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Abstract: 

We have synthesized Cuo,sTlo.sBa2 CazCuJOIU.(i and Cuo.sTlo,58az CaZCuI SOIO-n (M=Cd, Zn, Nil 

superconduct ing samples. The samples were synthes ized by two step solid state reaction method. 

We have studied dielectric properti es of lhese samples at low frequency. The main objecti ves of 

these studies were to investigate the ro le of Cd. Zn. and Ni dop ing in our superconductors 

(HTSC). We have measured dielectric constan ts (£' and 6"), di e lectric loss (lana) and ae 

conduct ivity (ane). In the resistivity measurements these samples have shown metallic variations 

of res istivi ty from room temperature down to onset o f superconductivity. The onset of 

superconductivity in ClIo,sTlo.sBaz Ca2CU30 W-lI and Cuo.s Tln.sBa2 Ca2CULsM 1.50 10..0 (M=Cd, Zn, 

Nil samples are observed at 105.6, 101.7, 11 4, 106.3 K and T, (R~Ol at 98.3 , 95.4, 102.3, 102K 

respectively. The negati ve capacitance is observed in our Cuo.sTlo.sBa2 C,12CU3010-ti and 

Cuo.sTlu.sBa2 Ca2Cul .s010-6 (M=Cd, Zn, Ni) superconducting samples. We observed that dielectric 

propel1ies of Cuo.sTlo.5Ba2 Ca2CU30l U-ll and Cuo.sTIIJ.5 Baz Ca2CUuOIO-II (M=Cd, Zn_ Ni) 

superconducling samples depends on temperature ancl frequency or electric field. 
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Chapter # 1 
Introduction to Superconductivity 

1.1 Superconductivity: 

The phenomenon of superconductivity, In which electric resistance of many materials 

completely disappears and expulsion of magnetic field lines occurring in certain materials at 

low temperature, was discovered by Heike Kimerling Onnes and one of his assistant on April 

8,1911 in Leiden [I]. 

Kamerlingh Onnes examined that at certain temperature about 4 K, the resistivity of Mercury 

(Hg) was zero which means that at the critical temperature the resistance was immediately 

dropped to zero. It was a miracle discovery and is one of the most fascinating and 

revolutionary branch in condense matter physics. 

I ,,"-
./ 

.// 

; I 
1 

. X
J . 

, 

--
: 

- - _. 1--- ---

(O-t : 
~oo ~ 0 ~')/o ,,~o "" o 

Fig 1.1. Experimental data obtained in mercury by H. Kamerlingh Onnes in 1911, 

showing for the first time the transition from the normal state to the superconducting 

state. 

1.2 Vital properties of superconductors: 

Superconductiv ity [2] is defined by the following propelties 
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• Zero resistivity 

• Perfect diamagnetism 

• 1.2.1. Zero Resistivity: 
Resistance is the hurdle to the flow of electron. In normal state, an electron makes 

countless collisions with fixed atoms, transfers its energy to the lattice atoms which 

vibrates and loses energy in the form of heat. As a result, energy keeps on dissipating. 

The resistivity (p) is defined as 

(J = ne 2 ~ .................. (1.1) 
m 

1 
p=-

a 

m 
p = -2 ......•••••••••• (1.2) 

nre 

Where m is mass of electron, 't is mean free time, e is charge on an electron and n is number 

density of electrons. By slowly cooling the sample, the lattice vibrations start to freeze. As a 

result, electron-lattice vibrations diminishes. Therefore, for infinite mean free time, the 

electrical resistivity vanishes completely in superconductors at certain low temperature. So in 

superconducting state, a pair of electrons bounds together via phonons and this pair is called 

cooper's pair. This cooper's pair can flow without energy dissipation. 

Q) 
U 
c::: 
CO ....., 
.~ 
(f) 
Q) 

0::: 

Non-superconductor 

0° K Tc 

Temperature 

Fig 1.2: Resistance vs Temperature curve for superconductor . 

.. -{ 2 }- -- - ---



1.2.2. Perfect Diamagnetism or Meissner's Effect: 

When we place diamagnetic materials in an external magnetic field, these materials create an 

induced magnetic field in opposite direction and their magnetic moments align themselves in 

such a way that they oppose the external magnetic field as shown in fig. 1.3. This 

phenomenon is known as diamagnetism. 

B B 

T > Tc T < Tc 

Fig. 1.3: Meissner's effect in a material. 

In 1933, Meissner and Ochsenfeld observed that when they placed a superconducting sample 

in external magnetic field , the magnetic flux is expelled from their sample. This is known as 

Meissner' s Effect and the superconductors shows diamagnetism response. The Meissner' s 

Effect is the contrary phenomenon [4]. 

Since, 

B = ~oCH + M) ............ . (1.3) 

As the magnetic field disappears in the superconductor so B = 0 

Therefore, the susceptibility is 

0= lloCH + M) 

M= - H 

x =-1 

M 
- = X = -1 
H 

(1.4) 
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This is the susceptibility of perfect diamagnetic substance, so superconductors show perfect 

diamagnetism. 

1.3 Parameters of Superconducting state: 

For superconductivity, in a given sample three critical values i.e. critical temperature (Tc), 

critical current density (Je) and critical magnetic field (He) are essential. For a sample 

exhibiting superconductivity, these parameters must be less than their critical values. 

1.3.1 Critical temperature (Tc): 

At room temperature (290K), the superconducting material is in normal state and there is 

current dissipation due to electrical resistivity (collision of electrons with atoms). 

Nevertheless, when the superconductor cooled down below some temperature the electrical 

resistivity of a superconductor rapidly disappears and this state of the material is defined as 

superconducting state. The temperature at which, the electrical resistivity of a superconductor 

rapidly drops to zero, is known as critical temperature 'Te' . There is reasonable resistivity 

above the critical temperature and resistivity vanishes at below the critical temperature. 

Different superconducting materials have different critical temperatures as given in the 

following table 1.1. 

Materials Critical temperature Tc (K) 

Hg 4.2 

C6Ca 11.5 

V3Si 17.1 

Nb3Sn 18.3 

TISrLaCuOs 40 

YBa2Cu307 90 

ThBa2Ca2Cu30 10 125 

Table 1.1: Critical temperature of superconducting materials 
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) 

1.3.2 Critical current density (Je): 

Relatively thin wires of superconductors are used for large currents because there is small or 

no resistance. Nevertheless, there is a limit of current to flow through these thin wires. So, the 

maximum current per unit cross sectional area flowing through the superconductor, above 

which sample becomes normal state, is known as Critical current density ' l e' . In 1961 , 

Kunzler was first physicist who observed this [5]. Critical current density (le) depends on 

temperature. 

For practical uses, the critical current density (Je) value must be greater than 1000 

amperes per square millimetre (Almm2
). While in Thallium based superconductors, we can 

achieve up to 106 to 107 (Alcm2) at very low temperature (5 K). 

1.3.3 Critical magnetic field (He): 

The superconductivity not only ruined by the increasing of temperature above its critical 

value but it can also be destroyed by increasing the external magnetic field. The external field 

at which the superconductivity destroyed is called critical magnetic field. This was first 

observed by Meissner when he was studying the behaviour of superconductors at different 

magnetic field and he observed that after certain value of external field , superconductor will 

be in normal state. Figure.l.4 

< > c 

Figure 1.4: Meissner effect. 
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) 

N onnal conducting ' 
state 

Super conducting 

state 

Temperature 

Figure 1.5: critical magnetic field as a function of temperature. 

Fig 1.5 shows that the critical magnetic field is function of temperature. It slowly 

decreases when temperature increases from T= 0 K to T=Te. The relation given below, 

defines the variation of critical magnetic field He with temperature 

He (T) = He (0) [1-(T/Te)] .................. (1.5) 

Where He (0) is maximum value of magnetic field at 0 K and at T=Tc, He (Tc) = O. We can 

also measure the value of critical current' I' e using the given relation, 

Ic= 2nrH ............................... (1.6) 

1.4. Types of Superconductors: 
Vitaly Lazarevich Ginzburg and Lev landau proposed the idea of two kinds of 

superconducting samples in their paper [6]. In the start, all superconductors were considered 

as type I but with the passage of time, the scientist name Lev Shubnikov, observed that there 
are some superconducting samples behaved differently in response to external magnetic 

fields. He named them as type II superconductors. Later on, Alexei Alexeyich Abrihosov 
developed the theory for type-II superconductors and Nobel Prize was awarded him for his 

revolutionary work [7]. One can easily decide whether the material is a Type- I or Type-II 
superconductor based on response of magnetic field. 

1.4.1. Type-I Superconductor: 
Type I superconductors have low critical temperature and sudden transition from normal state 

to superconducting state in magnetic field . Type I superconductors are soft superconductors. 
They are composed of alloys and pure elements; they also have low critical magnetic field. 

The maximum critical magnetic field is 0.2 T 
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) 

Type I Superconductor 

Applied Magnetic Field 

Fig 1.6: Type-I Superconductor. 

1.4.2. Type-II Superconductor: 

Normal 
State 

These superconductors are hard superconductors. They contain alloys or transition metals. 
They have high value of resistivity in applied magnetic field than type I superconductors [8]. 

Type II superconducting samples slowly changes from normal state to superconducting state, 
in other words they do not show sudden transition. 

1 
"0 

~ 
g 
Q) 
c: 
OJ 
<0 
E 
"0 g 
"0 
C 

Fig 1.7: Type-II Superconductor 

From figure 1.7, for region H < HC1 no magnetic flux can penetrate in the bulk of the sample, 

this region is a perfect diamagnetic, Hel is known as "lower critical field". Further increase 

in magnetic field, superconducting sample can transform to mixed state in which the sample 

have both states (normal and superconducting). The region where HC1 < H < HC2 known as 
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intermediate Or mi xL-d Siale region or vortex region. The region H > I-Ia where magnetic nux 

can penetrate in and is called paramagnetic state and sample is in normal state. 

1.5. Evolution of theory ofsupercooductivity: 

After the di scovery 0 1' superconducti vity. different scientists were working on the theory of 

superconducti vi ty and many theories were given to exp lain the phenomenon of 

superconductiv ity. In 1935, lhe two brothers Heinz and Fritz London gave the very first 

phenomeno log ical theory. Thei r theory was based on two nuid mode l. Another theory was 

given by V.L. Ginzburg and L.D. Landau, it was the very fi rst quantum theory to describe 

superconducti vity. in which they used wave function "\jI" as an order pHrameter. In 1957. the 

first microscop ic theory of superconducti vity known as BCStBardeen·Cool>cr-Schrrieffer) 

theory. given by John Bardcen. Leon Nei l Cooper and John Robert Schrielfer. 

1.5.1 London theory : 

In 1935, two brothers Heinz and Fritz London dcve lol}Cd a theory 10 describe the 

Meissner's effecl. They Llsed two nLiid model, they divided all the electrons of 

superconducting samples into two types: normal electrons " 11,1" and sliperconducting 

electrons "1l/, so lola l density is n=- 11$ + nil .As temperature: approaches to criti ca l 

temperature (1' ..... Tel, thc number of superconducting electrons woul d be max imum . 

T -f 7'e,n11 -f 0 so 11s -+ max for (T <'l'e) 

And 7' ..... 7'e, n s -+ 0 so nil -+ max as [01' (7'>7'c) 

Consider the lInirorm electromagnetic field applied a ll the superconducting sample. We 

assllme that both fields are so \veak, so Ihey do not impact with the superconducting 

electrons. If V $ is the average ve locity, rn is the mass and e is the charge of the super electron, 

then in the presence o f field E the equation of motion. is 

m (d v,ld t) ~ -e E ............ .. .. ... (1.7) 

The current dcns ity ofsupcrcondllcting eleclron is by 

J ~=-ens Vs . ..... ......... . .. . ... (1.8) 

From questioll 1.7 and 1.8 we have 
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dJs/dt= (nse2/m) E ............ . ..... (1.9) 

Which is known as first London equation and this shows that in the absence of an electric 

field , steady state current Js is constant. 

On the other hand, the current density of the normal e lectrons is In = aE. Shows that E=O, 

typical behav iour of normal state. 

The Maxwell equation is, 

'iJ x E = - dB/d t ................... (1.10) 

As E=O i.e. B = constant which shows that magnetic field IS uniform inside the 

superconductor, which is in contradiction with the Meissner' s effect. 

To remove this difference, London suggested some adjustment in the expression [9] , which is 

ns e2 

'iJ X Is = --B ................. .. (1.11) 
m 

Known as London second equation and result is in agreement w ith the experiment. 

1.5.1.1 London penetration depth: 

When we apply magnetic field lines at the surface of a superconductor, magnetic field lines can 

penetrate into the superconductor to the length called London penetration depth denoted as A 

L, which decays exponentially. 

Using Maxwell 's equation, 

'iJ X B = 1l
0

1s ....... .......... . . (1.12) 

By taking curl and using 1.11 , 

'iJ X C'iJ X B) = - 1l0~e2 B = - :2 B. ............... (1.13) 

where 

AL = (me /~ onse2)' 12 

is London penetration depth . 

As 'iJ X C'iJ X B) = 'iJ C'iJ. B) - 'iJ2 B 

And as we know 
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So, equation 1. 12 becomes. 

r or I -d. so lution is 

CV. 8) = a 

1 
V'8 =-8 

A' 

. . .............. (1.14) 

And 80 is externally applied field and values aD. I, varies from 50nm to 500nl11 . 

B 

B, ------<'/ 

)(=0 

Fig. 1.8: Decay of magnetic field inside the sUllercondtlcing m:ttcrhll. 

London penetration depth also depends on the temperature. The penetration depth decreases 

with increasing temperature and relation is [10], 

ACT) = A~O) .•••. . .••• .•.••••.••••.• • (1.1S) 
[1 +(_ )4] t /2 

T, 

and ,l(O) is penetration depth at zero Kelvin temperature. 

1.5.2. Ginzburg-Landau Theory: 
In 1950. V.L. Ginzburg and L.D. Landau proposed <I first quantum theory or 
superconductivity which is ca lled GL theory, They used a wave fUllc ti on. which depends on 
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spatial part, denoted as \jI. They claimed about the existence of an order parameter [11] and 

according to them, this order parameter is zero in the normal state or above the critical 

temperature Tc whereas it is non-zero for superconducting state or below the critical 

temperature Tc i.e. 

peT) = 0 ; If 

peT) =1= 0 ; If 

so basically it suggests about the state of a system. 

GL theory explained that wave function'!' should be a complex number. It is a macroscopic 

wave function for a superconductor. When they were working originally on the signification 

of'!', they were not much clear about it. 

1.5.3. DCS theory: 

In 1957, the scientists Bardeen, Cooper and Schrieffer [12] presented a first quantum 

mechanical theory of superconductivity, known as BCS theory. This theory is based on 

advance quantum mechanical concepts. Their theory defines superconductivity as a 

microscopic effect due to condensation of cooper pair. 

1.5.3.1. Formation of Cooper pairs: 

According to BCS theory, when electrons pass through the perfectly arranged positive ions, 

they produce deformation in the crystal lattice. 

Cooper pair 

Fig. 1.9: Lattice of a superconductor and formation of Cooper pair. 
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As a result, atoms of lattice vibrates and these vibrations are known as phonons. In a metal, 

an electron moves freely, repelled from other electrons due to same charges but they attract 

the ions and this attraction deforms lattice. As ions attracted towards an electron and offer 

more positive charge to the electron to form a positive ion core. This greater positively 

charged ion core attracts other electron of opposite momentum and spin [13]. As electrons are 

fermions, but their total spin is zero like bosons. Many Cooper pairs can be in same state. 

This pair of electrons known as Cooper pair. The Cooper pair is main reason for 

superconductivity. 

1.5.3.2 Coherence Length (;): 
In cooper pair, electrons are not necessarily close, they may be far apart because their 

interaction has long range, may be of few hundred nanometers. There is some distance 

between them [14] and this distance between them is known as coherence length (;). In high 

temperature superconductors, it is small and in case of low temperature superconductors its 

value is large. According to BCS theory, the coherence length is, 

Where V F is he Fermi Velocity and 2t.l. is the energy gap. 

For type I superconductors: ~ > A L 

For type II superconductors: ~ < A L 

1.6 The Isotope effect: 
This effect shows that critical temperature varies with different mass of isotopes of 

superconducting elements [15- 17], and relation is given by, 

Or MaTe = constant ......................... (1.16) 

Where a is fitting constant and its value is 112. 

1.7 Josephson Effect: 

In 1962, the phenomenon of supercurrent across Josephson junction was predicted by 

Barian David Josephson. This effect is macroscopic quantum mechanical tunneling 
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phenomenon. He explained that as current flows through a thin (order of a few nanometers) 

insulating barrier between two superconductors (Josephson junction), cooper pairs tunnel 

through insulator barrier [18, 19]. Their tunneling through insulating barrier called Josephson 

Effect. The Josephson Effect has two types, 

• Dc Josephson effect 

• Ac Josephson effect. 

1.7.1 Dc Josephson effect: 
The flow of Cooper pairs is supercurrent. It flows indefinitely without external voltage. It was 

Josephson who predicted that two superconductors, which are separated by a thin insulator 

then quantum tunneling may happen for Cooper pairs . The wave function of the Cooper pairs 

penetrates into the insulating layer and sealed together in phase. So supercurrent can flow 

through insulating layer in the absence of externally applied voltage, and that is DC 

Josephson effect. 

1.7.2 Ac Josephson effect: 
If we irradiate the junction with current of frequency w, we will get a different effect then DC 

Josephson effect. The flow of current (with amplitude and frequency) during quantum 

tunnelling of Cooper pairs across the insulating layer at a fixed voltage, is sustained across a 

tunnel barrier is known as the ac Josephson Effect. 

1.8 Dielectric properties of Superconducting samples: 

The dielectric property that we analysed is permittivity and we know permittivity is not 

constant. It can change with temperature, frequency, pressure and structure of sample. 

1.8.1 Capacitor: 

Capacitor is a single or multi layered electronic device, to store charge in electric field . It 

consists of different layers of conductor and dielectric. To make our capacitor we painted 

both sides of samples with silver paste. 

1.8.2 Dielectric constant: 

A material is considered as dielectric if it has the capacity to store energy when an electric 

field is applied. When a voltage is applied across a parallel plate capacitor its begin to charge, 
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and more quantity of charge is stored when a dielectric material is placed between the plates 

than if there is no material is between the plates. So the dielectric material increases the 

storage capacity of the capacitor by, which usually would contribute to the field. The 

capacitance of a capacitor with dielectric material is associated to dielectric constant. 

A c= £0-
d 

Area A Area~~ 

..( ... > 
d 

V -+ -

Dielectric 
(Insulator) 

Fig. 1.10: Capacitors with and without dielectric material. 

10 is the permittivity or dielectric constant of material, and A is the area of plates and d is the 
distance between them. 

The complex dielectric constant 10 contains of a real part 10' which indicates the storage and its 
imaginary part 10" which indicates the loss. Using the electromagnetic theory, the definition of 
electric flux density (electric displacement) Dr is: 

Df= EE 

As 10 = EOEr is the permittivity and lOr is the relative permittivity. Permittivity is a complex 
quantity and explains the interaction of a substance with field E. 

Dielectric constant (E) is equal to relative permittivity (lOr) relative to the free space 
permittivity (EO.). The real part of permittivity (lOr') is estimate that how much energy from an 
external field is stored in a material. The imaginary part of permittivity (lOr"), is a measure of 
how dissipative a material is to an external electric field, is called the loss factor. The 
imaginary part of permittivity (lOr") is generally much lesser than lOr' but always greater than 
zero and the loss factor contains the properties of both dielectric loss and conductivity. 

1.8.3 Dielectric loss: 

The dielectric loss or tangent loss 'tan8' defined as the ratio of the imaginary part to the real 
part of the dielectric constant. 
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T8nS~E,"/'; " " """ " """"" (1.17) 

It is also known as Ian della or di ss ipation factor. 

1.9 Technological applications ofsuperconduclors: 
Superconducti vity is revolut ionary fiel d. Superconductors are very eflic ient conductors, 

superconducrors arc being used by engineers and scient ists in the field of research and 
industry in the who le world , Some o f the applications are, 

1.9.1 In the field of medical : 

• Magnetic Resonance Image (MRJ) 

• Biotechnical engineering 

1.9.2 Electronic devices: 

• I")article accelerators 

• Partic le Colliders (Synchrotrons and Cyc lotrons) 

• Josephson junction dev ices 

• Sensors 

• T ra nsistors 

1.9.3 Industrial : 

• Superconducting magneti c 

• Magnetic shield ing 

• Sensors 

1.9.4 Transportation: 

• magnet ic It:vitat ion trains 

• stlpercondllcting marine propuls ion 

1.9.5 Power generators: 

• Superconducting transmission lines 

• Energy storage 

• Transformers 

• Supcrcond llcting generators 
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Chapter # 2 

Literature Review 

2.1 Review of Thallium based Superconductors: 

Z. Z. Sheng et al. [1] , discovered the superconductivity in thallium cuprates for the 

very first time. They claimed that their samples were stale, reproducible and have high 

critical temperature (above lOOK). Their thallium based superconductors have zero resistance 

above lOOK. Before them many scientists were working on high temperature superconductors 

but their superconductors were unstable and irreproducible. By using TI-Ca-Ba-Cu-O 

superconductors, they improved critical temperature and the values of critical temperature for 

their samples, were much higher than many other rare earth contain superconductors. 

L.Perez. Arrieta et al [2] , performed two stepped process to prepared their 

superconducting samples TIBa2Ca2Cu30x and analysed their behaviour. To prepare samples, 

they utilized a two stage furnace by different thallium diffusion at 823K (550°C) and used 

spray pyrolysis techniques to deposit films of samples. So the precursors of samples were 

formed. Then they placed samples in different flow rates of oxygen, added different quantity 

of thallium oxide, pressure was generated to get the pressure of thallium oxide which was 

ranging from 6.9 x 10A to 6.1 x l 0 -2 atm 750°C. So They made their films with c-axis 

perpendicular to the surface of substrate. As the samples have mixture of two materials 

(BaCu02 and Tl - 1223), they got crystalline grains with large side with superconducting 

behaviour was better for a thallium oxide pressure of 1.4 x 10 -2atm. For their films the 

critical temperature Tc values were from 90K to 120K. 

Najmul Hassan et al. [3] , reported the structure and properties of superconducting 

samples Cuo sTlo.sBa2Cao.sM15CU15Ni150IO-o (M=Mg, Be). To prepared the precursor of their 

samples they used the solid-state reaction technique and characterized their superconducting 

samples by resistivity, x-ray diffraction, ac- susceptibility and FTIR. Using X-ray diffraction, 

they analyzed that as they increased the concentration of doping, the length of c- axis of unit 

cell of the samples decreases. As the doping atoms have a small ionic size so the decrease in 

c-axis. They reported that from resistivity and susceptibility behaviour of doped samples, 

critical temperature Tc increases . They explained this phenomenon as inter-plane coupling, so 

more electrically negative atoms of doping at Ca sites. The neighboring Ni02/CU02 planes 

help the carriers to raise inter- plane coupling. They also ohserved the coherence length along 

c-axis increased and the anisotropy lowers. From the FTIR, the oxygen modes were start 

shifted towards the low wave number. The magnitude of diamagnetism was decrease due to 

increase in the coherence length and low anisotropy in the superconducting sample. 
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S. Isber et al. [4] , manufactured the superconducting samples ofTIBa2Ca2 (CU3-x COx) 

09-0 with (x=0-0 .6), using the single step solid-state reaction. To characterize their 

superconducting samples, they used x-ray powder diffraction, resistivity and susceptibility. 

Using XRD analysis, they explained that their superconducting samples have tetragonal 

structure and discovered different parameters of unit cell. From resistivity and susceptibility 

measurements, they came to know that the critical temperature Te suppressed with the doping 

of CO at copper oxide planes. To explain the suppression in Te, they took the help of 

Abrikosov and Grokov model and the realized that the reason behind the suppression in 

Temperature was cooper pair- breaking phenomenon. They told that with the doping of the 

CO, the reversibility field and critical current density Je decreases. And they also came to 

know that the inter-grain junctions have Superconductor-normal-superconductor type. 

Nawazish A. Khan et al. [5] , created the superconductors TIBa2 (Ca3-y My) CU4 012-0 

(M=Be; y=O, 0.5 , 1.0, 1.5 , 2) and characterized their samples using different apparatuses and 

methods, i.e. XRO, FTlR, resistivity and ac-susceptibility measurements. From XRD, they 

explained that their samples have tetragonal structure. They described that by increasing the 

doping, the volume of the unit cell increases and c-axis length decreases. They realized that 

the superconductivity suppressed as they increased doping. They performed FTIR and 

observed that the planer oxygen and apical oxygen modes slanted towards the low wave 

numbers, which was the vivid indication of inter-plane coupling improved. When they placed 

their samples in 0 2 for annealing, the value of diamagnetism suppresses. At the end, the 

oxygen reduces the carrier concentration in the cell. So, superconductivity suppresses. They 

explained that anti ferromagnetic alignments which occurs in the CU02 planes suppress due 

to doped atoms of Be, superconductivity increases. The real purpose to synthesize their 

samples TIBa2 (Ca3-y My) CU4 01 2-0 (M=Be; y=0, 0.5 , 1.0, 1.5, 2) was to boost the inter-plane 

coupling and reduction of anti-ferromagnetic alignment. The inter plane coupling can be 

attained by high electro-negativity and doping with such atoms which have small to Ca atom. 

As they doped Be atom which has small size to Ca atom. The boosted inter plane-coupling 

roots to reduce the amount of anti-ferromagnetic in the CU02 planes. 

A. Iyo et at. [6] , worked on the superconductors TlBa2Can-ICunOy (n=3 and n=4). The 

precursor was synthesized using the solid-state reaction technique. It is impossible to 

eliminate the Corban contents totally from precursor because they have used Ba (N03), 
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Ca(N03)2 and CuO. Therefore, precursor consists of a small concentration of carbon and 

cause to defeat the superconductivity. They explained this phenomenon as, when residual 

carbon atoms entered into the thallium atoms, it reduced the concentration of holes in copper 

oxide planes which added impurities in material and that is not suitable for the formation of 

ideal composition. They performed X-ray diffraction, composition analysis and susceptibility 

analysis for characterization. They observed that by changing the different parameters, the 

superconductiv ity has changed. They concluded by increasing the pressure, the critical 

temperature Tc increases. They also observed that if quantity of thallium decreases, the Tc of 

superconductor TI 1234 also increases. They also reported that critical temperature Tc was 

improved by adding thallium . They achieved maximum transition temperature Tc, for 

superconducting samples TI Ba2 Can-I CUn Oy was 133.5 K and 127 K for n =3 and n= 4 

respectively. 

Nawazish A. Khan et al. [7], prepared superconducting samples (CuosTlos ) Ba2Ca2 

(Cu3-xTix) 01 0-0 (x = 0, 0 .25 , 0.50, 0.75). To synthesize their samples, they used the solid-state 

reaction technique at 8600 C. They studied the properties of samples by using X-ray scans, 

resistivity, ac-susceptibility and FTIR. From resistivity analysis, they described that samples 

showed that the Tc decreased by doping of Titanium and their samples had orthorhombic 

structure with PMMM space group. They calculated the parameters of the unit cell which 

were doped with Titanium atoms at the Cu planes, the length of c-axis and the orthorhombic 

distortion increases and they suggest that increase in orthorhombic distortion was because of 

the different ionic radii i.e. 0.90 A and 0.69 A for titanium and copper respectively. Their 

Fourier Transform Infrared Spectroscopy (FTIR) results indicated that planer oxygen modes 

have shifted towards the high wave numbers which means they were toughened as the doping 

was increased. And this toughening of planer oxygen modes was because of the lager ionic 

radius and the smaller mass as compared to Copper atom. As atoms with low mass vibrates at 

higher frequ~ncies. Thus, oscillations were produced due to Titanium atoms at Cu sites would 

be harmonic and it reduces the density of phonon population g(O)). As g (0)) = (NL/2n2v3) 0)2 

and 0) = qv 

Where, 

N is the number of primitive cells, L = volume of the unit cell . 

We know superconductivity lies in CuO planes, from the above expression if the volume 
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decreases than g( 0)) also decreases which leads to reduction in phonon-electron interaction, 

weknow electron-phonon interaction is necessary for superconductivity. 

Y. Shimakava et al [8] , worked on ThBa2Ca06 samples. They examined the structure 

of crystal, transition temperature (Tc) and carrier concentration in their superconducting 

samples. They perceived that values of critical temperature (Tc) of their samples, are related 

with c - axis length, according to them the variation in the transition temperature is because 

of small variation in oxygen content, so they proved that transition temperature (Tc) depends 

on carrier concentration. They also realized that critical temperature (T c) might be grow 

about at 80K and length of c - axis might be lengthening 0.4% by increasing oxygen about 

0.1 per formula. They expressed that critical temperature Tc suppress when they increased 

quantity of dopant. They concluded that in their samples, as they increased hole ' s 

concentration it suppressed the superconductivity and when they decrease hole 's 

concentration it boosted their superconductivity. They described that when they increase 

number sheet of CU02 per unit formula, there was variation in transition temperature. As they 

increased it (CU02) then concentration carrier number per sheet became less. They noted that 

only for some appropriate range of carrier concentration, the superconductivity exists. 

Nae. Lih. Wu et al [9], they discovered a new method which was powder synthesis 

technique to prepare their superconductors (ThCaBa2Cu208 and ThCa2Ba2Cu208). To prepare 

their 2122 compound, they used stoichiometric mixture ofTh03, CaBa2Cu04 and CuO, and to 

prepare 2223 compounds they have used are Tl2 0 3, CaO, CaBa 2 CuO 4 and CaO. Their 

superconducting samples, have transition temperature Tc more than lOOK, took 6 to 23 hours 

to prepare. They calculated maximum transition temperature 116K for 2122, they achieved 

110-118K transition temperature for 2223 single phase superconducting samples. Both 

superconducting samples (2122 and 2223) have sudden transition and saturated Meissner 

effect. Using this new powder synthesis technique, the main problem of using powder was its 

melting, was successively lessen which happen broadly in conventional procedure. This 

decline was mostly because of the presence ofCaBa2Cu04 in the mixture with the help of 

which 2122 compound was formed and lower temperature calcination was made possible. In 

the second two step calcination, the 2 122 compound functioned as a precursor for 2223 

compound. They took the result that the reaction was because of the inter-calcination of CaO 

and CuO layers into the present 2122 grains. 

----------I( 20 }l---------



S.Mikusu et al [10] , introduced their thallium based superconductors TIBa2Ca2Cu30y. 

To prepare their samples, they used method called solid state reaction . They performed the X

rays diffraction, SEM technique to studied behavior of their samples. To measure resistivity, 

they used four prob e method and Quantum design MPMs device to calcu late the critical 

temperature Tc. The MPMs was used to calculate the hysteresis loop of DC-magnetization 

for the field up to7 Tesla at the temperature of llOK. They take into account that the 

change in critical temperature (Tc) values happens because of small variation in the starting 

material of the system TlBa2Ca2CU30y. From magnetization, they measured the current 

density Je and Birr. By comparison measuring data with Hg-I223 , they got result that Birr value 

for Tl-I223 having Tc 130K have higher value than that of Hg-1223 low Tc samples. 

However, Y -123 has high value of Birr at 77K then obtained valued ofTI-1223 samples. From 

The ir result they suggested that pinning center is necessary for application at 77K. 

2.2 Reviews on "Dielectric properties of superconductors": 

Vogel R et al [11] , were working on chalcogenide thin films and observed negative 

capacitance in chalcogenide glasses for the first time and chalcogenide glasses were 

cons idered as re laxation materials. 

Wu X et al [12] , explained that the negative capacitance can be seen in various 

e lectron ic devices, such as interface states and metal semiconductor Schottky diodes. 

Ershov M et al [13] , analyzed that the microscopic mechanisms of the negative values 

of capacitance are different for different electronic devices and have been attributed to the 

interacting injection, as GaAs, AIGaAs and QWIPS (quantum we ll infrared photodetectors) . 

S <;avdar et al [14], reported dielectric properties and ac conductivity of thallium 

based ceramic samples, TbBa2Ca2Cu30x (2223) and TbBa2Ca,Cu20 x (2212), at different 

temperature (80-300K) and frequency (100- 10MHz). They observed negative capacitance in 

their materials. They exp lained that the negative values of real dielectric constant can be 
calcu lated from the negative capac itance, accord ing to them term negative capacitance means 

that the decrease in the capacitance of the device from geometrical capacitance to the 

negative values and this negative capacitance also shows the variat ions in the current of the 

device lags behind the voltage just like inductors. They described that at low frequencies , the 

real dielectric constants indicate strong dispersion at all different temperatures, the real 

dielectric constant decreases with decreasing frequency and the real dielectric constant 

increases with the increase in frequency at all different temperatures and remains constant at 

higher frequenc ies. They also expla ined that at the high frequencies, the huge increase in 

capacitance may be ascribed to blocking of charges at the electrodes. 
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They described that the imaginary part of die lectric constant C j" increases with decreasing 

temperature and frequency. Imaginary dielectric constant shows strong dispersion at small 

frequencies. But the dielectric dispersion in the real part is stronger than in the imaginary 

part. 

For their samples, they explained that dispersion in dielectric loss was found shifted towards 

low frequencies with decrease in frequency and temperature. They observed increase in ac 

conductivity with decreasing temperature and frequency. 

M. Mumtaz et al [15], worked on CuosTlosBa2Ca3(Cu4-yCdy) 01 2-1i (y=0,0.25,0.5 and 

0.75) and explained their real dielectric constant c/, is the portion of the energy stored in the 
superconducting material, when sample exposed to field. The negative values of cr' (real 

dielectric constant) can be calculated from the negative capacitance (term that shows a 

decrease in capacitance of a superconducting sample from geometric capacitance without 

superconducting sample). And this happens due to the growth of positive charges near 

electrodes. These charges are probably to gathered at the outer layer of the device just 

because of the flow of the negative charges flow toward the electrodes. As fermi energy 

levels are high for ceramics, so the passage of electrons from these ceramics to metal surfaces 

is possible. The negative capacitance can be observed within the samples in the low 

frequency range . The reason of negative capacitance is different for each material and it is 

microscopic physical phenomena associated the trapping of charge carriers, contact injection 

and effect of space charges. They explained that the imaginary part gives attenuation and 

absorption of energy along the surfaces (grain boundaries, localized charge densities and 

localized defects). They concluded that dielectric loss increased in all samples after post 

annealing in oxygen 

M. Mumtaz et al [16] , synthesized (CuO, Ca02 and BaO) y/Cuo sTlosCa2Cu301 0-1i (y=0, 
5%,10% and 15%) and described that at high frequencies the real dielectric constant rapidly 

decreased due to reduction of dipolar polarization. They described that the time period 'T' of 

oscillation of the external applied field is too quick as compare to the time of dipolar 

polarization. They conclude that as frequency increases, the ac conductivity decreases. 

Wagner KW [17], explained the phenomenon of electric dispersion, according to this 

phenomenon electric medium should be made of good conducting grains and separated by 
less conducting grain boundaries. So grains have more permittivity than boundaries. They 

stated that at small frequencies, these boundaries were extra effective, due to which electric 

charges were hopping and result in higher dielectric constant. They also observed decrease in 

imaginary dielectric with increasing frequency which is due to decline in polarization as they 

(dipoles) do not have capacity to track the externally applied field at large frequencies. 

Nawazish Ali Khan et al [18] , studied frequency dependent dielectric properties Of 

CuosTlos Ba2Ca2Cu3-yZnyOIO-1i (y=O, 1, 1.5,2, 2.5) and showed that at low frequency, negative 

values of dielectric constant are due to the reduction of the capacitance of superconducting 

samples from the capacitance (geometric) without superconducting samples. So positive 

charges start neighboring the electrodes due to these movements mobile charges were 
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displaced from their mean positions and they generated dipolar capacitance. The positive 

space charges were at the outer surface of the device and negative charges were flowing 

toward the electrodes from material. The fermi level of metal s is lower than ceramics, that' s 

why electrons can flow from ceramic to metals. 

Ghazala Y [19], synthesized Bi16PboASr2Ca2-xMgxCu3010+1i (0 :s x :s 0.5) to analyzed 

dielectric properties, they explained the real dielectric constant at high frequencies and it 

approached at almost same values for samples. She explained that the time constant of 

dipolar polarization is greater than the time constant of applied field and material have had 

minimum polarization and she explained imaginary part of dielectric constant as the energy 

absorption and attenuation across the interfaces. These interfaces can be localized defects, 

localized charge densities or grain boundaries. 

Salma M et al [20], worked on Bi2-x(CuPb)xSr2Ca2Cu301O+1i (x=O, 0.4, 0.5) samples to 

study effect of dielectric permittivity and conductivity. In real dielectric constant, they 

observed sudden decrease with frequency, they also described that the imaginary part of 

dielectric constant has greatest values at the start, as we keep increasing frequency than 

imaginary dielectric constant decreases immediately because the active component or ohmic 

component of current increases more suddenly than its reactive component or capacitive 

component. 
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CHAPTER # 3 

Experimental Techniques 

Introduction: 

This chapter briefly explains the methods of preparation of thallium based high temperature 

superconductors, different apparatus and procedures were used to study the properties and 

characterization of superconducting samples and to measure dielectric measurement of 

these superconductors. 

3.1 Sample preparation: 

To prepare samples Cuo.sTlo.sBa2Ca2Cu301O-x and Cuo.sTlosBa2Ca2CuI5Ml.sOIO-x 

(M=Cd, Zn, Ni) which are based on thallium . We used solid state reaction method which 

consists of two stages. At first stage we prepared precursor for our samples by mixing and 

ground Ba(N03)2, Ca(N03)2.4H20 , and Cu(CN) in early measured ratios ofthese compounds 

using mortar and pestle for one hour then using quartz boat we placed this powder material in 

heated furnace (860°C) for first 24 hours. After 24 hours, furnace was cooled to room 

temperature and the precursor was again mixed and grounded thoroughly using quartz mortar 

pestle. Using alumina boat, we placed our sample in furnace at 860C for more 24 hours. The 

precursors were chilled to room temperature after heating. Then we added suitable measured 

amount of Th03 in the precursor and grounded further for one another hour in mortar for 

proper mixing. Using hydraulic press, pellet of this mixed precursor was formed by applying 

5 tons/cm 2 of pressure. Forsintering, the pellet was wrapped in gold foil and placed in pre 

heated furnace at 860°C for 10 mints, and then reduced to room temperature for stable form 

of 1223. 

3.2. Characterizations: 
There are following techniques for the characterization of the superconducting samples, 

• X-Ray Diffraction 

• Electrical resistivity measurements 

• Susceptibility measurement 

• Fourier transform infrared spectroscopy 
• Dielectric measurements and ac conductivity 
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3.2.1. X-Ray Diffraction: 
X-ray diffraction is a technique to identify the phase of crystal structure of the materials [1] 

and also provide information about the unit cell. X-rays are very energetic electromagnetic 

radiations with small wavelengths (order of 0.01 to 10 nm). For diffraction, the size of atoms 

of the object should be comparable to wavelength of X-rays. Basically it is not possible to 

make a well diffraction grating which can satisfy the conditions of X-rays diffraction. So the 

spacing between regularly arranged lattice atoms of crystal is almost equals to the order of 

wavelength of X-rays. As the crystal has natural grating which can be used for diffraction. 

3.2.1.1 Energy of X-ray Photon: 

The energy of X-ray photon is, 

E = h-8 ........................... (3.1) 

or E = hC/A 

If A = 0.0998nm, as hc= 1240 eV.nm 

E = 12.42 Kev 

X-rays should be in range of 10KeV to 50KeV to study the crystalline structure of 

materials. The X-rays photons with these energies (lOKeY to 100KeV) can penetrate below 

the layer of a crystal and create the roots for many conventional methods for examination of 

unknown 3D structures. 

3.2.1.2 Advantages and Disadvantages of X-rays: 

There are some advantage and disadvantage of x ray diffraction, which are 

• X-ray diffraction is widely used technique . 

• X-ray diffraction is economical and appropriate method. 

• X-rays are not very absorbable by air and sample do not needs to place in vacuum. 

• X-ray diffraction is fast, easy and non-destructive method. 

• X-rays can be detected by a photographic film. 

• X-rays cannot strongly interact with the lighter atoms. 

• X-rays cannot specify the existence of different isotopes of the similar element. 

3.2.1.3 Bragg's Law: 

William Henry Bragg and his son William Lawrence Bragg, who proposed the X-rays 

diffraction for the first time [2]. They found that crystalline material s, at some wavelength 
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and initial angle, produced strong reflection. The idea of Bragg's law can be applied on both 

electron and neutron diffraction but their wavelength should be comparable to inner distance 

of atoms. As X-rays are very energetic electromagnetic waves with very small wavelength 

but it is possible to study diffraction of X-rays by crystals. In a crystal, the atoms are 

regularly arranged in planes and distance between these planes is equal to the wavelength of 

X-rays. Therefore, a crystal behaves like a 3D grating. 

Let there are two incident monochromatic X-rays 'a' and ' b' of wavelength ''A' are 

reflected from the two consecutive planes separated by distance 'd' known as inter-planar 

spacing. Let the incident beam makes an angle (J (glancing angle) with the crystal plane. 

d 

------ .- -
z 

Fig. 3.1: X-rays diffraction from crystal planes 

For path difference 'd' between these two X-ray beams, so we draw perpendiculars 

from Z to A and C. Hence 

Path difference = AB + BC 

From fig, 

AB= d sin e ........................... (3.2) 

And Similarly, 

BC = d sine 

So, 

Path difference = d sine + d sine 
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Path difference = 2dsine 

These reflected beams interfere constructively interference and we will see a bright 

spot on the screen (photographic plate) . These rays remain in phases since their path 

difference is equal to the integer multiple of wavelength A. Path difference is equal to 2d sine 

and condition for constructive interference [3]. 

2d sine = nA .................. (3.3) 

This is Bragg' s law. Here n is positive integer (n=l , 2, 3 ... ) and A wavelength of 

incident X-rays. If the wavelength of X-rays is known, then we can easily find the inter

planar spacing ' d '. Using Bragg's law, the study of crystal structure has formed the basis for 

X-ray crystallography. 

3.2.1.4 X-Ray Diffraction Techniques: 
• X-ray diffraction is used to study the structure of a sample that either the sample has 

amorphous or crystalline structure. XRD graph displays their structure. If material of 

the sample is crystal, then graph will show various and sharp intensity peaks which 

reveals that material has periodic structure but in amorphous structure, the graph of X

ray diffraction shows only one or two sharp intensity peaks [4]. 

• In multicrystalline or polycrystalline materials, we can calculate grain size by using 

the full width half maxima (FWHM) ru le. The formula is, 

S = 0.9..1-
ACo.iJB 

s= grain size, A = wavelength of X ray, 8s = Bragg's angle, A = full width half maximum 

The full width at half maximum is 

• The density of the unit cell is given by the formula 

Where 

p = LA / N A 

V 

----------------~[ 29 l~-----------------



L.A = sum of atomic weights of all atoms NA = Avogadro's number V = Volume of unit 

cell 

3.2.1.5 X-ray diffractometer: 
In figure 3.2. a diffractometer is shown. A sample is supported by a smooth plate in 

such a way that it could rotate about an axis which is in direction perpendicular to the surface 

of the paper. Monochromatic X-rays are formed in x-ray tube and by passing the rays from a 

slit. The beam fall upon the specimen and diffraction takes place. The intensities of beams, 

which are diffracted, are noticed with a counter. The source of x-rays, specimen and counter 

all are in one plane. The counter can rotate about its axis. 

The angular location of the counter is measured in term of 2(). The counter and the specimen 

are arranged in such a way that if the specimen is rotated through an angle, counter is rotated 

through 2() I because of this the angle of incidence and the reflection angle are remained 

,- J 

,r 
X-TIl" tube 

diffi'actometer circle 

Fig. 3.2: X-rays diffractometer 

constant. As the angular velocity of the counter remains constant the intensities of diffracted 

rays is recorded as a function of 2(). The data that is obtained from the diffractometer is 

examined for finding the crystal arrangement of the specimen. Computer software ' chekcell ' 

is used for finding the matrix parameters and the identification of crystal arrangement. 
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3.2.2 Electrical Resistivity: 

Temperature 'T' and the average time IT' are two main reasons for electrical resistivity. 

3.2.2.1 Dependence on average time 'r': 

When external electric field is applied to the sample, the electrons of the atoms get 

accelerated and they started colliding with the atoms. Thus the resistance is offered by the 

atoms to the flow of electrons. This resistance is because of collision and resistivity is given 

by, 

m 
P = -2 ............................ (3.4) 

nTe 

Where I p' is resistivity, m is mass of electron, ' T' is average time between two collisions, ~ is 
T 

the probability of electron collision (scattering) per unit time and ' n' is the number density. 

As we know that every crystal has imperfections. So when electrons flow, they can face 

collision with lattice phonons. Therefore, the total probability of electron to happen a 

1 
collision (scattering) is equal to scattering of electron from phonons - and lattice 

Tph 

imperfections ~. So total probability is, 
T[ 

1 1 1 - + - ........... .. .. .... (3.5) 
Lph Li 

So resistivity is, 

P = Pph + Pi··· ............... (3.6) 

Where 'PPh' is the ideal resistivity and it is temperature dependent while' p/ is the res idual 

resistivity does not dependent on temperature [5] . 

3.2.2.2 Dependence on Temperature: 

When temperature of a superconducting sample increases, the collision of electrons with the 

atoms also increases so resistance increases and when sample is cooled (temperature is 

lowered) then collision with atoms decreases so resistance decreases. And we know that the 

temperature dependent resistivity ' pph' is due to phonons. So at low temperature, the 

dependence of resistivity on temperature is of the order of T5 and it is confirmed for alkali 
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metals. In simple metals, at high temperatures, the dependence of resistivity on temperature is 

the mean square amplitude of phonons. 

R/R 

O.3r------P------~----~~----~~--__. 

a 

... Au 6= 175 "'I{ 

. Na 6= 202 
• Cru 6= 333 
• Al e: 395 

* Ni 8= 472 

o~--~~----~~--~~----~~--~ o 0.1 0 .2 0.3 0.4 10.5 

TIe 

Fig. 3.3: The phonon contribution to the resistivity in normal metals. 

3.2.2.3 Electrical resistivity measurements: 

Using DC electrical resistivity, we can measure critical temperature 'Te' of 

superconducting sample and it helps us to analysed their properties in superconducting 

and normal states. DC-electrical resistivity is measured by four probe method which is 

founded on Ohm's Law, which is 

v = IR 

Where ' I' is the current applied, ' V' is the voltage and 'R' is the resistance of the 

conductor. 

Experimentally, the resistance is proportional to the length 'L' of conductor and inversely 

proportional to the area of cross-section ' A'. So, 
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and 

Or, 

Can be written as, 

RocL 

1 
Roc

A 

L 
Roc 

A 

L 
R=p 

A 

Where constant ' p' is called resistivity and it is the function of temperature. 

But from the Ohm 's law 

L 
ReT) = peT) A 

A 
peT) = ReT) - ............... (3.7) 

V 
ReT) = I 

L 

VA 
peT) = - 

I L 

VA 
peT) = - ............. . .. (3.8) 

lL 

If area ' A ' is in m2, length ' L' in m, current ' A ' in amperes and voltage ' Y' in volts, then the 

unit of the resistivity becomes 'Q-m ' . 

3.2.2.4 Methods of Resistivity Measurement: 
The aspect which is affecting the appropriateness of techniques including resistance and the 

structure (shape) of a sample i.e. whether in the form of powder, a single crystal film or small 

crystalline [6]. 
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Our superconducting samples are in the form pellets (small crystals) which are copper 

thallium based. The resistivity can be calculated using equation (3.8) where ' I' is the constant 

current and 'V' is the voltage drop across the superconducting sample. 

3.2.2.5 Four Probe Method for resistivity: 
This system is extensively used for the calculations of resistivity of semiconductors, metals, 

and superconductors. Fig. 3.4 displays the experimental setup for four-probe method. 

In this technique, there are four contacts which are connected to surface of the 

superconducting sample and these the connections are made by silver paste. Two outer leads 

are for the current 'I' through the superconducting sample while the inner two are for voltage 

drop across the superconducting sample. This voltage drop can be observed due to the 

resistance to the flow of current across the sample. 

Here in this method, we can measure the voltage drop across the probes ' 1' and '2', the 

current 'I' passing through the contacts ' 3' and ' 4' the separation ' 0' between probes ' l ' and 

'2' and the cross-sectional area ' A' of the sample. 

After measuring these parameters for superconducting samples, relation for resistivity is, 

DC power supplv 

peT) = V(T)AjID 

t-- l ---t 

Current probes 1 & 4 
Voltage p robes 2 & 3 

Fig. 3.4: Schematic of four-point probe 

Where voltage drop is temperature dependent. There are some steps which are, 
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1. The source of constant current was constructed by connecting the MW2 122A 

regulated DC power supp ly in series with resistance. 

2. A micro-ammeter was connected in series, wh ich can ca lculate current up to 1000l1A 

with an accuracy of 1 I1A 

3. The P-2000/E KE ITHLEY MULTIMETER was used to calculate vo ltage drops 

across the superconducting samples at in different temperatures. 

4. Temperature of the sample was calculated by thermocouple in mY. 

5. A simple cryostat consisting of liquid nitrogen Dewar and a brass pipe fitted with a 

sample mount at one end and connecting wires at the other was used as sample holder. 

3.2.3 Ac magneto susceptibility technique: 

Susceptibility is originated from Latin word ' susceptibilis ' which means receptive; 

basically magnetic susceptibility is measure of magnetic property of a sample. So 

susceptibility is the word used for the response of any sample to the externally applied 

magnetic field. Every conducting sample has magnetic behaviour, whether a sample is 

attractive or repulsive toward magnetic field lines. Some materials show high magnetic 

response i.e. ferromagnetic, some are materials have low magnetic response i.e. 

paramagnetic, and some are those which have magnetic response only in external magnetic 

field. 

Magnetism has microscopic behaviour. As we know that moving electron (charges) 

produces magnetic field , as electrons of atoms rotates around the nucleus and produces very 

small current and this current generates a magnetic moment. As electrons keeps on spinning 

around its axis and produces spin magnetic moment. These magnetic moments are measured 

in the unit of Bohr magneton 118' When a conducting material have two alignments (in 

specific direction) i.e. spin magnetic moments and orbital magnetic moments then magnetic 

field arises and material behaves like a magnet. However, usuall y material do not display 

their magnetic behaviour unless they are placed in the external magnetic field , because of 

random alignments of magnetic dipoles in material, the net magnetic moment is zero. 

The magnetic induction 'B ' is a process by which material becomes magnetized in 

external magnetic field , while H is magnetic field strength and both can be related as, 

B = l10H .. .. .............. (3.9) 
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Where 110 is permeability of free space. When a substance is in an external magnetic field 

then there wil l be magnetization in the substance and the magnetic dipole of the substance 

align in the direction of applied fi eld so, 

B = floH + floM ............ ...... (3.10) 

Let ' M' is the magnetization of the substance, dividing by H above equation, 

In medium we have, 

Or, 

B M 
- = ~o (l + - ) 
H H 

B = ~H 

B 
-= ~ H 

Here 11 represent the permeability of the medium. 

Let X be the susceptibility of the substance, which is amount of magnetization [7] 

So above equation becomes 

M -= x H 

.!!.. = 1 + X ........................... (3.11) 
/-Lo 

Let I1r = E- is the relative permeability of the substance. 
/10 

Or equation 3.10 can be written as, 

x = ~r - 1 

And value of susceptibility determines the magnetic nature of material (substance). If X> 1 , 

the material is ferromagnetic and X < 1 for diamagnetic material. 
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Superconductors are perfect diamagnetic mater ials hav ing X < 1, so X Become complex and 

can be written as, 

x = X' + iX" 

The imaginary part ari ses due to the changing magnetic field [8], its shows hysteres is loss 

and real part shows the shielding effect of the superconducting samples. 

For ac susceptibili ty X can written as, 

dM 
X = - .. . ... .. .... .... ..... (3.12) 

dHAC 

The real part of the complex susceptibility is out of phase by 90° with imaginary part but in 

phase with the magnetic fie ld. As phase diagram, 

x" 

IX'H ) 

F IG URE 3.5: P HASE DIAGRAM 

High temperature superconductors (multi-crystalline or polycrystalline) have complex 

crystal structure. In polycrystalline the susceptibility transition takes place in two-step, firstly, 

the transition happens in grains and then the transition happens in the decoupling of the 

gra ins. 

The value of critical magnetic fi eld, require for interior transition is larger than 

decoupling of these grains. Before entering the grains, external fi eld decouples these gra ins. 

When T < Tc(Below Tc) the current cannot pass into the samples because of flux lines and 

bulk of sample refl ecting it. Anyway, when temperature increases, the current start pierc ing 
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into material. And for T < T c, current near the boundary of the sample developed because of 

induce current that was generated by externally changing magnetic field. As we increase 

magnetic field , the imaginary part of the magnetic susceptibility has broadened peaks and at 

high temperature which is greater than peak temperature, the grains are decouple [9]. 

3.2.3.1 AC Magnetic Susceptometer: 
The magnetic susceptibility of superconductors can be calculated by using ac magnetic 
susceptometer.AC susceptrometer has four main parts, 

• Coil assembly 

• Sample holder 

• Cryostat 

• Electronic circuit 

Raterenee 
Input 

Thermocouple 

I 
Seeond:lrv / 

Coils ~ 

:lry eoil 

S:lmple 

Figure 3.6: Experimental arrangement of Ac magneto susceptibility. 

This susceptometer works on the mutual induction and it is set in the coils. There are two coils 

in susceptrometer, primary and secondary coil. The primary coil produces ac field and the 

secondary coil is more parted by two oppositely coils which can pick diamagnetic signal. 

There is no flux in the secondary coils because opposite direction of both loops. There are 
some other parts of susceptometer like plotter, locking in amplifier and frequency generator. 

The purpose of lock in amplifier is to amplify the signal, primary coils produces amplified 

signal which comes from secondary coils. We can adjust frequency of primary coil using the 
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frequency generator. The graph plotter is used to plot the graph. For plotting graph, pellet is 

connected to thermocouple and placed in secondary coil, by cooling below critical 

temperature we can take measurements at different temperature. 

In calculation of Ac susceptibility of superconducting sample, 1 volt ac signal with of 

270hz frequency is applied to the primary coils which induce electromotive force in the 

secondary coils, which displays that the magneto susceptometer works as bridge network. 

The lock in amplifier is used for the display of signal which was amplified from the 

secondary coil. 

3.2.4 Fourier Transform Infrared Spectroscopy: 

In solid, atoms of materials vibrate with frequency about their mean positions. These vibrations 

depend on the mass of atom, bond angle and bond length. Even at OK temperature, their atoms 

vibrate. Lattice vibrations are very necessary to explain the physical properties of the materials. For 

scharacterization, we need to determine which type of vibrational modes are present in a given 

material. 

A Simple Spectrometer Layout 

Figure 3.7: The diagram of FTIR instrument 

To study these modes, we use a technique known as Fourier transform infrared radiation (FTIR) 

spectrometer or FTIR spectroscopy. 

3.2.4.1 Components of FTIR: 
These are some components of FTIR, which are 

• Michelson Interferometer 
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• Light source or laser 

• Sample 
• Detector 
• Computer 

• Michelson interferometer: 
Michelson interferometer IS important part of FTIR spectrometer. Michelson 

Interferometer contains, 

• A moving mirror 

• A fix mirror 

• Detector 

• A beam splitter 

fixed mirror 

... .. 
j" I 

source 
II 

translating I I 
II 

II l1urror 
II 
II 

beal'rtsplitter '1 /2 .1 

detector 

Figure 3.8: Michelson interferometer. 

Both mirrors (fixed and moving) are plane and perpendicular plan. In these mirrors, one 

mirror is stationary and other can move perpendicular to the first one. Another part of FTIR 

apparatus is the beam splitter is a device, which splits the light of source into two parts, some 

of the light reflects and some transmit. The reflected beam moves towards the fixed mirror 

after striking and then reflects. 

The information about frequency that how much frequency has been absorbed by the material 

(sample) and save in interferogram[lO]. The interferogram can convert the intensity versus 

frequency IR spectrum by Fourier transformation [11]. 
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• The source: 

Beam Infrared rays is discharged from a shining source. This beam (rays) passes through the 

gap in order to control the amount of energy entering the sample and ultimately reaching the 

detector. 

3.2.4.2 Procedure: 

In order to study the modes of vibrations In superconducting samples, the 

FTIR spectrum has the following steps, 

• We used OMNIC software to analyse and studied the spectrum of our samples. 

• Firstly, we placed KBr pallet placed in the path of the beam as a background and 300 

scans were taken, by setting range of 400-700 cm- I 
. 

• We added approximately 5 mg of superconductor in 50 mg KBr compound, mixed 

them properly and made the pallet. Again we took 300 scans of the mixed sample 

spectrum and range was already set at 400-700 cm-I 
. 

• As we used KBr as background and after subtracting the background spectrum, the 

computer only displayed spectrum of our sample. 

3.2.5 Dielectric measurements and ac conductivity: 

To calculate real and imaginary dielectric constants (E ' and E"), dielectric lose (tan 8) and ac 

conductivity, the conductance (0) and capacitance (C) were measured directly in frequency 

and temperature ranges of20Hz-1MHz and 80K- 290K with an LCR meter. 

3.2.5.1 Procedure: 

Before measuring the values from LCR meter, the calibrations were made with the aid of 

typical inductor and capacitor to clarify any effect of external circuit. 
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SAMPLE 

LIQUID NITROGEN 

Figure 3.9: Experimental setup for dielectric properties. 

For these calculations, the parallel mode was used. A two probe method was used for the 

calculations of samples pellets. The silver paste was applied on the both sides of sample, thin 

conducting wires were fixed on si lver electrode sides and sample was dried at room 

temperature. To calcu late capacitance and conductance as a function of frequency, the sample 

pellet was connected to e lectric connection including LCR meter. Liquid nitrogen was used to 

decrease temperature of superconducting samples. By calculating capacitance (C) and 

conductance (G) at different values of temperature and frequency, the dielectric constant (Er', 

E'\) , dielectric loss (tan8) and ac conductivity (crac) were determined using equation [12] , 

cr ' = Cd/Aco 

Cj " = Gd/ Acom 

Tan8=cj" Icr' 

where A is area of electrode, d is thickness, C is capacitance, G is conductance, m(2nt) is 

angular frequency, f is freq uency of applied field , Eo is permittivity of free space. 
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Chapter # 4 

Results and Discussion 

4.1 Introduction: 

The substitution of metallic impurities at the CU02 planar sites is essential for the 

studies of intrinsic mechanism of high Tc superconductivity in oxides [1-8]. In this 

connection the substitution of magnetic (such as Ni) and non-magnetic impurities (such as Zn 

and Cd) in the neighborhood of cooper atom playa very vital role [9-18]. Since the Zn and 

Cd atoms in their ground state has filled 3dlO and 4d'o their substitution at the copper would 

not contribute any magnetic moment but, the doping of Ni would contribute its magnetic 

moment in the CU02 planes. We have synthesized CUo.5Tlo.5Ba2Ca2Cu3-xMxO,o-o (M = Cd, 

Zn, Ni ; x=O, 1.5) superconductors and studied their dielectric properties in the low frequency 

regimes 30Hz-1000Hz. The main objective of doping of M = Cd, Zn, Ni e lements with 

different masses than Cu in Cuo.5Tlo.sBa2Ca2Cu3-xMxO,o-o samples was to look into any 

possible role of electron phonon interaction in the mechanism of high temperature 

superconductivity in the compound. The solid state medium of Cuo.5Tlo.5Ba2Ca2Cu3-xMxOIO-o 

(M = Cd, Zn, Ni; x=O, 1.5) containing free carriers in the CU02 planes is expected to get 

polarized when subjected to external electric field of frequency. Two possible mechanisms of 

polarization including interfacial and dipolar polarization are possible in the frequency 

regimes under studies (i.e 40-3000Hz). 

The dielectric constant determines the nature of superconducting material i.e. what are 

the binding forces to which the mobile carriers are tied to between the conducting 

Cu02/Mn02 (M=Cd, Ni, Zn) planes, their interfaces and Cuo.5Tlo.sBa20 4-o charge reservoir 

layer. In other words, dielectric measurements would help in determining the coupling 

strength of their interfaces (i.e CaO planes) and the charges in the charge reservoir layer. The 

Cu02/Mn02 (M=Cd, Ni, Zn) planes coupled with the interfaces of CaO strongly will be 

marginally polarized imparting lower values to the dielectric constant and vice-a-versa. 

Depending on the frequency of applied electric field, a material gets polarized by employing 

one ofthe four mechanisms of polarization [19-23] including: 

(1) Electronic polarization (ae) are usually observed at very high frequency of the order of 

~ 1O' 5Hz (i.e. in ultraviolet optical range) 
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(2) Atomic and ionic polarization (aa) are observed in the infrared frequency range (i.e. from 

10\0 to 10\3 Hz). 

(3) The dipolar or oriental polarization observed is (0,0) are observed in the sub-infrared 

frequency range (103 to 106 Hz). 

(4) Interfacial polarization (ai) are usually sensitive in the low frequency range (i.e 102 Hz) 

and can extend to a frequency of few kilohertz which mainly contributes to the dielectric 

properties of the materials in our case. 

All of aforementioned mechanisms of polarization involve a short-range motion of charges 

from their equilibrium position contributing to the polarization of the material [24]. rn the 

dielectric measurements of materials, the dipolar and interfacial polarization playa vital role. 

The dielectric measurements of ThBa2Ca2Cu30x ThBa2CaCu20 x [25], 

BbBa2NdL6CeoACu201O+1l [26] and BiL84Pbo34SrL9Ca203Cu306InxOy [27] oxide high 

temperature superconductors have been reported in the frequency range of 10KHz to few 

MHz and the material exposed to such high frequency range might turn into its normal state. 

It is therefore essential to characterize such material in the low frequency range in order to 

have better insight to the essential intrinsic characteristics of the superconducting compound. 

In the current studies we have used a frequency LCR meter most suitable of the 

characterization of superconducting compounds. We have studied the dielectric 

measurements of Cuo sTlosBa2Ca2Cu3-xMxO\ O-1l eM = Cd, Zn, Ni ; x=O, 1.5) superconducting 

samples in the frequency range of 30Hz to 3000Hz from room temperature (290K) down to 

80K. 

4.2 Experimental: 
The Cuo.sTlo.sBa2Ca2Cu30\O-d and CuosTlo.sBa2Ca2CuI5YI50\ O-d samples (Y=Cd, Zn, 

Ni) superconductor samples were synthesized by two-step solid-state reaction method. At the 

first step we have prepared CuoSBa2Ca2Cu30\O-d and CuOSBa2Ca2CUI5YI50\O-d samples (Y = 

Cd, Zn, Ni) precursor material, by thoroughly mixing the Ba(N03)2, Ca(N03)24H20 and 

CU2(CN)2+H20, and then with the Cd(N03)4H20, ZnO, Ni(N03)6H20, compounds in 

appropriate ratios in a quartz mortar and pestle. The mixed material was then twice fired at 

860 0 C in a quartz boat for 24 hours, followed by furnace cooling to room temperature. At the 

second stage, the fired precursor material was again ground for about an hour and mixed with 

calculated amount of Th03 to give Cuo.sTlo sBa2Ca2Cu301O-d and 

Cuo.sTlo.sBa2Ca2CuI5YI50\ O-d samples (Y = Cd, Zn, Ni) as final reactants compositions. 

Thallium mixed material was then pelletized under 3.8 tons/cm2 of pressure and the pellets 
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were wrapped in a thin gold fo il. These samples were hea t treated for 10 min utes in a 

preheated fu rnace at 8600 C followed by quenching to room temperature suddenly. Th is was 

done because thall ium ox ide is volat il e in natu re lind it melts at 7170 C and vaporizes when 

heated at higher temperature to avoid th is we use go ld foil to reta in thallium . These samples 

were characteri zed by res ist ivity measurements lI sing the fo ur-probe method and AC

susceptib ility mcasurements using the mutual inductance method. The structure o f the 

material was dete rmined by the X-ray diffraction scan, Bruker OX 8 Focus using a CuKa 

source o f wavelength 1.54056 A, and the cell paramcters were determined by a cell 

refinemcnt computer program. The Fouri er Transform Infrared (FTIR) absorption 

mcasurement's were carried out using a NICOLET 5700 Fourier Trans lo rm In frared 

spectrometer. Fourier Translo rm Infrared (FTlR) spectroscopy WrlS ca rri ed oUl using KBr as 

a background material wi th 400-700cm·1 wave !lumber ranges. Frequency dependent 

d ielectric measurements ofCuosTlo sBa2Ca2CuJ_-.;MxOH)'3 (M = Cd. Zn. Ni: x=O. 1.5) samples 

were taken on Wayne KIm 4275 LCR Meter of frequency range 20~500K H z, however, we 

have used thi s LCR meter in the frequency range 30~3 100Hz. We have measured the real and 

imaginary parts of the dielectric constan ts from room temperature down to SOK . 

4.3 Results and Discussions: 

The x-ray diffract ion scans of Cuo.5Tlo 513a~Ca2CuJ_~M~OIO.a (M = Cd, Zn, N i; x=O, 1.5) 

samples are shown in FigA. I(a, b). It can be seen from these diffracti on scans that most of 

the planar re nect ions are fitted to the orthorhombic crystal structu re; in the fitting of 

rell ection lines we have fo ll owed PMMM space group. The cel l parameters calculated have 

shown that the lengths of a-a:-ds length increases and the b-ax is length suppresses with the 

incorporation ofM= Cd, Zn, Ni in final compound. However. suppression in the c-ax is length 

has been observed in all doped samples, Fig.4.2 (a, b) 
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The resistivity measurements i.e peT), ofCuosTlosBa2Ca2Cu3-xMxO,O-8 (M = Cd, Zn, Ni; x=O, 

1.5) sample are shown in Fig.4.3. All these samples have shown metallic variations of 

resistivity from room temperature down to the onset of superconductivity with onset of 

superconductivity around 105.6, 101.7, 114, 106.3K and the Tc(R=O) around 98.3 , 95.4, 

102.3, 102K, respectively, Table 4.1. 

Resistivity Susceptibility 

Sr.No Sample Resistivity Magnitude 

Tc(R=O) Tc(onset) at room of Tc (onset) 

temperature diamagnetic 
K K K 

(n-cm) 

1. 1223 98.3 105.6 0.146 0.069 113.6 

2. Cd 95.4 101.7 0.204 0.079 105 

3. Zn 102.3 114 0.25 0.075 105.2 

4. Ni 102 106.3 0.092 0.068 107.7 

T able 4.2. Resistivity and susceptibility of Cuo.sTlo.sBa2 Ca2Cu301O-8 and Cuo.sTlo.sBa2 

Ca2Cul.sMl.SOIO-8 (M=Cd, Zn, Ni) 
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Fig.4.3. Resistivity versus temperature measurements of Cuo.sTlo.sBa2 Ca2Cu3010-o and 

Cuo.sTlo.sBa2 Ca2Cu I.SMI.SO IO-o (M=Cd, Zn, Ni) samples 

The ac-magnetic susceptibility of ClIo sTlo.sBa2Ca2C1I3-xMxOl o-o (M = Cd, Zn, Ni; x=O, 1.5) 

samples are shown in Fig. 4.4. The onset of diamagnetism in ClIo.sTlosBa2Ca2C1I3-xMxOl o-o 
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(M = Cd, Zn, Ni ; x=O, 1.5) samples is around 1l3.6, 105, 105.2, 107.7K, Table 1. In Ni 

doped samples the magnitude of diamagnetism suppresses whereas it increases in Cd and Zn

doped samples . 
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Fig.4.4. The AC susceptibility versus temperature measurements of Cuo.sTlo.sBa2 

Ca2Cu301O.1i and Cuo.sTlo.sBilCa2Cu l.SM1.S01O-1i (M=Cd, Zn, Ni) samples. 
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The FTIR absorption measurements of Cuos TlosBa2Ca2Cu3-xMxOIO-o (M = Cd, Zn, Ni; x=O, 

1.5) samples are shown in Fig.4.5. In these spectra the vibrational modes of of oxygen atoms 

CuosTlos Ba2Ca2Cu3-xMxOIO-o (M = Cd, Zn, Ni; x=O, 1.5) unit cell are presented, which 

appeared between 400-700cm-l. Three prominent absorption modes related to the vibrations 

of two apical oxygen atoms of type Tl-OA-Cu(2), Cu(1)-OA-Cu(2) and a CU02 planar oxygen 

modes are observed around 422-443, 520-543 and 575 cm-I , respectively. The apical oxygen 

mode of type Tl-OA-Cu(2) mode is hardened with the incorporation of samples (M = Cd, Zn, 

Ni) in the final compound, whereas the peak positions of other modes stays unchanged with 

doping ofM atoms. 
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Fig.4.5. The FTIR absorbtion spectra of Cuo.sTlo.sBa2 Ca2Cu301O.B and Cuo.sTlo.sBa2 

Ca2Cul.sMl.SOIO.B (M=Cd, Zn, Ni) samples. 
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The effect of doped M = Cd, Zn, N i atoms on the dielectric properties ofCuosTlosBa2Ca2Cu3-

xMxOl o-8 (x=O) samples has been investigated by taking their dielectric measurements from 

room temperature at 290K down to superconducting state around 80K. 

4.3 Dielectric Properties of Cuo.sTlo.sBa2Ca2Cu3-xM xO IO-o (M = Cd, Zn, 

Ni; x=O, 1.5) Samples: 

In the low frequency range of 30-3 000Hz only interfac ial polarizations is possible in 

our CuosTlos Ba2Ca2Cu3-xMxOl o-8 (M = Cd, Zn, Ni ; x=O, 1.5). Amongst the interfaces are: 

(1) Interface between Cu02/Mn02 (M=Cd, N i, Zn) planes and Cao layer. 

(2) An interface between Cu02/Mn02 (M=Cd, Ni, Zn) planes and Cuo.sTlosBa204-8 charge 

reservior layer [28-29] . 

The dielectric contribution of such interfaces becomes active at different frequencies [30] . 

The negative capacitance (NC) which imparts negative value to the die lectric constant r/ is 

typical feature of all CuosTlo.sBa2Ca2Cu3-xMxOIO-8 (M = Cd, Zn, Ni ; x=O, 1.5) samples. The 

most likely reasons for the negative dielectric constant is the difference in the effective 

masses of carriers in interfaces of CuosTlo sBa2Ca2Cu3-xMxOIO-8 (M = Cd, Zn, Ni ; x=O, 1.5), 

in CU02 planes and metal contacts resulting into difference in the Fermi-levels. As a result, 

the Fermi-level of the ceram ic samples is higher than the metal resulting into the flow of the 

carriers from the ceramic sample to metal and hence the negative capacitance and negative 

dielectric constant. The magnitude of negative value of the dielectric constant is observed to 

suppress with the increase of measurement temperature. The highest value of f/ are observed 

in CuosTlosBa2Ca2Cu3-xMxOIO-8 (M = Cd, Zn, Ni; x=O, 1.5) samples in the ir superconducting 

state around 80K. The losses arising across the grain boundaries, localized defects and 

interfaces are reflected in the imaginary part of the dielectric constant (E"); it is attenuation of 

energy across as the external electric field passes through the samples. Its value is positive 

and magnitude suppresses with increase in the applied frequency. The rat io of energy 

dissipated per radian to the energy stored determines the dielectric loss factor (tan8) from 

which ac-conductivity and dielectric relaxation time is determined. In all our 

Cuo.sTlosBa2Ca2Cu3-xMxOIO-8 (M = Cd, Zn, Ni ; x=O, 1.5) samples dielectric loss has been 

found to decrease with increase of measurement frequency . 

The die lectric constant (E') of Cuo.sTlo.sBa2Ca2Cu30I o-8 sam ples at different 

temperatures as a function of frequency is shown in Fig. 4.6a. The negative values of the 
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dielectric constant suppresses with the increase of measurement frequency at all 

temperatures. The larger decrease in the dielectric constant is witnessed below 100Hz 

showing that the higher frequencies begin to derive the material normal by inducing pair 

breaking effects. Moreover, the value of the dielectric constant also suppresses with the 

decrease of measurement temperature arising most likely from different amplitudes of 

oscillations of atoms of the interfaces at various temperatures and difference in effective 

masses of electrons. A systematic suppression in the real part of dielectric constant r/ is 

observed with decrease in the measurement temperature, however, the suppression of 

dielectric constant minimizes below the onset critical temperature showing that a portion of 

elementary excitation converted into boson fluid stays unaffected by applied low frequency. 
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Fig. 4.6a: Variation of dielectric constant (1)1) with frequency of 

Cuo.sTlo.sBa2Ca2Cu301O-o superconductors at different temperatures. 

The real part of dielectric constant of CUo.5Tlo.5Ba2Ca2Cu3-xMxO,o-o (M = Cd, Zn, Ni; 1.5) 

samples is shown in Fig. 4.6(b,c,d). The negative value of the dielectric constant suppresses 

with the doping of Cd, Zn and Ni; the maximum decrease is observed in Cd-doped, then Ni

doped and finally in Zn-doped samples. One of the most likely reasons for the maximum 
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suppression of ~ in Cuo.sTlo.sBa2Ca2CuI5CdI50I o-0 superconductors is difference in the 

masses of doped Cd and Cu atoms of CU02 planes that can induce anharmonic oscillation 

thereby suppressing the induced polarization by applied external electric field. The least 

suppression in Zn-doped Cuo.sTlo.sBa2Ca2CuI5Zn I501O-o superconductors is due to the small 

difference in mass with Cu-atoms and their spin less nature. Although the difference in the 

masses of Ni and Zn is the same but Ni-atoms have remnant spin which induces addition 

scattering thereby by inducing more suppression of dielectric constant. 
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Fig. 4.6b: Variation of dielectric constant (E/) with frequency of 

Cuo.sTlo.sBa2Ca2Cu1.sCd1.s0Io-1i superconductors at different temperatures. 
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The imaginary part of dielectric constant f." of CUos TlosBa2Ca2Cu3-xMxOIO-O (M = Cd, 

Zn, Ni; x=O, 1.5) samples is shown in Fig. 4.7(a,b,c,d); it is related to the losses across the 

interfaces. The values of f,1I suppresses with the increase of applied field in all samples. This 

shows that the wave vector of applied electric filed matches with the wave vector of 

interfaces at low frequencies . The maximum values of f,1I is observed in in un-doped 

CuosTlosBa2Ca2Cu30\O-O sampels then in Ni-doped, Zn-doped and finally in Cd-doped 

samples. The samples with higher values of f,1I have also shown the higher values of real part 

of dielectric constant f,1 manifesting that losses are associated with the magnitude of the 

polarization in the samples. Despite having the same difference in masses with the Cu atoms, 

the value of f, 11 observed in CuosTlosBa2Ca2Cul5Nil501O-o samples is higher than that of Zn

doped Cuo.sTlo.sBa2Ca2CuI5ZnI501O-o samples, arising most likely from the additional spin 

scattering in Ni-doped samples. Moreover, in the superconducting state there is a larger 

increase observed in f,1 and f, 11 is in un-doped CuosTlosBa2Ca2Cu301O-osamples in comparison 

with doped CUo.sTlosBa2Ca2Cu3-xMxOIO-o (M = Cd, Zn, Ni; x=1 .5) samples that shows that 

the pristine samples have more superconductor volume fraction than in Ca, Zn and Ni-doped 

samples. 
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The dielectric loss factor (tan8) Cuo.sTlo.sBa2Ca2Cu3-xMxO IO-1i (M = Cd, Zn, Ni; x=O, 

1.5) samples is shown in Fig. 4.8(a,b,c,d). Its systematically suppresses with the increase of 

measurement frequency and increases with the suppression of measurement temperature. A 

crossover from a negative to a positive value of tan8 occurs around 900Hz in all 

Cuo.sTlosBa2Ca2Cu3-xMxO IO-1i (M = Cd, Zn, Ni; x=O, 1.5) samples that most likely arises from 

the activation of different interfacial polarization at different frequencies. We have suggested 

below 1000Hz Cu02/Cuo.s Tlo.sBa20 4-1i interfaces and at 1000Hz and above the Cu02/CaO 

interfacial effects are activated. The activation of these interfacial effects are prone to 

matching of wave vectors associated with the various interfaces and applied electric field. It 

can be seen from Fig. 4.8(a,b,c,d) that the losses in all the doped samples are higher in 

comparison with pristine un-doped sample. 
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The ac-conductivity (Ciac) of Cuo 5Tlos Ba2Ca2Cu3-xMxOIO-8 (M = Cd, Zn, Ni ; x=O, 1.5) 

samples is shown in FigA.9(a,b,c,d). A systematic suppression of Ciac with the increase of 

measurement frequency is typical feature of all the samples. Moreover, Ciac increases with the 

suppression of measurement temperature. A jump of enhancement ac-conductivity could be 

witnessed in pristine Cuo.5TlosBa2Ca2Cu30IO-8 samples. The magnitude of this enhanced 

conductivity is suppressed in Zn and Ni-doped samples where as it is altogether minimized in 

Cd-doped samples. The enhancement in the ac-conductivity most likely arises from the 

superconducting state of the system as the Tc(R=O) of Cuo.5T105Ba2Ca2Cu30IO-8 samples is 

l05.6K. This jump in the ac-conductivity from the normal to the superconducting state 

determines the strength of the superconductivity and magnitude of diamagnetism in the final 

compound. The smallest ac-conductivity gap between the normal and superconducting state 

in the Cd-doped Cuo.5TlosBa2Ca2CuI5CdI50IO-8 samples shows that doped Cd-atoms 

generate the an-harmonic oscillations that in turn produce the pair breaking effects and 

suppress the superconducting volume fraction. These studies have shown that electron phono

intraction is essential for the mechanism of high Tc superconductivity in oxide 

superconductors. 
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Fig. 4.9a: Plot of ac-conductivity «he) versus frequency of 

Cuo.sTlo.sBa2Ca2Cu30tO-o superconductors at different temperatures. 
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Cuo.sTlo.sBa2Ca2Cul.sZnl.sOto-1) superconductors at different temperatures. 
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4.4 Conclusions: 

1. We have successfully synthesized Cuo sTlo.sBa2Ca2Cu3-xMxOIO.o (M = Cd, Zn, Ni; x=O, 

1.5) samples and studied their low frequency dielectric measurements (EI & Ell) using multi

frequency LCR Meter from 30Hz to 3100Hz. 

2. CUo.sTlo.sBa2Ca2Cu3-xMxO\o-o (M = Cd, Zn, Ni; x=O, 1.5) samples have shown 

orthorhombic crystal structure with increase in the length of a-axis length and suppression of 

the b & c-axes length with the incorporation of Cd, Zn, Ni in the final compound. The onset 

temperature ofthe superconductivity and Tc(R=O) suppress with the doping of Cd whereas its 

values increase with the incorporation of Zn and Ni in the final compound. The onset 

temperature of superconductivity observed in the ac-susceptibility measurements suppresses 

in all doped sample, however, the maximum suppression is observed in Cd-doped samples. 

The apical oxygen phonon mode of type TI-OA-Cu(2) mode is hardened with the doping of 
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Cd, Zn, Ni in the final compound, however, the peak positions of other modes stays at the 

usual position as observed in un-doped samples. 

3. The real and imaginary parts of the dielectric constants of Cuo.sTlo.sBa2Ca2Cu3-xMxOl o-o 

(M = Cd, Zn, Ni; 1.5) samples have been found to suppress with the increase of applied 

measurement frequency, however, the absolute value of E' and E" increase with the lowering 

of measurement temperatures. 

4. The magnitude of real E' and imaginary parts E" of dielectric constants decrease with the 

doping of Cd, Zn, Ni; the maximum decrease is observed in Cd-doped, then Ni -doped and 

finally in Zn-doped samples. A maximum suppression in the values of real and imaginary 

parts of dielectric constants in Cd-doped samples is suggested to be arising from the 

generation of an-harmonic oscillations in the Cu02/Cd02 planes due to the difference in the 

masses Cu and Cd atoms. These an-harmonic oscillations most likely suppress the density of 

essential phonons required for electron-phonon interactions thereby promoting suppression in 

the population of Cooper-pairs and hence the dielctric constants. 

5. A novel shift in dielectric loss (tan8) from the negative to the positive values has been 

observed in the frequency region between 800Hz and 1000Hz in all CUo.sTlo.sBa2Ca2Cu3-

xMxOIO-o (M = Cd, Zn, Ni; 1.5) samples. We attribute this to be arising from the interactions 

of applied frequency with low K-values Cu02/Cuo.sTlo sBa204-0 interfaces activated 

belowlOOOHz and higher K-values Cu02/CaO interfaces are activated above 1000Hz. 

6. A jump of enhancement ac-conductivity in Cuo.sTlosBa2Ca2Cu301O-0 samples is observed 

80K, the magnitude of it suppressed in Zn and Ni-doped samples where as it becomes very 

small in Cd-doped samples. We attribute this to the generation of an-harmonic oscillations 

which the pair breaking effects consequently suppressing the extra or excess ac-conductivity 

of Cuo.sTlo.sBa2Ca2Cul.sCd I.SOIO-o samples. 
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