical conductivity has been measured agurection of

temperature for Gébe x films over the range (300 —478)K by using the
electrical circuit. The measurements have been dmmey sensitive digital

electrometer type keithley (616) and electricalroas shown in fig (3.8)

The resistivity ) of the films is calculated by using the following
equation: P s (3-4)
where R is the sample resistance, A is the crodsosearea of the films

and L is the distance between the electrodes. Bimeluctivity of the

films was determined from the relation:

The activation energies could be calculatethftbe plot of I versus
1000/T according to equation (2-5).

Cd;Se,x film

Al-Electrode )J,I % 1

dglass substrate ] |

oven

(Electrometer)

Figure (3.8) The circuit used for measuring D.C. aaductivity
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3-9-2 A.C.Conductivity
The CdSe.x samples were prepared in sandwich configuration
between (Al) foils (400nm thickness and the diameiescm) thin film

electrodes, the samples and (Al) electrode are sieggbon to glass
substrate using mask as shown in fig.(3-3b). Fenmasurement, an HP-
R2C unit model (4275 A) multi frequency LCR metasibeen used to
measure the capacitance (C) and resistance (R) frattuency range
between 100Hz-100kHz,with an accuracy of 0.1% hasve in fig(3.9) .
Ac instrument is shielded by the copper sheet toicathe distortion
signal, and to prohibit the connectors among theesmental portion
from becoming a source of noise by using coaxidllesa and BNC
connectors were used.

The amplitude of measuring ac signal was kewtat 0.08 volt to

avoid possible non linearity and instability.

Al- Electrode > ¢ Al- Electrode
) S : - CiySy film
glass substrate S 1010
€ oven

LCR
Meter

Figure (3.9) The circuit esl for measuring A.C. conductivity
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3-9-3 Hall Effect Measurements
The Hall effect measurement was carried out acogrdo the

electrical circuit shown in Fig. (3.10), which camts D.C. power supply
with 0 — 40 volt and two digital electrometers (Kdey type 616) to
measure the current and voltage. When the magfieltt (B = 0.257
Tesla) is applied perpendicular to the appliedtalsad field, a transverse
e.m.f. which is called Hall voltage (Y is set up across the sample. So

that the Hall coefficient is given bB$/.

Ry =—HE i, (3-6)

The sign of Hall coefficient determines the tygdecharge carrier. The

carrier concentration () is related to the Hall coefficient which is given

-1
by: Ry = —— 3-7 for n-type
y " (3-7) yp
R -1 (3-8) for  p-type
H pl]] --------------------------

Hall mobility (u4) could be calculated simply from the product o th

conductivityo and the Hall coefficient according to equation:

| L
E | I
d.c.power suplly

Figure (3.10): The circuit dgram for Hall measurement
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CHAPTER FOUR esu®ts and Discussion

(4-1) Introduction :

This chapter includes the results and the analysSitie experimental

measurements, which involve the structural and tetet properties of
CdSe.x films which prepared by thermal evaporation atfeddnt
concentration (X=0.1,0.2,0.3,0.4) at (=400 nmg=3D0 K), different
thicknesses (t=200,300,400,500)nm at (X=0.3 agm80d0 K) ,and different
substrate temperatures (300,348,373,393) K at Xafd t=400 nm) .

(4-2) Structural Properties :

The X-ray diffraction (XRD) patterns for (¢8e.x) powders, which
prepared experimentally at different concentra(gr0.1 ,0.2 ,0.3 ,and 0.4),
are shown figures (4.1),(4.2),(4.3),and (4.4) retipely.

The observation of X-ray peaks in all (S& _x) powders indicates that
the structure of these alloys are polycrystallifigble (4.1) lists the observed
the d-values with standard (JCPDS-ICDD file NO,4%59,and 19-0191 ) for
CdSe compound .The observed of the d-values fofS€d. powder at
(X=0.1,0.3,and 0.4) are in agreement with the sahdvalues for the
hexagonal and cubic structure ,while the d-valumsGd(Se.x powder at
(X=0.2) are agreement with standard values for gemal structure .
(Goldschmidt,1960) pointed that the direct combination of the elerment
gives a hexagonal of wurtzite type for the CdSe paunmd.

40

mg—.:; This PDF was created using the Sonic PDF Creator.

To remove this watermark, please license this product at www.investintech.com



CHAPTER FOUR

esu®ts and Discussion

Table (4.1): X-ray diffraction data for Cd xSe.x powders .

X 20 (deg) d (A hkl
0.1 24.08 3.692 100
25.348 3.51 111
26.98 3.302 101
35.109 2.55 102
36.618 2.45 033 (Se) mono
41.4 2.17 110
44,116 2.05 134 (Se) mono
48.651 1.87 200
49.673 1.8339 112
55.603 1.65 202
0.2 23.887 3.72 100
27.109 3.28 101
35.112 2.55 102
41.4 2.179 110
43.96 2.058 134 (Se) mono
45.63 1.986 103
49.66 1.834 112
0.3 23.849 3.278 100
25.35 3.51 111
27.076 3.29 101
35.122 2.553 102
41.97 2.151 110
43.99 2.056 134 (Se) mono
45.78 1.98 103
49.67 1.8343 112
0.4 23.774 3.73 100
25.26 3.52 111
27.12 3.28 101
35.114 2.55 102
42.081 2.145 110
45.67 1.984 103
49.668 1.83409 112

From figure (4.1,2,3), it is quite apparent theay-diffraction of powder, with
(X=0.1,0.2,0.3) , shows many peaks related to fllanes (134) and (033),
which related to selenium (Se) ,due to the highcentration of selenium
(Se).
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Figure (4.1):X-ray diffraction pattern of Cd x Se.x powder with X=0.1
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figure (4.2): X-ray diffraction pattern of Cd x Se.x powder with X=0.2
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figure (4.3): X-ray diffraction pattern of Cdyx Se.x powder with X=0.3
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and from figure (4.4) it is apparent that the X-dafyraction of Cg Sq

powder with (X=0.4) there is no peaks relatedaiersium.

Intensity (a.u.)

(100)
(1)
= (101)

L (102)

-~ (110)

(1)

- (103)

20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

20 |(degree)

figure (4.4): X-ray diffraction pattern of Cd xSea.x powder with X=0.4

By studying the crystal structure of &$ x films, which prepared from
(Cdyx Se.x) powder with a prior mentioned concentrationdisted in table

(4.2) .All the films are polycrystalline structure and mixture of cubic and
hexagonal unit cell at (X=0.1,0.3, 0.4),but onhybruunit cell at (X=0.2) .
with peaks of plane (031),(134) for selenium (S#&,dto the high
concentration of (Se) in a film at (X=0.1) as shawriigure(4.5) , and (100)
at (X=0.2) as shown in figure (4.6). The preferogentation lies along [111]

direction.
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Table (4.2): X-ray diffraction data for CdxSe _x films.

X t(nm) T«(K) 20 (deg) d (A% hkl
0.1 400 300 23.89 3.72 100
25.325 3.5139 111
27.08 3.29 101
29.743 3.001 031 (Se) mono
35.137 2.55 102
41.94 2.15 110
44 .48 2.035 134 (Se) mong

49.708 1.834 112

0.2 400 300 23.454 3.7899 100 (Se)
25.417 3.501 111
0.3 200 300 25.414 3.5018 111
26.794 3.324 101
45.698 1.984 103
50.781 1.797 201
300 300 25.386 3.505 111
26.781 3.326 101
45.589 1.943 103
50.734 1.798 201
400 300 25.414 3.501 111
26.827 3.3024 101
45.49 1.992 103
50.5 1.805 201

348 23.479 3.78 100 (Se)
25.4577 3.496 111
45.5804 1.988 103

373 23.526 3.77 100 (Se)
25.457 3.496 111

29.772 2.908 101 (Se)
45.887 1.976 103

393 23.392 3.799 100 (Se)
25.471 3.494 111

29.702 3.005 101 (Se)
45.786 1.98 103
500 300 25.459 3.494 111
26.866 3.315 101
45.753 1.981 103
50.746 1.797 201
0.4 25.457 3.496 111
45.73 1.98 103
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figure (4.5): X-ray diffraction pattern of Cd xSe.x film with X=0.1
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figure (4.6): X-ray diffraction pattern of Cd xSe.x film with X=0.2
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figure (4.7): X-ray diffraction pattern of Cd xSea.x film with X=0.3
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figure (4.8): X-ray diffraction pattern of Cd xSe.x film with X=0.4

The XRD patterns for G&ea.x films at (X=0.3) and (F300 k) with
different thicknesses (200,300,400,500 nm); indicate that the samples are
polycrystalline and have a mixture of wurtzite (Ag®nal) and cubic
structure. The crystallites are preferentially otggl with the (111) plane ,as
shown in figures(4.7),(4.9),(4.10),(4.11),and Tal@le).

The XRD patterns for G&e x films at (X=0.3) and (t=400 nm) with
different substrate temperatures (300,384,373,393 iKdicate that the
samples are polycrystalline structure and mixtdreubic and hexagonal unit
cell, this results are agreement with (Izzat M&silsa 2008 ,as shown in
figures(4.7),(4.12),(4.13),(4.14) ,and Table (4l'Be effect of increasing the
substrate temperatures was clear in the crystadlinecture of the films by
appearance new peak relate to (100) and (101) plmmeselenium (Se) with

hexagonal phase.
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figure (4.9): X-ray diffraction pattern of Cd ¢3Se&; film with t=200 nm
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figure (4.10): X-ray diffraction pattern of Cd o3 Se 7 film with t=300 nm
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iguref (4.11): X-ray diffraction pattern of Cd o3 Se 7 film with t=500 nm
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|mtensity (a.u.)

— (111)

I\

—

j | A e

ML e q N
H}li N“-"\"« 1y WY W LV Mo M e . ) |
A T e L A T L T TTY AR AR, .J‘«.«*"‘k\\-ﬁ?v&‘. A o, A

. (100) Se

. (103)

20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
28 (degmec)
Figure (4.12): X-ray diffraction pattern of Cd ¢3Se 7 film with T = 348 K, and
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Figure (4.13): X-ray diffraction pattern of Cd ¢3Seo 7 film with T = 373 K, and
t=400nm
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Figure (4.14) :X-ray diffraction pattern of Cdg 3 Se 7 film with T = 393 K and
t=400nm
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(4-3) D.C Conductivity:

The ( d.c) conductivityd 4 for CdSe.x films has been studied as a
function of ( T) with the range of (300-473 K), different value of (X=0.1,
0.2, 0.3, 0.4)
(Ts=300 K).

The (o4 of CdSe x films decreases as

with thickness (t=400 nm) and sudtet temperature

the Cd concentration (X)
decreases ( i.e decreases as increases theo(®entration ), this is due to
the higher resistivity of (Se).from figures(4.15,a,d) ; it is found there are

two stages of conductivity throughout the heatemperature range.
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Figure (4.15): Ine versus 1000/T for CdiSe  x films at different concentration (X)

(a):0.1 (b): 0.2 (c): 0.3 (d): 0.4 and (t=400 nm,F300 K).
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The first activation energy {f occurs at low temperatures with the range
(300-393 K)the conduction mechanism of this stag#ue to carriers transport
to localized states near the valence band. Whdesdtond activation energy
(Ea2) occurs at high temperatures with in the rang&8%7 K) ,and it is due
to conduction of the carrier excited into the exiesh states beyond the
mobility edge. As listed in Table (4.3); the aation energy and conductivity
takes unstable behavior with increasing the camagon (X) , due to the
change in the phase of structure.

From figures(4.16,a,b,c,d) it is found that tf® 4. conductivity of
CdiSe x films at (X=0.3) with different substrate temperat (300-393 K),
and thickness (t=400 nm) that the conductivity dases with increasing the
substrate temperaturess),T this is because of the high concentrationSa) (
in the films. The value of activation energies bsted in Table (4.3) it was
calculated that there are two activation energigaid E,, which decreases
with increasing the substrate temperature dued@ases the energy gap, this
Is because the increasing of (Se) lead to increasedyy gap, as is evident
from the X-ray examinations, where appeared pefKS®) with increasing

the substrate temperature..
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Figure ( 4.16 ): Ine4 versus 1000/T for Cdy Sea.x films at different substrate temperatures
(a): 300 K (b): 348 K(c): 373 K (d): 393 K and (t=80nm ,X=0.3).
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CHAPTER FOUR esu®ts and Discussion

From figures(4.17,a,b,c,d) and table (4.3)ah de see that the value of
electrical conductivity tends to increase with gesing in film thickness. The
low electrical conductivity of thinner film is afiuted to the existence of an
island structure , which contain many defect sjtEs the defect density is
much smaller for thicker films , as results thectieal conductivity of the
films increases with film thickneS¥ . The observed lesser conductivity in
thinner films can be explained due to lower degfegrystalline. This result is
in agreement with Padiyaat al.[°*®! Also it is clear that the activation energies
increasing with increasing of thickness, may be tdugecreases in absorption

and increase in energy gap with increase of thiskne

11 _
1 4 [ 2] t=200nm 2l . b |t=300 nm
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T -1 H 13 '9-5‘
E 4 - = 14 w
E 15 £ 45 hﬁ
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Figure ( 4.17 ): Iney. versus 1000/T for Cdk Se;.x films at different thicknesses
(a): 200 nm (b): 300 nm (c): 400 nm (d): 500 nm, a@n(X=0.3,T=300 K)
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Table(4.3):

D.C.

esu®ts and Discussion

conductivity parameters

for

concentration, thicknesses and substrate temperatas.

CdSe.x

films at

different

Concentration | Thickness (t x 10°
am Ol (K) Ear(eV) |Ea(eVv) |7
(X) Range (K) | Range (K) | (Q.cm)*
0.1 400 300 0.124 0.633 6.13
300-393 K | 393-473K |
0.2 400 300 0.156 0.649 0.68
300-393 K | 393473 K .
0.3 200 300 0.213 0.801 0.009
300-357 K | 367-473 K
300 300 0.188 0.725 0.015
300-357 K | 367-473 K
400 300 0.133 0.215 276
300-393 K |393-473 K
348 0.142 0.324
0.83
300-423 K |423-473 K
373 0.166 0.437
0.304
300-423 K |423-473 K
393 0.205 0.711
0.061
300-423 K |423-473 K
500 300 0.094 0.327 27.4
300-357 K | 367-473 K
04 400 300 0.085 0.551 45
300-393 K |393-473 K
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CHAPTER FOUR esu®ts and Discussion

(4-4)The Hall Effect:

The variation of Hall voltage as a functioncoifrrents for CgSe x films
has been studied at different conditions when aneiag field (B=0.257
Tesla) . These measurements show that th&€g films at (X=0.1, 0.2, 0.3,

0.4) are p-type as shown in figure(4.18,a,b,c,dg t the presence of excess

selenium which may produce cadmium vacancies ineCsifs that form
shallow acceptor level in the energy gap .From &@b#l) we notice that the
value of mobility decrease with increase ( X ),dwe the high carrier
concentration.

From figure(4.19,a,b,c,d) we found that allkSd x films at (X=0.3) with
different thicknesses and at£B00 K) exhibit a positive Hall coefficient
(p-type), and from Table (4.4) we observed that ¢hgiers concentration
decreases with increase of thickness.

The substrate temperaturey)(Tonsidered as an effective parameter on the
carrier concentration. From the figure(4.20,a,h,wd found that all the films
at (X=0.3) ,and (=400 nm) exhibit a positive Habefficient(p-type) and
from the Table (4.4) we notice that the carrieracamtration decrease with
substrate temperature increases may due to theysebization process,
which leads to the decrease of defects in thedimng the film growth , and
consequently a decrease of the carriers scajtainthe defect, and the
increasing of re-crystallization leads to rising thotential barrier, for that

reason the mobility increasing.
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esu®ts and Discussion

Table (4.4) : Hall parameters for CdSe x films at different concentration
, thickness and substrate temperature.

X t (nm) T (K) Ny (cm®) | py(cm®/v.s)
0.1 400 300 3.84* 10 | 35.26
0.2 400 300 6.71* 16 | 5.07
0.3 200 300 11.16 * 10 | 0.084
300 300 8.91* 19 | 0.391
400 300 8.66 * 16" | 1.248
348 7.44* 16" | 1.85
373 4.6 *16° |4.012
393 2.34*1&° |6.371
500 300 8.33* 1 |5.07
0.4 400 300 2.1 *10 |0.125
05 a H=0.1 12 - h ¥=0.2
20 | 10 |
g g 81 *
a 15 § -*
g s 57
= 10 A -
5 =z 4
B 4 2
[1] r . . [1] r r .
10 20 30 0 10 20 30
I =106 (amp) 1 *10*-6 (amp)
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550 " 16 - il
14 1
12 4
E % 10 4
- = 81
s Z 6-
N T4
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Figure (4.18): Variation of Hall voltage versus curent for CdxSe.x films at different

concentrations (a): 0.1 (b): 0.2 (¢): 0.3 (d): 0,&nd (t=400 nm and E =300 k).
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Figure (4.19): Variation of Hall voltage versus curent for CdxSeq.x films at different
thickness (a): 200 nm (b): 300 nm (c): 400 nm (00 nm ,and( X=0.3 , and J=300 K).
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Figure (4.20): Variation of Hall voltage versus curent for CdxSe.x films at different
substrate temperature (a): 300 K (b): 348 K (c): 33 K (d): 393 K, and (X=0.3 and
t=400 nm).

57

«onc™ This PDF was created using the Sonic PDF Creator.
ﬂ To remove this watermark, please license this product at www.investintech.com




CHAPTER FOUR esu®ts and Discussion

(4-5) A.C Conductivity:
The a.c conductivity measurement has beenestudin the CdSe y thin

films properties which prepared by different contitut such as concentration
(X), thicknesses (t) , and substrate temperatufgs From the frequency
dependence ofo(w) we can evaluate the exponent (s) and the temyperat
dependence of(w) to calculate the activation energyul( also the Cole-
Cole diagram is drawn in order to find the poldoiasy (a) , dielectric

constantgs ), and relaxation time1() for all the samples.

(4-5-1) Frequency Dependence on A.C conductivity:

All samples follow a common pattern wheredg,J is linear function of
In (). In other wordwo . increases with increasing frequency according to
equation (2-11) as shown in figure [4.21,22,2B,(ad)].In this case the
0 .d{w) dominates at higher frequency , in the rangé16f — 1F)Hz. For
lower frequency in the range of @00°) Hz the conductivity becomes
independent of the frequency because d.c condtyctdminate in this
frequency range. The determination of a.c. condaathechanism implies the
study of the exponent (s) ; as a function of terapge. The dependence of
exponent, s , on temperature is listed in tablB){4t is observed that the
smaller values of s have been observed foxS8d; at (X=0.3,t=400nm
,and =300 K) and equal to (0.302), while the exponeht®e a large value
for CdkSea.x at (X=0.3,t=500 nm ,and sF300K) and equal to (0.91) . We
observed the change in the exponent s is noesydic with the value of
concentration (X), and substrate temperaturg (hat is because of the
change in the structure of there film ,as describgd-2) paragraph .All films
showed the same tend where ,s, decreases by smgethe annealing

temperature .
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CHAPTER FOUR esu®ts and Discussion

This means that the correlated barrier hopg@d.H) model is the best

model to explain the a.c. conductivity of {3 x thin films

Table (4.5): Exponent (s) value of CgSe .x films at different concentration
thicknesses ,substrate temperatures and annealingrperatures

= [tom) [T [T
i
= 300 313 333 353 373
]
2
5 s s s s s
X )
0.1 400 300 0.64 0.59 0.55 0.42 0.316
0.2 400 300 0.47 0.43 0.391) 0.36 0.302
0.3 200 300 0.741 | 0.725| 0.656| 0.531 0.494
300 300 0.82 0.781| 0.707, 0.7 0.61
400 300 0906 | 0.899 | 0.892| 0.84 0.81
348 0.554 | 0.529 | 0.496| 0.442] 0.399
373 0.85 0.79 0.71 0.66 0.58
393 0.66 0.59 0.505 | 0.492, 0.471
500 300 0.91 0.904 | 0.79 0.77 0.61
0.4 400 300 0.83 0.76 0.65 0.41 0.321
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T=300 K).
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Figure(4.22,a,b,c,d) : : Inow: (W) as a function of In () for CdxSe.x films at different
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(4-5-2)Temperature Dependence of A.C conductivity:

The variation of o , {w) with reciprocal temperature (¥0) for CdSe .«
films for four fixed frequencies ( £10°,10°,10°)Hz at different concentration
(X),thicknesses, and substrate temperatures arewnshan figures
[4.24,25,26,(a,b,c,d)]. A linear behavior of ,{w) of one stage has been
observed over the entire temperature range indigaéi thermal activated
conduction mechanism. There is activation energyeézh film less than the
activation energy in the d.c conductivity becaube tlependence of a.c
conductivity on the temperature being less thatherd.c conductivity. As
shown in Table (4.6) the a.c activation energyi€not systematic with the
increasing of concentration because the change phase of structure as
described in the (4-2) paragraph ; while the atwvation energy decreases as
the film thickness increases and this may be aiteid to increase of
absorption coefficient and decreasing the energy, @nd the activation

energy increases as the substrate temperaturasitge

Table(4.6): A.C activation energies for CgSe_x film at different concentration
,thicknesses ,and substrate temperatures.

Concentration | t Ts E «(eV)
(X) (nm) (K) f (Hz)
100 [10° |10° |10
0.1 400 300 - 0.121/0.106 | 0.102
0.2 400 300 0.124/ 0.053/ 0.011 | 0.071
0.3 200 300 0.206| 0.183| 0.176 | 0.167
300 300 0.144/0.132/ 0.128 | 0.125
400 300 0.062] 0.021] 0.011 | 0.005
348 0.095| 0.044| 0.014 | 0.008
373 0.114] 0.049| 0.0166| 0.0132
393 0.156| 0.117/ 0.050 | 0.031
500 300 0.058| 0.047| 0.011 | 0.0096
0.4 400 300 0.087| 0.039| 0.0075| 0.006
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Figure(4.26,a,b,c,d) : Ino 5 as a function of 1000/T for CgSe_.x ,(X=0.4, and
t=400nm) at different substrate temperature and frguencies(a): 300 K (b): 348 K(c):
373 K (d): 393 K.
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(4-6) Complex permittivity plot (Cole-Cole Diagram):

The real and imaginary part of dielectric canstcalculate from these

equation§¥ : &(w)=tCla &

&E(W) = o) 1 &W
Whereé&i (@) is the real part of the complex dielectric (diédmcconstant)

and &(a is the imaginary part (Dielectric loss factor ) hgve & is the
permittivity in vacuumt is the thickness of the samplass the electrode area
and C is the capacitance of the sample. Representatots pf dielectric
constant €;) versus dielectric los€4) at different conditions [ concentration
(X), thickness (t), and substrate temperatures); (are shown in
figures[4.27,28,29 (a,b,c,d)].

These figures shown a semi- circle diagramh esseni-circle has its center
beloweg;-axis . It begins from the origin at the high fregaies and ends at a
point on thee;-axis at low frequencies .

The intersection of the semi-circle at higher frexeies withe; —axis gives the
static dielectric constantd) (w=0), and the intersection of the semi-circle at
lower frequencies withe;-axis gives the optical dielectric constaot(

higher).The polarizability o) (dispersion parameter) which calculated

according to this relationa[:z—:] ,where Q): the angle betweegy-axis and

the diameter of semi-circle .
The Cole-Cole plots are also useful to confitme distribution of the

relaxation time, which can be determined from gdatiori®? :

(e.- &)

2 = Whaxl
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whereaw,, represents the highest frequency amlthe relaxation time

which corresponds to the high value of dielecwisl

From Table (4.7) we can observed all the dtdecconstants which
represent the dielectric response for (8@ .x) thin film which prepared at
different [ X=0.1,0.2 ,0.3 ,0.4] ; [t=200,300,400,500] nm, and [Ts =300 ,348
,373 ,393]K. Seen from the Table (4.8) that thelltshave unstable behavior
with different concentration (X), which can be imieeted as a compositional
disorder changé™..

The dependence of dielectric parameters orstistrate temperature we

seen from the Table (4.7) that) increases with substrate temperatures most

of this behavior due to the increase in thermalrggnewill break the
intermolecular interaction, resulting in reductiohthe values of relaxation
time@) ” and we observe that)(decreasing with increasinggTue to the
increasing velocity of the charge carriers; anddisappearance of localized
states will increase the scattering factor of chasgrriers leading to shorter
mean free paths. This result is consistent witlviptes mentioned data that dc
conductivity decreases with, , and from figure (4.29,c) we notice that there
are two relaxation region on the film which pregh (=373 K) (i.e:

relaxation time distribution had been happened).
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est®ts and Dis

Table(4.7):Cole-Cole representation parameterf®r CdxSe x thin films.

cussion

X t (nm) Ts(K) a € T %107 %107
(sec) (sec)
0.1 400 300 0.088 5.8 1.9 2.75
0.2 400 300 0.22 5.4 3.9 1.21
0.3 200 300 0.188 1.9 1.48 9.1
300 300 0.077 1.85 0.73 11.1
400 300 0.066 3.7 33.8 111
348 0.111 10 235 9.3
373 0.144 11 16.4 3.36
0.077 19.5 13.67 2.61
393 0.055 28 8.9 1.11
500 300 0.055 6.5 5.17 0.45
0.4 400 300 0.122 4.46 27.8 133
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Fig.(4.24) Cole-Cole diagram for CgSe.x thin film at different concentration (a): 0.1
(b): 0.2 (c): 0.3(d): 0.4, andt=400 nm , T=300 K).
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CHAPTER FIVE CONCLUSIONS AND SUGGESTIONS

(5-1) The Conclusions:

The following conclusions can be deduced from this work:

The direct mixing of the elements inside a quartz tubeina  vacuum
gives a polycrystalline structure with a hexagonal of wurtzite type for a
compound at (X=0.2) with mixture of hexagonal and cubic for other
compound at (X=0.1,0.3,0.4). The structural properties of CdySe,.x thin
film dependent directly by concentration (X), thickness (t), and the
substrate temperatures (T,) was a polycrystalline structure with mixture of
hexagonal and cubic phase for all the films except the film at (X=0.2)

change the structure to polycrystalline with cubic phase .

The D.C. conductivity for al films increases as the thickness increases,
and decreases with increasing the substrate temperature, while it showed
irregular behavior with the concentration. There are two transport
mechanisms of the charge carriers. In general, the activation energies
decrease with increasing the thicknesses, and increasing with increasing

the substrate temperature.

The A.C. conductivity measurement showed that the exponent s is a
function on the temperature and C.B.H model is the must suitable to
interpret our result. From the Cole-Cole diagram we found that the static
dielectric constant (g5) increasing with increasing the substrate
temperature and decreasing in relaxation time with increasing the
substrate temperature , and the parameter (a) islessthan 1 (i.e a =0); the
samples shows pure resistance element This means that the film is good

to be resistors 4,
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CHAPTER FIVE CONCLUSIONS AND SUGGESTIONS

Hall measurements confirmed that all the films are (p-type).

(5-2) Suggestions for Future Work:

1. Deposition CdxSe;.x films on single-crystalline substrate such as,
Nacl , Kcl.

2. Study the surface morphological analysis by using scanning
electron microscopy (SEM) technique.

3. Study the electrical properties of CdxSe,.x thin film at low
temperature.

4. Take the advantage of the results of the study with addition of

different materials to manufacture solar cells.
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