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Abstract |
Chromium (Cr) nanoparticles and CugsTlysBa;Ca;Cu300.5 (CuTl-1223} superconductor

were prepared separately by sol-gel and two steps solid state reaction method. Cr nanoparticles
were mixed in appropriate ratios with CuT!-1223 matrix at the final stagc to get (Cr)/CuTI-1223
{(x =0, 0.25, 0.5, 0.75, and 1.00 wt.%) nanoparticles-superconductor composites. Structure and
phase purity of (Cr)/CuTI-1223 composites were determined by XRD. XRD patierns of
(Cr)/CuTl-1223 showed that there was no change in crystal structure of host CuTI-1223 phase
aftcr addition of Cr nanoparticles, which provide a clue about the occupancy of thesc
nanoparticles at the grains-boundaries. The dc-resistivity versus tempcrature measurements of
these samples were carried out by four-probe technique. The zero resistance critical temperature
T. (R = 0) of these samples was decreased by increasing wt. % of Cr nanoparticles in CuT1-1223
matrix due to magnetic nature of Cr particles. The dielectric properties of thcse samples i.e,
dielectric constants (e‘r,, e""r), dielcetric loss (tand) were delermined by measuring the
conductance (G) and capacitance (C) as a function of frequency at different operating
temperatures. The values of dielectric parameters were decreased with the increase of frequency
and become constant at higher frequency values, with the increésc in temperature the rcatl and
imaginary part increase while the tangent loss decreases by increasing temperature. So the
dielectric parameters can be tuned by the addition of Cr nanoparticles and with the variation of

operating frequency and temperature.
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Chapter 1 Introduction
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1.1  Historical background of superconductivity
Below a certain temperature some materials loss their resistance completely, this amazing

phenomena is termed as superconductivity and the material that show such type of behavior are
known as Superconductors. The first experiment was carried out by KamerlingOnnes in 1911[1].
On the basis of remarkable result of experiment, he concluded that resistance of mercury
disappeared below 4.2 Kelvin temperature, In 1913 superconductivity of lead was estimated at 7
K, while in 1914 it was reported that Niobium Nitratc exhibits superconducting behavior at 16 K.

Graphical representations of temperature versus resistamce for mercury is shown in Fig. 1.1.

0.075

Q.05

Resistance (Ohmy}_ .

0.023

Q.00 — S :
4.0 4.1 +.2 4.5 4.4

Temperature (K)

Fig.1.1: Experimental data obtained for mercury by Gills Holst and H. KamerlinghOnnes in 1911(2}

Many experimental works had been done to explain phenomenon of superconductivity.
According to an important theory of Ochsenfield and Meissonier; superconductor totally
destroys magnetic field at critical temperature. This effect is known as Meissner effcet [3]. After
Mecissonier effect London explored a theory in 1935. London concluded that when matcrial is in
superconducting state all internal magnetic fields cease to exist. After London theory, in 1950,
another famous theory Wasl given by Ginzburg and Landau. In this theory they explained
nanoscopic  behavior of superconductors in effective way. This theory also
categorizedsuperconductors into two major types, namely as type-1 and type-II. According to
another theory that was given in 1957;the current in superconductor is due to a pairing

phenomenon known as Cooper Pair. This famous theory is known as BCS theory [4].
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From above expression it can be seen that total magnetic field at the surfacc of conductor is
cqual to zero. So equation (1.4) becomes

M=-H (1.6)
Moreover, magnetic susceptibility for superconductor is -1. This above explanation demonstrates

the phenomenon of perfect diamagnetism [7].

1.3 Basic and important critical parameters of superconductors
The essential parameters for occurrence of superconductivity are given below

a} Superconducting critical temperature
b) Critical magnetic field
¢) Critical current

d} Critical current density

1.3.1 Superconducting critical tfemperature
The resistivity reduces up to zero when material undergoes to a low temperature. For

example resistivity of mercury vanishes completely at 4.2 K. At this point temperature is called
critical temperature, which is denoted by T.. Below critical temperature material is 1n
superconducting state and above is T. in normal state. Many materials exhibit superconducting
properties at low temperature. Some materials also have high value of T, nearly equal to

92K.Vartion of critical temperature per year is shown in Fig. 1.3.
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Fig. 1.3: Varition o[ critical temperature T {K) per year | 8]

1.3.2 Critical magnetic field
At this stage value of magnetic field is called critical magnetic {ield. This value does not

depend completely upon the temperature. Mathematical expression of critical magnetic ficld with

temperature is given below

H, = H, [1 - (—T-)z] (1.7)

T
Each superconducting material has a certain value of critical temperature (T.) and critical

magnetic field ( H.) [9].

1.3.3 Critical current
The maximum value of current at zerc resistance is called critical current denoted by

l¢.This phenomenon occurs abruptly in those materials which are not in pure form or refined.
When current flows through . superconductor a magnetic field generates which reaches the value
of critical magnetic field He. However, at H., superconductivity vanishes [10]. This type of
superconductor is usually called Type-I superconductor. Poor conductors show superconducting
properties at low temperature; while those which are good conductors e.g. cooper, silver, have

zero percent superconducting properties.
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materials which have only one value of critical magnetic field are also known as soft magnetic
materials [12]. Some pure materials such as silver, copper and gold behave similarly as type-I
supcrconductor. The characteristics of type-1 superconductor from non superconducting statc to

superconducting state are explained in Fig.1.4.

Type-I Superconductor

Nommal State

Induced Magentic Field

Appled Magnetic bield

Fig. 1.5 : Type [ superconductor with applied magnetic field [i3]

1.5.2 Type- II superconductors
Transitions in type II supcrconductor are very different from type-I supcrconductor after

when magnetic field is applicd. The main difference in type-1I and type-I superconducior is that
there are two ficlds Her and ch; because of these two fields, two phase transitions oceur in type-
IT superconductors [14]. The coneept of type-1I superconductors was given by R.L.Shubnikov in
1935. On the basis of his theory of superconductivity, he was bestowed Nobel prize in 2003.
High value of critical magnetic field in type-11 superconductor is due to large amount of current.
A plot of applied magnetic field versus induced magnetic field is shown in Fig.l1.5 thal
practically demonstrates the behavior of type-II superconductor. Usually type-I1 superconductor
also called hard superconductor. All compound and alloys are examples of type-Iil
superconductors. In Type-11 superconductors there are grain and grain boundries due 10

compound element,
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Fig. 1.6 : Representaiion of type 1 superconductor with applied tield|13].

1.6 High temerture suplerconductors

Some specific materials which exhibit superconducting propertics at high temperture are
known as high temperture superconductors(HTSCs). FirsttHTSCs) discovery of high temperture
was given by Bendorz and Muller in 1986 and they both shared noble prize for this exceptional
work. They discovered, a superconductor whose critical value of tempcrture was nearly equal to
35K. In 2008 high temperture superconductors were also investigated for some materials like
Yittrum Barium Copper Oxide(YBCQO). Anothcr Tl and Hg based superconductor with high
value of critical temperature ranging between 125K tol34K, werc made [15]. These high
temperture supcrconducotors were shapeless in terms of anistropic behaviour with high value of
critical current density J..
1.6.1 Tl-Ba-Ca-Cu-O supercondutors

There are different compoonds in CuTI-1223 high temerture superconductor.One of them
is thalium(T) based and other one is copper(Cu) based. Hermann and Shceng explored the idea of
CuTl superconductor first time. CuTI-1223 gained special attention due to its high
superconducting propertics such as low anistropic,high critical value of temperture and current
density. The important factor of this family is CuO; planes which are placed on each other onc
by one.Ca layers are specially used to connect CuQO: planes. Oxygen coupling with Cu also play
an important role to enhance the volume fraction of superconductors [16].Schematic diagram of
CuTl}-1223 superconducting unit cell is shown in Fig.1.6. Due to its high superconducting

properties, CuTl-1223 has many practical applicalions.
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There are two main types of Jospheson junction effect, one is the A.C. Jospheson junction effect
and other one is D.C. Jospheson junction effect,
1.7.2A.C.Jospheson junction effect

This is remarkable cffect in superconductors, When DC current incrcases through weak
links, voltage appears in the junction. So we conclude that after introducing DC we also get AC

with frequency named as "Iangular frequency represented by w which is relatcd as given
belowhw = 2VWhere f is cqual to % and h is a plank’s constant is cqual to 6,63 x10*JSec.

is angular frequency equal to 2rf.The symbol e is the charge on eleciron and V is voltage which
apears in the junction.
1.7.3 D.C.Jospheson junction effect

The amount of current passes through weak link (through a jospheson junction) is few
amperes and passes through jospheson junction with no resistance even though material is an
insulting material. This is one of the important properties of superconductor and is also known as
coherence behaviour of electrons. At this stage Jospheson junction clectrons combine togather in
a sigle state. The weak link do not totally change the valuc of wave functions that arc present in
two sidcs of junction [18].
1.8 Meissner cffect

Second important cxperimental fact for superconductor is Messiner effect, This effect is
associated with amount of magnetic field that totally vanishes at superconductor statc below
critical temperture Tc.This is'called Meissner effect which was given in 1933 by W Meissncr and
R.Ochsenfeld. This effect is caused by magnetic flux of superconductor. It also cxplains that
behaviour of superconductor is good as compared to an ideal conducter. Aflter application of
field to superconductor flux reduces to zero .The field that is produced due to superconducting
current that atso affects the applied field, The value of applied field does not change completely
around the superconductor.This is the fabulous property of superconductor which is known as
london penetration depth.Magnetic field is ejected when a normal type of conductor undergoes

transtions temperature[ 19]. Meissner tricd to describe the complete thcory of superconductivity.

1.9 Important theories of superconductivity
There are some important theories that demonstrate the phenomenon of superconductivity

differently e.g, London theorey. It was given by two brothers Heniz and Fertiz in 1935.After



.r‘( '

Chapter 1 Introduction

London theory, another theory that explains microscopic mechanical bchaviour of
superconductivity was given by Ginzburg and Landau.ln 1957 another famous theory was
explored by J.Bardeen,L.N.Cooper and J.R.Schrieffer. This thcory cxpalins the microscopical
behaviour of superconductivity, which based upon cooper pair.
1.9.1 London theory

London theory is based upon two fluids models.One is named as normal fluids, which
have density n, and other one is known as superconducting electrons represented by

ns.Summation of these to gives us total amount of density fluids as in cquation 1.9.

n = npt ng1.8)

Also there is an influence of ns having density in superconducting state and nn in normal statc

Mathematical models for both states are
T — Tc, np— 0 & ns— max or (T<T.)(for non.superconductig state)
And
ns — 0, n; — max as T—Tc for (T>Tc){for superconducting state)

The corelation between electric current,electric field and magnetic fild introduced by London

which is called London equation.London equations are

d)s _ nge?
ot = m U9
Vxj=-"28 (1.10)

In these models
“ns” is the density of superconductor“m” is the mass of electron“e” is elctronic charge®Js” is

L .
superconducting current density“E” is electric field“B” is magnetic field.

1.9.2London penetration depth
Theortical effect for Meissner effect firstly described by two brothers London and

Fritz.According to Meissner effect when field is applied into supcrconductor, it enters the
sample by some specific length equal to 2nm, this specfic length is called London penetration

depth.

10
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1.9.3BCS Theory

To describe behaviour of superconductivity qauntam mechnicaly, a famous theory was
given by Bardeen,Cooper and Schrieffer in 1975 and is known as BCS theory[20]. According to
this theory the phenomenon of superconductivity is due to electron pair known as cooper
pair.Formation of electron electron interction is shown in Fig. 1.9.This theory also explaincd the

isotope effect i.e.TcxM@In the above expression M is jonic mass of crystal lattice and « is
. . . . . 1
isotopic element.Value of isotopic element is less than or equal to-.

When current flows through superconductor, electron expcrience a force of attraction near a

core which contains postive charge.Due to this special phenomenon a distortion is produced in

the lattice and as a result value of energy in the lattice reduces. This is done ncar the lattice and is

caused by phonons.The attractive force between e¢lectrons is due to reduction in encrgy.The

momentum between electrons is also opposite and this attractive force is too much stronger than

Coulmb’s attraction at certain temperture. This phenmenon is known as cooper pairs. These pairs

are treated as a single wave function and strongly depend on motion of each other. When current

flows in the form of cooper pairs no scattring phenemenocn occurs and value of resistivity gocs

to zero.As we know, when resistivity is neligble thénléonductivity reaches to a higher level in

that material. There are some specific materials that have good conducting properties and these

are not valid for superconductivty e.g silver,gold and cooper because there are excess of free

elcctrons so electron-lattice vibration is not available.

Three consegnees of BCS theories are

(1) Attractive force between electrons are due to coupling between electron-phonon
interaction, (Bardeen)

(ii) Just two electrons near Fermi surface(isolted two electrons) (Cooper).

(iti}  Near the Fermi surface all elctrons are in the form of pair state. (Schrieffer)

Cotnbinnition of above three consequences is called BCS theary.
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Fig. 1.11.: Representation of dipolar polarization [26]

1.12.3 Ionic polarization _
The influence of electrostatic force holds ions having different nature usually these are in

ionic bond. When ficld is applied to the molecules then some poles are generated having equal
and opposite charges separated by a distance. Such types of polarization which are due 1o
posifive and negative ions are called ionic polarization. Figure 1.12demonstrates separation of
positive and negative ions.Displacement between the bonds depends upon the temperature.

With applied filed

Fig.1. 11: Tonic polarization with and without applied ficld [26]).

1.12.4 Interfacial polarization
This type of polarization is more sensitive and takes place in the low frequency ranges e.g. 10°Hz

and it may increase too few kiloheriz. Interfacial polarization usvally occurs in irregular shape
(amorphous). After applied field, charges gather in both sides of crystal in irregular manner and
in oppositc direction called electrodes. Fig.1.15 shows pattern of irregular and oppositc
charges.Interfacial polarization occurs due to diffusion of charges.
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1.13 Temperature dependent polarization

Only one type of polarization depends upon the value of temperature that is the interfacial
polarization.In interfacial polarization, some dipoles are fixed. For gases this type of polarization
varics inversely with the temperature. When amount of temperature increases then interfacial
polarization reduces. Same phenomenon happens in liquids. As temperature rise then
polarization decreases. Due to enhancement of polarization we get total polarization.

1.13.1 Frequencey dependence of dielectric polarization

When frequency (A.C field) is applied to insulating materia! (dielectric),then charges
slightly move from their original position. Due to slight displacement, there is a formation of
pole with opposite charges separated by a small distance known as dipele [27]. Due to ionic

behavior ionic and dipolar polarization do not show good response against field.
1.14 Classification of diclectric materials

A dielectric material categorized in different parts depends upon its valucs of frequency and

temperature [28]. These parts are described below.

1.14.1 Real part
When external field is applied to the dielectric material that is placed between the plates

of capacitor.Some part of energy stores between the plates due to influence of applied field. This
is due to effect of dipelar polarization at less value of frequency and temperature, and is known

as real part which is denoted by &. Mathematical expression for real part of diclectric is
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These structures consist between molecules and infinite bulk system. Suitable control of

properties and response of Nano structures can lead new device and technology.
1.16 Nonmaterial’s categories

There are various categories ‘'of materials based upon their dimensions described as follows

1.16.1 Zero dimensional (0-D) Nano materials.

All those materials that contain all dimensions less than one hundred Nano meters
(100nm) are called zero dimensions. Most of these Nano particles arc spherical in size. Clusters
are the best example of zero dimensions.

1.16.2 One dimensional (1-D) Nano materials

Those materials which are equal to Bohr radius, that is, motion of hole and electrons
confincd into two directions. Lengths of these matertals are in micrometer but diameter is only
few nanometers. Examples of one dimension Nano materials are Nano tubes and Nano rods cte.
1.16.3 Two dimensional (2-D) Nano materials

Those materials which have two sides in bulk sides and one side at Nano Scale arc
called two dimensions. Nano imaterials e.g. Films and Layers. Area of these materials is large
but, thickness is small.

1.16.4 Threc dimensional (‘?’—D) Nano materials

No dimension is in nano meter range e.g. having all sides in bulk materials.
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Fig.1. 13: Structure o[0, 1, 2 and 3 dimensional Nano materials[30]
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1.13 Temperature dependent polarization

Only onc type of polarization depends upon the value of temperature that is the interfacial
polarization,In interfacial polarization, some dipoles are fixed. For gases this type of polarization
varies inversely with the temperature, When amount of temperature increases then interfacial
polarization reduces. Same phenomenon happens in liquids. As temperaturc risc then
polarization decrcases. Due to enhancement of polarization we get total polarization.

1.13.1 Frequency dependence of dielectric polarization

When frequency (A.C field) is applied to insulating material {dielectric),then charges
slightly move from their original position. Due to slight displacement, there is a formation of
pole with opposite charges separated by a small distance known as dipole [27]. Due to ioni¢

behavior ionic and dipolar polarization do not show good response against ficld.
1.14 Classification of dielectric materials

A diclectric material categorized in different parts depends upon its values of frequency and

temperature [28]. These parts are described below.

1.14.1 Real part

When external field is applied to the dielectric material that is placed between the plates
of capacitor.Some part of energy stores between the plates due to influence of applied field. This
is duc to cffect of dipolar polarization at less value of frequency and temperature, and is known

as real part which is denoted by &', Mathematical expression for real part of diclectric is

16






Chapter 1 Introduction

These structures consist between molecules and infinite bulk system, Suitable control of
properties and response of Nano structures can lead new device and technology.
1.16 Nonmaterial’s categories

There are various categories 'of materials based upon their dimensions described as follows

1.16.1 Zero dimensional (0-D) Nano materials,

All those materials that contain all dimensions less than one hundred Nanc meters
(100nm} are called zero dimensions. Most of these Nano particles are spherical in size. Clusters
are the best example of zero dimensiens.

1.16.2 One dimensional (1-D) Nano materials

Those materials which are equal to Bohr radius, that is, motion of hole and elecirons
confined into two directions. Lengths of these materials are in micrometer but diameter 1s only
few nanometers. Examples of one dimension Nano materials are Nano tubes and Nano rods ete.
1.16.3 Two dimensional (2-D) Nano materials

Those materials which have two sides in bulk sides and onc side at Nano Scale are
called two dimensions. Nano materials e.g. Films and Layers. Area of these materials is large
but, thickness ts small.

1.16.4 Three dimensional (3-D) Nano materials
.

No dimension is in nano meter range €.g. having all sides in bulk materials.
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Fig.1. 13: Structure of 0, 1, 2 and 3 dimensional Nano materials[30]
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Chapter 2
Literature review

N. T. Cherpaket al. [31] concentrated the likelihood of utilizing semi optical dielectric
resonators energized with higher kind of motions for the estimation of high T. supcrconductor
surface impedance. The upsides of the resonators are clear, in that they permit examination and
non-damaging testing of HTSC made in plate shape from materials of various mixes and
structure over a wide recurrence extend, High reproducibility of the outcomes was acquired
utilizing the picked strategy. Cases of complex investigations of HTSC in the millimeter and
radio frequency range are given in the review.

Y. Takahashi et al. |32] explored impacts of La-doping on crystatlinity and dielectric
properties of SrAlesTagsOs; films for high-Tesuperconductor. La-SAT film on c-hub situated
YBCO movics indicate grid constriction and a lessening of its dielectric constant with expanding
the La-doping proportion to x = 0.1. The La solvency confinc cxists in the x extends in the
vicinity of 0.1 and 0.2, and the La-SAT changes to have arbitrary introduction at x of 0.2,
despite the fact that its dielectric properties turn out to be still better, It was additionally affirmed
that the supcrconducting properties of La—YBCO films developed on La—SAT with x<0.] are
practically equivalent to those for the case without La-doping.

C. Bernhard et al. [33] studied the dielectric conduction of the high T cupratc
superconductors by synchrotron light source. They set up that the vast brightness of a
synchrotron light source empowers one to perform extremely exact ellipsometric estimations
cven on rather little single precious stones of the cuprate high T¢ superconductors (HTSCs). They
demonstrated how the phenomenal electronic anisotropy of this compound impacts the
cllipsometric spectra, that gets under touching recurrence. From the anisotropy corrected spectra
we have recognized different constrained segments which contrast with [R-dynamic in-planc
delighted phonon modes broad one which we associate with a total electronic mode. They
showed data exhibit that the technique of far-infrared ellipsometry engagcs one to secure low
down finding out about the low-imperativeness IR-dynamic excitations, even inside seeing a
strong response as a result offthe free charge transporters.

S. Cavdaret al. [34] studied the dielectric properties of Bt based vanadium substituted
superconductor at different concentrations of vanadium, different test frequencies and

temperatures were studied. Melt quenching method was used for the synthesis of these
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superconductors. Frequency: and temperature dependence of dieleciric properties were studied.
The increase in dielectric C(;nstant (¢') is small at higher frequencies but at low frequency thc
change in dielectric constant is more prominent. The range of frequency was kept 10 kHz to 10
MHz and temperature range was taken 80K to 300 K. The dc electrical resistivity (p) and ac
electrical conductivity (ocac) measurements of vanadium added superconductors were also
investigated which proves that critical temperature suppresses as vanadium is substituted in
sample. Negative capacitance (NC) was also investigated which was due 10 polarization effect.

G. N. Pandeyet al. [35] carried out studies on Omni directional reflectance properties of
superconductor-dielectric ~ photonic  crystal.  The calculated band  structure and
reflectance/transmittance of the periodic structure of superconductor-dielectric materials are
observed with maximum reflection. The band gaps and reflectanccs/transmittances of the
structure at the various angles of incidence are found to shift toward higher normalized
frequency range. The cnlarged band gaps and reflectance of the structure with the increased
angle of incidence was because of property of the Bragg gaps. Such quality of the
superconductor-dielectric periodic structure may be applied to construct the broad band reflector
that can be used in low tempclerature region.

M. Mumtazet al. [36] investigated the impacts of oxygen post-strengthening on the
superconducting and dielectric properties of CuosTlp sBaxCaa(Cus—yCdy)O12-5 superconductor
tests. In all oxygen post-tempered specimens thc negative capacitance was watched. The
adjustment in the dielectric parameters after oxygen present tempering was said on be the
confirmation of the variety in Os oxygen of charge store layer that controls the stream of bearers
towards the leading CuOz planes. At customary state temperature, the warm tumult is higher and
polarizability is lower creating diminishing of dielectric steady and increment in dielectric
misfortune consider. A well-assembled dielectric scattering is seen at low frequencies and
temperatures and the invert impacts are seen on dielectric properties at hoisted temperatures and
frequencies. They watched varieties in the dielectric parameters of tests emphatically rely on
upon the working temperature and recurrence of the outer connected air conditioning field. The
dielectric conduet of the materials can be synchronized by the oxygen post-toughening
accordingly of which the variety of oxygen substance in the structure of the materials centrols

the bearer's thickness. In this way, the oxygen post-toughening can be utilized to tune the
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recurrence and temperature dependent dielectric propertics of CugsTlysBazCas(Cus—Cdy)Ora-5
superconducting tcsts.

K. Yoshii et al. [37] locked into dielectric properties of Bi2ZCuQ4x at frequency ranging
from 1kHz to IMHz, There was monotonic decrease in dielectric constant with increasing
frequency of applied field such behaviour was referred as dielectric dispersion. This was because
of lacking of spatial coherence of dielectric response. Tangent loss express for activation cnergy,
it suggested that electron hoping between Cu ions were responsible for the dielectric response

T. Li et al. [38] probed the effect of NiO-doping on the microstructure and diclectric
properties of CaCu3sTisO12xNiO ceramics using SEM, Raman spectra and dielectric spectrum
measurements. The positron anmihilation lifetime spectra were uscd to study the effects of
delects on the diclectric characteristics. The results of SEM showed the variations of grain
morphology by raising NiO content. A suitable content of NiO can assist the grain growth, which
is uselul to develop the dielectric properties in a CaCu3TiaOv2 (CCTO) structure. Positron end
results show that there are vacancy-type defects are there in the sample and the concentration of
the defect and the defect variety both change with raising NiO content, The main findings are
significance of grain morphology and the properties of defects in controlling the electrical
propertics of above sample or ceramic.

A, Biscnct al. |39] examined dielectric propertics of the Baj.<LaxsZrO; compound.
XRD, FTIR and Raman examination demonstrated that there is no stage move occuring in lhe
picces between x = 0 and 0.1wt.%. XRD examination demonstrated that becausc of lower radii
of La’"than Ba**unit cell I\Jolume andl grid parameters are slowly smothered with raising
La*content, Despite that Raman examination proposcd the acrangement of higher level of
symmetry with raising La’"content. This was ascribed to changes in metal—oxygen separate in
the material. The cxpansion of oxygen opportunities due to consolidation of La**substance into
the BaZrQ; grid brought on abatement in band hole. The dielectric steady was measured by
Hakki—Coleman strategy. The microwave dielectric consistent diminished with increment of
[La**substance. DRA thinks about demonstrate that the reverberation recurrence and data transfer
capacity rcly on the permittivity of the materials which can be connected in different ficlds of
correspondence.

K. Y. Tan ct al. [40] investigated dielectric properties of MgB2. 'the examples with a

follow measure of protecting MgO stage demonstrated negative dielectric permittivity because of
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their metallic conduct. As the sintering temperature was expanded, the crystallinity and grain
availability were enhanced prompting a more negative dielectric permiltivity. The specimens
sintercd at higher tcmperature additionally indicated higher A.C conductivity at low recurrence
and a faster dccline of conductivity at higher recurrence ascribed to the expanded powerful mass
of charge transporters. Theretfore, those examples indicated higher and a more fast dielectric loss.
M. Mumtazet al[41] tried different things with Zinc oxide (ZnQ) nanoparticles
incorporation in CuTI-1223 superconducting stage. The incorporation of ZnO nanoparticles was
found to diminish the voids and to enhance the betwecen grains network in the host CuT1-1223
stage. The diclectric properties of these examples ie. dielectric constants (real and imaginary
part), and dielectric misfortune (tan 8), were controlled by tentatively measuring the capacitance
{C) and conductance (G} as an element of recurrence at various working temperatures. The
estimations of dielectric parameters were diminished with the expansion of recurrence and wind
up noticeably steady at certain higher recurrence csteems, while the estimations of these
parameters were expanded with the increment of working temperature csteems. Thus, we can
tune the dielectric properties of CuTI-1223 superconducting stage by fluctuating the substance of
ZnOnano-particles, recurrence and working temperature.
S. K. Hodaket al. [42]fabricated coplanar capacitors and their dielectric behavior is investigated
in frequency range of | MHz to 2 GHz and temperature ranges from 300K to 400 K. They used
off-axis pulsed laser deposit'ion technique to prepare Epitaxial strontium titanate (SrTiO3) thin
films on neodymium gallate (NdGaO;) substrate at 820 C°temperature. Ti/Au coplanar
capacitors electrodes with 25 um gap separation, gap width of 1.5 mm and overall size used was
3mm, synthesized by photolithography and evaporation method. Dielectric propertics were

enhanced by lowering surface to volume ratio and increasing in-plane grain size.
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Chapter 3

Svnthesis and Characterization Techniques

3.1 Synthesis techniques
3.1.1 Solid State Reaction method
There are two steps of solid state reaction method wihich are described below onc by one as
follows.
(a) One-Step method
One ol 1he simplest synthesis teehniques is onc step mcthod. The powder which is
in the form of elemental oxide changed to obtain appropriate amount of thallium T1. This
technique was [ound to be very easy as compared to other techniques such as; mulli step
method which is explained below,
(a) Multi-Step method
There are series of methods to obtain superconducting matrix. Multi step method
is eonducted at dilTerent temperatures. [n this method firstly, element introduced and then
mixed separately. Multi step method gives a lot of advantages, no loss of amount of
thallium and melting result at very low lemperature, As carbonates have many physical
properties, so it is usually used [or synthesis of high temperature supcrconductor. Above
the value of 900°Cand advantage of carbonates that carbonates completcly disappeared.
o avoid these losses a method which is named as solid state recaction method is used
which is divided into two steps: Firstly, carbonates and copper oxide that (CuQ2) mixed
with one another above 900°C and secondly, thallium oxide that vared at low
tcmperature.
3.2 Sample preparation method
3.2.1 Synthesis ofCunsBazCazCusOresPrecursor
CuTI-1223 superconductors were synthesized by a famous method named as solid state
rcaction methed. Figure 3.1 shows the method of synthesizing of CuTl-1223 supercenductors.
Compounds Ba (NO3)2,Ca(NO3) and Cu(CN) were taken with suitable ratios and mixed with one
another. Afier mixing compounds were grounded with mortar and then further pelletized After
that this mixture of appropriate ratios placed in [umace at value of temperature 860°C [or

24hours. When time is completed then switched off the furace and waited for room
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temperature. After 24 h heat treatment , the material was again ground for 1 h and loaded in

quartz boats for second time heat treatment under similar conditions

[ Ca(NOs), J Ba(NOs), r CuiCN) J

Mixing in quartz mortar and pastle

o

in an appropriate ratio for 1 hour

Vv

Fired at 860°C for 24 hour

N

Grinding for 1 hour

Fired again at 860°C for 24 hour

Ground for 1 hour

R 5

CugsBazCarCuzOypsprecursor

o

[ S—

Fig.3.1: Synthesized chart of Cul1-1223

3.2.2 Synthesis of (Cr)x/CuTI-1223nano- superconductor composites

After synthesis of CuTl-1223 superconductor matrix now included chromium Nano
particles (Cr)x having different values of x and T1203. Resultant matrix formed after inclusion of
Cr which was(Cr)/CuTi-1123 again grounded for one hour. Now using hydraulic press made
pellets of resultant superconducting composites at value of 3.8tons/em?>. Pellets that are made
must wrapingold capsule aﬁ‘d again placed in fumace at temperature nearly equal to 860°C for
10minutes [43, 44]. This process can also be explained with the help of diagram as shown in

figure.
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CuosBa:CaCuaOyo- Mixing of 71,03 Chromium {Cr)
sprecursor

nanacparticles

<

Mixing in quartz mortar and
pestle in appropriate ratio

<

Pelletized and enclosed

in gold capsule

<

Sintering at 860°C for 10
minutes

<

L3

{C)/CuTI-1223 nano-superconductor composite.

|
Fig.3.2: Syathesis of (Cr)/CuTI-1223 Nano particles

3.3 Characterization Techniques

There are several techniques which are being used here:

(a) X-ray diffraction(XRD)

(b) Scanning electron microscopy (SEM)

{c) Energy dispersive X-ray spectroscopy(EDX)

(d) Dielectric measurement by LCR meter &

XRD is used for sample phase purity and crystalline structure. Scanning electron microscopy
(SEM), which is used for chemical deposition of sample and EDX is used for elemental analysis.

These techniques are discussed one by one below.
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3.4 X-ray diffraction (XRD)

One of the most powerful techniques is XRD which is specially used to identily the
crystalline phases which are present in the sample. This technique also used for different
structural properties such as structural defects, phase composition and epitaxial etc. Thickness in
thin films and alomic structure in irregular materials is also determined through XRD technique
[45]. ‘This 1echnique is non-contacting as well as non-destructive, due to these reascens this
technique is considered as i'(‘jea] [or insitw.studics. Materials that can be used with any element
can be studied through this technique. In this technique X-ray beam with wavelength from 0.7 to
2°Aarc used for diffraction [46].

3.4.1 X-rays production

When a bcam of electrons bombarded on a melal surface then due to collisicn of
electrons with atoms fast moving electrons are decelerated. In other words electrons losses
amount of energy in the form of tiny bundles which are simply known as photon. These resuliant
photons which contain high amount of energy are called X-rays. This effect is called braking
radiation (bremsstrahlung) or continuous X-rays spectrum. The intensity of X-rays varics
inversely with the amount of frequency. The maximum value ol energy which is preduced by X-
rays photon is product of potential and electronic charge that is Ve. There is another type of X-
rays which is called characteristics X-rays. In this typc of X-rays electrons knock out from inner
surface and a vacancy is created in the inner shell. Continuous X-rays spectrum usually produced
emission spectrum at constant value of [requency.

Usually, X-rays produced through a X-rays tube which is also called vacuum tube. High voltage
is used to heat up ﬁlamen‘L[ to produced electrons which are accelerated to high velocitics.

Schematic diagram of production of X-rays is shown in the Fig. 3.3.
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3.5 Scanning electron microscopy (SEM)

After scanning sample with beam of electrons a microscope that produces images is
known as scanning electron microscope.Scanning electron microscopy gives information about
composition and topography of sample. Through SEM resolution achieved is nearly equal to
Inm. Observations of specimen can be obtained in high and low vacuum also in wet conditions.
This technique also givesus special resolution images and spatial varitions chemical composition.
3.5.1 Principle

The electrons that are accelerated in scanning electron microscopy contain suitable value
of kientic energy , this suitable amount of energy produces varitions of electrons with sample.
Afier collision these electrons are decelerated and dissipation of energy signal is found. These
signals also include some spatial charactristics that secondary electrons actually give us
scanning electron microscopy images, back scattered electrons that are used for determination of
crystal sturcture. Surface morpholgy and topography of a sample is shown through secondary
electrons [54]. For composition of a muiti phase sample shown using back scattered
electrons.Schematic diagram of SEM is shown in Fig. 3.9.Scanning electron microscope is also
called non desturctive techni'que because in this technique collision of electrons with sample not
affected the sample that are under considration.Due to these reasons we check morphoolgy of

sample again and again.
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T —
Electrons are produced through clectron gun by thermionic emission. The voltage that
produces electrons is  between 1 to 40KV. The beam of electrons is produced with a
tungsten wire having a sharp tip value equal to 100nm.
(b) Lenses
The narrow electron beams are focused with the help of condenscr lens. This smaller
beam of electrons is narrow which easily contacts with the surface of the sample.
{c) Scanning coil
These coils are used to focus the beam in X and Y-axis after beam being focused by
scanning coils the electrons are actually focused in the form of beams.
(d) Sample Chambcr
The sample is placéd insidc the chamber afier mounting. This sample chamber has
rotation devices, tempcrature stages, optical cameras and many other devices that actually
help in imaging the sample.
{e) SEM detector
The glectrons which are coming from the sample detected through a detector called SEM
detector. There are mainly two types of electrons uscd in SEM for imaging that arc sccondary
electrons and back scattered electrons. These electrons are also called low energy electrons
cscaped [rom the surface of the sample by imaging. One of the detectors in SEM is called
“Everhart Thornley™ detector. After that amplification signal is read through monitor.
(f) Back scattered electrons
High energy clectrons in SEM are called back scattered electrons, These electrons cellide
with sample and after that move in back direction. In other words clectrons collision is
elastic. These electrons are scattered in back dircetion in well manner that’s why detector
gives compositional information about sample. Detector conirols the contrast and also gives
us topographical information,
3.6 Energy dispersive X-ray spectroscopy (EDX)

Elemental analysis and chemical composition of a sample can bc determined through a
technique which is named as energy dispersive X-ray spectroscopy and sometime also called as
encrgy dispersive X-ray analysis (EDXA). To study the cmission of a type of X-rays which is
characteristics X-rays from a specimcn a beam of charged particles or a beam of X-rays is

focused into the sample. From a sample data EDX give different peaks for different elements.
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3.7.1 Working of LCR meter
Working o LCR meter consists of following steps:
(i) The component which is used to examine is under influence of A.C voltage sourcc.
(1)  Through LCR meter voltage and currentare measured initially.
(iii)  From measured values of voltage and current we can easily calculate impedance.
(iv)  From LCR meter we easily assumed series and parallel arrangements.
(v) For LR measurements always placed in series while for RC measurcmcents always
placed in parallel.
3.7.2 Advantages of LC.R meter
There are several advantages to use LCR meter. These are mentioned below
(1) This is very simple method for operation. -
(ii) Through LCR meter measurements are possible with very minor error.
(iii)  This is ideal instrument having quality control.
(iv}  LCR meter used for both analogue and digital quantities.
3.8 Resistivity measurements
From statement of Ohm’s law if value of voltage and current are known then resistance of the

substance is;

R= %(3.3)

This resistance of substance is proportional to length of conductor and varies inversely to area of

conductor that is given mathematically as follows
L

R =p= (3.4)

Where p is resistivity of the substance which can be written from above expression as follows;

—nt
p=R= (3.5)

Here R is resistance of specimen L is length and A is cross sectional area. Where p is resistivity.
3.8.1 Measurement of resistivity by four probe method
For measurement of resistivity a technique is used which is called as four probe

technique. Four probe techniquesare used due to reduction of resistance by sources.
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In construction of four probel technique there are four metal tips [59]. Each tip has finite value of
radius. Systematically diagram of this technique is shown in the figure. Amount of current is
applied to two outer tips whereas voltage is applied to two inner tips to determine the value of
resistivity. Ammeter and voltmeter also connected for measurement of current and voltage. The

specific value between probe spacing is approximately equal to Imm,

dc pawrr A1 niater
S D

[hagital

V T cter

Voltar e |
Prohes

[}

Cunent ¥ - - "\\Culwnl
Fiohe Frohe

Fig.3.12: Four probe technique[60].

37



Chapter 4 Results and Discussion
I — ———— — ————~———"——"———— /o ] ]

CHAPTER 4
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4.1 XRD Analysis
For crystal structure and phase purity X- ray diffraction (XRD) technique was used. XRD

pattern for CuTI-1223 superconductor and 1.0 wt. % Cr nanoparticles included (Cr)/CuTl-1223
composites are shown in Fig. 4.1.1t is shown from XRD that all major peaks are well indexed
according to the tetragonal structure of P4/mmm symmetry and showed the dominance of CuTI-
1223 phase. XRD pattern revealed that crystal structure of host CuTI-1223 phase was not
affected after inclusion of Cr nanoparticles. Few un-indexed peaks of low intensities were also
observed in XRD spectra, \fhich showed the existence of impurities and other supercenducting
phases. Tradeinark diffraction peaks of CuTI-1223 superconductor recorded at 20 = 5.75 in XRD
pattern of (Cr)x/CuTI-1223 nanoparticles-superconductor composites with x = 0 and 1.0 wt. %.
There is no significant change observed in the overall XRD pattern of nano-Cr particles added
(Cr)/CuTl-1223 samples, which pives a clear indication about the occupancy of these
nanoparticles at the inter-crystallite sites of CuTI-1223 superconducting matrix. The presence of
these nanoparticles at the grain boundaries can help to heal up the voids and to improve the
weak- links [61-64].

Check Cell programming was used te ascertain cell parameters. Cell parameter of CuTI-1223
supcreonductor are found to be a = 4.1A and ¢ = 15.18A and for 1.0 wt. % expansion of Cr
nanoparticles in CuTI-1223 superconductor composites, cell parameters a = 4.1A and c=15.20 A
were cbserved. The stoichiometry of CuTI-1223 matrix remains unaffected after inclusion of Cr
naneparticles; however a slight variation in the c-axis length is possibly duc to strcss and strains
produced in the malerials and the decrease of oxygen after addition of Cr-nanoparticlcs, which

can change the apical bond length.
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as conducting layer and grain-boundaries are considered as resistive layers, So it is supposed that

simple structure has two layers.

e Grain boundaries that behave as a poor conductor.

* Large grains that behave a good conducting layers.

4.3.1 Real part of diclectric constant (£/r)
When the sample is éxposed to an electric field then some part of energy is stored within

the material is given by real part of dielcctric constant (¢7). Diclectric constant of the
considerable number of tests arc ascertained in the recurrence extend from 10 kHz to 10 MHz at
various temperatures from 78 to 300 K. Variation of real part of {Cr),JCu'I‘I-.]223 nanoparticles-
superconductor composites with x = 0, 0.25, 0.50, 0.75 and 1.00 wt.% as as a function of
frequency at various operating temperatures is shown in Fig. 4.3 (a-c).

Large increase in (¢') at lower frequency for all samples correspond to Max -Well-
Wegner effect, which is attributed to inhomogeneous dielectric structurc. Space charge
polarization is also another reason for the increase of real part at lower values of frequency, With
the increasc of frequency, €' starts decreasing because the available time for drift of charge
carriers is reduced [68-71]. Another reason for the decrease of € is the polarizibilty associated
with material rather than interfaces. As time constant of applied [teld is lcss than for time
constant of dipolar polarization, so oscillations becomes fast, which gives rapid decrease in the
valucs of ¢, At higher frequencies, €'; is constant, which indicates that external applied tield
cannot drift the charge carriers. In this region electronic and lattice polarization contribute due 1o
very short relaxation time. In [requency range from 10° to 10* Hz hump has been observed in
‘¢ versus ‘f (Hz) curves, which is probably due to physical barrier that testrain charge
migration. At this hump a maximum loss occurs. This hump is also called dielectric resonance
and defined as when hooping frequency of electrons is equal to [requency of extcrnal aplied
electric field.

Dielectric behavior of ferrites and cuprates can be explained on the basis of Maxwell
Wagner models and Koop theory, Koop medel is considered as two layers model with grains and
grain-boundaries. Grain is considered as conducting layer and grain-boundaries are considered as

resistive layers, Eleetrons reach from conducting to non-conducting by hooping processes when
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external field is applied. Dielectric constant decreases at higher frequencies due to lagging of
electrons as they have difficulty to reach from grains to non-conducting regions. Maximum
values of ¢’ at frequency of 40 Hz varied from 1.3x10 to 8.4x10%, 1.7x10? to 3.7x10%, 3.4x10*
to 5.0x10% and 1.4x10° to 2.3x10* at 78 to 300 K for x = 0, 0.25, 0.50, 0.75 and 1.00 wt. % in

{Cr/CuTl-1223 nanoparticles-superconductor composites.

In the insets of Fig. 4.3 (a-¢), the variation ‘of € versus operating temperature at low
frequency of 40 Hz is shown. It was observed that by increasing temperatures from
superconducting state to normal state, real part of € was increased for all samples which is
probably due to increasing polarizability of the material. Over all non-monatomic trend shown
after inclusion of Cr-nanopa&icles for all samples which is most probably due to inhomogeneous

distribution of these nano particles at grain boundaries of CuTl-1223 matrix
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4.3.2 Imaginary part of diclectric constant
The information regarding absorption of encrgy at interfaces is provided by imaginary

parl of the dielectric constant. Fig, 4.4 shows imaginary part of dielectric constant of {(Cr),/CuTI-
1223 nanoparticles-superconductor composite samples with x = 0, 0.25, 0.50, 0.75 and 1.00
wt.% in the frequency range ol 10 kHz to 10 MHz at differcnt temperatures from 78 to 300 K.

Imaginary part of diclectric constant depends upon real part of dielectric constant and
dielectric loss tangent. The reason for this behaviour of imaginary part of diclectric constant can
be explained with the help of Maxwell-model and Koop’s theory. According to this model the
grain-boundaries are more active as compared to conducting grains at lower [requencies.

Highest value of imaginary part of dielectric constant varies fr0m'3.3><10?tﬁ 3.9x107,
6.0x10% to 4.3x10°, 1.2x10% to 1.7x10%, 7.48x107 to 9.9x107 and 7.3x10% to 9.5x10% in
(Cr)x/CuTl-1223 nanoparticles-superconductor composites having concentrations of x = 0, 0.25,
0.50, 0.75 and 1.00 wt.% of Cr nanoparticles by varying temperature [rom 78 to 300K. [nsets in
Fig. 4.4 (a-c) arc showed the increasing trend of imaginary part of dielectric constant with
increase in temperature. This increasing trend of imaginary part of diclcctric constant is due to
enhancement ol polarization as a function of temperature in the material [72]. The non-monotonic
variation in imaginary part of dielectric constant has been observed with increasing concentration
of Cr nanoparticles, This non-monotonic variation is most probably due to non-uniform
distribution of magnetic nature nanoparticles across grain-boundaries.

At lower frequencics imaginary part of dielectric constant found to be maximum which is
most probably due to at lower frequency material easily respond to the electric field. At higher

frequency imaginary part found to be zero because applied field cannot drifl the charge carriers,
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4.3.3 Dielectric loss Tangent
Dielectric losses occur in dielectric materials is also known as dissipation factor denoted

by ‘D’. Diclectric loss tangent was determined with the help of LCR meter in the frequency
range from 40 Hz to 100 MHz at different opcrating temperatures from 78-300K. Fig. 4.5 shows
the dielectric loss langent 01l° (Cr)/CuTI-1223 composites with x = (}, (.25, .50, 0.75 and 1.0
wt.%.

Dielectric loss tangent is the ratio between the imaginary and real parts of diclectric
constant [73]. It depends upon synthesis technique, tempcraturc of reaction and material
structure. At low frequency region, dielectric loss tangent has been decreased with incrcase in
frequency. Its value becomes maximum and then starts to decrease with further increasc in
frequency (i.e. at high frequency region) and showed a peak. Insets in Fig. 4.5 {(a-e} showed
decrcasing trend of dielectric loss tangent with increase in temperature. This decrcasing trend is
due to release of spacc charges at grain-boundaries. Tangent loss depends upon different factors
such as temperature, frequency, porosity, oxygen vacancies, and impurities. There is inverse
relation between tangent loss and frequency for these materials. In polarization process, at lower
frequencies grain-boundaries are more elfective than conducting grains. Charges are piled up at
grain-boundaries at lower frequency which gives high-value of dielectric loss tangent.

The value of ‘tand’ is grecater due to difficulties of hopping process of carriers and greater
collisions with spacc chargel carriers at lower frequencies. Hence, these charge carriers do not
contribute in polarization. With increase in frequency, peaks of tangent loss (Tand) star
decreasing and become saturated, which indicate that these charge carriers do not give response
to applied electric ac-field.

The decrease in ‘tand” at higher frequencies occurs because the rate of hopping of charge carricrs
[a1ls to follow the alternating electric field after a certain specific frequency and becomic almost
constant. A1 certain frequencies the charge carriers do not [ollow the alternating applied field,

which leads to decrease in dielectric permittivity and other dielectric parameters.
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Conclusion

Series of (Cr)/CuTl-1223 (x = 0, 0.25, 0.5, 0.75 and 1.00 wt. %) nanoparticles-
superconductor composites were synthesized successfully by sol-gel/solid state reaction method
and characterized by different experimental techniques. Structural, superconducting and
dielectric properties were explored by XRD, RT and LCR, respectively. Tetragonal crystal
structure of CuTl-1223 matrix was not altered after the addition of Cr nanoparticles, which
provides a clue about their occupancy at the grain-boundaries in the bulk CuTl-1223 material.
The suppression of superconducting properties can be attributed due to the anti-ferromagnetic
nature of Cr nanoparticleé, which can minimize the mobility of the carriers. Dielectric
parameters have decreased with the increase of frequency and became saturated at higher
frequencies. Real part of dielectric constant showed a resonance peak at specific frequcncy while
imaginary part and tangent loss of dielectric constant decreased with applied ﬁ'equency. Real and
imaginary part of dielectric constant increased while tangent loss decreased with applied
operating temperature, which is due to the enhancement of polarizability in the material. Overall
dielectric parameters show non-monatomic variation after inclusion of Cr nanoparticles which is

due to inhomogeneous and non-uniform distribution of these nanoparticles at grain-boundaries.
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