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Abstract 

A weak link behavior of(Cuo.sTlo.s)Ba2Ca2(Cu3-xSnx)OIO-o (x=O, 0.25 , 0.5, 0.75, 1.0, 1.25 , 

1.5) , superconductors were carried out which were synthesized by solid state reaction 

method. The crystal structure of these Sn doped samples is tetragonal and the axes 

lengths are found to increase with enhanced Sn doping concentration. The critical 

temperature and the magnitude of the diamagnetism are suppressed with enhanced 

doping of Sn. The samples turn into an insulator with very high room temperature 

resistivity if the Sn doping concentration is increased beyond y= 1.5. The decreased 

magnitude of diamagnetism with Sn doping is most likely arising from the decreased 

concentration of mobile carriers in the Cu02/Sn02 planes, which may suppress the 

Fermi-vector and superconducting parameters. The decreased concentration of mobile 

carriers is most likely arising from the localization of the carriers at the Sn +4 sites in the 

conducting Cu02/Sn02 planes. The carrier concentration in the conducting Cu02/Sn02 

planes has been enhanced by carrying out post-annealing experiments in the air and 

oxygen atmosphere. These annealing experiments increase oxygen concentration in the 

(Cuos Tlo.s)Ba204_o charge reservoir layer, which stops the flow of free electrons in the 

conducting Cu02/Sn02 planes. The lower density of free electron in Cu02/Sn02 planes at 

room temperature lowers the electron hole recombination processes at lower temperature. 

Since holes are majority carriers in the superconducting state, therefore, the density of 

holes in the conducting CU02/Sn02 planes is enhanced with post-aJU1ealing in air and 

oxygen. 

The critical current densities of the samples are calculated by using Bean's critical field 

model. The Jc values so obtained are fitted to the power law behavior of the type (1-

T/Tct of various values of n. Both the as prepared and oxygen post annealed samples 

gave a best fit for n=l for the superconductor insulator superconductor junction (SIS). 

This nature of material is due to oxide formation at the grain boundaries due to oxygen 

diffusion which possibly provide large surface areas to the shielding currents and enhance 

the Jc of the final compound. 
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Chapter 1 

1. 

Introduction and Literature Review 

Introduction and Literature Review: 
A superconductor is an element or metallic alloy which, 

when cooled to near absolute zero, dramatically lose all of 

its electrical resistance. In principle, superconductors can 

allow electrical current to flow without any energy loss 

(although, in practice, an ideal superconductor is very hard 

to produce) . 

1.1 History of Superconductivity 
James Dewar initiated research into electrical resistance at low-temperatures. 

Zygmunt Florenty Wroblewski conducted research in the electrical properties at very 

low temperatures, though his research ended early. Around 1864, Karol Olszewskii and 

Wroblewski predicted the electrical phenomena in ultra-cold temperatures of dropping 

resistance levels. Olszewski and Wroblewski documented evidence of this in the 1880s. 

Dewar and John Ambrose Fleming predicted that at absolute zero, pure metals would 

become perfect electromagnetic conductors (though, later, Dewar altered his opinion on 

the disappearance of resistance believing that there would always be some resistance) . 

Walther Hermann Nernst developed the third law of thermodynamics and stated that 

absolute zero was unattainable [1]. A milestone was achieved on 10 July 1908 when 

Heike Kamerlingh Onnes at the Leiden University in Leiden for the first time liquified 

He and was subsequently able to reduceJhe temperature of liquid helium down to as low 

as 0.9 K. He had tried to measure the resistivity of metals as a function of temperature at 

very low temperatures. In 1911, after measuring the resistivity of Mercury, he found that 

the electrical resistivity of Mercury abruptly dropped to zero, the lowest measurable 

value, when the sample was cooled below 4.2 K [2] . Initially, Onnes called the 

phenomenon "supraconductivity" and later, adopted the term "superconductivity". In 

1913 , he won a Nobel Prize in Physics for his research in this field. Fig.l shows 

disappearance of resistivity of Hg by H. K.Onnes together with his assistant G. Holst. 

1 
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Fig.1: Resistance of Hg at low temperatures showing transition to superconductivity 

His further investigation showed that other metals such as tin and lead also enter 

the superconducting state if they are cooled below 3.8 K and 7.2 K, respectively [4]. The 

temperature at which the transition from the normal state to the superconducting state 

occurs was called the critical temperature (Tc). Onnes also observed that although it was 

possible to pass a huge electric current through the superconducting mercury sample, 

there was a threshold value for the current density above which the sample would return 

to the normal state [5]. This threshold value, which is extremely important for practical 

applications, is called the critical current density (Jc) Moreover, Onnes also discovered 

that magnetic fields higher than Hc, the critical magnetic field, can similarly destroy the 

superconducting state. 

A remarkable breakthrough was made in 1986 by Georg Bednorz and Alex 

Muller, at the IBM Laboratory in Ruschlikon, Switzerland, when they made a ceramic 

super-conductor from lanthanum, barium, copper, and oxygen with a transition 

temperature of 35 K [6]. Subsequently, by substitution of yttrium for lanthanum another 

ceramic superconductor with a transition temperature of 92 K was discovered [7]. This 

was remarkable because it now became possible to use cheap liquid nitrogen as the 

refrigerant. Since the transition temperature of the material was considerably higher than 

2 
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those of the old superconductors, they called these materials the High Temperature 

Superconductors (HTS). 

Fig. I .1 showed the hi story of superconductor development with time [8]. First Hg 

was di scovered in 1911. Up to recent date the highest superconducting temperature (Tc) is 

still held by the Hg-based superconductor (153K) that was found in 1993 . There are a 

total of 13 Nobel laureates, from H.K. Onnes (1913) to the recent one P. C. Lauterbur and 

Sir P. Mansfield (2003) on their contributions for theory, experimental results and 

application of superconductivity. 
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Fig 1.1 Evolution of Tc with time 

3 



Chapter 1 Introduction and Literature Review 

1.2 Difference between superconductors & Non-superconductor 
Metals 

The Fig.1.2 [3] shows the difference between superconductor and non 

superconductor behavior by a graph between resistance and temperature. As critical 

temperature (Tc) is appeared in superconductors not in non-superconductors. 

OK 

Non -su p e reo n cl u etive 
Metal", 

Tc Temperature 

Fig 1.2 Graph between resistivity and temperature 

1.3 Basic Parameters & Important Terms in Superconductivity 
The important features of superconductor consisting of 

1.3.1 Zero resistivity 

1.3.2 Meissner effect 

1.3.3 BCS Theory 

1.3.4 Penetration Depth 

1.3.5 Coherence length 

1.3 .6 Critical Current Density 

l.3.7 Critical Magnetic Field 

1.3.8 Correlation of Three parameters 

1.3.1 Zero Resistivity 
When a superconductor is cooled to its critical temperature Tc(R=O), its resistance 

decreases to zero. Classically, the electrical conductivity (J' is defined as 

(J' == ne
2%z 

4 
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=> p = m/ 2 
/ne r 

Introduction and Literature Review 

Where m , n , e and r is mass of electron, number of electrons, charge on electron and 

mean free time respectively. As the temperature decreases, the lattice vibrations begin to 

freeze , therefore, the scattering of electrons from lattice vibrations diminishes. This in­

turns results of enhancement of r (the mean free time of the carriers between collisions) 

and decreases resistivity. For infinite '( at sufficiently low temperature the resistivity 

vanishes entirely which is observed in superconductors [9]. 

1.3.2 Meissner Effect 
In 1933 , Walther Meissner and his student Robert Ochsenfeld discovered an 

important magnetic property of superconductors. They observed that a magnetic field 

lower than Hc was suddenly expelled by superconductor specimens on cooling below Tc 

[7]. In other words, the material becomes fully diamagnetic in the superconducting state. 

This is called the Meissner effect and was found to be an intrinsic property of 

superconductors. It has been widely used for the testing of superconducting state. Due to 

the Meissner effect, if an external magnetic field is applied to a sample which is in the 

superconducting state, an electric current is produced near the surface of sample, in such 

a way as to create a magnetic field that exactly cancels the external magnetic field. 

B B 

Fig.1.3. Diagram of the Meissner effect. Magnetic field lines, represented as arrows, are exc luded 
from superconductor when it is below its criti ca l temperature. 

1.3.3 BCS Theory 
In 1957 Bardeen, Cooper and Schreiffer CBCS) published the first truly 

microscopic theory of superconductivity and they received the Nobel prize in physics in 

1972 for this theory. 

5 
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Consider an electron moving through a lattice shown in figure, it pulls the positive ion 

cores towards it and changes the charge density in its vicinity. It leaves a somewhat 

higher positive charge density in its wake than would otherwise be there. This positive 

charge attracts other electrons. The electrons interact with one another through the 

intermediary of the lattice. The net result is a slight attraction of the electrons for each 

other. This theory shows that the electrons system has the lowest possible energy, if the 

electrons are bound together in pairs called Cooper Pairs. When no current exists in a 

superconductor, the two electrons of a cooper pair have momenta of equal magnitude but 

exactly opposite directions so that the total momentum and the electric current both 

vanishes . When a current is generated, both electrons in a pair acquire the same increase 

in momentum, resulting in a motion of the center of mass of the pair. All cooper pairs 

acquire the same momentum [11]. This can be seen in fig. 1.4. 

LATT IC E OF SUP ERCON 0 UCT ING MATERIAL 

Di~ tortt:'d a rea 

Elee.troll 1 

Po s itive ion 

FORMATION OF ELEC TRON PAIRS kno 'In as Cooper pairs (above) ultimately leads to 

su perconductivlty , One elecuon leaves in its 'lake a disto nion ohhe lanice of poshive l y 
c tl a q:.ed ions in a m eta I (Je/r panel). Shonly th e reafter. th e seeo nd eleeHo n IS anracted 
by {he res ul 'tingconcemration of pOSitive charge [rfghr paneJ] . ln effect. the tWO electrons 
are \-veak ly anracted {O each m ile!'. 

Fig 1.4: Lattice distOltion and formation of cooper pairs in superconductors. 

The cooper pairs have a binding energy t,. , called pairing energy which is typically in the 

range of 10'4 to 10'3 e V. The critical temperature of superconductors is directly related to 

6 
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the pairing energy. Above T c the pairs are broken and the material has normal electrical 

resistance [11]. 

1.3.4 London penetration depth (A) 
According to London equations[12] the magnetic field falls exponentially with 

increasing distance inside the surface of a superconducting sample. The characteristic 

decay length is called the London penetration depth (A) . 

x 
B(x) = B(O)exp(--) 

A,. 

B(O) is the magnetic field at the surface of the superconductor. The above equation shows 

magnetic field fall exponentially from the surface of the superconductor towards its 

interior, where A,. is called penetration depth and it determines the rate of decay of the 

magnetic field. The penetration depth for most superconductors is of the order of 

fractions of microns [13]. 

1.3.5 Coherence length (s ) 
Seven years later, three physicists at the University of Illinois in Urbana, John 

Bardeen, Leon Cooper and Robert Schrieffer, presented a theoretical explanation for the 

superconducting state [14]. This theory was widely accepted and is well known as the 

RCS theory. Based on this theory, despite the Coulomb repulsive forces between the 

electrons,due to distortion in the crystal structure,slight attraction between pairs of 

electrons located near the Fermi surface leads to the production of bonded pairs of 

electrons, called Cooper pairs [15]. The size of a Cooper pair in a superconductor is 

known as the coherence length (s). The BCS theory explained superconductivity in the 

low temperature and low magnetic field regime. Soon after that, the BCS theory was 

extended and become useful for high magnetic fields as well [16]. 

1.3.6 Critical Current Density 
Since there is no loss in electrical energy when superconductors carry electrical 

current, relatively narrow-wires made of superconducting materials can be used to carry 

huge currents. However, there is a certain maximum current that these materials can be 

made to carry, above which they stop being superconductors. If too much current is 

pushed through a superconductor, it will reveti to the normal state even though it may be 

below its transition temperature. The value of Critical Current Density (JcJ is a function 

7 



Chapter J Introduction and Literature Review 

of temperature; i.e. , the colder you keep the superconductor the more current it can carry. 

Fig.l.S is a graph of voltage versus current for a superconductive wire. 

11111 

~ 10 
o 
"> 

1.0 

U.l 

Cri tical Current 

( 

c",,"", _ ) ' 
umen' _/ 

----
? :"i 4 ~ n 7 R q 10 

I\mperes 

Fig.1.5. Voltage versus current graph for a slipercondlictive- wire. 

For practical applications, (Jc) values in excess of 1000 amperes per square millimeter 

(A/mm"2) are preferred. 

1.3.7 Critical Magnetic Field 
An electrical current in a wire creates a magnetic field around a wire. The strength 

of the magnetic field increases as the current in the wire increases. Because 

superconductors are able to carry large currents without loss of energy, they are well 

suited for making strong electromagnets. When a superconductor is cooled below its 

transition temperature (Tc) and a magnetic field is increased around it, the magnetic field 

turns the superconductor or a portion of it to a normal material. Physicists use the capital 

letter H as the symbol for Magnetic Field. If the magnetic field is increased to a given 

point, the superconductor will go to the normal resistive state. The maximum value for 

the magnetic field at a given temperature is known as the critical magnetic field and is 

given the symbol (He). For all superconductors there exist a region of temperatures and 

magnetic fields within which the material is superconducting. Outside this region, the 

material is normal. Fig.l .6 demonstrates the relationship between temperature and 

magnetic fields. 

8 
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HC2 

Temperature (K~ 

Fig.1.6 Relation between the temperature and magnetic field. 

1.3.8 Correlation of three Critical Values: 
As we know that superconducting state has three very important factors. 

1) Critical Temperature (Te) 

2) Critical Magnetic Field (He) 

3) Critical Current Density (Je) 

Each of these parameters is very much dependent on the other two properties 

present. Maintaining the superconducting state requires that the magnetic field and 

current density as well as the temperature remain below the critical values, all of which 

depend upon the material. The phase diagram of Fig.I. 7 demonstrates the relationship 

between the three critical properties. 

Fig.1.7 A correlation between Je, Te, and He for a superconductor 
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The highest values of Je and He occur at OK, while the highest value of Te occurs when H 

and J are zero. 

When considering all three parameters, the plot represents a critical surface. From 

this surface and moving towards the origin, the material is superconducting. In the 

regions outside of this surface, the material is normal or in a mixed state. 

1.4 Types of Superconductors 
According to their magnetic properties, superconductors are divided in to two following 

types 

1.4.1 Type I superconductor 

1.4.2 Type II superconductors 

1.4.1 Type I Superconductors 
Type I superconductors or formerly soft superconductors are very pure metals. 

For example very pure samples of lead, mercury, and tin are examples of Type I 

superconductors. Complete Meissner effect (i.e. B=O inside a superconductor) is 

observed in type I superconductors. Fig.1.8 is a graph of induced magnetic field of a 

Type I superconductor versus applied field . Fig.1 .8 shows that when an external magnetic 

field (horizontal abscissa) is applied to a Type I superconductor the induced magnetic 

field (vertical ordinate) exactly cancels that applied field until there is an abrupt change 

from the superconducting state to the normal state. The values of He are always too low 

for type I superconductors to have any useful technical application in coils for 

superconducting magnets. 
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Type I Superco nduc t or 

A pp1 i e d M agnet i c Fi e 1 d 

Normal 
S tate 

Fig. 1.8. Magnetization versus applied mangnetic field for a bulk superconductor exhibiting a 
complete Meissner effect (perfect diamagnetism). A superconductor with this behavior is called a 
Type I superconductor. Above the critical fi e ld, He the specimen is a normal conductor and the 
magnetization is too small to be seen on this scale. 

1.4.2 Type II Superconductors 
High temperature ceramic superconductors such as YBa2Cu30 7(YBCO) and 

Bi2CaSr2Cu20 9 are examples of Type II superconductors. Figure (1.9) is a graph of 

induced magnetic fie ld of a Type II superconductor versus applied fi eld . Type II 

superconductor have superconducting electrical properti es up to a fie ld denoted by He2 . 

Between the lower critical fie ld Hel and the upper critical field He2 the flux density Bi O 

and the Meissner effect is said to be incomplete. The value of He2 may be 100 times or 

more higher than the value of the critical field He calculated from the thermodynamics of 

the transition. In the region between Hel and He2 the superconductor is threaded by the 

flux lines and said to be in vortex state [9] 
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Type II Superconductor 

S u pe reo nd ucti ng 
State 

Applied Magnetic Field 

Introduction and Literature Review 

Normal Stat€ 

Fig.1.9 Superconducting magnetization curve of a Type II superconductor. The flux starts to 
penetrate the specimen at a field Hc I lower than the thermodynamic critical field He. The 
specimen is a vortex state between Hel and He2, and it has superconducting properties up to Hc2. 
Above Hc2 the specimen is normal conductor in every respect, except for possible surface effects. 
For given He the area under the magnetization curve is same for Type II superconductor as for a 
Type I. 

A hard superconducter is a Type II superconductor with a large magnetic hysteresis 

usually induced by mechanical treatment such materials have an important medical 

application in magnetic resonance imaging (MRI). 

1.5 Josephson Effect 
In 1962 Brian D. Josephson, a 22 years old British student at Cambridge 

University, predicted that via a tunneling process, electric current could flow between 

two superconducting materials separated by a thin (a few nano-meter thick) insulating 

layer or weak link [13]. Later, his prediction was experimentally confirmed and became 

known as the Josephson effect and the arrangement of two superconductors linked by a 

non conducting barrier is known as Josephson junction, the cunent that crosses the 

banier is the Josephson current. This phenomenon is widely used in applications of 

superconductor. 

1.5.1 Types of Weak Links: 
Weak link is just a convenient place for letting interference effects become 

visible. The most famous example is the quantization of magnetic flux in a 

superconducting ring: which means the conesponding supercunent will also be quantized 

and the quantization of super-current (current without a voltage drop) is typically an 

12 



Chapter 1 Introduction and Literature Review 

interference effect. The current can assume only those values that yield an integral 

number of wavelengths of the superconducting wave function over the length of the ring. 

This situation is exactly analogous to the quantization of electron states in Bohr atom 

[23]. 

e)== 
OIJl -l"II; r 

t) ::::::J 

2 

, . . 

,. 
b 

- 1\. 
b 

Fig 1.10: Different configurations of weak-links: junction with (a) insulating or (b) normal metal 
barrier; (c) micro bridge; (d) point contact; (e) 00 I tilt, ( f) 100 tilt and (g) 100 twist grain 
boundary Junction, (I) sandwich superconductor between two superconductors, (2) grain 
boundary weak link. 

Different types of weak links are discussed here. First, there are devices without 

concentration of current such as tunnel junction as shown in fig. 1. 1 O(a) . The thickness of 

an insulating layer is typically about 1-2 nm and the critical current density is in the range 

lO-104Acm-2 i.e. , much less than critical current density of the bulk superconductors [23]. 

In superconductor-normal metal-superconductor (SNS) sandwiches, the normal 

layer can be as thick as 1O-4cm as in fig. 1.1 O(b). The wave functions of the 

superconducting electrons penetrate the normal metal. In the region of their overlap, the 

wave functions interfere, with the consequence that phase coherence is established 
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between the bulk superconductors. If the amplitude of the superconducting wave function 

in the weak link is small , the critical current is also small [23]. 

The same effect can be achieved if the normal layer between the two 

superconductors is replaced by another superconductor with a small current density . For 

example, if a narrow superconducting film is covered with a narrow film of a normal 

metal as in fig 2(c), the amplitude of the superconducting electron wave function in the 

film is reduced where the film is in contact with the normal metal. This causes a local 

decrease of the critical current density, that is, a weak link is established [23]. 

In devices with concentration of current, the critical current density in the weak 

link is same as in the bulk, but the absolute value of the critical current is much less. A 

superconducting film with a short narrow constriction falls into this category provided the 

size of the constriction is of order of the coherence length ~ as shown in fig. 1.1 O( d) . 

Another example of a bridge of variable thickness of the bridge itself is only several 

dozen nm as shown in figl.1 0 (1) [23]. 

Finally, a weak link of high-temperature superconductors is shown in the fig. 

1.10(2). It is called a grain boundary (bi-crystal). Due to the extremely short coherence 

length in high-T c materials (~ ~ 1 nm) , defects can be produced between two regions of an 

epitaxially grown high-Tc film with different crystal orientations. The critical current 

density of such a weak link can be varied by changing the misorientation angle between 

two crystalline. Each HTS grain boundary can be considered the composition of the three 

fundamental operations of: tilt around the c-axis (001 tilt): fig. 1.10(e), tilt of the c-axis 

around the a- or b-axis (100 tilt): fig.1.10 (f) and twist around the b-axis (100 twists): fig. 

1.10(g). In figs. 1.10( e-g) the orientation of the left electrode has been fixed, but it can 

also change. Grain boundaries influence the Josephson phenomenology which is still 

subjected to microstructural barriers imperfections [24]. 

1.6 Cuprate High-Temperature Superconductors 

Cuprate High-Temperature Superconductors (HTS) play an outstanding role In the 

scientific development and for the present understanding of superconductivity 

• A huge number of samples have been produced, in quantities of the order of 

metrical tons. 
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• Details of materials science have been diligently elaborated. 

• High reproducibility has thus been achieved taking the materials complexity into 

account. 

• The whole tool-set of experimental solid-state physics has been applied. For some 

techniques such as photoelectron spectroscopy [18, 19], inelastic neutron 

scattering [20] or scanning tunneling microscopy [21 ,22] HTS have become a 

drosophila-like favorite object of investigation which still challenges further 

methodological development. 

• HTS still represent a great challenge to theoretical solid-state physics since not 

only the superconducting but even more the normal conducting state of HTS is 

awaiting a satisfactory explanation. 

1.6.1 Difference between High-Temperature Superconductors and Low 
Temperature Superconductors 

Cuprate High-Temperature Superconductors (HTS) have number of features in 

common which make them very unlike typical Low- Temperature Superconductors. They 

are layer compounds.They are typically tetragonal or orthorhombic and close to 

tetragonal and contain CuO planes with the formula CU02 lying normal to the c 

direction.These planes contain mobile charge carriers and are thought to be the seat of the 

superconductivity. The carriers are sharply localized in the planes and thi s makes contact 

between the planes relatively weak for this reason the cuprates often have extremely 

anisotropic properties in both the normal and the superconducting states with poor 

conduction in c direction. 

The carrier density is relatively low comparable with what is found in semi metals 

such as bismuth. This means that the carriers are less heavily screened than they are in 

ordinary metals and makes the coulomb repulsion between them more important. It also 

increases the penetration depth which is typically 0.2 urn for current flow in ab plane. 

They all have extremely short coherence length typically 2 nm with in CU02 

planes and as little as 0. 3 nm in the c direction. This has many important consequences. It 

makes thermal fluctuations much larger .It also makes defects such as impurity 

concentrations, grains boundaries and surface rearrangements much more important. 
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Finally cuprates are very sensitive to carrier doping and are only superconducting for a 

particular range of doping leve l. 

1.6.2 Obstacle for supercurrents in High-Temperature 
Superconductors 

Beside many intrinsic obstacles for the transport of supercurrent 111 single-

crystalline HTS materials there are many additional hurdles since HTS materials are not a 

homogeneous continuum as they are a network of linked grains Fig.l . ll . The crystal 

growth mechanism is such that all material that cannot be fitted into the lattice structure 

of the growing grains is pushed forward into the growth front with the consequence that 

in the end all remnants of secondary phases and impurities are concentrated at the 

boundaries in-between the grains. Such barriers impede the current transport and have to 

be avo ided by careful control of the growth process. 

Fig 1.11 Schematics of the HTS microstructure : Differently oriented single crystal grain s are 
separated by regions fill ed with secondary phases . In addition, oxygen depletion may occur at 
grain boundari es 

Another obstacle for supercurrents in HTS is misalignment of the grains: 

1.6.3 Oxygen nonstoichiometry Effects 
Oxygen nonstoichiometry is known to play a vital role in the geometric and 

electronic structure of high Tc superconducting cuprates. The carrier concentration and 

superconducting properties are essentially controlled by the oxygen content. 

1.6.4 Substitutional Studies 
The site occupancy in Substitutional studies is controlled by 

(I) Ionic radii , 
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(2) The valence state 

(3) The coordination number of the on-site cation. 

1. Substitution at Tl site: 
The cations which are chosen for substitution at the Tl site as reported in the 

literature are cadmium, lead, bismuth, antimony, and potassium. TI3+, Pb4+, Bi5+ have 

identical electronic configuration and somewhat similar chemistry. Their ionic radii for 

six coordinations are also close to each other and satisfy the criteria for substitution. Pb 

and Bi also exhibit multi-valency (e.g., thallium)-namely, Pb4+/Pb2+ and Bi5+/Bi3+---- and 

would affect the copper valence on substitution and also the TI3+/Tl+ ratio . Potassium is 

another important cation which resembles Tl in chemical properties [60]. 

2. Substitution at Ba/Ca sites: 
Ba, Sr, Ca, rare earths and yttrium exhibit high coordination numbers, the ionic 

radii and are also close to each other and thus satisfy the criteria for substitution. Ba show 

more closeness in ionic radii to that of lighter lanthanides, whereas, Ca and Y Ionic radii 

are very close to each other. In view of this, it appears that lanthanides and yttrium can be 

substituted totally for Ba and Ca in these compounds. The substitutional studies in the Tl 

based cuprates have been used effectively to stabilize the structure in the single TI -O 

layer phases and have helped in the easy synthesis of these phases in bulk. 

1.7 Thallium Based High Temperature Cuprates: 
In TI-Ba-Ca-Cu-O system, a number of compounds have been discovered [26]. 

These compounds differ from one another by the number of superconducting planes and 

charge reservoir layers. Some Tl-based compounds have double TIO layers in the charge 

reservoir layer (i.e., ThBa2Cu06+y, Tl2Ba2CaCu20s+y and ThBa2Ca2Cu3010+y etc.) and 

are represented by a specific naming scheme TI-2201 , TI-2212 and TI-2223 etc. In this 

naming scheme, the last digit represents the number of CU02 planes in the compound. In 

these materials the transition temperature Tc lies in the range of 80-120K. Another family 

of Tl-based superconductors, such as TlBa2Can-ICun02n+3 containing only single 

Thallium atom in the charge reservoir layer has been grown with n CU02 planes (n = 1-5) 

[26-29]. In all these crystal structures, we see that unit cell is composed of one, two, 

three, four and five CU02 planes. So with the increase in the number of CU02 planes the 

Tc also increases up to n = 3 and has been observed to decrease with n > 4. The 

understanding of crystal chemistry of these Tl-based compounds, leads to the formation 
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of a compound with n = 4, the composition of this phase is TlBa2Ca3Cu4011 (1234) and 

its structure is tetragonal with lattice constants a = b = 3.88A, c = 18.0A. The 

TlBa2Ca3Cu401 1 (1234) compound is reported to have relatively higher resistances at the 

room temperatures as compared to the other known structures, possibly due to the 

presence of completely insulating charge reservoir layer. In order to reduce the effect of 

high resistance CUI -xTlxBa2Ca3Cu4012-8 superconductors have been prepared [30].Unit 

cell of Cu I-x Tlx-1223 is shown in fig .1.1 2. 
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Fig.1.1 2. Un it ce ll of CuT I 1223 

1.8 ~pplications 
Due to the vast development of superconducting materials, they find a large range 

and diversity of application in different fields. Following are some of the important 

applications [32]. 
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Superconducting magnets 
Normally, when current flows through a coil, it generates magnetic fields. If the 

coil is replaced by a superconducting material , it generates a large magnetic field. In the 

conventional high field electromagnets, the effect of joule heating is a major problem, 

while in superconducting materials, the current flows without any resistive loss and joule 

heating. Therefore, high critical magnetic field superconductors are used for the 

application. The most widely used superconducting materials are type II superconductors 

such as Nb-Ti and Nb3Sn compounds. The important applications of superconducting 

magnets are NMR, medical diagnostics and spectroscopy, magnetic levitation trains. 

High field magnets 
For the moment the most important practical application of superconductivity is 

in producing a high magnetic field. There is no doubt that for this purpose a super 

conducting solenoid is superior to conventional magnets; since these coils withstand vary 

high critical current density. 

Switches and memory elements 
The use of superconductors as switches follows from their property of becoming 

normal in the presence of a magnetic field . 

Suspension system and motors 
Frictionless suspension systems may be realized by the interaction between a 

magnetic flux produced externally and the currents flowing in a superconductor. It is 

quite obvious that the idea of a hundred percent efficient motor can be achieved with 

superconductor [31]. 

Magnetic separation 
Magnetic separation is a process used for decades in mining and chemical 

industry. Application of this process may be found in elaboration of iron ores and also in 

the processing of kaolin clay. This separation processes is based on the different magnetic 

characteristic of the material to be isolated. If the material to be separated is 

ferromagnetic, as Fe, Ni and Co then weak magnetic field may be used and there is no 

need for superconducting magnets. On the contrary, weak magnetic minerals, such as 

hematite, garnet or limonite, require the use of intense magnetic fields for the separation 

from a nonmagnetic matrix. 
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Particle accelerators 
Superconductivity technology is applied to particle accelerators into primary areas 

i.e ., to save energy and to produce high magnetic fields , therefore, the superconducting 

magnet is necessary in the construction of high quality superconducting accelerator 

cavities; the primary propose in the later case is to achieve high accelerating field 

gradients and to reduce the radio frequency power requirements. 

Microwave antennas 
The new ceramic superconductors can be used in antenna applications. HTS 

films, with very low surface resistance, possess excellent performance in microwave 

passive devices, compared with the normal conductors. Many superconductive 

microwave devices need to work in strong dc-magnetic fields. 

Besides the scientific interest, the search for applications has always been a driving force 

for superconductor materials science [33]. 

Superconductors are materials that lose their resistance to electrical current flow 

below a certain critical temperature (Te) , a certain critical current density (Je) and certain 

critical field (He). Superconductors have generated great interest for power applications 

including loss-free electric transmission cables, motors, generators, transformers, energy 

storages, levitation trains, ultra-fast computers etc. Besides that, the superconductivity 

phenomenon also opens the challenges to modern physics of superconductors [34, 35]. 

1.9 Literature Review 
M.M.Abd-Elmeguid et al [36] investigated the effect of Sn doping on the 

magnetic and superconducting properties of La2-xSrxCul-ySny04 with 0 < x< 0.15 andO < 

y< O.OI.Measurements of the Sn Mossbauer isomer shift reveal that Sn is tetravalent in 

the whole concentration range a < x< 0.15 .on the other hand ,the electrical resistivity, 

Neel temperature,and the superconductivity are found to be affected by Sn content.In the 

anti- ferromagnetic state x=O, 0.008, Neel temperature is Slightly affected by increasing 

Sn content.In the superconducting state x=0.065, 0.10 and 0.15. Te is strongly supressed 

with increasing Sn content. It is shown that the variation of Neel temperature upon Sn 

doping depends on the competition between two mechanism. 
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(1) Magnetic disorder due to the nonmagnetic impurity which induces an uncompensated 

local magnetic moment on the CU02 lattice and therefore tends to decrease N eel 

temperature. 

(2) Reduction of the free 0 holes by the excess electrons introduced by Sn which leads to 

stabilizing the anti ferromagnetic order and increasing Neel temperature. 

Candida C. Silva ef af [37] investigated AC losses in high temperature granular 

YBCO samples. Individual grains were anisotropic and these polycrystalline samples had 

randomly oriented c-axes. AC susceptibility was measured as a function of magnetic 

field, frequency and temperature. Three types of temperature dependent loss peaks were 

observed. The three peaks types (in l) were attributed to intrinsic (London theory), 

Intergranular Josephson junction, and intragranular pinning loss mechanisms, 

respectively. 

K. C. Hung et af [38] investigated the intergranular pinning properties in high-T c, 

YBa2(Cuo.9Cdo 1)307-8 superconductor by ac susceptibility response. Both the 

intergranular and intragranular peaks were observed. The effective pinning potential was 

found to be inversely proportional to the power of magnetic field . This indicated the 

formation of intergrain Josephson tunneling, acted as a weak link network, having a 

collective pinning behavior. As the dc field increased from OmT with increment by 

0.022mT, the intergranular peak was shifted rapidly to the low temperature side while the 

intragranular peak showed nearly no shift at all. This was the fact that the Josephson 

weak link was very sensitive to the external dc field . From the temperature dependence of 

the intergranular critical current density, the exponent a for the scaling law of Jc(J) = 

Jc(O)(l-TITcJa was found to be 0.9, where Jc(O) was the critical current density at T = OK 

and Te. 

P. Kameli et af [39] studied the intergranular properties of (Bi,Pb)2Sr2Ca2Cu30 y 

polycrystalline samples. The XRD results showed that the increasing sintering 

temperature up to 865°C, the Bi-221 2 phase fraction decreased. It was found that the Bi-

22 12 phase on the grain boundaries was likely to play the role of weak links and 

consequently reduced the intergranular critical current densities. Ac Susceptibility near 

the transition temperature was analyzed. The observed variation of intergranular critical 

current densities (Jc) with temperature indicated that the weak links were changed from 
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superconductor- normal metal-superconductor (SNS) for well-coupled sample to 

superconductor-insulator-superconductor (SIS) type of junctions for the sample with 

high Bi-22 12 phase fraction. 

M. Tape et al [40] investigated weak link profile of YBa2Cul-xAgx07-/5 using 

techniques like (R-T), (x-T) , SEM, and XRD. The improvement in the structural and 

superconducting properties of the samples were observed with the variation of cationic 

ratio of Ag up to x = 0.2. The critical current density of the sample C enhanced by the 

factor of 169% at 77 K and B = OmT. By the investigation of magnetic field dependence 

of the critical current density, they observed that the Jc versus B dependence decreased 

with increased Ag content up to x = 0.2 showed that the Ag doping improved the grain 

growth and their orientations, and modified the inter-grain weak-links. During processing 

of YBCO ceramics, liquid Ag filled into the pores of the structure and modified the micro 

cracks thus strengthened the role of pinning centers. However, when the Ag doping 

exceeded x = 0.2 the structure and thus the superconducting properties of the samples 

deteriorated. The excess amount of silver played a role of preventing factor for the 

growth of YBCO grains. Consequently, grains become smaller and arbitrarily oriented 

hence showing lower performance for the high current applications. 

Francesco Tafuri et al [41] made conclusion about weak links that often appear 

to be independent transport channels, such as for cooper pairs or quasi-particles. These 

channels would be subject to different selection rules in such an anisotropic and 

inhomogeneous configurations. These junctions might have some sort of intrinsic 

quantum protection, despite the poor interface quality and short coherence lengths. Low­

energy quasi-particles generated a surprisingly low level of dissipation, allowing the 

observation of macroscopic quantum effects. 

Magnetic susceptibility of bulk thallium based (2223) compound was measured 

with Au and Ag doping by M.Yang et al [42]. Significant enhancement of intergranular 

critical current density was demonstrated and also methods for convenient determination 

of the intergranular weak link phase-locking temperature and average lower critical fi eld 

in the bulk granular superconductors were discussed. 

N Balchev et al [43] prepared, investigated and studied a new mercury-based 

superconductor with nominal composition. Hgl -xSnxBa2Ca2CU30y (0 < x < O.S) .At that 
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stage of investigation the material was multiphasic with dominating superconducting 

phases up to x =0.3. It was establi shed that Sn stimulates the growth of the Hg- 1212 

phase and enhances the diamagnetic volume fraction together with the weaklink 

behaviour. The SEM-EDS analysis showed that Sn is incorporated into the 

superconducting grains. The shift of some of the XRD peaks, as well as the broadening of 

the magnetic transition and gradual decrease of Tc with the dopant content x, suggested 

that the substitution really occurs and some of the Sn is incorporated into the structure of 

the superconducting phases. 

Wu Ming Chen et al [44] studied the effects and influence of Sn doping on 

superconductivity in the Bi-based 2212 phase.The samples were characterized by R-T 

relations, magnetic hysteresis loops, X-ray powder diffraction analysis. For 

Bi 175Pbo 2S Sr2CaCu2J-xSnxOy, the experimental results show that by adding the proper 

amount of Sn, the superconductivity of the samples can be improved. As x = 0.1 5, the 

critical temperature Tc, the critical current density lc, and the magnetic pinning force 

density F reach a maximum. The experimental results also show that the Sn doping is 

able to speed up the growth of the 2223 phase. In brief, Sn doping is an effective way of 

improving the superconductivity in Bi-based superconductors. 

A F Dong [45] investigated the structural changes and superconductivity of 

LaI.8S-2xSr2x+O.ISCUI -xRux04 (I) and LaI.8SSrO.ISCul-xRux04 (II) systems. It was found that 

in all LaI.8SSrO.ISCul -xMx04 systems investigated (M = Ru, Li, V, Sn, AI, Ga, Co, Fe, Mn, 

Mg, Ni and Zn), the structure parameter cia ratios decrease with increasing doping 

content x, which is a common characteristic. The mechanisms for Tc suppression were 

summarized. Some mechanisms for interpreting Tc suppression in LaI.8SSrOISCul -xMx04 

systems have been proposed, including the following. 

(1) The magnetic pair-breaking effect. Tc suppression in Lal8sSro ISCUI -xMx04 (M = 

Fe, Co, Ni , Zn, Ga and AI) was attributed to the Cooper pair-breaking effect 

arising from magnetic impurity scattering. 

(2) The strong potential scattering effect. 

(3) The carrier localization effect. It was asserted that the two-dimensional hole 

localization induced by doping is the essential origin of the metal- insulator 

transition. Besides the mentioned above, the structural disorder, oxygen vacancy, 
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oxidation state of Cu, spin state of the dopant, low energy spin excitation etc were 

also considered as factors in the Tc suppression. These indicate that a universal 

mechanism for Tc suppression has not been found to date. 

Halbritter [46] discussed important extrinsic and intrinsic conduction in cuprates, 

anisotropy and weak links. It was found that defects enhance the intrinsic perpendicular 

conductivity 0 ..L :s lIn-cm whereas large intrinsic parallel conductiv ity i.e., 0
11 2: 104/0 -

cm degraded by defects. Er,ns (density of metallic state), nL (density of localized state) , in 

various cuprate banks were compared. Different grain boundaries associated with 

cuprates, evidence for WL was presented by normal and superconducting measurements 

were discussed. Combined peT), weak link boundary resistance Rbn~ 10-7 _10-9 n-cm2 

were deduced in superconducting state. Jc values were explained by localized states 

allowing resonant tunneling. Defects enhance 01- and especially as weak links reduced 0
11 

and J/ in contrast to YBCO for Bi cuprates the intergranular 0 1- and Jc1- stayed large. 

Yong Feng [47] investigated a highly textured YBa2Cu295SnOOJ 5, sample prepared 

by the powder melting process method. They suggested that the surface defects may be 

responsible for the effective pinning centers in our samples. The J, value and the pinning 

force were improved by Sn being substituted for Cu. The pinning force density increased 

as the fie ld increases within the temperature range 60-77 K for the YBa2CuO.9SS nOOJ 5, 

specimen. The size of particles can be reduced by Sn addition. 

The ac susceptibility of the two compounds YBa2Cu307- Ii and 

YBa2Cu2985Ago.OJ 507- Ii was measured as a function of temperature, ac magnetic field 

strength and frequency by S. LO. Shinde et al [48]. The presence of two loss peaks in the 

imaginary component of the ac susceptibility was confirmed by comparison of ac and dc 

magnetic fields on materials with different microstructures. One peak in imaginary part 

of susceptibility was associated with the matrix transition and other, at lower 

temperatures, with weak link behavior at grain boundaries. 

] Feng [49] studied the relationships between the crystal structure modification, 

due to the doping element of Sn, and the critical temperature Tc of Sn-doped YBa2Cu3_ 

x07 , with x=O, 0.1 , 0.2 , 0.3, 004 , 0.5 , 0.6, have been investigated by means of the peak 

shift and the peak broadening of the powder x-ray diffraction pattern. The substitution of 

Cu by a Sn atom generates some static thermal vibration effect, which reflects on the 
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lattice spacing parameters a, band c. The data of FWMH obtained from XRD patterns 

confirm that the active mode of the thermal vibration is along the c-axis; in accordance 

with the results obtained from the Raman scattering measurement. The critical 

temperature, Tc , of the superconductors YBa2Cu3-xSnx07-o , with x=O to 0.6, is sensitive 

to its expansions in both of a- and b-directions. The c-axis direction showed no 

significant expansion due to the Sn-doping effect. In general, the higher the Sn doping 

level , the greater the expansion along a and b and the lower the critical temperature. The 

thermal vibration, however, was found to be dominant along the c-direction, and this 

seems to support the theoretical prediction based on the in-plane sensitive mechanism of 

high temperature superconductivity. 

Weak link behavior of YBa2Cu30x(123) superconductor by L. C. Pathak et al [50] 

sintered in different atmosphere were studied by measuring the variation of critical 

current densities (Jc) near the superconducting transition temperature (T c). The weak 

links were found to change from superconductor-insulator-superconductor to 

superconductor-insulator-metal-superconductor and superconductor-metal­

superconductor type of junctions as the sintering atmosphere was varied from Argon to 

air and oxygen respectively. The scanning electron microscopy in conjunction with 

energy dispersive spectroscopic studies indicated that the composition fluctuation at the 

grain boundaries was supposed to be the reason for such variations. 

J.Q. Li et al [51] studied the effects of Sn doping in Hgl_xSnxBa2Ca2Cu308 

samples. Sn doped samples of Hgl_xSnxBa2Ca2Cu308 with x=O, 0.05 , 0.1, 0.2 , 0.4, 

0.5were synthesized in sealed silica tubes by the solid state reaction method.A small 

amount of Sn doping in Hgl_xSnxBa2Ca2Cu308 promotes the formation of 

superconducting compounds of Hg(Sn)-1223.The effects of Sn doping on the formation 

and stability, microstructure of grain growth and critical temperature of the (Hgl_xSnx)-

1223 superconductor have been investigated by X-ray diffraction, scanning electron 

microscopy (SEM) and electron probe microanalysis, resistance measurements and ac 

susceptibility measurement techniques. 

The stability of the product compounds is also enhanced. Sn doping may playa 

role as a nucleating centre. The Tc for Sn-doped samples (Hg l_xSnx)-1223 with x<O.l is 

not noticeably changed as compared with the pure Hg-1223 phase (about 134 K). 
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However, a further increase of Sn doping into the sample leads to a deterioration on both 

T ~ and the fraction of superconducting phase in the sample. Since there are several 

residual phases accompanying the addition of Sn in the mercury-based copper oxide 

superconductors, the clustering particles of these phases seem to contribute some pilming 

effect on their magnetic behaviour. 

A Hassen [52] observed that similar to Nb doping, Ti and Rh dopants reduced the 

superconductivity but at a different rate due to the difference of their electronic 

configurations. Despite the fact that the hole concentration IS increased, the 

superconducting transition temperature decreases for all dopants, most likely due to the 

disorder that prevents charge transfer between the adjacent RU02 and CU02 layers. 

Unlike Ti and Rh doping, superconductivity is not suppressed quickly with increasing Sn 

content. Both normal and superconducting state properties depend strongly on the dopant 

and substitutional site. It seems that in Ru-1212 a much smaller doping range is 

accessible as compared to other high-Tc materials. 

The complex ac susceptibility X '+ X 1/ was measured by S. Celebi et al [53] as a 

function of temperature and ac field amplitude on rectangular bar shaped high T c 

Bil.6Pbo.4Sr2 (Cal-xNix)2CU301) (x = 0 - 0.10) and found that the increased doping of Ni 

decreases critical temperature T c slowly. At x = 0.03 the increase in intergranular critical 

current Jc and flux pinning of Bi (Pb)-2223 system was observed. It was concluded that 

Ni doping in the above system changed the effective volume fraction of the grains, the 

field dependence of the intergranular critical current density , transition temperature and 

intergranular pinning properties. 

The TIBa2Ca2Cu30y superconductor is one of the most promising materials for 

high field applications above the temperature of liquid nitrogen. The introduction of the 

Mo"ssbauer nuclei 57Fe, 11 9Sn and 151Eu into Tl-based 1223 superconductors was 

investigated by E. Kuzmann [54]. The doped Tl-based superconductors were 

characterized with respect to critical temperatures, critical currents, microstructure and 

composition of the superconducting and secondary phases. The samples were then 

analyzed by Mossbauer spectroscopy. Energy dispersive X-ray EDX analysis showed 

that both Fe and Eu were incorporated in the superconducting crystallites. Sn was found 

in secondary phases. 
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Doping of Hgo.3Pbo.4Sro.gBao.22Ca2Cu30y superconductors with the Mo"ssbauer 

nuclei Fe and Sn was investigated by E. Kuzmann [55] Energy dispersive X-ray EDX 

analysis showed that Fe entered the superconducting phase. The introduction of Fe into 
• 

the superconductor led to a decrease in the Tc-values from 11 2 K for the undoped to 105 

K for the Fe-doped phase. Sn formed a separate secondary phase, predominately barium 

stannate with some Sr, Ca, Pb, Cu and low amounts of Fe. Small amounts ofSn were also 

present in the Sr-Ca-Cu-O secondary phase. The 119Sn Mossbauer spectra mainly 

reflected the Sn environment in the Sn-rich secondary phase. 

A. V. Herzog et al [56] reported on a series of magneto resistance measurements 

of granular Sn wires with widths from 1100-2000A. The magneto-resistance measured 

within the superconducting resistive transition of wires with different normal state 

resistances and the results were compared to two-dimensional granular Sn films . Both the 

wires and the 2D films exhibit two distinct magnetic-field regimes,a low-field weak 

positive magneto resistance regime and a high-field strong positive magneto resistance 

regime. In addition, the wires exhibit strong reproducible magneto-resistance oscillations 

within the low-field regime near the superconductor-insulator transition were not 

observed in the 2D films. These magneto resistance oscillations were attributed to the 

effects of screening currents circulating around phase coherent loops of weakly linked 

superconducting grains. The observed magneto resistance at different field strengths in 

the wires and fi lms allowed for clear and coherent interpretation of the mechanisms 

causing the magneto-resistance behavior, and the magnetic-field tuned superconductor­

insulator transition 

For the (Lal_xSrxhCul -xSnx04 system, through Sn substitution experiments, Yang 

Li [57] noted that structural parameters change monotonically with Sn-doping, but the Tc 

remains at 36 K even with increasing Sn-doping. Sn-doping resulted in a significant 

enhancement of Jc for more highly doped samples. Sn-doping introduced new kinds of 

pinning centers near the Cu- O layers. These Sn dopants in Cu-O layers are point-like 

defects on the scale of the superconducting coherence length, so they can effectively pin 

flux , especially at high temperature. 

J Q Li [58] synthesized Tin-doped samples Hgo.9Sno.IBa2Ca2Cu30g or 

(Hgo.9Sno.I)-1223 in sealed silica tubes by a solid-state reaction method. The dominant 

27 



Chapter J introduction and Literature Review 

phase involved in the sample is a superconducting phase of (Hg(Sn)-1223), which is a 

solid solution of Sn in the compound. An impurity phase HgCa02 also exists together 

with the dominant phase. The results of thermo gravity analysis and XRD analysis show 

that the impurity phase HgCa02 and superconducting phase Hg(Sn)-1223 have different 

decomposition temperatures in flowing He gas and in flowing 0 2 gas atmosphere. The 

onset decomposition temperatures of these two phases measured in flowing He gas are 

560 and 760 C respectively . They increase to 576 and 825 C respectively in flowing O2 

gas . Studies of the effect of annealing temperature on Tc by resistance measurement for 

this sample show that the superconductivity is reversible in flowing 02 gas below the 

decomposition temperature of the superconducting phase Hg(Sn)-1223 , namely 825 C. 

The quality of the superconductor, including the critical temperature and the sharpness of 

the transition, can be improved by removing the impurity phase HgCa02 from the sample 

using a high-temperature atmealing process under flowing O2 gas. 

YBaCuO thin films were studied By Anton V. Velichko et al [59] in which the 

effect of both dc and RF magnetic fields H on the microwave surface impedance, Zs = Rs 

+ jX", of a superconductor containing weak links were discussed. Two types of the weak 

links were considered; a weak link between two grains, shunted by another grain, and a 

non-shunted weak link. In both cases , the dependences of Rs and Xs on applied H were 

found to be anomalous. Under certain conditions, the values of Zs (H) were found to fa ll 

below the zero-fie ld values. 

For La2Sr2Cul-xSnx04 0.075 , 0.090 and 0.11 O.superconductors, the effects of Sn­

doping on local microstructure are studied by Yang Li [60]. The results showed that Sn 

ions in the 4q valence state dominantly occupy Cu sites rather than La_Sr. site. In the 

view of the effective oxygen content or excess oxygen, the dual role of Sn dopant on the 

catTier concentration is discussed. Sn directly occupy Cu site on CuO plane, which would 

deteriorate integrality of 2 CuO plane. Thus, S114+ doping itself strongly decrease 

superconducting transition temperature. 

L.F. ti [61] studied the tin doped YBCO. A.c. susceptibi lity measurements from 

room temperature to liquid nitrogen temperature indicated that the superconducting 

transition temperature of sintered YB,Cu,O, (about 91 K) was little affected by doping 
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with tin .. The substitution of Sn for Cu is held responsible for the increasing in pilming 

fore and thus for the increase in critical current density. 

The effect of doping on the superconductivity in Bi2Pbo 6Sr2Ca2-xRxCu30(6R = 

Ba, Y, V, Zn and Sn) system has been investigated by S. B. Mohamed [62] characterized 

by resistivity, ac susceptibility measurements and x-ray diffraction (XRD) analysis. The 

data curves indicate the presence of a superconducting transition between grains coupled 

by weak links. The volume percentage of the 2223 phase decreased with the increasing 

doping concentration. The presence of low T, phase is also visible in the real component 

(f) . of the susceptibility data, while the imaginary component (x "). show a shift towards 

lower temperature in the intergranular coupling peak, Tc as the dopant concentration 

increases. All the doping elements do not enhance the T, zero but decreases. 

Takahito Saito [63] studied substitutional effect of YBa2Cu30 7 _y by Sn.they 

report on the Sn doping effect on the superconductivity of YBa2Cu30 7 _y to Y ,Ba and 

Cu sites .Ysites were substituted b Sn up to 4 percent and Tc increased by a few 

degrees.it was found that Sn does not occupy the sites of Ba and Cu. 

In the cases of Sn doping to the Y site in the low concentration range (x< 0.04), the 

superconducting transition temperature Tc increased with narrow width and electrical 

resistivity of the normal state decreased as Sn doping progressed. In highly doped 

samples toY sites (0.04<x<0.25) , the resistivity curves shifted to lower temperatures and 

broadened with higher resistivity in the normal state. The occupation of Sn on a Y site 

would locally distort the atomic arrangement around it or the doped Sn would deviate 

from the center position of the Y site and then the lattice distortion would be caused 

around the site locally. This lattice distortion energy is small , as long as the concentration 

of Sn that substitutes on the Y site is low. However, as the doping concentration 

increases, the lattice dist0l1ion energy increases and finally impurity phases would appear 

rather then substitution on Y sites. This would decrease Tc and broaden the transition. 

Normal and superconducting transport properties of Bi 1.6sPbo.3sSr2Ca2Cu30 10+0 

ceramic samples were observed by E. Govea-Alcaide et al [64] in powder form with high 

pressure of 90 to 600 Mpa. Critical magnetic field ranging from lower to upper (800e to 

1350e) was found same for all samples at 77K. The result suggested that the grain 

orientation and the connectivity between grains were improved with increasing pressures. 
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Jc(O) was found to increase from 58Acm-2 to 418Acm-2 in zero applied field. The factor 

Jc(B)/Jc(O) was showed to be very sensitive to the pressures. It exhibited Josephson like 

behavior at low compacting pressures which was changed as independent of magnetic 

field at high pressures. In addition flux trapping curves indicated three superconducting 

levels i.e ., the superconducting grains, the superconducting clusters and weak links. 

Correlation between normal and superconducting transport properties was also discussed 

as for as the dissipation was brought in concerned. 

1. D. Hettinger et al [65] observed current-voltage data in samples 

ThBa2CaCu20 x (Tl-2212) and TlBa2Ca2Cu30x (Tl-1223) separately and demonstrated 

that in some cases I(V) data on polycrystals could reveal weak-link contributions to 

dissipation. To verify this general and potentially useful procedure, they used ion 

irradiated samples to greatly diminish the flux-creep contribution. As a result of these 

observations, they suggested that weak-link-free current paths exist in a relatively small 

fraction of a sample cross-sectional area. For example, they observed the slight decrease 

of Jc after ion-irradiation in the intermediate-field, plateau region of the Jc(B) data 

suggested that flux creep was irrelevant. Thus, although the conclusion that the actual 

area of the current path shrinked as field increased looked reasonable and consistent with 

available data. This implies that comparing Jc to that of an epitaxial film could only give 

a lower limit on the area of the actual current-carrying path. Increased in Jc could then 

result from either increasing the current-carrying area or improving the residual weak­

link grain boundaries. 

O. V. M . Williams [66] reported the results from a resistance, and magnetization 

study on RUl 2AxSr2RCu208 (R = Sn, Nb, La, Eu, Od). They showed that, there is no 

significant change in the superconducting transition temperature when Sn is substituted 

for Ru, implying that there is no significant Sn-induced charge transfer to the Cu02 

planes. Furthermore, increasing the Sn concentration has the effect of increasing the 

temperature where zero resistance and the onset of bulk ac diamagnetic shielding occurs, 

which we interpret in terms of a decreasing ferromagnetic component leading to an 

increase in the temperature where the spontaneous vortex phase occurs. 

Carrier concentration, superconductivity, and crystal structure In a series of 

YBaSrCu3 _xSnxO= samples (0 ~< x ~< 0.25) have been investigated by Y. Zhao [67]. The 
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X-ray diffraction analysis and structural computer simulations reveal that at low doping 

levels (x < O.IS) Sn preferentially occupies the Cu(1) site, but gradually goes into both 

the Cu( 1) and Cu(2) site at higher doping levels . The rate of T c suppression caused by 

Sn doping is significantly slower for low dopant concentrations than for high dopant 

concentrations, indicating that different mechanisms operate at the Cu(l) and Cu(2) sites. 

Another mechanism may be the impurity-scattering effect caused by the Sn doping at 

CU02 planes which is responsible for the dramatic suppression of T ~ at high dopant 

concentrations. 

The temperature and ac field amplitude variations susceptibility were measured 

by P. K. Nayak et al [68] on (Lal-xYx)2Ba2CaCuSOz. They measured temperature and 

field variations of ac susceptibility on pure and Swt% of Ag doped (Lal-x Y x)2Ba2CaCu50z 

superconductors for (x = 0, 0.2S and O.S). Critical current density, Jc as function of 

temperature and effective volume fraction of superconducting grains were estimated for 

all the samples. (Lao 75 YO.2shBa2CaCUSOI\ compound with Swt% Ag was found to exhibit 

relatively large JcThey suggested relatively large critical current density due to the 

improved intergranular coupling. These materials were found to exhibit (SNS) type of 

junctions. 

The influence of SnO dopant on the superconductivity and the phase formation of 

the Bi(Pb)-Sr-Ca-Cu-O system has been studied by Y. L. CHEN [69] using differential 

thermal analysis/thermogravimetric analysis, X-ray diffraction, a.c. susceptibility and 

resistance measurements. It was found that Sn 2+ can be dissolved in the 110 K phase, 

but reduces the formation of this phase. Resistance measurements show 107 K zero 

resistance can be obtained for a short-time sintered sample (60 h), but that the T 0 (0) 

was found to decrease to 90 and 7 S K after the specimens were sintered for 90 and 140 h, 

respecti vel y. 

F. 1. Owens [70] seen the effect of dc and ac magnetic fields on the absorption of 

electromagnetic energy in the superconducting state of Hgo.7Pbo.3Ba2Ca2Cu30s+x (Tc = 

133K) by measuring the magnetic field dependence of the RF penetration depth at 300 

KHz - 20 MHz. Absorption depend linearly on the dc magnetic field as B 1/2 with a 

change in slope in occurring at a field B· was associated with the depinning transition. At 

constant temperature, as observed to decrease with increasing frequency. A comparison 
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of the field dependence of the RF penetration depth in (Hg, Pb-I223) with that in Y -Ba­

Cu-O was done, resulting the flux trapping power of (Hg, Pb-I223) superconductor at 

77K. It was shown that low frequency ac magnetic fields also cause an increase in high 

frequency electromagnetic absorption. This low field ac induced absorption was believed 

to arise from the same causes as the absorption induced by a small dc magnetic field 

,jumped through square micron sized current loops formed by weak links in the material. 

K. S. Aleksandrov [71] reported the results of a search for superconductivity in 

compounds based on tin, which also has an unshared electron pair. This search has 

resulted in the discovery of superconductivity in certain compounds of the Sn-Ba-Sr-Y­

Cu-O system. The alkaline earth elements are used in this system because they play a 

major role in forming the superconductivity, as stabilizers of the highly oxidized state of 

the copper cations. 

The insulating and metallic behavior of the grain-boundary weak links has been 

studied recently in thallium rich and the samples by Nawazish .A.Khan et al [78] with 

small amount of thallium in the charge reservoir layer of CU I-xTlxBa2Ca3Cu40 12-1i 

superconductor thin films. The influence of the nature of grain boundaries on the inter­

granular critical current density (Jc) was also been investigated. From the power law 

dependence of Hac - (1 - TI! T J'\ at n = 1, 2 best fitted for the Jc of thallium rich and small 

amount of thallium respectively. The polycrystalline thin film samples showed the power 

law dependence of Jc as n = I corresponded to (SIS) type while the samples with n = 2 

followed (SNS) types of Josephson junctions. The insulating grain boundaries decreased 

the inter-granular Josephson coupling and hence the transport properties were suppressed. 

Thomas W. Krause [73] reported the study of Sn doped Bio.7Pbo.3Sr2Ca2Cu30y. 

Features in the temperature derivative of the resistivity curves were associated with the 

presence of a superconducting transition between superconducting grains, coupled by 

weak links with a distribution of critical currents and critical temperatures, and the 

superconducting transition within grains. The transition between grains was more 

strongly suppressed in temperature with the application of a magnetic field in samples 

with weaker coupling between grains. 

Substitutions of diamagnetic Cd2
+ and Sn4

+ in YBCO and LaSCO structures have 

been investigated by F. Licci [74]. X-ray diffraction, electrical resistivity measurements 
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and EDX analysis were used to investigate the doping-induced structural and resistive 

effects and to identify secondary phases. Our results indicate that Cd and Sn have a 

limited solubility in LaSCO and they do not substitute in YBCO. Sn substitutes for Cu in 

Cu-deficient LaSCO up to about 4% (nominal concentration). At such a substitution level 

it strongly reduces to, with effects comparable to those induced by Zn at the same 

concentration levels. When doping with Sn for La, only small effects are produced on Tc. 

C.V. Tomy [75] investigated the effect of Sb, Sn and In doping on 

superconductivity in the Cu-rich and Cu-deficient compositions in the Bi-Pb-Sr-Ca-Cu-O 

system. The compositions rich in copper showed marginal improvement inTc over the 

copper deficient compositions. Sn and In dopings were also found to result in formation 

of 2212 phase and lower T c. 

Chen Angt [76] investigated that the superconducting properties are directly 

affected by the substitution for the Cu element in YBCO compounds. This substitution 

will suppress the superconductivity. However, in Sn-doped specimens, T. did not 

decrease but has been improved a little. Softening phenomena near T. were observed in 

the temperature dependent f(FJ- factor, and the temperature of phonon softening 

increased as the amount of Sn substitution increased. This change is in good agreement 

with the change in superconducting transition temperature T. of the samples. 

Z.H. He [77] one of the obstacles to the applications is its relatively low J 

compared to that of YBCO thin films . One of the c attempts to increase J is by doping, 

especially with c Sn-based compounds . Compared to the other element doping, the 

addition of Sn or Sn-based compounds has the advantage of not reducing the 

superconducting transition temperature Tc. 

The weak link behavior of CUI-x TlxBa 2Ca3CU4012-y (1234) superconductor thin 

films was studied by magneto resistance and ac-susceptibility measurements by 

Nawazish.A.Khan et al [72]. From the imaginary part of magnetic susceptibility it was 

observed that the external magnetic field activates inter-granular decoupling and the 

carriers can tunnel through these barriers using activation energy around 0.244 eV. Te 

was shifted to lower values with the application of an external field and the activation 

energy of these thermally activated processes was decreased to 0.128e V as a result. The 

insu lating nature of the grain boundaries helps in providing a large surface area to the 
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shielding currents and promotes high critical current densities in the films. The insulating 

grain boundaries seem to act as efficient microscopic pinning centers. 

1.10 Motivation 
It is well known that the properties of a high temperature superconductor are 

structure sensitive. Undoubtedly, the CU02 planes play very impoliant roles in the 

mechanism of the superconductivity of ceramic cuprates with perovskite structure. When 

the CU02 plane is influenced by external factors , for example, replacement of copper 

atoms with some foreign atoms of the doped element, what will happen to its 

superconductivity? This problem has attracted a great deal of interest from scientists 

around the world. The understanding of these effects may reveal the mechanism of the 

high temperature superconductivity. 

Another approach to investigate the superconducting mechanism is the 

investigation of the effect of doping on to the CU02 site. Particularly interesting is the 

effect of doping on Tc due to nonmagnetic impurities. The experimental findings suggest 

that nonmagnetic impurities induce uncompensated magnetic moments on the Cu site 

which may act as pair breakers. There is an important aspect of Sn doping compared with 

other dopants, 

Sn is expected to be substituted for Cu in the Sn4
+ state because it has an ionic radius 

(0.71) very close to that of Cu2
+ (0.69). Such a charge unbalance (Sn4

+ and Cu2
+) will 

lead to doping the CU02 lattice with excess electrons (n-doping). 

The Sn4
+ -ion might be a possible substituent for thallium because of its closed 

shell d I 0 electric configuration, and its higher valence state, Sn(IV), could be used for 

stabilization of the thallium superconductor. Finally, due to the much increased stabi lity 

and reduced toxicity of its oxides in comparison with those of TI , this research includes a 

contribution towards the alleviation of the environmental impact due to the eventual 

application of this class of materials on a larger scale. 

It is thus expected that Sn4
+ -doping causes not only the magnetic disorder known 

from doping with nonmagnetic impurities (e.g. Zn2+) but also reduces the number of the 

free holes in the system. The effect of such n-doping on Tc in TlBaCaCuO should be 

helpful for a better understanding of the mechanisms involved in the system. Doping with 
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Sn, therefore, reduces the free-hole concentration in the system. The effect of such excess 

electrons on the superconducting and of the system will be presented. 
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Experimental Techniques 
This chapter is used to describe the experimental techniques employed to 

characterize the synthesized materials. To determine the structural, electrical and weak 

links properties of materials, availability of information is necessary. Particularly, each 

technique gives different information regarding the type of properties of synthesized 

materials . Although these systems are based on simple physical laws but the proper 

arrangement is yet to be explore. The synthesized materials communicated in this thesis 

are characterized by different studies such as Electrical resistivity, AC Magnetic 

Susceptibility, In-Field (DC) Magnetic susceptibility measurement, FTIR, X-Ray 

Diffraction. 

2.1 Synthesis of TI-based High Tc Superconducting Oxides: 
Chemical purity is essential for Cuprates. The use of chemicals with a purity of 

99.99% is better but still not sufficient. During the preparation procedure, the formation 

of even a small amount of liquid has to be avoided since this may introduce impurities 

into the sample. Some of these reaction products have turned out to be well suited as 

materials for corrosion resistant crucibles for the preparation of cuprate HTS. The 

inherent tendency towards inhomogeneities and defects, in combination with the very 

short SC coherence length of the order of the dimensions of the crystallographic unit cell 

did not allow easy progress in the preparation of these materials [79]. 

The ability to synthesize powders of high phase purity is essential to many basic 

studies and practical applications of high Tc superconductors. From the Jc (critical current 

density) point of view, the presence of impurity phases among superconductive grains 

impedes the transport of the electrical current, resulting in a low Jc, increasing the flux 

pinning, the preparation processes in general are employed in single phase 

superconductive powders as starting material, by following a well defined heating 

procedure. 

One of the problems with the high T c superconductor cuprates is that they are 

really hard. Experimentally, these materials are very difficult to work with. They are 

brittle transition metal oxides, which are highly anisotropic. It is difficult to make 

electrical contacts to them. It has now become clear that high purity single crystals are 
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essential in order to obtain reliable and repeatable measurements. Their surfaces are also 

complicated [79] . 

Like the other high Te superconductor ox ides, Tl based superconductive oxides 

have most commonly been prepared by the solid state reaction method. Subsequent 

methods have been developed to avoid the use of off-stoichiometric stmting 

compositions. Many successful results have been reported in this regard [80-86]. 

Basically these methods are used to synthesize the desired superconductive phase either 

in a single step or through a series of steps with well defined intermediate compounds 

formed after each step. Until now, with proper selection of conditions, Tl based 

superconductive powders of high phase purity can be synthesized in short times without 

resorting to complicated wet processes [87]. 

2.2 Sample Preparation: 
The superconductor samples of (Cuo.s Tlos)Ba2Ca2(Cu3-xSnx)OIO-1i (x = 0, 0.25, 0.5 , 

0.75 , 1.0, 1.25, 1.5) superconductors were prepared by solid state reaction method. The 

precursor material of (CUD sTlo S)Ba2Ca2(Cu3-xSnx)OIO-1i (x=O, 0.25 , 0.5 , 0.75 , 1.0, 1.25 , 

1.5) superconductors was prepared using Cu(CN). Ba(N03)2, Ca(N03)2, Sn02 as starting 

compounds. These compounds were mixed according to above mentioned formula unit 

for one hour and 30 minutes in a quartz mortar and pestle. Thoroughly mixed material 

was put in a quartz boat and loaded into a preheated box furnace at 850°C. The mixed 

material was fired for 24 hours, following intermediate grindings. The precursor material 

after firing was mixed with a standard calculated amount of Th03 to 

give(Cuo.s Tlo.s)Ba2Ca2(Cu3-xSnx)OIO-1i as final reactants composition. The pellets of 

thallium mixed material were prepared under 5.5 tons/cm2 pressure. The pellets were 

enclosed in a gold capsule and sintered at 850°C for 10 minutes. After the heat treatment, 

pellets were quenched to room temperature and characterized by different techniques. 

2.3 Post annealing of Samples: 

In oxide superconductors , oxygen concentration in the unit cell plays a vital role ; 

as it can modify the distribution of the carriers in various bands of compound. The 

electronic distribution ultimately controls the mechanism of superconductivity. Oxygen 

Annealing is performed in superconductor in a temperature window between 400-500°C. 

Therefore, we have carried out post-annealing of CuTI-1223 compound at 500°C for such 
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oxygen intercalation. This is done by loading the samples into a preheated tubular furnace 

at sao °c for S hours followed by furnace cooling of the samples to room temperature. 

2.4 Characterization and Measurement Techniques: 
The characterization techniques used for the superconductors are: 

1. X-Ray Diffraction. 

2. Four Probe Resistivity Method. 

3. AC & IN-Field (DC) Magnetic Susceptibility. 

2.4.1 X- ray diffraction: 
XRD (X-ray diffraction) analysis gives us the information about the crystal 

structure of the material. This technique is used to know whether the intended sample has 

the crystalline structure or not and also to know the cell parameters like of the lattice. The 

most important aspect in materials science is the study of crystal structure of material. 

The crystal structure determination is an important parameter. In the beginning of the 

field of materials science, it was assumed that the solids are made of atoms, which are 

periodically arranged, but there were no experimental evidences of this thought. The 

discovery of x-rays made it possible to probe the material for their structure 

determination. The wavelength of x-rays (O. SA-2 .s A) is comparable to the spaCll1g 

between the atomic planes in solids. The x-rays, which originate from the K shell 

transitions, are used for the diffraction analysis because these are of shorter wavelengths 

as compare to the one coming from L or M shell transitions . The commonly used target 

materials in x-ray tubes are Cu and Mo. These two target materials produce x-rays with 

wavelengths 1.S4A and 0.8A respectively [88-89]. 

An incident x-ray beam on a material penetrates into it and the intensity in the 

direction of the reflected beam is determined by the periodicity of the atomic planes in 

the crystalline solid. The consideration of such an x-ray beam of wavelength ' J... ' incident 

to a crystalline material at an angle ' 8 ' and diffracted also at the same angle is shown in 

fig. 2.1. 
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Fig. 2.1: Diffraction of X-rays from crysta l planes. 

The interplaner spacing of the material is equal to d. These rays will interfere 

constructively when the path difference between the rays is an integer multiple of the 

wavelength used. The path difference is 

AB+BC = nA 

AB = dsin8 and BC = dsin8 

2dsin8 = nA, n = 0, 1. . ... (2.1) 

Where n is the order of diffraction. The above diffraction rule was given by W. L. Bragg 

and is known as Bragg's law. Only the X-rays that satisfy this law will give the 

diffraction pattern. 

The x-ray diffraction technique is also used to identify whether a material is a 

crystalline or amorphous. In crystalline solid many sharp crystalline peaks are observed 

due to periodic arrangement of atoms, but in the amorphous material there is no periodic 

structure and only one or two broad diffraction bands are observed. Through this 

technique we can also determine the size of the unit cell i.e. lattice parameters, atomic 

position and degree of crystallinity. 
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X-ray diffraction studies of the crystal structure with different orientation of the 

planes take place by adopting one of the following methods. 

1. In the Laue ' s Technique a single crystal is held stationary and a beam of radiation 

is incident on it at a fixed anglee , i.e. , e is fixed while wavelength A is varied. 

These different wavelengths select the appropriate reflecting planes out of the 

numerous present in the crystal such that the Bragg's condition is satisfied. 

2. In rotating crystal method a single crystal is held in the path of the 

monochromatic radiations and is rotated about an aXIS, A is fixed while e is 

varied. Different sets of parallel atomic planes are exposed to incident radiation 

for different values of e and reflection takes place for those planes for which d 

and e satisfied the Bragg's law. 

3. In powder method a sample in the powdered form is placed in the path of 

monochromatic x-rays, i.e ., A is fixed while both e and d vary. Thus a number of 

small crystallites with different orientations are exposed to x-rays. The reflections 

take place for those values of d, e and A which satisfied the Bragg's law. 

Superconducting sample is polycrystalline and the tiny crystals are randomly 

oriented so powder diffraction method is usually employed. A powder pattern is 

therefore, a reasonably complete display of the diffraction effects from a 

compound. The procedure to analyze the powder pattern of an unknown 

compound consists of measuring the diffraction angles, calculating the spacing of 

the reflecting planes and then deducing the dimensions of the unit cell [90]. The 

schematic diagram of an x-ray diffractometer is shown in fig. 2.2.The summary of 

methods are described below. 

. Method 

1) Lau Method 

2) Rotating Crystal Method 

3) Powder Method 

Wavelength (A) 

Variable 

Fixed 

Fixed 

40 

Angle of diffraction (9) 

Fixed 

Variable 

Variable 



Chapter 2 Experimental Techniques 

~-'-~' -".. .... .. . ¥ ...... 

.11" /"" . ....... // ! .. ~..... . ..... X~RA Y 
// ...•. TUBE 

/ / DIFFRACTOMETER ""\ \ 
CIRCLE \ 

\ 

nIVERGENT'-. POWDER 
SLITS \. 

SPEC1MEN _., . . ~ }~~~"'.;=c~ 
, I I I 

\ 9"' , ' I TARGET ! 
28\ 0 ~ .... " 

'" '''AXIS .:'~ 
X-RAYS '- ;1 . 

'iI...;F 

Fig.2.2: An x-ray diffractometer. 

Once the scattered peaks data is obtain then the data is analyzed for the 

determination of the crystal structure. The process proceeds in stages. The first step is to 

compare the location of the peaks/rings with those produced by the various known crystal 

structures and effort is made to identify the crystal structure. Next step is refinement 

procedure; varying locations of atoms and intensities of the species best fitting data is 

obtained. In our work we used computer software "Check cell" which when provided 

with peak data, identified the crystal structure and also provide lattice parameters. 

2.4.2 Four Probe Method for Resistivity: 
We measured resistivity of the superconducting materials using the four-probe 

method. This method is widely used for measurements of resistivity in metals, 

semiconductors and superconductors. Fig. 2.3 shows the experimental arrangement for 

four-probe method. The contacts were made by silver paste on the surface of the 

Superconducting bulk material and copper wires. The distance between the middle 

contacts is 'L' and the cross sectional area ' A' (width x thickness) was measured and the 

voltage drop across the voltage contacts was also measured. 
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Fig. 2.3: Arrangement for resistivity measurements. 

According to Ohm' s Law 

V = IR 

R= V 
J 

(2.1) 

(2.2) 

Where V is the applied voltage and 'I' is the current flowing in the circuit and R 

is the resistance offered by the conductor to the moving electrons that constitute the 

current. Experiments have shown that the resistance of the conductor also depends upon 

the geometry of the conductor along with the temperature. It has been found that the 

resistance of the conductor is directly proportional to its length and inversely proportional 

to its area of cross section. If' L' is the length of a certain superconductor and 'A' is the 

cross section area, then we can write, 

Ra L 

A 

L 
R=p-

A 
(2 .3) 

where p is the proportionality constant and is called the resistivity of the 

conductor. The resistivity of a material depends upon the temperature as discussed 

earlier. So the resistivity in terms of temperature can be written as: 

A 
P (T) = - R 

L 
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A V 
P (T) =- ­

L I 

Experimental Techniques 

(2.4) 

The unit of the resistivity used here is (n -cm) . If length L, area of cross section 

A and the current I through the material are constant, then the resistivity variation is 

proportional to the voltage drop and are calculated by using eq. 2.4 . The factors affecting 

the suitability of the methods and precision attainable include the contact resistance and 

form of a sample, usually in our case it was the bulk superconducting material. The 

samples in our case were superconductors of CuTI-1234 family. The simplest method of 

measuring resistivity is to measure voltage drop V across the sample, the current through 

the sample I and calculating the length L between voltage contacts and area of cross 

section A and using equation. 

VA 
p (T) = -

IL 

The resistivity measurement employing four-probe method consists of following 

apparatus: 

1. The constant current source was constructed by connecting a variable resistance 

in series with the MW2 122A regulated DC power supply. 

2. A micro-ammeter was connected in series, which can measure current up to 

IOOOIlA with an accuracy of 1.01lA. 

3. The P-2000/E KEITHLEY multimeter was used to measure voltage drops across 

the samples corresponding to the variations in the temperature. 

4. Temperature measurements were carried out by using a thermocouple . 

S. The Cryostat, a simple cryostat consists of 

I. Liquid nitrogen Dewar. 

2. A brass pipe with sample holder at one end and connecting wires at the 

other end. 

Resistivity measurements were carried out in a systematic way by using following steps. 

1. The sample was washed with acetone and fixed with blue stick to the sample 

holder; at the other end of the blue stick is the hot junction of the thermocouple. 

2. Electrical leads were attached to the sample using silver paste, which make 

Ohmic contacts of the leads with the sample. 
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3. The electrical leads were connected to the voltmeter, ammeter and multi meter. 

The other end of the thermocouple was attached with copper wire to produce a 

colder junction. This junction point of the thermocouple was dipped in the liquid 

nitrogen and kept at 77K during measurement. 

4. The sample holder was covered with a metallic cap. The lowering or raising of the 

sample holder in the liquid nitrogen container controls the temperature of the 

sample. 

5. The changes in the voltage drop across the sample with the temperature were 

recorded. 

6. The data was measured during heating process. 

7. The dimensions of the sample were measured by using Vernier Caliper and Screw 

Gauge. 

2.4.3 AC &DC Magnetic Susceptibility: 
AC magnetic susceptibility has been one of the subjects of interest in the 

investigation of the new ceramic superconductivity. It was believed that the magnetic 

susceptibility of the ceramic superconductors is a measure of the characteristics of the 

coupling status of the materials. These characteristics refer to how the weak-links, 

Josephson junctions and grain boundaries affect the magnetic properties of the bulk 

materials . 

When a high Tc ceramIC superconductor is placed under an external field, a 

certain configuration of superconducting loops will be established inside the 

superconductor. Owing to the granular structure of the ceramic material, the situation of 

the configuration of the superconducting loops inside the granular structured 

superconductor is in general very complicated. The superconducting loops are formed as 

an assembly with a certain distribution in inductance, critical current and orientation 

cose, where e is the angle between the normal to the loop and the direction of the applied 

field [9\] . 

The mam characteristics of AC magnetic susceptibility can be explained in a 

unified way as has been treated in the previous section. The occurrence of the granular 

structure of the ceramic superconductors, when they are placed under an AC external 
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magnetic field , will lead to the formation of superconducting loops with a certain 

distribution of inductance, orientation and critical current [92]. 

The measurement of AC susceptibility, X is a useful method to identify power 

losses in superconductor samples [93 -95]. The AC susceptibility of superconductors is a 

function of temperature (T), magnetic field (H), frequency (())) and state. It can be written 

as: Xac = f(T, H, w,state) = X' + iX" where X' is the real part of Xac and X" is the 

imaginary part. The imaginary part of X, i.e. , X", is associated with of X ac losses. In a 

single phase superconductor we expect the following loss peaks in X"(T) : 

(a) The intrinsic peak: represents losses associated with London field penetration, i.e. 

losses due to the screening of magnetic fields by the superconducting surface currents. 

The dissipation occurs through AC excitation of normal electrons. The intrinsic loss peak 

is expected to vary slowly with temperature, magnetic field, and frequency [96]. 

(b) The intergranular peak: is due to losses associated with flux penetrating the grain 

boundaries. This peak can also be called the coupling peak and can be explained by 

considering the weak links or Josephson junction (JJ) coupling of adjacent 

superconducting grains. This peak is expected to be observed at low magnetic fields , 

because of the weak JJ coupling in polycrystalline superconductor. The behavior of this 

peak as a function of magnetic field is expected to be similar to the behavior of the Je, 

(critical current density) in polycrystalline materials [97]. 

(c) The Intragranular peak: is due to losses associated with de-pinning Abrikosov 

vortices. This peak appears for magnetic fields exceeding He (H > He). It can be 

explained by the Bean or critical state models [98]. 

(d) Low magnetic field region (H < Hc): in this regIOn we can observe only the 

intrinsic, and the intergranular JJ peaks, because no magnetic flux penetrates the grains. 

There is no intragranular loss peak. Note that because of single crystal anisotropy and 

randomly oriented c-axes in the polycrystalline materials, it is not precisely defined. 

(e) Intermediate magnetic field region: we can identify three loss peaks for X"(T) . In 

this region as magnetic flux lines penetrate the grains, the intragranular loss peak 

becomes evident. The intergranular JJ loss peak shifts rapidly to lower temperatures as 

field is increased. The intrinsic peak is much more slowly varying with applied DC field 

than the intra- and inter-granular peaks. 
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(1) In the high magnetic field region: the magnetic field destroys the JJ coupling 

between the grains and the coupling peak is no longer observed. This is similar to the 

behavior that we see in ground superconducting powder where only the intrinsic and the 

pinning peaks are observed. The position of the pinning peak T p, is also strongly fie ld 

dependent consistent with the field dependence of the critical state penetration. For 

complex ac susceptibility, the real part reflects the magnetic screening properties of a 

sample and is related to an energy difference of a sample in normal and superconducting 

states; the imaginary part corresponds to the amount of heat produced by the ac magnetic 

field . In ac susceptibility measurements, shielding superconducting current is induced in 

surface of the sample by the nonzero time derivative of a applied magnetic field H app/ 

produced by a primary coil system. Weak links behavior can be well understood by 

applying different values of magnetic fields and see the diamagnetism and peak 

temperature shifting with increasing fi elds. We investigate different values of critical 

current (Jc) for different fields. 

The measurement of the ac susceptibility relies on the change of the mutual 

inductance of a set of two coils or the self-inductance of a single coil if a magnetic 

sample is inserted. First of all an ac signal of 1 volt emf and frequency of 270 Hz is given 

to the primary coil of the susceptometer and the signals from the secondary coil are given 

to preamplifier. The weak signal is amplified and sent to lock in amplifier. From here 

signal is displayed with reference. This display on the lock in amplifier gives the 

susceptibility measurement, which is read on the digital multi-meter. Experimentally, the 

ac susceptometer operates as a modified Harshom bridge network shown in fig . 2.4. 

Primary coil produces a small ac field and the resulting emf, directly proportional to the 

derivative of the magnetization of the sample, induced in the secondary (pick-up) coi l 

wound around the sample is analyzed. The in-phase and out-of-phase components (w.r.t. 

the driving current of the primary coil) of the out-of-balance voltage are proportional to 

the real X' and imaginary X" components of the susceptibility. It should be noted that the 

harmonics of the signal could also be detected for looking at non-linear effects such as 

those induced by inter-grain couplings in high temperature superconductors. 

Moreover In-Field susceptibility measurements are carried out by putting the 

holder of sample in an electromagnet in either high or low field configurations. We 
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change values of current and obtain different values of magnetic fields applied using 

Ampere ' s law i.e. , B = [(/lonl) / (2m)] where symbols represent usual meanings and r is 

the radius of the cylindrical type electromagnet. Different values of DC Magnetic field 

were employed to study l c, peak temperature Tp, Tc (onset) and magnitude of 

diamagnetism. A simplified diagram of ac susceptibility apparatus is shown in fig. 2.4 . 

I 
i --IF 

c>yostat 

Fig 2.4: Harshom bridge network for ac susceptibility measurements. 
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3.1 Introduction: 

In oxide superconductors the mobile carriers in the conducting CU02 planes and their 

density in there plays an essential role in determining mechanism of high temperature 

superconductivity. For the understanding of mechanism of superconductivity the 

interactions of the carrier' s with the atoms in the conducting planes playa very vital role 

to determine a critical temperature in the final compound. Therefore, the doping of atoms 

in the conducting CU02 planes at the copper site is essential for understanding the 

underlying mechanism of superconductivity. Also copper atoms, in almost all 

superconductor families, are in their 3d9 state which give them a remnant spin due to 

partially filled configuration of the outermost orbital constituting an anti-ferromagnetic 

aligned spin lattice there. Unlike copper, Sn+4 belong to fourth group in the periodic table 

after germanium, in which all the elements are semiconductors and their band gap 

decreases as one moves from top to the bottom. Being the last element in the periodic 

table, the band gap of Sn is very small and in most of the cases it is treated as metal. 

Therefore, Sn being at the borders of the metals and the semiconductors becomes an 

excellent choice for the studies of behaviour of the carriers and their role in determining 

the mechanism of high temperature superconductivity. It is expected that Sn would 

reduce the mobility of the carriers through its higher oxidation state Sn +4 which may 

develop some localization of carriers in their neighbourhood. 

In the present studies tetravalent Sn +4 is doped in (Cuos Tlos)Ba2Ca2(Cu3-xSnx)O\ O-8 

(x=O, 0.25 , 0.5 , 0.75 , 1.0, 1.25 , 1.5) superconductors, to see any possible effect of 

decreased mobil ity of the carriers that possibi I ity might be developed by the local ization 

of the charge carriers in the neighbourhood of Sn +4 atoms. These stud ies have shown that 

the magnitude of diamagnetism is systematically decreased for increased Sn doping, 

which indicated that increased localization of the charge carriers at the Sn sites possibly 

suppress the density of mobile carriers thereby decreasing the overall mobility, the 

critical temperature and hence the magnitude of diamagnetism in the final compound. 

Due to the doping of Sn in (CuosTlo.s)Ba2Ca2(Cu3-xSnx)OIO.8 , it is most likely that Sn 

would also be diffused at the inter-grain sites and may modify the their weak link 

behavior. We have, therefore, studied their weak I ink behaviour by carrying out in field 

magnetic measurements of (CuosTlos)Ba2Ca2(Cu3-xSnx)O\O-8 (x=O, 0.25 , 0.5 , 0.75 , 1.0, 

1.25, 1.5) samples.The infield magnetic measurements have shown sharp peaks observed 

in small external magnetic fields are converted to broader peaks, showing enhanced 

48 



Chapter 3 Results and Discussion 

decoupling of the grains under higher external magnetic fields. Critica l current density as 

found by, Bean ' s critical model have been found to depress with increased external fie ld 

and/or increased Sn-doping. 

The po lycrystalline HTSCs materials constitute an array of weak links through grai n 

boundaries which usually limit their critical current density [Je] to lower values due to 

the ir weak couplings [99].1n the single crystal material there are no such grain boundaries 

and their population in the thin films materials is lower which results into higher critical 

current dens ities compare to bulk polycrystalline materials. It is, therefore, essential to 

synthesize a superconducting material with strong inter-grain coupling for physical 

characterization and practical applications. The strong inter-grain connectivity would be 

helpful in enhancing the transport Je and higher thermodynamic critical field He. The 

random orientations of the grains, vacancies, oxygen defici ency, aggregates of secondary 

phases at the terminat ion ends of crysta ls, and composition variation at the interface of 

the grains would enhance the weak link behavior of the final compound. The elimination 

of such sources would help in enhancing the inter-grain couplings and enhance Jc of the 

final compound. 

The ac susceptibility measurements have extensively been employed for probing the 

nonlinear magnetic behavior [100] inter-granular couplings [100-107] for fining out the 

pinning potentials [34] and flux creep [39] in oxide superconductors . The real part of ac­

susceptibility tell about the intra-grain magnitUde of diamagnetism, whereas, the 

imaginary part of ac susceptibility gives the hysteresis losses due to inter-grain weak 

links [39,42,46,48,50,53,56,59,1 08-117].The intra-grain part of magnetic susceptibility x: 
is in phase whereas the the imaginary part of susceptibility X" is 180 degrees out of phase 

to applied signal. The X' gives information about superconducting volume fraction 

whereas X" about the hysteresis losses from the grain boundaries. A maximum in X" is 

observed when the superconducting volume is penetrated by applied magnetic field . At 

thi s point the shielding current is equal to the criti cal current density of material and flux 

dynamics at this point is controlled by pinning processes [118] When the applied fi eld Ba 

penetrates to the centre of the sample, the Je at that temperature (T p) corresponds to peak 

value of X" and is according to Bean critical model given by equation [119] 

Je =Ba/(ab) I 12 

Where, 2ax 2b is the cross-sectional area of the bar-shaped sample. Since the cross­

sectional area of bar shaped sample is constant, therefore, l c of the sample is proportional 

to applied external ac-fi eld (Ba) . The crystals in granular HTSC constitute an array of 
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Josephson' s Junctions. The fitting of the Jc values at various fields versus (I - TpfTct and 

the value of exponent n can provide information about the nature of the weak links 

among the grain [1 20].For superconductor-insulator superconductor junction (S I S = 

junction),n= l where as n = 2 for superconductor - normal metal - superconductor 

junction (SNS) [1 2 1] and the values in between I & 2 indicate the formation of 

superconductor insu lar - normal-metal - superconductor junction (SINS) [1 22]. The 

nature of the material at the inter-grain has been investigated from this data. 
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3.3 Results and Discussion: 

3.3. 1 As-prepared (Cuo s Tlo,s )Ba2Ca2(Cu3_xSnx)O,o_o Samples 

x-ray diffraction scan of (CuosTlos)Ba2Ca2(Cu3-xSnx)01 0-li (x=O, 0.2S, O.S , 1.0) 

superconductor samples are shown in Fig.3.1 . All these samples have shown a tetragonal 

structure and most of the diffraction lines are fitted following P4/mmm symmetry. The 

resistivity measurements of these as-prepared samples are shown in Fig.3.2. Al l 

(CuosTlos)Ba2Ca2(Cu3-xSnx)01O-li (x=O, 0.2S , O.S , 0.7S, 1.0, 1.2S, I.S) as-prepared 

samples have shown metallic variations of resitivity from room temperature down to 

onset of superconductivity. These samples have shown onset of superconductivity 

[Tc(onset)] around 121, 123, 121, 11 8, 11704, 117, 106K and zero res istivity critica l 

temperature [Tc(R=O)] around 11 6, 11 2, 109, lOS, 102, 97, 94K for x=O, 0.2S, O.S, 0.7S, 

1.0, 1.2S, I.S in (Cuo sTlo s)Ba2Ca2(Cu3-xSnx)01O-li superconductors. The normal state 

resistivity of these samples increases with increased Sn doping in the final compound. 

The onset of diamagnetism as observed in the in-phase component of magnetic 

susceptibi lity is around 116, 113, 109.3, 110.7, 108, 97.S, 94.7K with peak temperature 

(Tp) in the out-of-phase component at 109, 109, 10S.S, 107.S,99.2 , 93.6, 91K for the 

(CuosTlo s)Ba2Ca2(Cu3-xSnx)01 0-li for the Sn doping ofx=O, 0.2S, O.S, 0.7S, 1.0, 1.2S, I. S, 

respectively. The in-field magnetic measurements of these samples are shown in 

Figures.3.3-3 .9. 

The infield ac-susceptibili ty measurements of samples without Sn doping i, e 

(CuosTlos)Ba2Ca2Cu3010-li samples, are shown in Fig.3.3. These samp les have shown 

onset of diamagnetism in the in-phase component of magnetic susceptibility around 116K 

and the peak temperature in the out-of-phase component of magnetic susceptibi lity 

at109K. The increased external magnetic field shifts both the onset and the peak 

temperatures to lower temperature values. In the appl ied magnetic fields of 19, 41 , 67, 

83 , 99, 116, 141 , IS2, 162 17S AIM (or Oe) the onset of diamagnetism is shifted to 114.6, 

113.6, 10804, 10704, 104.S, 100.7, 9S.2, 93.1 , 90.S, 90.SK in the in-phase component of 

magnetic susceptibility Xl and the peak temperature T p in the out-of-phase component of 

magnetic susceptibility X" around 109, 107, IDS , 102.S, 100.7, 9S .1, 93.6, 91 , 8804, 84.S, 

81.1 K, respectively . 

The infield magnetic measurements of Sn doped (Cuos Tlo s)Ba2Ca2(CuV5SnO 25)010-8 

superconductors are shown in Fig.3 A. In the external magnetic fi elds of 13, 26, 71 , 99, 

I 16, 132, 141 , IS2 AIM, the onset of diamagnetism in Xl is observed around 11 2.S, 11 2, 
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107, 10S .S, 101.1 ,94.4,93 .1 and 90.SK. The peak temperatures Tp in the out-of-phase 

component of magnetic susceptibility X" under these external magnetic fields are 

observed around 109, 108.4, 106,102.S, 96.8, 94.1 , 91.1 , 87.1 , 83 .3K, respectively. In the 

zero applied external magnetic field these samples have shown onset of diamagnetism . 

around 112.7K and peak temperature in the out-of-phase component of magnetic 

susceptibility around 109K. 

In the infield ac-susceptibility measurements of (Cuos Tlos)Ba2Ca2(Cu2sSnos)Olo-1i 

samples with Sn doping of x=O.S are shown in Fig.3.S. The onset of diamagnetism in the 

in-phase component of magnetic susceptibility in the zero applied field is observed 

around 109.3K and the peak temperature in the out-of-phase component of magnetic 

susceptibility around 10S.SK. When the external magnetic field is increased, the onset of 

diamagnetism in in-phase component of magnetic susceptibility Xl and out-of-phase 

component susceptibi lity X ii are shifted to lower temperature values. In the applied 

magnetic fields of 8, 13, 19,26, 32,67,71 AIM (or Oe) the onset of diamagnetism in Xl is 

observed around 108.6, 108.S, 107.S, 101 , 97.S , 97 .S, 9S . IK and the peak temperature Tp 

in l around 99.7, 9S.4, 9S, 92.3 90.2, 87.6, 84K, respectively. 

The infield magnetic measurements of (Cuo s Tlos)Ba2Ca2(Cu22sSno7s)OIO-1i samples are 

shown in Fig.3.6. In the applied external fields of 8, 13, 19, 26, 41, S4, 60 AIM, the onset 

of diamagnetism in Xl is observed around 109.2, 108.2, 10S.5, 98, 95, 89.2, 86.5 and Tp in 

the out-of-phase component of magnetic susceptibility Xii around 101.8, 99.7, 91.3, 89.7, 

86.5, 83.8, 80K, respectively. In the zero applied external magnetic field these samples 

have shown onset of diamagnetism around 110. 7K and peak temperature in the out-of­

phase component of magnetic susceptibility around 107.SK. 

In the infield ac-susceptibility measurements of (Cuo sTlos)Ba2Ca2(Cu2Snl)Olo-1i samples 

with Sn doping of x=1 are shown in Fig.3.7. The onset of diamagnetism in the in-phase 

component of magnetic susceptibi lity in the zero applied fie ld is observed around 109.3K 

and the peak temperature in the out-of-phase component of magnetic susceptibility 

around 98K. When the external magnetic field is increased, the onset of diamagnetism in 

in-phase component of magnetic susceptibility Xl and out-of-phase component 

susceptibility Xii are shifted to lower temperature values. In the applied magnetic fields of 

8, 13, 19, 
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26,32,4 1 AIM, the onset of diamagnetism in the in-phase component is observed around 

108,6, 108,5, 107.5, 101 , 97,5, 97,5K and the peak temperature Tp in X" around 99,7, 

95.4, 95,92,3 90,2, 87,6K, respectively, 

In the infield ac-susceptibility measurements of (Cuo s Tlo., )Ba2Ca2(Cu 17SSn12S)0' 0.8 

samples shown in Fig,3,8, In the zero applied field , the onset of diamagnetism in the in­

phase component of magnetic susceptibility is observed around 97 ,5 K and the peak 

temperature in the out-of-phase component of magnet ic susceptibility around 93.6K. The 

increased external magnetic field , shifted the onset of diamagnet ism in in-phase 

component of magnetic susceptibility Xl and out-of-phase component suscept ibility X" to 

lower temperature values, In the applied magnetic fields of 8, 13, 19, 26, 32 AIM, the 

onset of diamagnetism in Xl is observed around 97,5, 92,7, 91, 91 , 9IK and the peak 

temperature Tp in X" around 92,7, 91 , 89,5, 88.4, 81.6K, respectively, 

The infield ac-susceptibility measurements of (Cuo.s TI0.s)Ba2Ca2(CuI.5Sn 1.5)010-8 samples 

with Sn doping of x= 1.5 are shown in Fig.3,9, The onset of diamagnetism in the in-phase 

component of magnetic susceptibility in the zero applied field is observed around 94,7K 

and the peak temperature in the out-of-phase component of magnetic susceptibility 

around 91 K, When the external magnetic field is increased, the onset of diamagnetism in 

Xl is shifted to 94 ,7, 93 .6 and out-of-phase component suscept ibility X" around 90, 80SK 

in the app lied magnetic fields of 8, l3A/M, 

These infield magnetic measurements have shown that these samples posses better inter­

grain connectivity because the peak in the out-of-phase component of magnetic 

susceptibility survives under much higher external magnetic field, The better inter-grain 

connectivity is most likely arising from the presence of higher concentration of oxygen 

in the final compound, The higher oxygen density in the final compound is most likely 

originating from higher affinity of oxygen towards Sn as compare to Cu atoms in 

Cu02/Sn02 planes, The enhanced concentration of oxygen in the final compound most 

likely promotes the formation of oxides at the inter-grain sites resulting into enhanced 

areas of shi elding currents flow promoting higher critica l current densities. 
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3.3.2 Oxygen Post-annealed (CUO.5 Tlo.s)Ba2Ca2(Cu3_xSnx)O lO_O 

Samples 

The resistivity measurements of oxygen post-annealed samples are shown in Fig.3 .1 O. All 

these (Cuos Tlos)Ba2Ca2(Cu3-xSnx)O IO-1i (x=O, 0.25, 0. 5, 0.75, 1.0, 1.25, 1.5) samples have 

shown meta llic variations of resistivity from room temperature down to onset of 

superconductivity, however, the slope of the metallic nature is significantly decreased 

after post-annea ling in oxygen. In most of the samples doped with Sn the magnitude of 

diamagneti sm is decreased after post-annealing in oxygen atmosphere. The decreased 

magnitude of diamagnetism is most likely arising from the increased diffusion of oxygen 

into the sample after post-annealing in oxygen atmosphere. 

These samples have shown onset of superconductivity [Te( onset)] around 129, 127, 145, 

161 , 144, 119, 106.5K and zero resistivity critical temperature [Te(R=O)] around 121 , 

116, 110, 108, 107, 99, 96K for the Sn doping of x=O, 0.25, 0.5 , 0.75, 1.0, 1.25, 1.5 in 

(Cuos Tlos)Ba2Ca2(Cu3-xSnx)OIO-o superconductors. The normal state resistivity of these 

samples increases with increased Sn doping in the final compound. The decreased slope 

in the normal state res istivity, may poss ibility be associated with the decreased carrier 's 

density originating from the increased oxygen diffusion in the fin al compound. In the in­

phase component of magnet ic susceptibility, the onset of diamagnetism is observed 

around 121 , 116, 110.3, 109.3, 107.4, 99.6K with peak temperature (Tp) in the out-of­

phase component at 107.9, 109.4, 104.5, 105.5, 95.2, 91K for the (Cuo.sTlos )Ba2Ca2(Cu3-

xSnx)OIO-o for the Sn doping of x=0,0.25, 0.5, 0.75 , 1.0, 1.25, respectively. The in-field 

magnetic measurements ofthese samples are shown in Figures. 3.11-3.16. 

The infield ac-susceptibility measurements of oxygen post-annealed 

(CuosTlos)Ba2Ca2Cu301O-0 samples, are shown in Fig.3.11. These samples have shown 

onset of diamagnetism in the in-phase component of magnetic susceptibility around 121 K 

and the peak temperature in the out-of-phase component of magnetic susceptibility at 

107.9K. The increased external magnetic field shifts both the onset and the peak 

temperatures to lower temperature values. In the applied magnetic field s of 41 , 67, 87, 

99, III , 132, 152, 162 AIM (or Oe) the onset of diamagnetism in the in-phase component 

of magnetic susceptibility Xl is shifted to 113, 109.4, 104.8, 104.5,99.28,93.1 , 90.6, 

90.4K and the peak temperature Tp in the out-of-phase 
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component of magnetic susceptibility X" to 104.S , 102.S , 99.6, 9S. I, 78.3, 88.4, 84.S , 

81.1 K, respectively. 

The infield magnetic measurements of oxygen post-annea led Sn doped 

(Cuo.s Tlo s)Ba2Ca2(Cu27sSno2s)0 Io-0 superconductors are shown in Fig.3.12 . In the 

external magnetic fields 0[8,19,41, S4, 71, 99,116,132,14 1, IS2, 162 AIM, the onset 

of diamagnetism in Xl is observed around 113 .6, 112.2, 108.4, 10S.S, 103, 100.6,96.8, 

96.2 , 94, 93.6, and 90.SK. The peak temperatures Tp in the out-of-phase component of 

magnetic susceptibility X" under these external magnetic fields are observed around 

108.4, 10S.S, 103.4, 101 .4, 98 .2,96.2, 9S , 94, 91, 87, 87.7K, respectively. In the zero 

app lied externa l magnetic field these samples have shown onset of diamagnetism around 

116K and peak temperature in the out-of-phase component of magnet ic susceptibility 

around 109.4K. 

Ac-susceptibility measurements In the applied external field of 

(Cuos Tlo.s)Ba2Ca2(Cu2sSnos ) 0 10-0 samples are shown in Fig.3 .13 . The onset of 

diamagnetism in Xl magnetic susceptibility in the zero applied fields is observed around 

110.SK and the peak temperature in the out-of-phase component of magnetic 

susceptib ility around 104.SK. When the external magnetic field is increased, the onset of 

diamagnetism in in-phase component of magnetic susceptibility Xl and out-of-phase 

component of susceptibility X" are sh ifted to lower temperature values. In the app lied 

magnetic fields of 8, 13, 41, 48, S4, 60, 67, 71 AIM (or Oe) the onset of diamagnetism in 

Xl is observed around 108 .3 , 10S.S , 98, 9S.8, 94.9, 91.3 , 88.6, 88.6K and the peak 

temperature Tp in X" around 102.8,97, 90.7,89.7, 86, 83.8, 83.3 , 80K, respective ly. 

The infi eld magnetic measurements of (Cuo s Tlos)Ba2Ca2(Cu22sSno7s)0Io-0 samples are 

shown in Fig.3.14. In the applied external fields of8, 13, 19,26,4 1,6071 , 78A/M, the 

onset of diamagnetism in Xl is observed around 108.2, 108.2, 10S.S, 10S.S, 98.S, 96.S , 

9S.3, 91.3K and Tp in the out-of-phase component of magnetic susceptibility X" around 

102.8, 101 , 97.S, 9S, 91.8, 89.7, 88.1, 83.3K, respectively. In the zero magnetic field 

these samples have shown onset of diamagnetism around 1 09.IK and peak temperature in 

the out-of-phase component of magnetic susceptibility around 10S.SK. 

Ac-suscepti bility measurements of (Cuo sT los)Ba2Ca2(Cu2Snl)0 1O-0 samples post­

annealed in oxygen are shown under various app li ed field in Fig.3.IS. In the zero applied 

fields, the in-phase component of magnetic susceptib ility has shown onset of 
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diamagncti sm around I07.4K and the peak temperature in the ou t-of-phase component of 

magnetic susceptibilil'Y aroun d 95.2K. Whcnlhe ex ternal magne tic. licld is increased. the 

onset or diamagnetism in in-phase component o r magnetic susceptibility -/ and ou t-o r­

phase component susceptibility X" arc shined to lower temperature va lues. In the applied 

magnetic fie lds of 8, 13. 19. AIM. the onset of diamagnetism in the in-phase component 

is observed around 100.8, 1008, 100.8K and the peak temperatu re T p in X" around 93.6, 

90. 82.7K, respect ively. 

The infie ld ac-suscept ibility measurements o f (Cuo,STlo.s)Ba2Ca2(Cu L7SS nI 2s) O tO-.'i 

samples post-annealed in oxygen atmosphere are shown in Fig.3. 16. In the zero applied 

fie ld. the onset of diamagne ti sm in the in-phase componen t of magnetic susceptibili ty is 

observed around 99K and the peak temperature in the oUI-or-phase component o f" 

magnetic susceptibi lity around 91 K. The increased ex ternal magnetic fie ld. shifted the 

onset o f diamagnetism in in -phase cOllll>onent of magnet ic susceptibility X' and ollt-of­

phase component or susceptibility X" to lower temperature va lues. In the applied 

magnetic fie lds of 8, 13. NM, the onset of diamagnetism in x' is observed around 92. 

9 1 K and the peak temperature Tp in X" around 88.8 , 81 K. respective ly. Beyond thi s lie ld, 

the peak observed in the out-of-phase component of magnetic susceptibility disappears 

altogether, showing that a significant volu me fraction of the samp le has become normal 

beyond this field value. 

It is our observation that magnitude of diamagnet ism is decreased after post annea ling in 

oxygen which is IllOst likely ari sing from enhanced d iffusion of oxygen in final 

compound .The increased oxygen di ffusion in (Cuo sTlo.s) Ba20 ... /\ charge rese rvo ir layer o f 

(CUn sTlo s )Bfi2Cal(Cu).~S ns)O lo-<'l superconductors decreases thc density o f" mobil e 

carriers in the CuOl/Sn02 planes re sulting into dec reased superconductivity volume 

fmction. A small supercondll cting vo lume fract ion associated with increased oxygen 

dilTusion both at inter-grain and intra-grain sites makes the weak link behav iour or these 

compounds inferior. The peak va lue in the out-of-phase component of magnetic 

susceptibility survives under small values as com pare to oxygen un-annealed samples. 

Since the gra in boundaries among the two grai ns act as Josephson juncti ons and the 

temperature dependence of He penetrating through these Josephson junctions can be 

written in the form of expression He - ( I-T "fret The value of exponent "n" determines 

the nature of the material at the junction s ite. The value o f n is 2 fo r superconductor­

normal mela I-superconductor (SNS) ju nCI ions. I for superconduclor- i nsula tor-
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superconductor (SIS) junctions and the value of n between 1 and 2 indicates the 

form ation of superconductor-insulator-normal metal-superconductor (SINS) junctions. 

The best fitting of our data for as prepared and oxygen annealed samples of 

(CuosTlos)Ba2Ca2(Cu3-xSnx)O IO-6 (x=O, 0.25, 0. 5,0.75, 1,1.25, 1.50) and CuosTlosBa2(Ca2-

yMy)(CU2Snl)OIO_6 (M=Be, Mg) is achieved for n = 1, which showed that the material at 

the inter-gra in sites is insulating and forms a superconductor-insulator-superconductor 

(SIS) junctions, Fig .3. 17& 3. 18 
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3.3.3 Be and Mg Doped CUo.s Tlo.sBa2(Ca2_yMy)(Cu2Snl)OlO_8 

(M=Be, Mg) Superconductors 

In our previous studies we have doped Mg and Be at the Ca sites to reduce the inter-plane 

distance which in turn enhances the interaction of the carriers in various planes. In the 

present studies it is interesting to see the effect of decreased distances among various 

planes and its effect on the magnitude of diamagnetism. We have chosen a moderate 

doping concentration of Mg and Be for such studies, i.e y=0.5. The resistivity 

measurements of Mg doped CUO.5 Tlo.5Ba2(CaI.5Mo.5)(Cu2Snl)01O-0 superconductors are 

shown in Fig. 3.19. These samples have shown metallic variations of resistivity from 

room temperature down to onset of superconductivity around 112K and Tc(R=O) at 101K. 

The magnitude of diamagnetism in these samples is decreased after Mg doping. The 

onset of diamagnetism is observed 102K and the peak temperature in the out-of-phase 

component of magnetic susceptibility at 97K. In the infield magnetic measurements the 

magnitude of diamagnetism systematically decreases with increased external field and the 

peak in the out-of-phase component of magnetic susceptibility disappears at much lower 

field as compare with Mg un-doped (CU05 Tlo.5)Ba2Ca2(Cu2Snl)01O-0, Fig.3.20. The 

increased external magnetic field, shifted the onset of diamagnetism in in-phase 

component of magnetic susceptibility Xl and out-of-phase component susceptibility XII to 

lower temperature values. In the applied magnetic fields of 8, 13, 19, 26 AIM, the onset 

of diamagnetism in Xl is observed around 99.7, 96.5, 93.4, 89.2K and the peak 

temperature Tp in X" around 96.5,91.32, 85.4,84.9K, respectively. 

The resistivity measurements of Be doped CUO.5 Tlo5Ba2(CaI.5Beo.5)(Cu2Snl) 010-0 samples 

are shown in Fig.3 .21. These samples have shown metallic variations of resisitivity from 

room temperature down to onset of superconductivity with Tc(onset) around 108K and 

Tc(R=O) at 981( . In Be doped Cuo sTlosBa2(Ca 15Beo.5)(Cu2Snl) 010-0 samples the 

magnitude of diamagnetism is even more suppressed as compare with Mg un-doped 

(CUO.5 Tlo.5)Ba2Ca2(Cu2SndOIO-o and Mg doped CUO.5 Tlo.5Ba2(CaI.5Mgo.5)(Cu2Snl)01O-0 

samples. The infield magnetic measurements of these samples are shown in Fig.3 22. In 

the applied magnetic fields of 8, 13, 19, AIM, the onset of diamagnetism in Xl is observed 

around 97, 89.2, 88.lK and the peak temperature Tp in X" around 89.2, 86.5 , 79.4, 

respectively. These measurements have shown that decreased inter-plane distance 
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increases the inter-plane coupling which possibility results into increase interaction 

among Sn +4 atoms in the CU02/Sn02 planes resulting into enhanced localization of the 

carriers at Sn +4 sites. The increased localization of the carriers most likely decreases the 

density of mobile carriers which results into decreased superconductivity parameters. 
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4. Conclusions 

1. We have successfully synthesized Sn-doped (Cuo.s Tlo.s)Ba2Ca2(Cu3-xSnx)OIO-o 

(x=O, 0.2S , O.S , 0.7S, 1.0, 1.2S, 1.S) superconductors and studied their infield magnetic 

measurements . 

2. These samples have shown metallic variations of resistivity from room 

temperature down to onset superconductivity with Tc(R=O) around 116, 112, 109, lOS , 

102, 97, 94K x=O, 0.2S , O.S , 0.7S , 1.0, 1.2S, I.S in (Cuo.s Tlo s)Ba2Ca2(Cu3-xSnx)O,o.o 

superconductors. The onset of diamagnetism as observed in the in-phase component of 

magnetic susceptibility is around 116, 113, 109.3, 110.7, 108, 97.S , 94.7K with peak 

temperature (Tp) in the out-of-phase component at 109, 109, 10S.S , 107.S , 106,93.6, 91K 

for the the Sn doping of x=0,0 .2S, O.S , 0.7S, 1.0, 1.2S , I.S. 

3. The decreased magnitude of diamagnetism is most likely associated with the 

increased localization of the carriers at the Sn +4 sites, which in turn decreases the density 

of mobile carriers . Since the coherence length [s] of the carriers is associated with 

density of mobile carriers , therefore, decreased density of the carriers would promote 

decrease in S and hence reduce the superconductivity in the final compound. 

4. The infield magnetic measurements have shown that Sn doped samples show a 

better inter-grain connectivity because the peak in the out-of-phase component of 

magnetic susceptibility survives under much higher oxygen external magnetic field. The 

better inter-grain cOlmectivity is most likely arising from the presence of higher 

concentration in the final compound which promotes the formation of oxides at the inter­

grain sites resulting in to a large surface areas of shielding currents flow giving higher 

critical current densities. 

S. In order to optimize the carrier's concentration 111 the conducting CU02/Sn02 

planes, we have carried out post-annealing of (CUO.5 Tlo.s)Ba2Ca2(Cu3-xSnx)OIO-o samples 

in oxygen atmosphere . These samples have shown [Tc(R=O)] around 121 , 116, 110, 108, 

107, 99, 96K for the Sn doping of x=O, 0.2S , O.S , 0.7S , 1.0, 1.2S, I.S and the onset of 

diamagnetism is observed around 116, 110.3, 109.3 , 110.7, 108, 97.S , 94.7K. 

6. The oxygen post-annealed samples have shown a decrease in the magnitude of 

diamagnetism and a relatively inferior coupling of the grains. The decreased magnitude 

of diamagnetism after post-annealing in the oxygen atmosphere is most likely associated 

with the enhanced diffusion of oxygen in final compound. The higher concentration of 

oxygen in the charge reservoir layer stops the flow of the electrons to the conducting 
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electrons to CU02/Sn02 planes. As a result the density of the mobile carriers is decreased 

there, which result into a decreased superconductivity volume fraction. A small 

superconducting volume fraction associated with increased oxygen diffusion both at 

inter-grain and intra-grain sites makes the weak link behaviour of these compounds 

inferior. 

7. We have also doped Be and Mg at the Ca sites to enhance the coupling of 

CU02/Sn02 planes in CUo.s TlosBa2(CaI.5Mo.s)(Cu2Snl)OIO-8 superconductors. These 

measurements have shown that decreased inter-plane distance increases the inter-plane 

coupling which possibility results into increase interaction among Sn +4 atoms in the 

Cu02/Sn02 planes resulting into enhanced localization of the carriers at Sn +4 sites. The 

increased locali zation of the carriers most likely decreases the density of mobile carriers 

which results into decreased superconductivity parameters. 

8. The fitting of Jc values to power law behaviour (1 -TlTc)'\ following Bean critical 

model, have shown a best fit when n=l , which showed the nature of weak links among 

the grains is superconductor - insulator -superconductor type. 
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