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Abstract 

The ro le of charge carriers suppliers of alka li metal Cs at the Cu02 planes is investigated 

by preparing Cuo sTlosBa2Ca2(Cu3-xCsx)OI0-o ( x=0.5,1 ,1.5,2,2.5, 3) superconductor samp les. 

These samples have shown olthorhombic crystal structure in which volume of the unit ce ll 

suppresses with the increased Cs-dop ing. A metallic variation of resistivity is a typical feature of 

these samples in which an enhancement is observed in the critica l temperature with increased Cs

doping. The excess conductivity analyses of conductivity data have shown enhancement in 

coherence length along c-axis ~e(O), the inter-layer coupling J and Fermi ve locity Yr of 

superconducting carriers and the phase relaxation time 'r(P of the superconducting carriers with 

increased Cs-doping. In comparison with un-doped Cuo.sTlosBa2Ca2Cu301O-o samp les the va lues 

of parameters such as Be(o), Bel (0), Be2(0), Je(O) and K=')J~ are suppressed in Cs-doped 

Cuo.sTlosBa2Ca2(Cu3-xCsx)OI0-o ( x =0.5 , 1, 1.5, 2, 2.5, 3) samp les showing suppression in the 

population of inadvetent defects which act as pinning centers. Oxygen related phonon modes are 

softened in Cs-doped samples demonstrating intrinsic doping of Cs in the final compound. 

Dielectric measurements of these samples have shown suppress ion in the values of the rea l part of 

die lectric constant 8', imaginary of part of the dielectric co nstant 8" and ac-conductivity O'ae that 

most like ly arises from the the suppression in the density of ho les due to increased e lectron-ho les 

recombinations that transform the material to optimal doping regime wh ich result to their higher 

crit ical temperature. 
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CHAPTER-01 
1 INTRODUCTION TO SUPERCONDUCTIVITY 

This chapter discusses the emergence of the phenomenon of superconduct iv ity, its brief 

historical evo lution and different theories that g ives insight understanding of the give n 

phenomenon. In the end, the chapter consists of some applications of superconductivity. 

1.1 Superconductivity and its historical evolution 

A Superconductiv ity is a phenomenon in which specific materials, known as 

superconductors, exh ibit comp lete ly zero electrical resistance and magnetic fie ld exc lusion when 

coo led below a characteristic cr itical temperature Tc. [I]. So we know that the critica l temperature 

is the transition temperature of a material among its superconducting and its normal state. 

T he history began in 1911 when a Dutch physic ist H. Kamerling Onnes discover 

superconductivity in mercury. Below 4.2 ke lv in(k)[2] he found that res istance abruptly drops to 

and in next year he discovered that, resistance is restored by the app lication of the strong magnetic 

field. 

Superconductors have perfect diamagnetism, as discovered in 1933 by W. Meissner 

and R. Ochsenfe ld. [3]. The Meissner effect, which was discovered, is the exclusion of magnetic 

fie lds from the interior of materials that have coo led below their transition temperature at the 

presence of a weak magnetic field. 

C. 1. Goater and H. B. G. Casimir proposed the two-fluid model in 1934, based on 

the assumption that there are two compone nts of conduct ing e lectro n fluid in the superconducting 

state,one of which is the normal e lectrons originating from normal metals and the second is 

superconducting e lectrons attribute to anoma lous properties that leads to the phenomenon of 

superconductivity [4]. 

The presence of the two critical magnetic fields in type Il superconductors was 

proven in 1937 by L. V. Shubnikov et al. [5]. So the existence of a two critica l magnetic field 

attribute to vortices and this new state is called "mixed state" or "Shubnikov' s phase". A. A. 

Abr ikosov theoretically exp lained Shubnikov ' s experiment with the help of a G inzburg-Landau 
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theory proposed by V. G inzburg and L. Landau in 1940 [6-7]. He suggested that vort ices found in 

Shubnikov ' s phase formed periodic lattice. 

In 1950, H, Fro lich proposed that vibrat ing atoms playa key role in making materia ls a 

superconductors. Based on his assumpt ion, E. Maxwell and C. A. Reynolds discovered the isotope 

effect of mercury and calculated the cr itical temperature and isotope mass "M" 

[8-9] i. e. 

Tc Ml /2 = constant (1.1 ) 

In 1957, 1. Bardeen, L. Cooper, and R. Schrieffer proposed the microsco pic theory of 

superconductivity in meta ls known as BCS theory [10]. According to the BCS theorY,the 

superconductivity is caused by weak e lectron-phonon interact ions, where two e lectrons that join 

to create a Cooper pair exhibit an attractive potential. 

The Josephso n effect, which is the quantum-mechanical tunnelling of Cooper pairs 

over a small insulating barrier placed between two a superconducto rs was fi rst theorised by B. D. 

Josephson in 1962. 

In 1984 a bi-soliton model was put up by L. S. Brizhik and A. S. Davydov to 

account for superconductivity in organic quasi-o ne-dimens iona l conductors[ll]. A cooper pa ir in 

this model is a quas i-one-dimensional exc itation due to the coupling of the strong, nonlinear, 

e lectron-phonon interact ions. 

P. Anderson proposed a mode l in 1987 to explain the mechanism of a 

superco nductivity in a cuprates, postulating that a pairing mechanism and the estab lishment of 

phase co herence are different mechanisms frol11 each other. [1 2]. 

In 1990, A. S. Davydov published a theoretical mode l describing how 

superconductivity works in superco nductor having a high 'Te' espec ia lly cuprates [13]. The central 

idea of his theo ry is to use the co ncept ofbi-solitons.in this concept,electrons are attracted to each 

other by a loca l defo rmat ion of the CU02 planes' -O-Cu-O-Cu- cha in. 

In 1995, V. J. Emery et at. cons ider the pairing mechanism and a long range phase 

coherence to be a fundamental mechanisms of we ll -established superco nduct ivity. T hey 

emphasized above 'Te' cooper pairs begin to form and that at Te (R=O) the long-range phase 
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co herence is stro ng [14]. 

In 1999, it is found from tunne lling and neutron scattering measurements 

that the magnetic resonance peak appearance is due to the sp in exc itation that causes phase 

co herence in BbSr2CaCu20 8+x (Bi-2212) and YBa2Cu30 6+x(YBCO). [1 5]. 

In the previous decades after the discovery of unconventional superconductors, 

spec ially cuprates, many theories presented by different sc ientists to understand the mechanism of 

superconductivity, but unfortunately, there is no proper and complete theory fully exp laining the 

g iven mechanism, and it is an open debate for the physicists in the fi e ld of condensed matter to 

formulate the complete theory of superconductors. 

1.1.1 Era of High Temperature Superconductors 

In the early years following the discovery of mercury's superconduct ivity, numerous 

e lemental metals like lead (Te = 7.2K) and niobium (Te = 9.2K) show superconductivity, the later 

has highest critical temperature in elemental metal [16]. Many new superconductors were 

discovered between 1964 and 1986 and all obey BCS theory, which imposed an upper limit to Te 

of abo ut 30K under stro ng coupling limit [17]. The era of high temperature superconductors began 

after superconductivity was discovered, in one of cup rates family La-Ba-Cu-O having a maximum 

Teof about 38K [18]. In 1987, the transition temperature of93K was discovered in YBCO [23]. In 

the next year, Bi and TI based superconductors having Te l10K and 125K were discovered 

respectively. 
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In 1993 Hg based superconductors discovered with the highest Tc of about 135K that 

extend to 164K by applying pressure [19]. In 2015, Eremets et a!. discovered that sulphur hydride 

shows Tc of about 203K under pressure of 90 gigapascals [26]. Recently in 2018, R. Hemley et 

a!. discovered superconductivity in lanthanum hydride LaHlo having Tc280K by applying pressure 

of200 gigapascals. The superconductor material discovered by Eremets and Hemley under high 

pressure are conventional superconductors and these types of superconducting materials have been 

well understood since 1950s. 

1.2 Properties of superconducting state 

In the following section, we will discuss some anoma lous properties of the 

superconducting state. 

1.2.1 Zero resistivity 

The zero resistivity is one of the most prominent character ist ics shown by superconductors. 

One can observe a sudden change in resistivity from finite va lue to zero at critical temperature T c 

(R=O),as given in figure 1-2. 
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Figure 1-2:The Resistivity vs Temperature G l'aph of a Mercury. 

The above figure shows the certain change in resistance around 4.2 K for mercury which 

point out the occurrence of thermodynamic phase transition from one phase to another [20]. One 

of the phases, occurred at temperature value higher than 4.2 K, referred to as normal phase in 
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which superconducting material behave like normal metal and their properties like electr ica l and 

magnetic show the same behaviour as that of metal at ambient conditions . While the other exist at 

temperature va lue lower than 4.2 K is a supercond ucting phase in which electrica l and magnetic 

properties are quite different i.e. zero resistivity and perfect diamagnetism. 

1.2.2 A Meissner-Ochsenfeld effect 

The Meissner-Ochsenfeld effect refers to the exc lusion ofa magnetic field from the inter ior 

of a superconductor upon coo ling to its crit ica l temperature and was first investigated by Meissner 

and Ochsenfeld[21]. This effect occurs when the magnetic fie ld (B) is app lied to a superconducting . 

material placed below 'Te' and penetrates through a small thickness A. A current builds up on its 

surface, cance lling the effects of an external magnetic fie ld s and creat ing magnetization ins ide the 

superconducting material. Superconductors in the Meissner state exhibit ing perfect diamagnetism 

with negative values of susceptibility "x", i.e. 

x = -Ilo M / B = - 1 ( 1.2) 

so here' Ilo' is a permeability for a free space and 'M ' for the magnetization. 

Normal metal 
B 

T>Tc 

Superconductor 
B 

T <Tc 

Figure 1-3: Meissner Effect 

If we put a superconductor in a magnetic field at T > Te, and further decrease the 

temperature to reach that the T < Te, then the magnetic field in this case is confined w ithin the 

superconductor and w ill diminish if we increase the temperature through Te. So this "frozen" 
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magnetic fie ld is independent of a external magnetic field(b) when removed and remains inside 

the superconductor. 

1.2.3 A Flux quantization 

A Quantization ofa magnetic flux is a quantum property ofa superco nducting state. When 

T<Tc, the magnetic field lines will trap in nonsuperconducting ho les(vo id s) as shown In figure lA. 

The magnetic field lines generated by supercurrents on the inner surface of the hole. The equation 

for flux quantlzation is 

<I> = n<l>o 

Figure 1-4:Quantization of Magnetic Flux 

<P = 2ne <Po 
e' 

n = 1, 2, 3, 4 ...... ( 1.3) 

Where cDo is flux quantum having value he = 2.0679 G cm2 and cD is total flux stored in a 
2e 

hole. The equation 1.3 manifest that flux through hole in a superconductor is quantized in unit of 

2e 
--; <1>0. Here e *=2e, reflected the fact that pairing of electron leads to the occurrence of 
e 

superconductivity. 

1.2.4 A Josephson effects 

B. D. Josephson proposed a theoretical exp lanation for quantum-mechanical tunnelling of 

Cooper pairs via a thin insulating barrier sandwiched between two superconductors in 1962. That 

theoret ical explanation was soon experimentally verified and is named as the Josephson effect. In 

a Josephson effect ,electrons from two superconductors fuse into a sing le quantum body. The 

wavefunction of electrons on either side of the insulating layer interact via a weak link. 

Consequently, the same wavefunction describe all the electron on both sides ofa weak link. Due 
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to a weak link or inhomogeneity, a phase difference of 8 = 81 - 82 created between two 

superconductors. 

,Insulator 
~--------------~ 

Superconductor 

Cooper pair 

Figure 1-5:Schematic Diagram of SIS Tunnelling Junction 

So we have two types of Josephson effects in which one is DC Josephson effect and the 

second one is AC Josephson effect. In DC Josephson effect, a direct current flows through a weak 

link when no external voltage is applied. The basic equation that describes this effect is 

(1.4) 

where I is a current and Ie is a cr itica l current through a Josephson junction. DC values are 

between - Ie and Ie. In AC Josephson effect, applying a voltage (V) across a junct ion causes a 

phase change with time which is given by the equation. 

Critical Current (Ie) 

Voltage 

Figure 1-6: I-V Characteristic of SIS Tunnelling Junction 
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( 1.5) 

The phase changes linearly with time and alternating current generated having amplitud e 

Ie. So that the complete mathematical equation for lex! (alternating current) is 

I ext = CJ· dv + I c sin e + ~ 
dt R 

(1.6) 

Where Cj is a constant 

1.3 Basic theories of superconductivity 

1.3.1 The London theory 

In 1935, two brothers named Fritz and Heinz London presented the first phenomenological 

theory of superconductivity. They describe two fluid models, which state that there are two 

compo nents of a conducting e lectron fluid in the supercond ucting state,one fluid component 

consisting of normal electrons having density nn, wh ich behaves sim ilarly to the free e lectrons of 

normal metals. The second component of fluid consist of supercond ucting e lectron that leads to 

the cause of superconductivity.To formulate the two equat ions, they assume that the 

superconducting e lectron density ns is same everywhere i.e. there is no spatial variation in ns. The 

a lso hypothesized that e lectric and magnetic fields are so weak that they have no effect on charge 

carr iers. 

There are two London equat ion formulated by London brothers. The [u'st London equation 

describes the dynamics of superfluids in the presence of an e lectric fie ld and builds a relationship 

between changes in the superconduct ing charge density js in response to an e lectr ic field i.e. 

(1.7) 

The second London equation describes the response of superconducting materials at a 

presence of app lied magnetic field (B) wh ich successfu lly exp lains the Meissner effect. 

Mathematically it is represented as: 

~ ~ n e 2 -t 

'ilx] =-5_B 
s 111 

cHo :::': is = -e A 
47rA 

(1.8) 

(1.9) 
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The above equation shows that the magnetic field does penetrates to a sha llow depth on 

the surface of the material with a penetration depth ofA. 

1.3.2 London Penetration depth 

it is the characteristic length that defines how far ' B' penetrates the superco nducto r. The 

magnet ic field is not cance lled co mplete ly but is expo ne ntially screened fi'om the inside of 

superconducting material. Values of vary AL between 50 and 500nl11. 

(l.10) 

It obeys that screening super current at superconducting surface shows decreme nt over 

same length. 

(1.11 ) 

Js = (c/4rr) curlB (1.12) 

So we get Js for our simpler geometry as 

Js = (cB o/4rrAL)e-X
/

AL ( 1.13) 

I 

Figure 1-7:A Exponential Decay of a Magnetic field inside the Superconductor. 

Fro m (1.10) we can see that AL is temperature dependent because it depends on 11 5. So 

A(T)=A(O)/J[l- (~)"1/4] 
Tc 

(l.14) 
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1.3.3 The Ginzburg-Landau (GL) theory 

V. L. Ginzburg and L. D. Landau published the first quantum theory of superconductivity 

in 1950[22]. The quantum effects were not taken into account by the London theory. However, a 

need for quantum theory was strongly felt because firstly, the superconducting state's entropy is 

lower than the normal state's,and secondly, a transition from normal state to supel'conducting 

state is a second-order phase transition that led to idea of an order parameter lJ' .ln superconducting 

electron the order parameter is the complex wavefunction which is zero for T>Te and non-zero 

for a T<re. The Landau theory of the second order phase transition, which is based on the free 

energy expansion with respect to the small power order parameter lJ' at the transition temperature, 

was applied in the GL theory. 

Therefore, this theory is valid near the critical temperature, i. e. T-Te « Te. Regarding the 

formulation of the theory, they used normalized version of order parameter which is 1lJ'1 2 that 

gives the density of superconducting electron i.e. 

(1.15) 

Where ' n5' is density of e lectrons ofa superconductor. 

Further they assumed that a lJ' doesn 't depends upon the position 1', which means that there 

is no external field applied that make lJ' a position dependent. Mathematically the expansion of 

free energy is 

( 1.16) 

Here, F is the free energy de nsity, F 11 is the free energy density in normal state, and ' a ' and 

'P> are the phenomenological expansion coefficients that are dependent on the superconducting 

material.The application ofa magnetic field (B) will cause the expansion of free energy to become. 

(1.] 7) 

Here A is the vector potential. 

After minimizing the above equation, we get two generalized equation ofGL theo ry i.e. 

1 ( e ' )2 alJ' + .B1lJ'1 2lJ' + - -ih'V - - A lJ' = 0 
21n' c 

(1.18) 
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( 1.19) 

Coherence length S and penetration depth it are t,,,,o characterist ic lengths of a G inzburg

Landau theory and are given below. 

~= (1.20) 

it= (1.2] ) 

The coherence length represents the length of order parameter or thermal Ouctuation and it 

represents the penetration depth of magnetic field(B) at a surface of superconducting material. 

Based on these two parameters Ginzburg-Landau introduce an additional parameter "K" known as 

GL parameter define as 

K= 5. 
A 

(1.22) 

where 

1q'(r)1 2=1 in superconducting state and 1q'(r)12=O in normal state. 

The two length dependent parameters of superconductor are: 

.:. Coherence length 

.:. Penetration depth 

1.3.4 Coherence Length (s) 

"s" is the length in which order parameter " \{1" changes nearby the supercond uct ing 

boundary. This idea was given by Pippard in 1953 . The penetration depth and coherence length 

both are temperature dependent and their ratio is called G L parameter " K", which differentiates the 

a Type I and a Type II superconductors [22]. 

when K«)1/2 then it is a Type I Superconductors. 

when K> » 1/2 then it is a Type II Superconductors. 
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Figure 1-8:Types of a superconductors which is based on penetration Depth and Coherence Length. 

1.3.5 Types of a Superconductors 

The Superconductors are divided in a Type I superconductor and a Type 11 Superconductor 

with respect to their magnetic properties. A Type 1 Superconductor include all superconductors 

other than Niobium where Type H superconductors are composed of High 'Te' superconductors, 

superconducting alloys, Niobium, and the chemical compounds[ll]. while studying the 

superconducting alloys in a strong magnetic fields the L. Shubnikov experimentally observed the 

Type 11 superconductors. According to V. Ginzburg and L. Landau, those with the positive free 

energy of the normal metallic superconducting interface are Type 1 superconductors, and those 

with inhomogeneous states in a strong external magnetic field are Type II superconductors. But at 

that time only Type I superconductors were known. The theory for Type II superconductors was 

further refLl1ed by AA Abrikosov[23]. 

1.3.5.1 Type-I superconductors 

The Superconductors that exhibit a change from a diamagnetic to a paramagnetic state at 

critical values of applied magnetic field are called Type 1 Superconductors. Such superconductors 

strictly obey Meissner effect i.e. below critical field they are perfectly diamagnetic but their 

magnetization goes to zero for all fields above critical field. They are also called as soft 
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superconductors because require very small critical field to destroy superconductivity. Pb, 

Hg, Sn are Type- ] superconductors which perfectly obey the diamagnetic behavior[24]. 

1 
M 

..-- ....... - "~-~I ~--- Normal State ) 

H ---.) 

Figure t-9:Magnetization vs Applied Field of Type-l Superconductor 

B 

Normal 

Meissner State 

T 

Figure t -1 0: Phase illustration of Type-l Superconductor 

1.3.5.2 A Type-IT Superconductors 

These superconductors do not exhibit such a change from diamagnetic to paramagnetic 

state and a lso do not obey the Meissner effect. The magnetic flux penetrates through the spec imen 

at a critical magnetic field 'Hc l' which is called lower critica l fie Id and the specimen IS 111 
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superconducting state below it. This lower field is less than Hc. The spec imen is in normal state 

(paramagnetic) above Hc2 which is known as upper critical field (100 times greater than Hc) . 

Between Hcland Hc2 the specimen exhibits mixed state. Magnetic field infiltrates in mixed state 

in form of vortex and supercurrent circulates around the central core of every vortex. The field 

penetrating through the vortex tends to oppose the tiled from the specimen outside the vortex. 

These superconductors are also called as hard superconductors as strong magnetic field is needed 

to finish superconduct ivity. Ni and metal a lloys are samples of type-II superconductors. [25] 

H d T) 
_'0_-::--'_---. 
"NO"oS"p""'ondu:;;;;g:-, NOfll1al 

.............. Mi xct.lSlnlc ~ 

'- (Vorl ex Uq,,;d) '~ 
sllP"rC"ndu:i~-:-........ H s(T) 

Mixed Slale .... -.. ~ 
(VOrlCK Glnss) -.. ......... " , 
Superconducting , \ 

(Meissner) H cO (T) \\ 

Temperature 

Figure 1-11: Phase Diagmm of Type-ll Supe.·conductor 
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Figure 1-12:Magnetization vs Applied Field 
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1.3.6 The Bardeen Cooper and Schrieffer CBCS) theory 

The fust microscopic theory to be put forth was the BCS theory by a Bardeen, a Coo per, 

and a Schrieffer in 1957[10].The Leon Cooper brought the id ea of attractive interactions between 

e lectrons that form pairs called Cooper pairs. The mediator that drive the e lectrons to attract each 

other are the lattice vibrations or phonons. The electron repels other electron due to the ir negat ive 

charge, but it attracts the positive ions that make up a lattice. But when an electron moves across 

the positive ions it distolted the latt ice from the ir mean position via attractive potential, increas ing 

the positive charge dens ity in the neighbourhood. The positive charge dens ity attracts another 

electron. As shown in Figl-13, the displaced ions allow the attractive forces between the e lectrons 

to overcome the repuls ive forces of the e lectrons, allowing them to bound in pa irs. Hence the pair 

of e lectrons generated via electron phonon interaction hav ing attractive potentia l between them 

and behave like composite bosons. These composite boso ns which are known as Coo per pairs 

co ndensed to form grou nd state at Tc(R=O) and follow Bose- Einste in stat ist ics. 

Figure 1-13:Lattice Mediated for the Formation of Coopet· Pair 

In momentum space, the Cooper pair formed , when one e lectro n emits a phonon of 

momentum nq and other absorbed it. This interaction is given by 

(1.23) 
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where IBef[1 is a matrix e lement representing the probability that olle e lectro n emits a 

v irtual phonon and a second electron abso rbs it , w is the £i'equency of e lectron being co nsidered, 

and WD is the Debye frequency. The negat ive Vett means attractive potential and it is possible 

when those e lectro ns near the fermi leve l take part in attraction whose energ ies differ £i'om fermi 

level is less than or equal to Debye energy of lattice (11WD)' 

The attractive interaction of Cooper pair yie ld s a bound state having mathematical 

express ion of energy wh ich is g iven by 

_NCEt) 

lEI = 2hwDe gett ~ 1.76kflTc (1.24) 

where N(Et ) is a density of the e lectron states at a fermi leve l and kfl is a Boltzmann 

constant and Tc is a cr itical temperature. T he numb er 1.76 is exact for weak coupling limit and 

holds true for many but not for all conventional superconductors . 

At the critical Temperature Tc(R=O), a condensed state with lower energy than the normal 

state is formed and hence the band gap appears. T he band gap acts as a gateway to norma l and 

superconducting state. The dependence of band gap decreas ing w ith the increase of temperature 

correctly predicted in case of low temperature superconductors. 

This theory is true for conventional superconductor 111 which e lectrons and lattice 

vibration(phonon) interact linearly with each other and their band gap exhibit s-wave sy mmetry. 

But in unconventional superconductor the interaction beco me nonlinear because of strongly 

correlated medium in which the position and dynamics of each carrier (electron or hole) effect 

every other carrier immense ly. Moreover, appearance of psedogap in a norma l state of 

superconductor is a mystery for BCS theory. 

1.4 Thermodynamic Properties 

The Second-order phase transition is the change £i'om normal conducting state to 

superco nducting state. Such trans ition is thermodynamically reversible just like liquid and vapor 

phase transition. I will discuss be low the thermodynamics properties which effect the seco nd order 

phase transition. 
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1.4.1 Gibbs Free Energy 

The G ibbs free energy in thermal eq uilibrium is w ritten as . 

G=V-TS-B.H/4n: +pV ( 1.25) 

here ' U ' is a total internal energy of the system; T is temperature. 

S is entropy per unit vo lume; p is pressure of the system; 

H and B are applied magnetic field and flux; V is vo lume, 

As F= V-TS 

so G=F-8.H/4n: +pV (L .26) 

here 'p ' is called Helmholtz free energy [26]. The He lmholtz free of a normal state 'Fn ' 

is greater than the value of the superconduct ing state 'Fs' . 

(1.27) 

This is also called condensation energy and He is thermodynamic critical field. 

1.4.2 Entropy 

E ntropy is the defined as disorder of the state. As the e lectrons of superconduct ing state 

are more organized than e lectrons in normal-state so we can say that entropy of 'SN' in the normal 

state is larger than the entropy of 'Ss' in the superconducting state. But at critical temperature both 

states have same entropy [27]. The difference in entropy between these two states is given by: 

(1.28) 

So the third law of thermodynamics states that the entropy of a system at T=OK, 

approaches a limit value ' So ' that is independent of a ll its parameters. SO SN-SS=O as T=O. At 

T=Tc, Hc=O so SN-SS =0. Also O<T<Tc, (BHc/BT)<O, therefore SS<SN mea ning that a 

superco nduct ing state is better organized than normal one. 

31 



>a. 

~ 
c: 

LU 

/ +---i---Superconducting 
State 

Figure 1-14:Entropy as a Function of a Temperature in the supercollducting and the Normal state. 

1.4.3 A Specific Heat 

Specific heat of a metal consists of electron and lattice contributions. 

( l.29) 

From theory of normal metals, at minimum temperature lattice specific heat depends upon 

temperature that is given as Ciat=~TJ and CeI=yT, so; 

(1.30) 

Since the superconducting transition does not effect the lattice, so the lattice specific heat 

does not change below Tc but electronic specific heat changes drastically be low T c[28]. 

Therefore, here below a 'Tc', the electronic specific heat falls exponentially with decreasing 

the temperature. 

(Cel)S = Aexp( -!leT) j K8T) (1.31) 

where ' A ' is constant and ' /). ' is energy gap. 
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Figure 1-1S:Specific Heat as a Function of Temperature 

1.5 Dielectric Proper ties of Superconductors 

We analyzed how permittivity changes by chang ing the frequency, pressure, temperature 

and shape ofthe sample. 

1.5.1 Capacitor 

The device used for storing charge in the e lectric fie ld is called a capac ito r. It contains 

different conducting and dielectric layers. 

1.5.2 Permittivity (Dielectric constant) 

Die lectric material have the capab ility of storing t he energy if it is exposed to applied 

e lectric fie ld . The quantity of a charge sto red in the capac itor increases when dielectric medium is 
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lo cated within a parallel plate capacitor.The relation between capac itance and dielectric constant 

IS: 

( 1.32) 

here EO is a permittivity of a free space and 'A' is area of a paralle l plate of a capacitor and 

'd' is a spac ing between them. 

According to electromagnet ic theory, e lectr ic disp lacement or e lectric flux density Dr is 

defined as, 

(1.33) 

So here 'cO' is permittivity of a fi'ee space while ' cr' is re lative permittivity. A co mplex 

number ca lled relative permittivity defines how an e lectric field interacts with a die lectr ic medium. 

The real component of the permittivity (c/) measures how much energy from an external fi e ld may 

be stored in a material. Whereas imaginary part (c/') te lls that how much fie ld dissipates in the 

die lectr ic medium? Er' is always greater than cr" . 

1.5.3 Dielectric Loss (tanS) 

The ratio of the imaginary to real parts ofthe die lectric co nstant is known as the loss factor. 

s: "/ I tanu = Er Er (1.34) 

It is also named as "tan delta" or "d issipation factor". 

1.6 Important Parameters relating Superconductivity 

1.6.1 1.6.1 Critical Temperature (Tc) 

The res istivity of superconducting composites drops to zero when it is coo led be low(1 2) 

a spec ific Temperature.So here this Temperature is called the critica l Temperature 'Te ' . BCS 

theory says that be low Tc, two electrons present in the same state hooked up by phonons and hence 

a Cooper-pair form. This Cooper pair has an integral spin and behaves like a boso n. Above Tc, 

resistance enhances which produces heat. This heat causes the Cooper-pairs to depart and hence 

the superconduct ivity of the mater ial gets destroyed. 
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1.6.2 Critical Field (Hc) 

Bes ides Tc, the crit ica l fie ld a lso affects the superco nducti vity of mater ia l. Tc and Hc are 

inversely linked w ith each other. As the applied magnetic fie ld increases i]-om its acute va lue, 

magnetic tlux beg ins to be emitted from the sample (perfect diamagnetism). 

> <: c 

> 

Figure I -J6:Expulsion of Magnetic Field lines from the Material when T<Tc and H>Hc 

Critical f ie ld is contingent on temperature [14] and is mathematically written as: 

( l.35) 

Where He(O) defines the magnetic fi e ld at zero kelvin. When T = T c, He(T) becomes equa l 

to zero. When the va lue of He is known, then the value of critica l current Ie can also be found using 

the relation: 

(1.36) 
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1.6.3 Critical Current Density (Jc) 

Superconducting cables can be utilized for conduct ion of a large amount of current to avo id 

resistance. 

But there are certain limitations on current for flowing through these wires. Current per unit area 

flowing through superconducting wires is ca lled current density ,,1" . When J > Jc, these wires wi ll 

not remain superconductors any more i.e. they become normal cond uctors. Kunzler for the first 

time observed Jc in 1961. Critical current density is also temperature dependent Jc must have the 

value higher than 1000 / for practical purposes. Whereas in thallium based cuprate 

superconductors, 106 to 107 A/cm2 can be achieved at very low temperature. 

1.7 High Tc cuprate superconductors 

Cuprates superconductors are fall In the category of unconventional 

superconductors. They are layered compound comprised of CU02 planes which are separated by 

charge reservoir layers as shown in figure 1-17. The charge reservoir layer, which commonl y 

consists of an insulating or semiconducting mater ial, provides charge carr iers to the CU02 surface. 

Their crystal structure is usually tetragonal/orthorhombic having space gro up p4mmm, and they 

are highly anisotropic because oftheir d-wave symmetry. 

AOx 

CuTI·1223 
AO. 

CuTI·1212 Ba 
AO. 

Charge reservoir CU01 
block Ba 

Ca (YI 
cuoz 

CU02 
C Superconductor CatV) 

CuO) 

block CalYI Ca (Y) 
cuo? CtlOl CU02 

Charge reservoir Ba Ba block EO 

a AOx AOt AOx 
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Figure 1-17: The Crystal Structure of some member of the Fam ily of a (CuTI)-Ba-Ca-Cu-O 

Superconductors. 



Anisotropy of a high ' Te' superconductors decreases as the coupling between CuO planes 

become stro ng that leads to the improvement in superconduct ing properties like T e, current dens ity, 

interlayer long range phase coherence etc. The scientists are continuing to pursue superconducting 

material that exhibit higher critical temperature and low anisotropy. TI-1223 superco nductor one 

of the members ofTI-Ba-Ca-Cu-O family is anisotropic and has higher Te(O) than the other s ing le 

layer ofTI-O material , but due to carcinogenic nature ofTI it has a severe effect on hea lth. Pursuing 

a material of high Te a new family of cuprate CuBa2CaIl ICuIl0 211+2 [Cu- 12(n- l)n] (n= 1,2,3 ... ) was 

discovered. It forms under pressures of 4-6 GPa and was thought to be best known for its higher 

critical current density and critical temperature [29]. They have the same structure as that of TI 

based superconductors, but in these compounds, there exist a copper (Cu) in charge reservoir layer 

(CuBa20411+o), The family exhibit low anisotropy than TI family because of their conducting charge 

reservoir layer. A new subfamily, abbreviated as Cu I-x Tlx- 12(n- l)n was discovered by substituting 

'T I' for 'Cu' in Cu-12(n-l)n compounds. This new subfamily exh ibits the same properties as Cu

based superco nducting materials and can be manufactured at both high and low pressures [30-3 1]. 

They have a semi-insulating charge storage layer of CUI -xTlxBa20411-o which slightly ra ises 

anisotro py (y=5) but keeps it below that ofTI-based compounds. T he crysta l structure of members 

of this family is shown in figure 1-17. The CU02 planes separated by Ca atom. While Ba atom act 

as a bridge between the CU02 planes. 

1.8 Applications 

There are wide range of applications of superconductivity some of them are . 

• :. A SQUID, a form of magnetometer that measures extreme ly small magnetic field s 

of the scale of 10-18 Tesla, is a superco nducting quantum interference dev ice . 

• :. As a powerful electromagnetic it is used in fu s ion reactors to confine plasma, 

magnetic levitation (maglev) train, magnet ic reso nance imaging (MR£), partic le 

acce lerators (e.g. Large Hadron CollideI') as a magnet that focuss ing charge 

particles on the target. 
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.:. As a low lo ss powerful e lectric cable. Germa ny manufactured superco nducting 

w ire that transmit and distri bute power of lOkY at I kl11 . T he w ire coo led down to 

superconducting state by us ing liquid nitrogen . 

• :. As an e lectric fi lter like RF (radio filter) and microwave f ilter. 
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CHAPTER-02 
2 LITERATURE REVIEW 

In 1988, Z. Z. Sheng et al. [1] for the first-time discovered family of thallium-based 

superconductors (TI-Ba-Cu-O). This fami Iy showed zero resistance crit ical temperature Tc(R=O) 

above 90K and revealed that by subst itution of different e lements may increase the Tc(R=O) higher 

than the parent compound. They also reported that the substitution of Ba at Ca s ite increase 

Tc(R=O) higher than 100 K and show onset temperature of 120 K. Moreover, they claim that the 

superconductor they discovered is more stable and reproducible. 

Parkin et al. [2] reported zero res istance critical temperature ranges between 118 K and 

127 K in TbBa2Ca2Cu30 x superconductor. They revea led that variation in Tc(R=O) depends upon 

the process ing condition. They concluded from transmiss ion electron spectroscopy that unit ce ll 

of TbBa2Ca2Cu30 x superconductor exhibit body-cantered tetragonal structure which further 

comprised oftrilayer copper perovskite block linked through bilayer thallium ox ide block. 

D. Tristan et al. [3] prepared TbBa2Ca2Cu30\O+x and ThBa2Ca3Cu40 '2+x us ing a diamond 

anv il ce ll und er hig h pressure up to 2 1 GPa. They used four probe method developed by Van 

Eenige et al [4] for high pressure exper iments to measure res istance. At ambient pressure, they 

have zero res istance critical temperatures of 128.5 and 113 kelvin(k) respective ly. but due to 

increase in pressure the Tc (R=O) continues to increase up to 133 K under 4 .2 Gpa for 

TbBa2Ca2Cu30,O+x and 120 K under 6.6 GPa in ThBa2Ca3Cu40 '2+x. 

H. Ihara et al. [5] successfu lly synthesized sing le layered tha llium oxide superconductor 

having chemical formula TlBa2Can- ,CunOy (n = 3 and 4). T he phases of s ing le layered T IO 

superconductors are unstable and difficult to synthes is than double layer but these materia ls 

possess relatively higher critical temperature and current dens ity so that they are more re liable 

from app lication point of view than double layer. 111 order to overcome phase instab ility, they 

subst itute Sr at Ca site and Pb or Bi at T I s ite. They note that the greatest obstacle to the creat ion 

of the TIBa2Can-'CunOy (n = 3 and 4) phases is the presence of carbon impurities . 

E . Ohshima et a l. [6] achieved a lmo st s ing le phase T ISr2Ca2Cu30x by apply pressure of2.5 

GPa without any elementa l subst itution. They synthes ized their sa mple at 1000 C for 4 hour and 
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repOited Tc = 97 K by using SQUID. From X-ray Diffractometer (XRD) analysis they found their 

samp le exhibit tetragonal structure. They concluded that the high pressure urges T I not to evaporate 

while at ambient pressure thallium oxide escape out during synthesis that caused long ordered 

structural instability in the formation ofTISr2Ca2Cu30x. 

K. Tokiwa et al. [7] claim Tc~ 130 K in their (CuosTlos)Ba2Ca2Cu30x (CuTI1223) samples 

at ambient temperature and further investigate the effect on Tc under pressure of8 GPa via cubic 

anvil cell. XRD analysis reflect single phase of CuT I 1223 superconductor. They used four probe 

method and conclude that the onset temperature is increased from 134.6 K to 147.0 Kundel' 

pressure of8 GPa. 

Bulk their (CuosTlos)Ba2Ca2Cu30x superconductor was created by N. Khan et al. [8] using 

a straightforward solid state chemical technique. They grind a Cu(CN), a Ba(N03)2 and a CaCO), 

by the use of mortar and pestle following the firing at 840 C. After firing, TbO) mixed with sample 

to formed pellets. These pellets enclosed in aluminium foil and they heated them for 30 min. After 

post annealing in nitrogen environment they found onset Tc at 110 K and Tc(R=O) at 103 K via 

four probe resistivity measurement method. The FTIR absorption measurement reflect optimum 

doped material. 

N. Khan et al. [9-10] conceived an idea ofa substitution of Mg/Be at the Ca site in different 

ratios in (CuosTlos)Ba2Ca2Cu)O\O-~. The parent compounds they utilised in synthesis of 

(CuosTlo.s)Ba2Ca2Cu)OIO-O (where x = 0, 0.5, 1, 1.5) were CuCN, MgO, Ca(N03)2 and Ba(NO) 2. 

These compounds were correctly ground for an hour lIsing the solid state reaction technique and 

fired in a quartz boats by setting temperature at 840 C. After [u'st firing they grind them again and 

kept the sample for second firing in a furnace . At the end ThO) mixed via grinding that leads to 

the formation of resultant compound i.e. Cuo.sTlo.sBa2Ca2-xMgxCu)OIO-O (where x = 0, 0.5, I , 1.5). 

The resultant compound pelletized enclosed in a foil of aluminium and sintered for 10 min. They 

report a systematic behaviour of increasing Tc against doping ofCa at different ratio. After using 

four probe resistivity measurements they found that for x = 0 composition observed Tc(R = 0) = 

82 K and for x = 1.5 it was 92 K. They conclude from the ir results that increased in Tc(R=O) occur 

due to doping of more electronegative Mg at less electronegative Ca site that causes the 

displacement of electron clouds of Cu towards Mg, which could be the possible reason for 

shortening of c axis length, reflected from XRD analysis. They also did FTIR measurement and 
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found softening of apical modes to lower wave number which further strengthened their 

conclusion. 

N. A. Khan et. al. [11] synthesized the samples of Cuo sTlo sBa2Ca2Cu3-xZnxOIO-o (x = 

0.75,1.5,2.25,2.65) by two-step solid-state reaction technique and repolted that substitution ofZn 

at Cu planar site enhanced sllperconducting properties. The XRD analysis showed tetragonal 

structure and reduction in the c axis length by substitution of Zn in different ratio . By four probe 

resistivity measurement increasing order in resistivity reported against concentration of Zn 

substitution. The highest Tc is 121 K observed for x= 2.65. Bulk diamagnetic nature was confirmed 

by ac susceptibility measurement which point out their increasing trend against increasing 

concentration of Zn. FTIR analysis reflect softening of phonon modes of apical oxygen to lower 

wave number and unchanged behaviour of in planar oxygen modes for different concentration of 

Zn. 

N. L. Wu . et al. [12] adapted powder synthesis method to prepare TbCaBa2Cu20s 

(2122) and TbCa2Ba2Cu30lo (2223) superconductors. For the sake of preparation, they used 

sto ichiometric mixture ofTb03, CuO and CaBa2Cu04 for both of their samples but for 2223 they 

used CaO and CuO as an additional reactant to satisfy stoichiometry. After calcination of sample 

2122 at 8300 C for a period of 14hour, a four-probe method employed to measure critical 

temperature Tc (R = 0). The Tc (R=O) found was 116 K. There XRD analysis reflect single phase 

formation of their sample with minimum impurities phases. For 2223 sample they performed 

calcination in two steps to get single phase with minimum impurities phases. In first step the 

calcination occurred at 8300 C for five hours while in second step it occurred at 8700 C in the time 

domain of2 to 6 hours. From four probe method they found Tc (R = 0) between 110 and 118 K. 

Both of their samples show abrupt transition and showed a saturated Meissner effect of20 percent 

when placed in the magnetic field of20 G. The main problem with given method is powder melting 

that leads to extensive loss of thallium during calcination, and formation of impurities that did not 

show superconducting behaviour. 

M. Rafique et al. [13] doped carbon nanotube in CuTI-1223 superconductor at different 

weight percent (0 to 7 wt. %). Their samples were created using a two-step solid-state reaction 

process. They characterized their sample using XRD, fOllr probe resistivity apparatlls, and 

scanning electron microscopy (SEM). From XRD analysis their sample showed orthorhombic 
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structure having of single phase. A small variation in c axis length was observed fi'om 0.27 to 0.20 

A, which possibly point out the intercalation of carbon atoms from carbon nanotubes in the unit 

cell. The SEM analysis of their sample showed intergrain connectivity via carbon nanotubes that 

enhance intergranular current flow. From fluctuation induced conductivity (FIC) analysis the 

shrunken of 3D regime and suppression of super conducting properties like coherence length, fermi 

velocity, and coupling constant reported against the concentration of carbon nanotubes. They 

descr ibe the reason that carbon atom fi'om carbon nanotubes diffused into the unit cell that acted 

as a columnar defect having nonsuperconducting nature and caused the suppression of 

superconducting parameter. 

R. K. Nkum et al. [14] studied superconducting properties of indium doped 

Bil84Pbo34Srl91 Ca203Cu306inxOy samples at room temperature. They characterized the samples 

using a four-probe method for resistance measurements and Wayne Kerr digital LCR mete for 

dielectric measurement. They used conventional solid-state method and shaped their sample in the 

form of pellets. They investigated an electrical resistivity, a dielectric constant, the carrier 

concentration, and the tangent loss against the concentration in ind ium. They found that increase 

in indium concentration leads to increase in dielectric constant which reflect the enhancement of 

polarization in the sample. On the other hand, loss tangent, that tell us about the losses in Bi based 

sample, and carrier concertation, decreased with increasing concentration of indium. The 

resistivity increases as the carrier concentration decreases of sample probably due to localization 

of charge carrier and, magnetic disorders in CU02 plane. 

S. Cavdar et al. [15] studied dielectric properties of ThBa2Ca2Cu30x (TI2223) and 

ThBa2CalCu20x (TI 2212) samples. They synthesized their samples in the form of pellets. 

Afterward they characterized them by using X-ray diffractometer for structural analysis, four probe 

method for resistivity measurement, and impedance analyser for dielectric measurement. The 

resistivity measurement shown TcofTset and Tconset at 112 K and 125 K respectively. The difference 

in TcofTset and Tconset was around 13 pointed out that samples may have two pliases which was also 

confirmed from their XRD pattern. The dielectric measurement include real and imaginary part, 

tanc losses, and ac conductivity. They investigate the behaviour of negative capacitance, a 

dielectric constant, conductivity, and the tangent loss of their sample with a temperature, and 

frequency. By maintaining the frequency down in the range of 7 kHz to 2 MHz, the actual part of 
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the dielectric constant enhanced with increas ing temperatu re. Their increasing behav iour attribute 

to enhancement of dipolar po larizat ion. At higher f"equency (2- 10 MHz) they reported no 

significant change in rea l component of a dielectric constant with temperature and an imag inary 

component of a die lectric constant depicts the increas ing behaviour with decreas ing fi'equency, 

and temperature while their dispersion is weaker than that of rea l part. The tan8 losses shows 

abrupt decreas ing trend at low frequency but constant behaviour at higher freque ncy. They 

reported that ac conductivity shown I inear re lation with logarithm ic frequency in the range of 105-

t 06 Hz which ind icate hooping of charge carrier. At lower ft'equency range i.e. less than 100 kHz 

no apprec iable change accountant in their behaviour at all temperature. An increas ing fashion of 

ac conductivity reported with decreasing temperature and frequency. 

The impact of Zn doping on Cuo.sTlo.sBa2Ca2Cu3-xZnxO, o-o (x =0.75, 1. 5,2.25,2.65) 

samples was investigated by N. Khan et al. in the ir study [1 6]. They used two-step so lid -state 

reaction technique and synthes ized the ir sample in the form of pellets. They characterised their 

sample by measuring res istivity w ith fo ur probes-method, mutual inductance method for ac 

suscept ibility, and LCR meter for dielectric measurement. The die lectric measureme nt inc ludes a 

real and an imag inary part of the dielectric, tano losses, and the ac-co nductivity. With increased 

Zn doping, a systematic rise in the zero res istivity critica l temperature was seen thro ugh 

measurements of res istivity and ac-susceptibility, which in turn improved the diamagnet ic 

character of their samples. The dielectric response was measured at frequencies ranging from 10 

kHz to 10 MHz and found that at a lower frequency' 10kHz' rea l part of dielectric enhanced with 

increasing concentration of Zn which leads to decreased in tano loss at 79 K as we ll as at room 

temperature. They argue that enhancement in real part of dielectric parameter is due to increasing 

concentration of charge carrier that leads to enhanced density of po larization. They reported 

suppress ion of an imag inary component of the dielectric constant with increas ing the frequency 

at ' 79 K' and at room temperature. On the other hand, the decreas ing behaviour also reported with 

increasing Zn doping probably due to the lower conductance of a Zn and because of the filled 3d to 
she ll, the semiconductor has a wide band gap, as compared to metallic Cu hav ing partially filled 

3d9 shell. The ac conductivity shows increas ing trend atfi'equency up to 2 MHz with Zn doping 

reflected enhanced charge carrier. But at greater than 2 MHz they observed that conductivity leads 

to normal state value. 
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A. Y ounis et. al [1 7] studied different properties of CUOSK02SBa2Ca3Cu40 12-0 samp Ie. They 

synthes ized their sample by two-step so lid-state react ion technique and shaped them in the fo rm 

of pellets. Afterward they character ized their sample by using fo ur-probe method for the res ist ivity 

measurement, mutual inductance method fo r ac susceptibility, and LCR meter fo r dielectric 

measurement. At 101 K, they reported a zero res istivity critical temperature Tc(R=O). Diamagnetic 

nature oftheir sample was reflected fro m susceptibility measurement. They found that the negat ive 

value of the real part of the dielectr ic constant was attributed to the negative capac itance exhibited 

by the sample. The negative va lues are suppressed as the frequency and measured temperature 

values increase,probably due to decrease in polarization density. With rising frequency and 

temperature, the imag inary portion of the d ie lectric constant has a tendency to decrease. They 

observed gradually increased in negative values of tan8 losses with measured temperature while 

increas ing trend reported with increased in freq uencies. The ac conduct ivity dec reased by 

increas ing temperature and indicated saturat ion at low frequencies at all measured temperature. 

M. Mumtaz et. la [18] added nicke l nanoparticles in a (CuosTlos)Ba2Ca2Cu30 Io-0 of 

superconducting matrix hav ing concentrat ion of x=O- l.OO wt. %.The so lid state react ion method 

was used to create the phases of (Cuo.sTlo.s)Ba2Ca2Cu301O-0 superconducto r while fo r the 

nanoparticles a method known as so l-ge l method was adapted. e die lectric properties were 

invest igated using an LCR metre with a frequency range of 10kHz to 10MHz and temperatures 

ranging from 78 to 290 kelvin(k).A dielectric measurement includes real and imag inary part, tan8 

losses, and ac conductivity. The real part po ints out energy stored in a sample while imag inary part 

reflects diss ipat ion of energy in the presence of external app lied field. The ir graphical resu Its show 

steady decrease of real part towards zero va lue with increase in frequency pointed out that the t ime 

period of polarization would be greater than that of external ac signal. Suppress ion in real patt of 

dielectric was reported up to x = 0.72 wt.% and higher values were observed at maximum 

concentration of x = 1.00 wt.%. The reason of increased in va lue reflected increase in the number 

of charge carrier ensnared at grain boundaries. The imaginary part showed higher values at the 

lower iiequency and afterward gradually decrease in a frequency. A behav iour reflected that at 

lower frequency of ac signal charge carriers flow but as the frequency was increased t ime period 

of polarization become greater than that of ac signal that resulted decrease in flow of charge 

carriers. With the addition of Ni nanoparticles imag inary part of dielectric constant fir st decrease 

and then began to increase with Ni concentration at all temperature. Higher va lues reflect higher 
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energy losses due to barriers of high potential formed by Ni nanoparticles. A peak was observed 

in tano loss graph that pointed resonance phenomena occur due to superposition of applied 

frequency with carr ier ' s frequency. Higher values of ac conductivity reported against frequency 

that reflected enhanced cond ition of hooping e lectron at all temperature. 

X. Xu et al. [19] studied different superconducting propelties ofBi2Ba2Ndl6Cel4Cu20lo+o 

compound . They prepared their sample by us ing a so lid-state reaction technique. in the interest of 

purity, the reaction, of a formation of resultant compound, was carried out in vacuumed w hich 

minimized the phases ofBi oxide which act as an impurity. Afterward they baked their sample and 

shaped them in pellets. They characterized the ir sample by using X-ray Diffractometer for 

structural analysis, and LCR meter for dielectric measurements in the 80-300 K and 20-106 Hz 

temperature and frequency ranges. The die lectric measurement includes real and imag inary part, 

tano lo sses, and ac conductivity. X ray analysis show orthorhombic structure of their sample. The 

dielectric permittivity shows decreas ing trend with temperature at all measured frequencies. While 

at low fi"equency of 10Hz it was a lmost expo nentia lly increas ing w ith temperature. They repo rted 

that dielectric permittivity shows high values at Iowa fi"equency and a room temperature compared 

to the va lues at the high frequency and at the low temperature. At high frequency of 106 l-lz no 

changed in dielectric perm ittivity reported at a ll temperature because of neg lig ible co ntribution 

fi"om dipolar polarization. They studied loss tano measurement and repOlted shifting of peak 

toward high temperature with increas ing frequency. The peaks reflected max imum diss ipation 

which point out the occurrence of reso nance between applied fi"equency and dipolar frequency 

while shifting of peaks towards higher temperature were due to relaxation time that decrease with 

increas ing te 

CuosTlo.sBa2Ca3(Cu4-xCdx)OI2-o (x =0,0.25,0.5,0.75 samples were examined by M. 

Raheem et al. [20] to determine the impact of Cd doping at the Cu s ite. They used a two-step so lid 

state reaction technique to create their Cuo.sTlosBa2Ca3(Cu4-xCdx)OI2-o (x =0,0.25,0.5 ,0.75) and 

then formed them into pe llets . They characterized their sa mple by us ing X-ray Diffractometer for 

structural analysis, four probe method for resist ivity measurement, mutual inductance method for 

ac susceptibility, and LCR meter for die lectr ic measurement that included real and imaginary, tano 

losses, and ac conduct iv ity. The XRD analysis shown tetragonal structure of their sample w ith 

increas ing c axis length aga inst the concentrat ion of Cd. The zero-resist ivity cr itica l temperature 
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decreased with Cd concentration due to damped harmonic oscillation of Cd atom having mass 

greater than that of Cu in Cu02 planes. This leads to limit the population of electron phonon 

interaction, resulted in suppression of super conducting properties. The real part ofdielectric points 

out energy stored in a sample while imaginary part reflects dissipation of energy in the presence 

of external applied field. The real part of dielectric constant ind icated negative values because of 

negative capacitance and moved gradually towards zero values with applied frequencies at all 

temperatl\l'e. The decreased in magnitude of real part of dielectric constant attributed to an

harmonic oscillation of heavier Cd atom that reduced polarization density. The imaginary part of 

their samples indicated decreasing trend with increasing frequency, and temperature. The tanc 

losses show increased in values with temperatl\l'e in all Cd doped sample. The lower losses in Cd 

doped samples pointed out the presence of Cd atom around defects and grain boundaries. The ac 

conductivity indicated decrease in values with decreased in temperature reflected lower cross 

section of charge carriers. In Cd doped sample the lower values of ac conductivity po inted 

decreasing popUlation of electron phonon interactions. 

1. Younes et. al [21 ] stud ied dielectric propel1ies of (CH)nx / (CuosTlos)Ba2Ca3Cu4012-o 

samples having different concentration leve ls (0 :s x :s 0.1 wt. %) of graphene. They synthesized 

their samples by conventional one-step solid-state reaction method and then formed them into 

pellets. They characterized their sample by using X-ray Diffractometer for structl\l'al analysis, four 

probe method for resistivity measurement, FTIR measurement between 400-700 cm-1 that was 

done to study change in oxygen mode with addition of graph ene, mutual inductance method for ac 

susceptibility, and LCR meter for dielectric measurement that inclucles real and imaginary part, 

tano losses, and ac conductivity. From XRD analysis the lattice parameter shown unsystematic 

variation at different concentration of graphene. From which they conclude that addition of 

graphene did not change the structure of the crystal instead it fill the voids between the grains. The 

optimal concentration was found to x = 0.04 wt% while high concentration hindered the formation 

of required phases. The increased in zero resistvity critical temperature was reported pointed out 

increase in conduction between grains that linked with each other through accumulation of 

graphene at voids. The FTIR meaSl\l'ement shown variation in apical as well as in planar mode 

signifies the stress and strain of added graphene brought change in bonding of oxygen. The 

decreasing values of a real part of the dielectric constant in frequency at all the temperature 

attributed to decrease in population of dipolar polarization density. At fi'equency higher than I 
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MHz their dependence on temperature become insignificant pointed the contribution of electronic 

and lattice polarization. The imaginary part show the same behaviour as that of real part and 

described according to a Maxwell- Wagner mode l and a Koop 's phenomenological theory. These 

models based on the argument that dielectric material comprise of two parts one is conductive 

grain with large permittivity and other is boundaries of grain with comparatively low permittivity. 

The latter shown higher response at low frequency than the former one and had maximum value 

at x = 0.10 wt.% possibly, due to agglomeration of graphene at grain boundaries. The tan8 losses 

reported decreasing trend with frequency at all temperature and agreed with the result of SEM. 

The results shown the significant increase in properties of super conducting state till x = 0.04 wt.% 

above which it diminished with the accumulation of graphene high concentration. The increase in 

ac conductivity at 110 K with addition of graphene signified the weak links among grains in 

crystal. 

N. Khan et. al [22] investigated a die lectric response ofCuosTlosBa2Ca2Cu3-xMxO\ o-8 (M 

= Cd, Zn, Ni; x = 0, 1.5) superconducting compounds. They used two-step solid-state reaction 

technique and synthes ized their sample in the form of pellets. They character ized their sample by 

us ing X-ray Diffractometer for structural analysis, four probe method for resist ivity measurement, 

mutual inductance method for ac susceptibility, FTlR measurement between 400-700 cm-1, and 

LCR meter for dielectric measurement that included real and imaginary part, tanD losses, and ac 

conductivity. The XRD analysis shown Olthorhombic structure with increasing c axis length in al l 

the doped samples. A zero-resistivity critical temperature decreased with Cd doped while it 

increased in case ofN i and Zn doping.Ac-susceptibility is suppressed in all doped samples, with 

the greatest suppression found in Cd doped samples.ln all doped sample the negative values of 

rea l, and positive values of imaginary component of a die lectric constant suppress a increase in 

frequency at all temperature. A maximum suppression reported in Cd doped sample arises due to 

a harmonic oscillation in Cu02 /Cd02 plane. The tanD losses shown resonance peak in a ll doped 

and undoped sample arises due to the matching of applied frequency and po larization frequency 

of interfaces. They repolted decreasing trend in ac conductivity within increase in frequency and 

temperature. 
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CHAPTER-03 
3 SAMPLE PREPARATION AND EXPERIMENTIAL 

TECHNIQUES 
This chapter contains the information about the preparation for a CuosTlos Ba2Ca2(Cu3-

xCSx)OIO-S (x=O,O.5 , 1,1 .5,2,2.5 ,3) samples ofa superconductors. Synthesis ofsamples and different 

characterization tools which are used during the current work will be explained in deta il. Later on 

different experimental techniques will be discussed in detail given below to study the dielectric, 

e lectrical, structural and optical properties of pure CuT I-1223 samples. 

3.1 Synthesis Technique 

Different methods are used for production of high Tc superconductors but the most 

s implest method used in the present work for the synthes is of ceramic material is a so lid state 

thermochemical react ion. So a So lid state reaction methods were used for a production of our 

samples as it is economica lly low and suitable to use as compared to other methods because of 

performance and re liability. 

3.1.1 Solid State Reaction Method 

In this process so lid materials are used as precursor for the preparation of polycrystalline 

so lids. Reactants surface area, structural propelties, reactivity and different reaction conditions are 

responsible for the reaction rate.AII the chemicals were taken in a fixed ratio and then grinded for 

one and a half hour for better mixing and to enhance the contact between the reactants. After 

gr ind ing the mixed material was heated at high temperature (8600C) because 3 1 co ns iderable 

amount of energy is needed to overcome precursor 's lattice energy. This high temperature he lps 

the movement of atoms at a sufficiently high rate to obtain the required product. The movement 

of atoms through the so lid lattice is a slow process and if the temperature is increased significantly 

then rapid migration of atoms is poss ible . The solid state reaction consists of two main stages, 

calcination and sintering. In calcination the chemicals are decomposed (breaking of so lid oxides) 

and combine again to g ive new co mpounds. In the seco nd stage thallium mixed pallets were heated 
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for 10 minutes by using gold capsule. Grain size and crystallinity of the product is improved in 

sintering process. 

3.1.2 Synthesis of Samples 

Using a solid state reaction technique, Cuo.5Tlo.5Ba2Ca2(Cu3-xCsx)Olo-~ for 

(x=O.5,1,1.5,2,2.5,3) superconducting samples were created. Barrium nitrate, calcium carbonate, 

copper cyanide, Cesium Carbonate and thallium oxide were used for the synthesis of our samples. 

In the initial stage, barium nitrate, calcium carbonate, copper cyanide, and Cesium 

Carbonate were mixed in appropriate proportions and properly ground in a quartz mortar and pestle 

for 1.5 hours. The quartz boats were then filled with this substance and placed in a preheated 

chamber furnace for 24 hours at 860°C. The chamber was then turned off and allowed to cool to 

room temperature. So the precursor was once again ground for 1.5 hours and heated for 24 hours 

in a furnace. 

So in the second stage the overheated material was combined with a calculated amount of 

Th03 ground for 45 minutes in a quartz mortar and pallets were made by applying 4 tons/cm2 

pressure using hydraulic press. Then, these pallets were covered in gold capsules for sintering and 

kept in a chamber that had been preheated to 860°C for ten minutes. Following the heat treatment, 

the pallets were quenched at room temperature to obtain the final Cuo.5Tlo.sBa2Ca2(Cu3-xCsx)OIO-s 

(x=O.5, 1, 1.5 ,2,2.5,3) Composites 

Serial No t Chemicals t Formu" 

1 Barium N it ra e BaINO,), 

2 Calcium Carbonate CoCO, 

Co ppt"r Cyanide CU l(Cnh·H1O 

4 Ca lcium Carbonate Cs2 COJ 

5 Thallium OXIde Tl 20 l 

Table 3-1:Chemicals used for Sample Preparation 
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Precursor amount depends upon chemical 

PrecursOlJs Chemicals I f0l1lluia of material Ba(NO)1J CaCOl, 

CulCnj.HA CS2C031 Tlz03 

\.. 

, 
Nlixing 

~ Precursor amount depends upon chemical 
f0l1lluia of material 

Grinding 
\. 

Palletization 

~ Press powder in disc shaped pallet 

Sintering I~ Sintering of pallets (wrapped in gold 
capsule) in furnace 

Crystalline Sample 

Figure 3-1: Different Steps for Preparation of Bulk Material 
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3.2 Characterization techniques 

The schematic diagram for the techn iques used for characterization of our sLlperconduct ing 

samples is shown is below. 

t--.. ~ Propagation via solid state 
reaction method 

'-______ ~-----J 

CuTI-based superconducting 
bulk sample 

Structural Analysis 

Electrical Properties 

Optiocak Properties 

~_..-( X-Ray Diffraction !XRD) 

J Dielectric Measurements, 1. Resistivity Measurements 

J Fourier Transformation Infrared 1 SpectroscopylFTIS) 

Data Analysis from Measurements 

Figure 3-2 : Schematic of Experimental Techniques 
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3.3 Characterization 

In this section we are able to discuss experimental in addition to theoretical strategies for 

the characterization of samples. The prepared samples are characterized by means of the following 

strategies . 

• :. A X-Ray Diffraction . 

• :. A Resistivity Measurement. 

.:. A Fourier Transform Infrared Spectroscopy . 

• :. Fluctuation induced conductivity analysis . 

• :. Dielectric measurements. 

3.3.1 X-Ray diffraction 

The techniq ue of X-ray diffraction is used to determine the material's structure, i.e. whether 

it is crystalline or amorphous. The technique provides the information about diffe rent phases, and 

parameters of the unit cell of crystalline material. This technique uses the phenomena of diffraction 

which imposes the condition that the spacing between the atom should be comparable to the 

wavelength of X rays. Usually Cu or Mo are used to produce X-rays having wavelength 1.54A 

and o.8A, respectively [1-2]. Bragg was the first scientist who proposed the diffraction of X-rays 

through crystalline material [3]. In the crystal the atom arranged in a regu lar manner having 

interatomic spacing comparable to the wavelength of the wave which subsequently act as a perfect 

3-dimensional diffraction grating. The diffraction of x rays through the first three planes is as 

shown in fi gure 3-3.The path difference between two parallel planes is g iven as 

Path difference = AB + BC 

here AB = Be = dSin(} 

(3.1) 

(3.2) 
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A B 

Figure 3-3:Schematic Diagram of aX-ray Diffraction T hrough Crystal 

The path difference must be the integral multiple of the wave length fo r the constructive 

interference. 

Path difference = 2dsin8 = nA (3.3) 

Here n is a positive integer, d is interp lanar spac ing, 8 is diffracted angle, and A is the 

wave length of X-rays. 

For structural analysis of our samples we used 08 Focus, Bruker model XRD machine. 

The x-ray source used is e u with ka lines having wave length of 1.5406 A. The range of '28 ' 

se lected is from 4 to 60°. The scan speed was 0.8 sec/step. The diffract ion data is co llected on a 

computer system. To extract the structural information of samples f)·om XRD data we use a 

computer program 'check ce ll'. The ce ll parameters ' a' , 'b ' and 'c ' determined using check ce ll 

software. The unit ce ll volume for each sample was calculated using the va lues of the ce ll 

parameters. By putting the values of ce ll parameters in check cell softwai·e the correspond ing 

miller indices (hId) are calculated . Finally, the XRD graphs and all its corresponding parameters 

are des igned in origin software. 
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Sean 
____ directions 

Computer display 

Figure 3-4:The schematic Diagram of the X-nly Diffractometer 

3.3.2 Electrical Resistivity Measurements 

As the cond uctor have free electro n, which can move freely in all direction. But by the 

app licat ion of app lied vo Itage a ll the electron moves in the same direction establ ish a current across 

the co nductor. The lattice/phonon and defects in a co nductor hinder the flow of e lectron that give 

rise to a resistance (R) in a conductor which can be calculated by using Ohm's law i.e. 

v = IR (3.4) 

Here, "I" represents the current that is passing through the cond uctor. "V" stands for the 

vo ltage app lied across the conductor's ends, wh ile "R" stands for the conductor's res istance. 

A conductor's res istance is directly propOltional to its length "L" and inverse ly proportional 

to its cross-sectional area "A". i.e. 

So 

L 
R=p

A 
(3 .5) 

Here ' p' is the function of temperature and it is named as the res istivity of the co nductor. 

R(T) = p(T)£ 
A 

(3.6) 

A 
peT) = R(T) -

L 
(3.7) 
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But from the Ohm's law 

v 
R(T) = I 

So now we get the equation (3.7) as, 

VA 
peT) = -

I L 

(T) = VA 
P lL 

(3.8) 

Here we l11easure area in cm2
, length in cm, current in amperes and voltage in volts such 

thatthe unit of the resistivity becomes 'Q-cm'. 

3.3.2.1 Four probe method for resistivity measurements 

In two -probe resistivity, we can measure the resistivity up to .0-111. However, in four-probe 

method we can measure the resistivity up to m.o-m or micro ohm-meter. Typically, this technique 

is used to evaluate the resistivity of sem iconductors, superco nductors, meta ls, and polymers. 

DC Power Supply 

1 2 3 4 

Am-meter 

Current probes 1 & 4 
Voltage probes 2 & 3 

Figure 3-5: Diagram Exhibiting four-probe Method's Setup 
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Figure 3-5 illustrate the experimental configuration of Fo ur Probe Resistivity 

Measurement method . With the he lp of silver paste, four co ntacts are secured to the sample's 

surface in this approach so that they won't break when the samp le is coo led to a very low 

temperature. A outer wires mainta in the 'current while the inner w ire manifest drop in vo ltage 

across the sample. This voltage drops reported due to the res istance of the sample. We preterred 

for-probe method over two-probe method because as the contact resistance has a sig nificant effect 

on overall resistance of the sample. So, w ith the help of four probe method we exc lude the contact 

resistance and measure only the resistance acro ss the sample [4]. 

If "V" is the voltage drop across the sample and "A" is the cross-sectiona l area through 

w hich the current "I" flows through the sample, the resistivity ofthe sample is then define as. 

peT) = veT)A/IL (3.9) 

Here VeT) is temperature dependent variable and L is the distance betwee n inner voltage 

w ires . 

3.3.3 Fourier transform infrared spectroscopy 

The vibrat ions of atoms occur about equilibrium position 111 so lid . These 

vibrations/phonons have direct dependence upon the mass of ato ms, their bond lengths with other 

atoms and bond angle. These dependenc ies brought changes in vibrations in di ffe rent so lid 

materials. Additionally, these vibrations are present at abso lute zero . By using a quantum 

mechanical approach to simple harmonics, the energies associated with these lattice vibrations are. 

for n = 0,1, 2, 3 .... (3.10) 

Here t1 is Boltzmann constant and have value, h = hl2rr ~ 1.054 x 10-34 J. s and so "wo" 

here is a frequency ofa harmonic oscillator. For n=O the ground state energy, also these vibrations 

have energy Eo = ~ hwo . For exp lanation of the phys ica l properties of the sample these vibrations 
2 

of lattice are most important. Hence, for the explanat ion of the characterization of a so lid materials, 

so it is essential to find out what kind of vibrationa l modes are present in a sample. For studying 

these modes, we use a spectrometer known as Fo urier transform infra red (FTIR) radiation 

spectrometer. This technique is known as FTIR spectroscopy. 
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FTlR has three ma in components: 1) a radiat ion so urce, 2) a Michelson interferometer, and 

3) a detector.Miche lso n interferometer cons ists of three act ive co mponents: i) a movable mirror, 

ii) a fixed mirror, and iii) a beam sp litter and Two mirrors are placed perpendicular to each other 

as shown in figure 3.6. A beam splitter is a sem i-reflective dev ice, typically fabricated by 

depositing a thin layer of a germanium on a KBr substrate. Radiations from the so urce are 

generated toward the interferometer and fall on the beam splitter which reflected half of the 

radiations toward the fixed mirror while ha lf of the radiations are transmitted toward the moving 

mirror. These two mirrors reflect the radiat ions w hich' re then recombined at the beam sp litter. The 

two reflected radiation beams interfere, and the resulted beam is called interferogram. The 

interferogram is then passed through the sample which absorb or transmit these radiations 

depend ing on the nature ofthe sample. A fin al interferogram is obtained on a detector. Each point 

of interferogram cons ists of a ll the frequenc ies of the so urce radiation. But for the ana lys is we 

required a single intensity value for each frequency value. So, we cannot analyse the measured 

interferogram directly. Therefore, a mathemat ical tool called Fo urier transform is used to obta in a 

sing le frequency value for each absorption value. This is a reason why this technique is called 

Fourier transform infrared spectroscopy [5]. 

FTIR can be used for the following purposes . 

• :. Identificat ion of unknown materials 

.:. Determination of quality of a material 

.:. Determination of amount of different components in a material 

fixed rnirror 

source 

beamsplitter 

detector 

translating 
mirror 

Figure 3-6:Schematic Diagram of Michelson Interferometer 61 



We used aN ico let 5700 model spectrometer in our experimental setup. For the background 

spectrum we used KBr in the form of thin pellet. After collecting a background spectrum, a small 

amount ofsample is mixed with KBr powder and pelletized at 3.8 tons/cm2 of pressure. The pellet 

is then placed in a sample holder of spectrometer. The wavenumber range is set as 400 - 700 cm

I and 200 scans was taken for each sample. The raw data is studied using a computer software 

Omnic. Different vibrational modes are observed for each sample and finally we compare 

vibrational modes of all samples. 

3.3.3.1 Experimental method ofFTm 

The experimental procedure to study the vibrational modes of sample is as follows: In the 

first step KBr pallets are used as background reference pallets. Then we add small amount of 

particles of our superconducting sample in KBr which is mixed for 5-10 minutes. These pallets are 

then placed in a sample holder for absoption spectrum. Using KBr spectrum as background we 

subtract it and get the spectrum of our superconducting material. Finally the software OMNIC is 

used to analyze the vibrational modes of our material. 
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FigUl'e 3-7: Optical Layout of FTJ R Spectrometry 
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3.3.4 A Fluctuation Induced Conductivity (FIC) analysis 

A Fluctuation induced conductivity analysis also known as para conductivity analysis is an 

approach to study fluctuations in superconductor, this results from the formation and annihilation 

of Cooper pairs down to the onset temperature. Cooper pairs start to form above transition 

temperature but due to thermal fluctuation these pairs cont inuously create and ann ihilate till 

Tc(R=O). There creation and annihilation give rise to fluctuations in superconductor. The density 

of fluctuation decreases as we cooled our sample below Tc(R=O) where thermodynamic 

fluctuation cannot play an effective role to destroy the formation of cooper pair. Consequent ly, 

co ndensat ion of cooper pairs occurred give rise to zero resistance [6]. These fluctuations that 

induced conductivity exhibit for a temperature regime near Tc known as Ginzburg cr iterio n 

temperature (To). For low temperature superconductors the value of To is less than 1 11K whereas 

it is around 1- 2 K for the HTSCs. Therefore, it is possible to ana lyse these fluctuations. Ginzburg 

was the first scientist who probe the contribution of fluctuations to heat capacity and formulate the 

value of temperature where fluctuation modification to heat capacity is important as determine by 

re lation be low. 

(3 .1 I) 

Here ' ~' represents coherence length and 'a ' represent inter-atomic separation between two 

lattice sites. The value of b.T ITe is so small therefore these fluctuations were undetectable 

experimentally for a long time. 

Due to the variation that caused conductiv ity to deviate noticeably from its linear 

dependency at higher temperatures, given as. 

Ll(J(T) = PN(T)-p(T) 
PN(T)p(T 

(3.12) 

Here the p(T) denotes the actual resistivity and a pN(T)= a + ~T represent a normal state 

extrapo lated resistivity.Two distinct types of a fluctuation are typically regarded as (T). The first 

is the As lamazov-Larkin (AL) contribution, which is linked to excess current that develops as a 

result of Cooper pair oscillations at temperatures higher than Tc [7 -8]. The second one, a Maki

Thompson (MT) contribution, discussed how superconducting carrier fluctuations affected the 
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co nductivity of ordinary e lectro ns. T he crossover point between a three-dimensional (3D) 

e lectro nic state and a two-dimensional (20) electro nic state is shown by ad ifferent model ca lled 

the Lawrence-Don iach (LD) model. The 'MT' term has a dependence on phase-relaxation time 'tIP ' 

and exhibits a large effect in the 20 fluctuation area for moderate pair breaking, whereas the 'AL' 

term is found close to 'Tc' . Hence, the FIC offers insightful data regarding the superconductor's 

dimens ionality, phase relaxation time tIP, and coherence length SeCT). The analysis of crossover 

temperatures by using LD mode l have been testified by various researchers but here the MT 

co ntribution didn ' t convince many researchers because of their lack ing poss ibility to evaluate 'rip. 

FIC analysis of poly crystalline bulk material is mainly consistent with the characteristic of 

3D fluctuation, but the results are bit different from thin films and here 3D to 2D crossover has 

been observed in thin films with strong c-axis orientation .. The superiority of 3D fluctuations or 

2D-3D crossover is temperature dependent .. Different experimenta l results have been discovered 

in the case of a sing le crystal[9]. 

3.3.5 Dielectric measurements 

Dielectric properties determine the way a material reacts to the externa l e lectric fie ld. T he 

externa l e lectric field shifts the charge from its equilibrium position, leading to the development 

of polarization. Depending on the frequency of external e lectric field , there are four types of 

polarizat ion [10] . 

• :. A Electronic polarization: It appears as a result of the shifting of atom and Ion 

electronic charge clouds. This happens quite frequently at a frequency (l01 5Hz) 

.:. Atomic polarizat ion: This polarisation is caused by the displacement of the ion core 

and the electronic charge distribution co mbined. These polarizat ions operate in the 

(l 0 1°_ 1 013 Hz) frequency band . 

• :. A dipolar polarization: It originates from permanent dipoles which is activated at 

lower fi'equencies (103 _106 Hz) 

.:. Interfacial polarizat ion: This involves limited movement of charge dipoles under 

applied field and are sens itive to low frequency range of 100 to few kilo Hertz 

.:. The dipolar and interfac ial polarization are impol1ant in our case because of their 

low fi'equency range. At high fi'equency the superconduct ing samples ca n be turned 

into norma l materia ls [11 -12]. 

64 



For taking dielectric measurements of our samp le we paste silver on both s ide of 

our samp le to make it a capac itor. The s il ver paste behaves like a plate hav ing dielectric medium 

(sample) between them. We use a Wayne Kerr 4275 LCR metre in a frequency range of20 Hz to 

1 MHz to measure the capac itance and co nductance of our samples. From these capacita nce (C) 

and co nductance (G) values, we calculated the va lucs of dielectric constants (E' , E") , ac

conduct ivity (aac). 
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CHAPTER-04 
4 RESULT AND DISCUSSION 

4.1 Introduction 

The Cuo.sTlo.sB a2Ca2Cu30 Io-o superconductor has a charge reservo ir layer made of 

Cuo.sT lo.sBa20 4_o and fo ur conduct ing CU0 2 planes. D ue to its higher Fermi leve l, the charge 

reservo ir layer supplies the carriers to the conducting CU02 planes, and these co nducting planes 

exhibit superconductivity. The thickness of the charge reservoir layer is critica l in determinin g 

carrier density in the co nducting CU0 2 planes. T he dens ity of carriers in these planes determines 

the shape of the Fermi-surface and its instabi lity around the Fermi-level, which would eventually 

deve lop density of Cooper-pairs in the superco nducting state. T he charge reservo ir layer thickness 

would turn conducting CU02 planes w ith carrier density in over-doped, under-doped, or optima lly 

doped regimes, determining the final critical temperature of the superco nduct ing co mpo und[J -

8].The maximum cr itical te mperature is observed in the idea lly do ped co mpounds, where the ho le 

dens ity is approximate ly 0 .4 ho les/Cu02 planes, and the charge dens ity in the CU0 2 versus cr it ica l 

temperature of the superconducting compound s fo llows a bell -shaped phase 

diagram. Cuo.s T losBa2Ca2(Cu3-xCsx)O lo;')(x=0.5 , 1,1.5,2,2.5,3) samples were synthes ised to 

examine the role of the charge reservoir layer thickness in present investigations. The 

Cuo.s T lo.sBa20 4-o charge reservo ir layer is fixed in the second pOlt ion of these research, but the 

CU02 planes are doped with Cs atoms, which would directly increase the dens ity of free e lectrons 

in the conducting planes. Alkali metals are we ll-known s-e lectron donors. We created Cs-doped 

CuosT losBa2Ca2(Cu3-xCsx)Ol o;') (x=0.5, 1, 1.5,2,2.5,3) samples and invest igated the ir ro le in the 

mechanism of high 'Tc ' superconductiv ity. Previous research has shown that doping smaller s ized 

'M g' atoms at the 'Ca' sites improves inter-plane coupling, w hich has a lso been studied for such 

compound s[9] . 

When exposed to external e lectric fie ld s, so lid state media such as Cuo.sTlo.sBa2Ca2(Cu3-

xCsx)OIO-o(x=0.5, 1,1.5,2,2.5 ,3) sa mples become polar ised. Various polarisation mechanisms 

emerge in such mater ia ls depending on the strength of the applied e lectric frequency, such as : 
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.:. Electronic polarisation (£e) is typically observed at extremely high frequencies of 

the order of lOi S Hz (i.e. in ultraviolet optical range) 

.:. In the infrared frequency range (l010 to 1013 Hz), atomic and ionic polarisation (£a) 

is observed . 

• :. The observed dipolar or oriental polarisation is (Eo) in the sub-infrared frequency 

range (103 to 106 Hz) . 

• :. Interfacial polarisation (Ei) is typically sensitive at low frequencies (102 Hz) and 

can extend to a few kilohertz, which primarily contributes to the dielectric 

propelties ofthe materials in our case. 

The active interfacial and dipolar polarisation (i.e. 40-3000Hz) is of primary interest to us 

because material remains superconducting at such low iJ-equencies. 

4.2 Experimental: 

Cuo sTlo.sBa2Ca2(Cu3-xCSx)OI0-O (x=0.5,1,1.5,2,2.5,3)sample. Ca(NOJ)24H20, Ba(N03)2, 

CsCO), and CU2(CN)2+H20 , were used as starting materials. In the first stage, these compounds 

are mixed according to the desired composition with an agate pestle for approximately one hour. 

The well-mixed material is fired twice at 860°C for 24 hours in a chamber furnace in a quartz boat, 

heat-treated in the furnace , and then cooled to room temperature . Repeating the process in an 

alumina boat and cooling the material each time to room temperature fo Howing the heat treatment 

results in a material of high grade. The second and last stage involves mixing the treated precursor 

material for roughly an hour with the predicted amount of ThO) to produce samples of 

CUo.sTlosBa2Ca2(CU)-xCsx)OJO-o(x=0,0.5 , 1,1 .5 ,2,2.5 ,3)as the final reactants compositions. 

Thallium oxide-mixed material is compressed by a hydraulic press to 3.8 tons/cm2 pressure, 

forming pellets that are then enclosed in gold capsules. Pellets containing gold are heated for 10 

minutes at 860°C in a chamber furnace. The obtained samples are characterized by X-ray 

diffraction (XRD), temperature dependent resistance measurements, FTIR absorption 

spectroscopy, and dielectric measurements. X -ray diffraction was performed on a Bruker DX 8 

Focus using CuKa radiation with a wavelength of 1.54056 A and cell parameters were determined 

by the check Cell Refinement computer program. Temperature-dependent resistivity 
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measurements of materials are performed us ing the four-probe method. Using NICOLET 5700 

and KBr as a background material,FTIR absorption measurements were made in the 400-700 cm-

1 wavenumber region. On a Wayne Kerr 4275 LCR Meter, frequency dependent dielectric 

measurements are made in the frequency range of 20-3000Hz using the two-probe method. 

Measurements were carried out at a constant temperature of80K while the co ntacts o n the samp le's 

surface were formed with s ilver paste. Conductance (G) and capac itance (C) of samples are 

measured in dielectric measurements. The fo Howing formulas are used to compute the samp les ' 

dielectric constant (cr), die lectric loss (tano), and ac-conductivity (O'ae) from co nductance (G) and 

capac itance (C)[J 0]. 

Er = EI11/ Eo (4 . 1) 

'EI11 ' is a permittivity of a material, 'Eo' is a permittivity of a free space, and 'cr' is a relative 

permittivity 

c'= Cd/Aco (4.2) 

so here 'c' is the capacitance of the pellet (F), 'd' is a th ickness of the pellet (m), 'co' is a 

permittivity ofa free space (co = 8.85 x 10-12 F m- 1) and 'A' is the area of the e lectrode (m2) . 

c' = Gd/ Acow (4.3) 

here, angular frequency (w=2rc f) is used. The formula for dielectric loss tan 0 is expressed 

as. 

Tano=c"/c' (4.4) 

The alternating current (a c) conductivity O'ac is written as. 

O'ae= 2rcfcoc'tano (4.5) 

here f is the frequency ofthe applied ac field (Hz). 
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4.3 Inferences and Discourse : 

4.3.1 Investigation of x-ray scans 

Figures 4-1 and 4-2 shows X-ray diffraction scans of Cuo5TIo5Ba2Ca2(Cu3-xCsx)O lo-o 

(x=0.5 ,1, 1.5,2,2.5 ,3) samp les. 
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Figure 4-1: The XRD of C uo.sTlo.sBa2Ca2(Cu3-.Cs.)Olo .• (x=O,O.5,1,1.5) samples. 
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Figure 4-2:The XRD of a Cuo.sTlo.sBa2Ca2(Cu3-xCSx)OIO-6 ( x = 2,2.5,3) samples. 

Under the PMMM space group all diffract ion ILnes are fitted to the orthorhombic structure. 

T he ce ll parameters are calculated using a computer programme called check ce ll.. Changes in c

axis length and unit cell vo lume versus doping concentration. The c-axis length (except for x=O.5 

doping) increases slightly with increas ing Cs doping, but its volume is suppressed with increas ing 

Cs doping in the final co mpound.As shown Ln F ig 4-3, the suppress ion of the vo lume of the unit 

ce ll with increased Cs doping results in an increase in the dens ity of carriers w ith enhanced Cs

doping in the final compound. As show n in F ig4-4, the a-axis length increases w ith increas ing Cs 

doping leve l, w hile the b-axis length is suppressed, and their va lues are shown in Tab le (4.1) . 
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Cs COIlC. a-axis b-axis c-axis Volume 

(wt%) (Ao) (Ao) (Ao) (Ao)3 

0 3.931 4.82 13 .02 246.70 

0.5 3.903 4.835 12.92 243.8 1 

1 3 .87 4.839 12.99 243.26 

1.5 3.845 4.842 13.06 243.14 

2 3.811 4.86 13.12 243.00 

2.5 3.77 4.870 13.20 242.35 

3 3.741 4.881 13.27 242.30 

Table 4-1: Lattice parameters of a Cuo.sTlo.sBa2Ca2(CuJ-.CS.)OIO-6 (x=O.5,1 ,1.5,2,2.5,3) samples 

4.3.2 Resistance Measurement 

The measured resistivity versus temperature for the CuosT losBa2Ca2(Cu3-xCsx)OIO-o 

(x=0.5, 1.1 ,5,2,2.5,3) samples are shown in F ig4.5. In Fig. 4-6, all of these samples exhibit metallic 

variations in resistivity from room temperature to 77 K, with the onset of supercond uctivity 

occurring at 107.9, 106.6, 107.1, 104.5, 109.2, 11 2.8 and 120.8 K, respectively, and the zero 

resistivity critical temperature occurring at 91.9, 95.7, 88.9, 94.2,91.2, 90.3, and 95.3 K and their 

values are given in table 4-2. 
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Cs conc. Tc(R=O) Tc(onset) 

(wt%) (I{) (k) 

0 91.94 107.88 

0.5 95.68 106.63 

1 88.87 107.05 

1.5 94.23 104.47 

2 91.24 109.20 

2.5 90.29 1 L2.75 

3 95.26 120.82 

Table 4-2: Resistivity data of a Cuo.sTlo.sBa2Cu2(CUJ-xCsx)Olo-6 (x=O.5,1,1.5,2,2.5,3)Samples 

4.3.3 Fluctuation Induced Conductivity Analysis 

The effects of trapped Cs atoms on the intrinsic superconducting parameters of 

Cuos Tlo sBa2Ca2(Cu3-xCsx)OIO-s(x=0.5, 1, 1.5,2,2.5 ,3) samples were investigated by excess 

conductivity analysis. 

The excess conductivity analyses of conductivity analyses of conductivity data IS 

performed using the familiar Aslamazov Larkin equation which is given below. 

(4.5) 

So the above form of the equation can be written as. 

(4 .6) 

[
T - Tl/lf ] 

so it is applicable in the temperature regime near 'T '.so here,s = II; is a reduced 
Tc 

temperature and 'AD' is a dimensional exponent. here the vaLue ofa dimensional exponent AD=O.3 
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corresponds to the critical reg ime, A.o = 0.5 to the three dimensional cond uctivity regime(30), A.o 

= 1 to the two dimensional conductivities (20) and A.o= 2.0 zero dimens ion (00) conductivities 

this arises from various thermal activation processes that occur during samp les heat ing[1 1-12]. 

For polycrystalline samp les, a modification of this equation by the Lawrence and Ooniak (LD) 

model is proposed by 

~aLD=[e2 j(16hd)](1 +]e-1 )-1/2 E-1 (4.7) 

where J= [2~e(o/d]2 is the inter-Cu02-1ayers couplings, the 'd' is a thickness of 

superconducting layers ~18A for CuTI-1234 samples) and the Se(O) is the coherence length along 

the c-axis. The coherence length is calculated using the LD model's crossover temperatures of 

three-dimensional exponents of two-dimensional conductivities: 

(4.8) 

The Cooper-phase pair's relaxation time is calculated using the following equation: 

1[11, 
r=---

¢ 8kB TEo 
(4,9) 

The following expression IS used to calculate the coupling constant J: 

J 
Pre ¢ - I 

2n/cnT 
(4.10) 

The Fermi ve locity ofa charge carrier and the energy required to destroy a Cooper pair are: 

571kBTcC;c (O) 

VF = 2Kh (4.11) 

(4.12) 

In the expression above, K=O.l2[13] is used as a va lue. Table4-3 provides the cross over 

temperatures that arise from a log p lot of the excess conductivity versus the lowered temperature. 
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Samples kR A3D AZO AOD TCR·3D=Tc T3D.2D TZO.OD T,m(K) T " a=pn(OK) 
(K) (K) (K) (K) (n-em) 

0 0.32 0.56 1.06 1.93 106.9 106.5 107.3 103.4 126.4 0.029 

0.5 - 0.5 1.12 2.05 105.3 105.4 104.1 94.2 124.2 0.035 

1 - 0.51 1.07 2. 16 102.4 103 .2 101.6 95.8 118.5 0.041 

1.5 0.3 1 0.53 1.05 1.98 100.3 100.9 99.4 96.1 111.3 0.053 

2 - 0.54 1.03 1.91 99.5 98 .3 97.9 96.8 109.3 0.061 

2.5 - 0.54 1.033 1.88 97.1 96.5 96.3 97.1 117.7 0.072 

3 - 0.5 1.039 1.85 96.4 95.2 94.1 98.3 121.6 0.081 

Table 4-3: Parameters Estimated From diagram of In(Ll<f) vs In(f) 

These temperatures shift to lower values with increasing Cs doping of the sample.So the 

Important superconductivity parameters of a Cuo.5Tlo.5Ba2Ca2(Cu3-xCsx)O IO-s 

(x=0,0.5 ,1,1.5,2,2.5,3)samples include ~c(O), the inter-layer coupling J and VF (the Fenni 

velocity) and the phase relaxation time of the superconducting carriers are displayed in Table 4-

4. 

Sample ~,(O) J Nc " •.• xIO' B,(o) B,,(o) Bc2(o) K J ,(o)x IOJ VFxlO' EUre::.k T. X 

(A) 
(A) ( T) (T) (T) (Ncm') (m/s) (eV) 10'" 

(s) 

0 1.99 0.071 0.047 6.8 2.06 0.14 126.2 47.7 1.67 1.74 0.04 1.8 

0.5 2. 10 0.075 0.048 7.01 2.0 1 0.09 126.2 48.1 1.59 1.81 0.01 3.9 

1 2.15 0.08 0.049 7.2 1.98 0.085 126.2 48.9 1.48 1.89 0.015 3.7 

1.5 2.19 0.083 0.051 7.9 1.75 0.079 126 .2 51.1 1.3 1.9 0.018 3.5 

2 2.22 0.089 0.052 8.09 1.63 0.069 126.2 51.8 1.15 1.97 0.02 3.1 

2.5 2.28 0 .09 0.052 8.15 1.59 0.063 126.2 53.4 1.01 2.0 1 0.027 2.9 

3 2.35 0.092 0.054 8.22 1.55 0.059 126.2 54.5 0.93 2.15 0.03 2.7 

Table 4-4: The Parameters estimated from excess conductivity analysis of CUI.5TI1.5Ba2Ca2(Cu3. 
,Csx)O IO·S (x=O.5,1,l.S,2,2.S,3) samples 
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These parameters have higher values in Cs-doped samples. Such parameters, which 

critically depend on the Fermi-vector via Kr = [3n2NIV]1 12 (which depe nd on carrier density in 

this express ion), show an increase in carrier density in the sllperconduct ing Cu02/Cs02 planes in 

Cs-doped samples. 

The Ginzburg number 'NG' is determined by the crossover temperature between the 3D 

LD regime and the Ginzburg Landau (GL), TG, regime: 

(4.13) 

The following expressions are used to calculate important sllperconducting parameters 

using 'N G' and a Ginzbur-Landau theory[14]. 

here 

and Be(o) = (KBT e/ (2 N G) 1/2y2~e(0)3) 1/2 

Be 
Bel = r;; InK 

K-v 2 

J = _=-4_KB_c",-I __ 

c 3J3A".d(O) hl K 

here'Y = Sab(O) /Se (0) is a superconductor anisotropy g iven by: 

y = ~ab(0)/~e(0)=5/(n-l) 

(4.14) 

(4.14) 

(4.15) 

(4.16) 

(4.17) 

(4.18) 

(4.19) 

n=4 for a CuTI-1234 so the value of'Y changes accordingly. K=AI~ [15] is a Ginzburg 

Landau (GL) parameter [ ] and Te1l1f is the mean critical magnetic fie ld temperature determined 

from the temperature inflection point of the resistance derivative (dp/dT). The values ofBc(o), Bel(O), 
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Be2(O). Je(O) and K=')J~ are calcu lated for Cuos T losBa2Ca2(Cu3-xCsx)O I o-~ (x=0.5 , 1, 1.5,2,2.5 ,3) 

samples using the aforementioned equat ions and G inzberg Landau number 'N G', and their va lues 

are shown in table4-4. so the va lues of these parameetrs are increased in Cs doped 

Cuo.sTlosBa2Ca2(Cu3-xCsx)OIO-s (x=0.5 ,1,1.5,2,2.5,3) samples, indicat ing that the population of 

inadvertent local defects act ing as a pinning centres is increased in doped samples co nsequently 

resu Iting into the enhancement of values of these parameters. 

Figures 4-7, 4-8, 4-9, 4-10, 4- 11 , 4-12, and 4-13 show excess co nductivity analyses ofa 

C uo.s T lo.sBa2 Ca2(Cu3-xCSx)OIO-ti (x=O. 5, 1, 1.5,2,2.5,3) samples . 
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Figure 4-7: In(l:) vs In(£'I1) depiction of a Cuo.5Tlo5Ba2Ca2(Cu3)O IO~ sample 
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Table4-3 shows various cross overs derived from the log plot of excess conductivity versus 

reduced temperature. Compared to Cuo sTlo sBa2Ca2(Cu3 -xCsx)Olo-~ (x=0 .5, 1, 1.5,2,2.5 ,3) samples 

that are not doped To, T3D-2D are shifted to the hig her temperature values whereas the temperature 

T2D-OD is shifted to low temperature values showing that more three dimensional characteristics are 

promoted in Cs-doped samples, Table3-4. Coherence length C,c(o), along the c-axis, interlayer 

coupling J and VF (Fermi velocity) of superconducting charges carriers, energy required to break 

the Cooper pair for Cuo sTlo.sBa2Ca2(Cu3-xCSx)OIO-o (x=0.5 , 1, 1.5 ,2,2.5,3) samples is suppressed 

compared to undoped CuosTlo.sBa2Ca3Cu4012-o, samples, and their values are in Table4-4.Using 

Ginzberg Landau number No the values Bc(o), Bcl (O), Bc2(O), Jc(O) and K=?JC, for a 

Cuo.sTlosBa2Ca2(Cu3-xCsx)Olo-o (x=0.5,l , 1.5,2,2 .5,3) are determined and their values are given in 

Table4-4.ln a comparison to un-doped CuosTlo.sBa2Ca2(Cu3)OIO-S samples, the values of these 

parameters are suppressed in doped CuosTlo.sBa2Ca2(Cu3-xCSx)OIO-5 (x=0.5 ,1 ,1.5,2,2 .5,3) samples. 

The suppression of these parameters suggested that the population of inadvertent defects acting as 

pinning centres decreases in Cs-doped CuosTlo.sBa2Ca2(Cu3-xCsx)Olo-s (x=0.5, 1, 1.5 ,2,2.5,3) 

samples compared to un-doped Cuo sTlo.sBa2Ca2(Cu3)OIO-S samples. As a resu lt, the energy 

required to break the Cooper pair increases in the Cs-doped sample, while the phase relaxation 

time of the charge carriers increases. Electrons are more tightly linked in Cs-doped samples, as 

evidenced by the rise in the energy needed to split Cooper pairs. 

4.3.4 FTIR Analysis 

FTIR absorbance readings for these samples are shown in Figure 4-14. Such 

superconductor samples exhibit three prominent absorption modes related to the vibrations of the 

oxygen atoms within the unit cell. Two of these are connected to the vibrations of apical oxygen 

atoms of the types TI-OA-Cu(2) around 450-480, Cu(l )-OA-Cu(2) around 480-550 cm- I and a CU02 

planar oxygen mode around 570-590 cm- I . In the Cs-doped samples,the apical oxygen mode of 

type TI-OA-Cu(2) form around 450-480 softens,while Cu(1)-OA-Cu(2) around 480-550 cm-1 

hardens . The planar oxygen modes around it are also softened in the Cs-doped sample, indicating 

that planar oxygen is attached to heavy Cs atoms with low oscillator strength in the unit cell. 

Moreover, these oxygen-related modes of softening and hardening also indicate the incorporation 

ofCs into the unit cell. 
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Figure 4-14:FTIR Absorption Spectra of a Cuo.5Tlo.5Ba2Ca2(Cu3-xCSx)OIO-~ (x=O.5, 1,1.5,2,2.5,3) samples 
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4.3.5 Dielectric Measurement 

Dielectric measurements of CuosTlosBa2Ca2(Cu3-xCsx)O lo-li(x=O.5, I, 1.5,2,2.5,3)samples 

are shown in Fig4-15, Fig4- 16, Fig4-t7, and Fig4- t8 Llsing the real part of the dielectric co nstant 

and the imaginary part of the dielectric constant. 

-5.6 

·5.8 

E -6.0 

"* c 
0 -6.2 
(.) 
u ·c 
~ -64 
Q) 
(5 

-6.6 

-6.8 

o 0.5 1.5 2 

Cs conc.(wt%) 

f=100Hz 
T=80K 

2.5 3 

Figure 4-15: Variation of real dielectric constant E' of a Cuo.sTlo.sBazCaz(CuJ-xCs.)OIO-s with different 
Cs concentrations beyond Tc at 100Hz 
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Figure 4-16:Variation of imaginary dielectric constant Elf of a C Uo.sTlo.sBalCal(CUJ-xCs,)O lo-s with 
different Cs concentrations beyond Tc at 100Hz. 
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In the final compound,Cs doping suppresses the real part dielectric constant 8' , its imaginary 

part 8", the dielectric loss and the ac-conductivity; the dielectric loss of suppresses with increased 

Cs doped samples. The suppression of these parameters' values with increased Cs-doping 

suggested that the electron donor nature of alkal i metal increases the electron concentration in the 

conducting Cu02/Cs02 planes, suppressing the hole concentration and thus the values of these 

parameters; holes are majority carriers in the superconducting state. The values of 8' , 8" and (Jac are 

suppressed in the Cs-doped samples due to the low density in the superconducting state. 

4.4 Conclusion 

Cuo.5TIo5Ba2Ca2(Cu3-xCsx)Olo-s (x=0.5 , 1, 1.5,2,2.5 ,3) superconductor samples are 

synthesized in order to investigate the role of alkali atoms at CU02 planar sites. Alkali atoms are 

good carriers suppliers, and their presence in the conducting CU02 planes may put the material in 

the under-dope regime of carriers doping in the superconducting state via enhanced electron-hole 

recombination processes. All of these samples exhibit an orthorhombic structure, with increasing 

c-axis length but suppressed unit cell volume due to increased Cs doping in the final compounds. 

So these samples have metallic fluctuations of resistivity in the resistivity measurements from 

room temperature down to 77K.. These samples show the onset of superconductivity at about 

107.9, 106.6, 107.1, 104.5, 109.2, 112.8, 120.8K and show the zero resistivity critical temperature 

at 91.9, 95.7, 88.9, 94.2, 91.2, 90.3, 95.3K, respectively, in a Cuos TIo5Ba2Ca2(Cu3-xCsx)OJO-& 

(x=0.5 , 1, 1.5,2,2.5 ,3) superconductor samples. The excess conductivity analyses of conductivity 

data of these samples showed improved values of parameters such as ~c(o), interlayer coupling J and 

V F (a Fermi velocity) of superconducting carriers and the phase relaxation time of the 

superconducting with enhanced in Cs-doped in the final compound. The increase in the values of 

these parameters is most likely due to arises an increase in the Fermi vector of the carriers Kr = 

[31t2N/V] 1/2 which is dependent on the density of carriers which shows enhancement in the density 
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of carriers in the superconducting Cu02/Cs02 planes in Cs-doped samples. The values of these 

parameters such as the Bc(o). Bcl(O). Bc2(O), Jc(O) and K=IJ'f:, are are suppressed in Cs-doped 

CuosTlo sBa2Ca2(Cu3-xCSx)OIO-o (x=O.5 ,1,1.5,2,2.5,3) samples when compared to an un-doped 

Cuo.sTlosBa2Ca2Cu301O-o samples showing decrease in the population of inadvetent defects acting 

as efficient pinning centers. The FTIR absorption measurements revealed all softening of all 

oxygen-related vibration modes,indicating intric doping in a final compound.At last the dielectric 

measurements for these samples, the real part of ad ielectric constant E' , the imaginary of part of a 

dielectric constant iE" and the ac-conductivity O'ac are here suppressed in Cs-doped 

CuosTlo sBa2Ca2(Cu3-xCsx)Olo-s (x=O.5 , 1,1.5,2,2.5,3) samples.Suppresion of the values of these 

parameters by enhanced Cs-doping suggests that the electron donal' nature of all<ali metals 

increases the electron concentration on the Cu02/Cs02 conducting planes that suppresses the hole 

concentration through enhanced electron-holes recombination processes. 
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