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Mn-doped CU05Tlo.,Ba2(Ca,.yMny)Cu301O~ (y=O, 0.15, 0.25, 035, 0.5, 0,75, 

1.0) samples synthesized at room temperature employing solid state reaction 

method and their superconducting properties are studied. In these 

experiments, it is expected that the multiple oxidation states of doped Mn 

(more than +2) at the Ca site would enhance the inter-plane coupling and 

enhance the magnitude the superconductivity. Contrary to our expectation, 

the T, (R =O) and magnitude of superconductivity are systematically 

suppressed with increased Mn-doping. The suppression of superconductivity 

is explained in terms of decreased density of mobile carriers associated with 

possible localizalion of the carriers at the Mn sites. It is most likely that the 

suppressed density of the mobile carriers in the conducting CU02 plane may 

increase the anti-ferromagnetic alignment of the spins of CU atoms which 

decrease the magnitude of superconductivity. The doping of Mn at the 

intrinsic sites of the unit cell is verified by Fourier Transform Infrared 

Spectroscopy (FTIR) measurements. From the FTIR absorption 

measurements it observed that the CU02 planar oxygen mode is hardened 

whereas the apical oxygen mode of CU(1)-OA-Cu(2) is softened with 

increased Mn·doping. The optimization of the carriers in the conducting CU02 

planes is brought about by carrying out self·doping experiments in oxygen 

atmosphere. After-post annealing in oxygen, the CU(1)-OA-Cu(2) mode is 

softened with increased Mn~dop!ng, which lead us to believe that doped Mn 

atoms alter the charge state of Cu atoms and hence possibly the spin 

alignment of Cu atoms in the CU02 planes. 

I • 

vii 

, 



Contents 
1. Introduction to superconductors 

1.1 Discovery of Superconductivity ................................................ (2) 

1 2 Brief History ........ " ............. " ............. .. ........................ ...... (2) 

1.3 Basicconcept... ......................... .. ............................. . .......... (5) 

1.4 CuTI Based Superconductors ................................. ........ ......... (7) 

1.5 BCS Theory ............ ........ ...... ........................ ...... ................ (9) 

1.6 Zero Resistivity ................... .... .. .. ............... .. .... . ...... .. ......... (9) 

1.7 London Penetration Depth (II) ................................................ (10) 

1.8 Coherence Length (~) .......................... .. ............ .. ............. .. . (1 1) 

1.9 Meissner Effect ................. ... . .............................. . ..... .... .... (11) 

1.10 Type I and type II Superconductors .... .. ................................. (12) 

1.11 Important Factors for Superconducting State ....... ...... ..... .. ....... (14) 

1.12 Uses of Superconductors .................................................... (15) 

References ... ................................ ...... ....... .. .......... . ......... (17) 

2. Literature Review 

References .... .. ............... .. ............ .. ........ .............. ........... (40) 

3. Experimental Techniques 

3.1 Introduction ......................... ............ .. ... .... ............ ......... ... (44) 

3.2 Sample Preparation .................................. .......................... (44) 

3.3 Characterization .......................... . ....... .. ...... .. ........... ......... (44) 

A) X- Ray Diffraction ....... ..... .............. ..................... ............ (44) 

Laue's Method .............................................................. (46) 

Rotating Crystal Method ................................................. (46) 

Powdered Diffraction Method ... ........................................ (46) 

B) Four Probe Method For Resistivity .................................... (47) 

C) Infrared Spectroscopy ......... .. ... .. .................................... (50) 

Theory Of Infrared Absorption .......................................... (51) 

Spectrometer Components ............................. . ............... (52) 

Procedure ... ... .............................................................. (54) 

D) AC Magnetic Susceptibility ................................ ............... (55) 

Susceptometer ........................................................... ... (55) 

References .. . .... .... .. .. .. .. ....... _ .............. ........ ..................... (57) 

viii 



4. RESULTS AND DISCUSSION 

4.1 Introduction .............................................................................. (59) 

4.2 As-prepared CU05Tlo . ,Ba2(Ca2.yMny)Cu301O~ (y=O. 0.15. 0.25. 0.35. 0.5. 

0.75, 1.0) samples .......................................... ... ............ ... (60) 

4.3 Oxygen Post-annealed Cuo.sTlo.5Ba2(Ca2_yMny)Cu301G-ii (y=O, 0.15, 

0.25. 0.35. 0.5. 0.75 1.0) samples ............................................. (74) 

References .. ......................................... ........... ................. (85) 

List of Figures 
Figure 1.1 Vanishing of electrical resistivity and (b) Meissner effect ...... . (2) 

Figure 1.2 Increase of the transition temperature over the years .... ... .... (5) 

Figure 1.3 Variation of electri cal resistivity of metals with temperature ... (6) 

Figure 1.4 Comparison of anisotropy and technological critical temperature 

of high temperature superconductors ........ ...... .. ....... ..... ..... .... ........ .... ... (8) 

Figure 1.5 Crystal structure of CuTI-1223 unit cell ......................... .. .... (8) 

Figure 1.6 Resistivity of a typical metal as a function of temperature. If it is a 

non-superconducting metal (such as copper or gold) the resistivity 

approaches a finite value at zero temperature, while for a superconductor 

(such as lead, or mercury) all Signs ot resistance disappear suddenly below a 

certain temperature.T, ... ..................... ........ ................................................. (10) 

Figure 1.7 The Meissner·Ochsenfeld effect in superconductors. If a sample 

initially al high temperature and in zero magnetic field (top) is first cooled (left) 

and then placed in a magnetic field (bottom). then the magnetic field cannot 

enter the material (bottom). This is a consequence of zero resistivity . On the 

other hand a normal sample (top) can be first placed in a magnetic field (right) 

and then cooled (bottom). In the case the magnetic field is expelled from the 

system ................................ .... .... ............. .... ... .. ... ........... .... ........................ (12) 

Figure 1.8 The magnetization M as a function of H in type I and type II 

superconductors. For type I perfect Meissner diamagnetism is continued until 

Hc. beyond which superconductivity is destroyed. For type II materials perfect 

diamagnetism occurs only below Hc1. Between HCI and Hc2 Abrikosov vortices 

enter the material. which is still superconducting ....................................... (13) 

Figure 1.9 The H - T phase diagram of type I and type II superconductors. In 

type II superconductors the phase below Hc1 is normally denoted as the 



Meissner state. while the phase between He1 and He2 is tile Abrikosov or 

mixed state .................................................................. .. ..... ......................... (13) 

Figure 1.10 The phase diagram in demonstrates relationship between Te. He. 

and J, ... ................................................................................................... (14) 

Figure 1.11 companson of commercial uses of superconductivity over the 

years ........................................................................... .......... .................... .. . (16) 

Figure 3.1 Diffraction of X-rays from crystal planes .... ............................ (45) 

Figure 3.2 Diffractometer .... ............................................................. ... ..... (47) 

Figure 3.3 The phonon contribution to the resistivity in normal metals. IJ is 

the Debye temperature ... ..... ........................ ... ...... .... .. ........ ..... ... ..... .. .... ..... (48) 

Figure 3.4 Arrangement for resistivity measurements ... ................. .. ...... (49) 

Figure 3.5 Simplified optical layout of a typical FTIR spectrometer ......... (53) 

Figure 3.6 Arrangement of the primary coil (cut away), the secondary coil , 

and the sample in the susceptometer .................... ................................ .. .... (55) 

Figure 4.1a Resistivity curves of air annealed (Cuo.sTl0.s)Ba2(Ca2.y Mny) 

Cu,O, . .. (y=O.OO, 0.15, 0.25, 0.35, 0.50, 0.75, 1.00) superconductors ........ 

..... .............................. ........... ..................................... ... .... ........................... (61) 

Figure 4.1 b Transition region of resistivity of air annealed (Cuo.s Tlo.s)Ba2(Ca2.y 

Mn, )Cu,O, . .. (y=O.OO, 0.15, 0.25, 0.35, 0.50, 0.75, 1.00) superconductors . 

................................ ........... .. ...... ................................................................. (62) 

Figure 4.2a The transition onset temperature as a function of MnMdoping 

concentration for air annealed (Cuo.s Tlo.5)Ba2(Ca2.yMny)Cu3010-6 (y:::O.OO, 0.15, 

0.25, 0.35, 0.50, 0.75, 1.00) superconductors ....... .......... ......................... ... (63) 

Figure 4.2b The zero resistivity critical temperature as a function of Mn 

doping for air annealed (Cuo.5Tlo.5)Ba,(Ca,.,Mn,)Cu,O, •. , (y=O.OO, 0.15, 

0.25,0.35, 0.50, 0.75, 1.00) superconductors ............................................. (64) 

Figure 4.3a ACMsusceptibility measurements of air annealed 

(Cu •. ,TI •. , )Ba,(Ca,., Mn, )Cu,O,... (y=O.OO, 0.15, 0.25, 0.35) 

superconductors ............. .. ... ... ... ....................... ...... ........ ......... ... ............... .. (67) 

Figure 4.3b AC-susceptibility 

(Cu. 5TI •. ,)Ba,(Ca,., Mn, 

measurements of 

0.50, 

air annealed 

0.75, 1.00) 

superconductors ......... .... .. ..... ..... ... ... ...................... ... .................................. (68) 

Figure 4.4 The magnitude of diamagnetism as a function of Mn-doping 

concentration for air annealed (Cu., TI •. 5)Ba, (Ca,.,Mn, )Cu,O, •. , (y=O.OO, 0.15. 

0.25,0.35, 0.50, 0.75, 1.00) superconductors ..................................... _ ........ (69) 
x 



Figure 4.5 Infrared absorption spectra of air annealed (Cuo.,Tlo.,)Ba,(Ca,., 

Mn, )CU30 "", (y= 0.00. 0.15. 0.25, 0.35, 0.50, 0.75, 1.00) 

superconductors ....................................... ................... .... ... .. , ......... ............. (70) 

Figure 4.6 XRD Pattern of air annealed (Cuo.s Tlo.s)Baz(Caz-y Mny )CU301o-0 

(y= 0.00, 0.15, 0.25, 0.35, 0.50, 0.75, 1.00) superconductors .......... ............ (72) 

Figure 4.7(a,b) Cell parameters a or b, C, cia, volume as a function of Mn 

doping for air annealed (Cuo.sTlo.s)Ba2(CaZ.y Mn~ )CU301~ superconductors 

....................................................................................... .. ....... ...................... (73) 

Figure 4.80 Resistivity curves of 0, annealed ( CUo.' Tlo., ) Ba, (Ca,., Mn,) 

Cu30"., (y=O .OO , 0.15, 0.25, 0.35, 0.50, 0.75, 1.00) 

superconductors ..................... ........... ................................................... ....... (76) 

Figure 4.Sb Transition region of resistivity of O2 annealed (Cuo.s Tlo.s)Ba2(Ca2. 

,Mn, )CU,OlO., (y=O.OO, 0. 15, 0.25, 0.35, 0.50, 0.75, 1.00) 

superconductors ................. ...... .. ........................................................... ... ... (77) 

Fig ure 4.9a The transition onset temperature as a function of Mn-doping 

concentration for 0 , annealed (Cuo.' Tlo.,)Ba,(Ca,.,Mn, )Cu,OlO'" (y=O.OO, 0.15, 

0.25, 0.35, 0.50, 0.75, 1.00) superconductors ....... ....................................... (78) 

Figure 4.9b The zero resistivity critical temperature as a function of Mn 

doping concentration for O2 annealed (Cuo.s TID 5)Ba2(Ca2~Mny)Cu3010.tI 

(y=O.OO, 0.15. 0.25, 0.35, 0.50, 0.75, 1.00) superconductors ...................... (79) 

Figure 4.1 0a AC~susceptibility measurements of 0 2 annealed (Cuo.sl lo.s) 

Ba, (Ca,.,Mn,) Cu,O"., (y=O.OO, 0.15, 0.25, 0.35) superconductors .......... (80) 

Figure 4.1 Ob AC~susceptib il ity measurements of O2 post annealed 

(Cuo.,Tlo.,)Ba, (Ca,., Mn, )CU,OlO., (y= 0.50, 0.75. 1.00) superconductors .. .. 

.. ...................... ....... ........... .. ... .... " .... ..... ............ ... ... ....... .. .. ... .. .. .................. (81) 

Figu re 4.11 Magnitude of susceptibility versus of Mn doping concentration for 

0 , annealed (Cuo.,Tlo.,)Ba, (Ca,.,Mn,)Cu,O".,. (y=O.OO, 0.15. 0.25,0.35, 0.50, 

0.75, 1.00) 

Superconductors ....... ............. ..... .... .. .............................. ........ ........... ..... ... . (82) 

Figure 4.1 2 Infrared absorption spectra of 0 , annealed (Cuo.,Tlo., )Ba,(Ca,., 

Mn,)Cu,O"., (y= 0.0, 0.15, 0.25, 0.35, 0.50, 0.75. 1.00) superconductors ........ 

. ................ .... ...... ....................... .... ............................................................. (83) 

xi 



<:: :::::::> 

c::::::: :::::::> 

<:: :::::::> 

<:: =::> 



CHAPTER 01 INTRODUCTION TO SUPERCONDUCTORS 

1.1 Superconductivity: 

Superconductivity is a phenomenon in which some materials lose all 

electrical resistance at very low temperatures. For example if Lead is 

gradually cooled its resistance steadily decreases (this is common for most 

conductors). But if cooled below 7.2 degrees Kelvin , its resistance suddenly 

drops to zero. In this state a ring made of lead is able to conduct a current that 

cycles for years (creating magnetic fields) without any observed decay. 

Perfect superconductor is a material which exhibit two characteristic 

properties as shown in figure 1.1 

(a) Vanishing of electrical resistivity below a critical temperature (Te) 

(b) Expulsion of magnetic flux blow a critical field (He) 

0.15 

1'Jj 0.125 
E -= 0.1 e-
el 

g 0.075 
I!::l 

V> 
'iii 0.05 
el 

IX 
0.025 

0.00 

..a ,..-

-. 
4.0 4.1 4.2 4.3 4.4 

Temperature (K) 

(a) Vanishing resistance (b) Meissner effect 

Fig.1 .1: (a) Vanishing of electrical resistivity and (b) Meissner effect. 

At higher temperatures it is normal metal and ordinary and is not a very good 

conductor for example lead, tin became superconductor while copper, silver 

which are much better conductors do not superconduct. 

1.2 Brief History: 

In 1908, H. kamerlingh Onnes initiated the field of low temperature 

physics by liquefying helium in his laboratory at Leiden. Three years later he 

found that below 4.15K the dc resistance of mercury dropped to zero (Onnes, 

1911) [1]. With that finding the fie ld of superconductivity was born. The next 

year Onnes discovered that the application of the sufficiently strong axial 

magnetic field restored the resistance to its normal value. One year later, in 

1913, the element lead was found to be superconducting at 7.2K (Onnes, 
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CHAPTER 01 INTRODUCTION TO SUPERCONDUCTORS 

1913) [2]. Another 17 years were to pass before this record was surpassed, 

by the element niobium (Tc = 9.2K). 

A considerable amount of time went by before physicists became 

aware of the second distinguishing characteristic of a superconductor namely, 

its perfect diamagnetism. In 1933, Meissner and Ochsenfeld found that when 

a sphere is cooled below its trans ition temperature in a magnetic field, it 

excludes the magnetic flux. The report of the Meissner effect led the London 

brothers, Fritz and Heinz, to propose equations that explain th is effect and 

predicts how far a static external magnetic field can penetrate in to a 

superconductor. The next theoretical advancement came in 1950 with the 

theory of Ginzburg and Landau which describes superconductivity in terms of 

an order parameter and provided a deviation from the London equations. Both 

of these theories are macroscopic in character. 

In the same year it was predicted theoretically by H. Frohl ich (1950) 

that the transition temperature would decrease as the average isotropic mass 

increases. This effect called the isotope effect was observed experimentally 

the same year. The isotope effect provided support for the electron-phonon 

interaction mechanism of superconductivity. Our present theoretical 

understanding of the nature of superconductivity is based on the BCS 

microscopic theory proposed by J. Bardeen, L. Cooper, and J. R. Schrieffer in 

1957 [3]. In th is theory it is assumed that bound electron pairs that carry the 

super-current are formed and that an energy gap between the normal and 

superconductive states is created . The Ginzburg- Landau (1950) and London 

(1950) theories fit well into the BCS formalism . Much of the present theoretical 

debate centers on how well the BCS theory explains the properties of new 

high temperature superconductors . 

Alloys and compounds have been extensively studied, especially the 

so-called A 15 compounds, such as Nb3Sn, Nb3Ga, and Nb3Ge, which held 

the record of the highest transition temperature from 1954 to 1986. Many 

other type of compounds have been studied in recent years particularly the so 

called heavy fermions system . Organic superconductors have shown a 

dramatic rise in transition temperatures during the past decade. 

On April 17, 1986, a brief article, entitled "possible high Tc 

superconductor in the Ba-La-Cu-O system", written by J. G. Bednorz and . 

K. A. Muller initiating the new era of high temperature superconductivity. 
3 



CHAPTER 01 INTRODUCTION TO SUPERCONDUCTORS 

When the article appeared in print later that year, it met with initial skepticism. 

Sharp drop in resistance attributed to "high Te" superconductor had appeared 

from time to time over the years, but when examined they had always failed to 

show the required diamagnetic response or were otherwise unsubstantiated . 

It was only when a Japanese group [4] and Chu's group in the United States 

[5] reproduced the original results that the resu lts found by Bednorz and 

Muller began to be taken seriously. Soon many of the researchers became 

active, and the recorded transition temperature begins to rise. 

By the beginning of 1987, scientist had fabricated the Lanthanum 

compound , which went superconducting close to 40K at atmospheric pressure 

[6] and at up to 52K under high pressure [7] . Soon thereafter, the Yttrium

barium system, which went superconducting around 90K was discovered. In 

early 1988, the superconductivity with T e(R=O) around 110K was achieved 

with the discovery of BiSrCaCuO system and with Te(R=O) around 120-125K 

in TIBaCaCuO system. This rapid pace of change and improvement in 

superconductor's transition temperature is plotted in Fig.1.2. For 56 years the 

element niobium and its compounds had dominated the field of 

superconductivity. Not only providing the highest Tc values, niobium 

compounds such as NbTi and Nb3Sn are also optimal magnet materials : for 

NbTi, He2 = 10T and for Nb3Sn He2 = 22T at 4.2K, where He2 is the upper 

critical field of a type II superconductors, in the sense that it sets a limit on the 

magnetic field attainable by the magnet. Thus applications of an applied 

magnetic field in excess of HC2 drive a superconductor normal. The period 

from 1930 to 1986 can be called the Niobium Era of superconductivity. The 

new period that began in 1986 becomes the Copper Oxide Era because the 

presence of copper and oxygen has, with rare expectations, been found 

essential for T e above 40K. It is also interesting to observe that Hg was the 

first known superconductor, and now century later mercury compounds have 

become the best. 

In the spring of 2008, a new fascinating family of superconductors 

came into focus containing an iron pnictide/chalcogenide layer of anti-PbO 

structure as the superconducting component, so far with transition 

temperatures up to about 50K. 

4 



CHAPTER 01 INTRODUCTION TO SUPERCONDUCTORS 
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Fig. 1.2: Increase of the transit ion temperature over the years. 

1.3 Basic Concept: 

The electrical resistivity of all metals and ceramic materials decreases 

when they are cooled. To understand it, one must know about the possible 

source of resistance in a conductor [8]. 

The current in a conductor is carried by conduction electrons which are 

free to move through the material. Electrons have a wave like nature and 

while traveling through a metal can be represented by a plane wave 

progressing in the direction of motion. A conductor (such as metal) has a 

crysta lline structure with the atoms lying on a regular repetitive lattice sites, 
5 



CHAPTER 01 INTRODUCTION TO SUPERCONDUCTORS 

and it is a property of a plane wave that it can pass through a perfectly 

periodic structure without being scattered into other directions. In other words, 

if a current passed through a perfect crystal it will experience no resistance. 

However, any fault in a periodicity of the crystal will scatter the electron 

wave and introduce some resistance . There are two effects which can 

introduce some resistance. First is a lattice vibration in which atoms are 

vibrating about their equilibrium position. The second effect is unintentional 

introduction of defects in compound during growth of material. Both the 

thermal vibration and imperfection scatter the moving conduction electron and 

give rise to electrical resistance. 

For perfectly pure metal, where the electron's motion is impeded only 

by the thermal vibration of the lattice, the resistivity should approach to zero 

as the temperature is reduced towards zero Kelvin. Any real specimen of 

metal cannot be perfectly pure and will contain some impurities. Therefore, 

the electrons not only being scattered by thermal vibrations of the lattice 

atoms but are also scattered by impurities and the impurities scattering is 

more or less independent of temperature. As a result there is a certain 

"residual resistivity" (Fig 1.3) that remains even at the lowest temperatures. 

The more the metal, the larger be its residua l resistivity. 

Certain metals , however, show a very remarkable behavior, when they 

are cooled their electrica l resistance decreases in a usual way, but on 

reaching a temperature few degrees above zero they suddenly lose their 

electrical resistance. They are then said to be in superconducting state. 

T&mparolur6 

Fig. 1.3: Variation of electrical resistivity of metals with temperature. 

6 



CHAPTER 01 INTRODUCTION TO SUPERCONDUCTORS 

The magnetic properties of a superconductor are as dramatic as their 

electrical properties. When a superconductor is placed inside a magnetic field 

and then cooled through the transition temperature, the field will be 

completely pushed out from the material. In other words, the material 

becomes fully diamagnetic in superconducting state. This is ca lled the 

Meissner effect and was found to be an intrinsic property of superconductors. 

It has been widely used for testing the superconducting state [9] . 

1.4 (CuTI) Based Superconductors: 

Since the discovery of superconductivity in both CuBa2CanCun+1 and 

TIBa2CanCun+1 systems, such as Cu-12n(n+1 ) and TI-12n(n+1) systems, their 

extensive characterization have been carried out. Both of these systems are 

iso-structural except the position of oxygen in the charge reservoir layer. 

Optimizing the carrier concentration could enhance the superconducting 

properties of these compounds. The carrier concentration could be control by 

cation substitution, by varying oxygen contents and by applying external 

pressure [10,11]. The substitution of TI in Cu-12(n-1)n compounds results in 

emergence of a new subfamily CU1-x Tlx-12 (n-1)n which is close derivative of 

these compounds. These compounds are prepared under high as well as 

normal pressure and have superconducting properties very close to Cu-based 

compounds [12,13-16]. The members of this fami ly have semi-insulating 

CU1-xTlxBa204-o charge reservoir layer that slightly increases the anisotropy of 

these superconductors but the anisotropy remains lower than that of TI-based 

compounds. A comparison of the anisotropy parameter and technological 

critical temperature for superconductors of different families is shown in 

Fig.1.4. The CU1-xTlxBa2Ca2Cu301O-o (Cu1-xTlx-1223) superconductor of th is 

family has highest critical temperature [Tc (R=O) =130K] and higher critical 

current density [17]. This compound with anisotropy parameter around y=5, 

has CU1-xTlxBa204-o charge reservoir layer and three conducting CU02 planes 

in the unit cell as shown in the Fig.1.5 [18] . It follows P4/mmm space group 

and has tetragonal structure [19]. The two Ca atoms in the unit cell separate 

CU02 planes from each other. The superconducting CU02 plane connected 

with Ba atom, in the unit cell is pyramid type and is called p-plane. While a 

plane sandwiched between the p-planes is connected by Ca atoms with the 

outer-planes and is called central plane or s-plane. The p-planes are over

doped with the carriers whi le s-planes are optimally doped. 
7 
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Fig. 1.4: Comparison of anisotropy and technological critical temperature of high 

temperature superconductors. 

The p-planes also serve as a bridge for the supply of the carriers from 

charge reservoir layer to s-plane. The Cu atoms in the s-plane are named as 

Cu(2) and the oxygen atom in th is plane is named as 0(4) . The oxygen atom 

bridg ing the CU1 -x TlxBa204-1i charge reservoir layer and p-plane is apical 

oxygen atom and is named as 0(2) atom. This atom practically controls the 

charge transport mechanism . The oxygen atom at the center of 

CU1 -x TlxBa204-1i charge reservoir layer is named as 0 3 atom or 01) atom. 

Cu(l) ( .. -+-__5 

0(3) 

Bal n, 
Cu <t 
Ca @ 
0 0 

0(2) (lrO A 

Fig 1.5: Crystal structure of CuTl-1223 unit cell . 
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1.5 BCS Theory: 

In BCS theory of superconductivity, the mechanism of 

superconductivity is attributed to an attractive interaction between two 

electrons through electron-phonon interaction [20]. The attractive interaction 

between electrons can be understood in the following way: one electron 

interacts with a positive ion in the lattice and deforms the lattice whereas a 

second electron of compatible momentum value interacts with the ion in the 

distorted lattice so as to minimize the energy. The interacting electrons are 

said to form a pair. The electrons of a pair have equal and opposite 

momentum (i.e. one with +k and other with - k), with the one in spin up state 

and the other in spin down state, so that the total spin of a pair is zero. These 

electron pairs are called Cooper pairs. The size of a Cooper pair in a 

superconductor is known as the coherence length (~). The important feature 

of Cooper pairs is that excitation can take place in only pairs of electrons i.e. if 

the state with +k and spin up (i) is occupied, the corresponding state with - k 

and spin down U) is also occupied and if the state of +k is vacant, the state of 

- k is also vacant. 

The cooper pairs have net zero spin and are able to condense into 

quantum mechanical ground state with long range order. One consequence of 

this is the existence of small energy gap near Fermi surface EF. The formation 

of cooper pairs results in the minimization of the total energy of the system 

and leads to a small energy gap /':, near the Fermi energy EF. Most of the 

special characteristics of a superconductor can be understood as a 

consequence of the existence of this small energy gap [21]. 

1.6 Zero Resistivity: 

In superconductors the resistivity, p becomes zero and so the 

conductivity CJ appears to become infinite below Tc. To be consistent with the 

constitutive relation, Equation 1.1 must always have zero electric field, 

p = 0 (1.1) 

at all pOints inside a superconductor. In this way the current J can be finite. So 

we have current flow without electric field . The change from finite to zero 

resistivity at the superconducting critical temperature Te is very sudden, as 

shown in Fig . 1.6. 
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p non-supercond ucting 

I --.-.--
/ superconducting 

T 
Fig. 1.6: Resistivity of a typical metal as a function of temperature. If it is a non

superconducting metal (such as copper or gold) the resistivity approaches a finite 

value at zero temperature, while for a superconductor (such as lead, or mercury) all 

signs of resistance disappear suddenly below a certain temperature, Te. 

This represents a thermodynamic phase transition from one state to another. 

As for other phase transitions, such as from liquid to gas, the properties of the 

phases on either side of the transition can be completely different. The 

change from one to the other occurs sharply at a fixed temperature rather 

than being a smooth cross-over from one type of behaviour to another. Here 

the two different phases are referred to as the "normal state" and the 

"superconducting state". In the normal state the resistivity and other properties 

behaves similarly to a normal metal , while in the superconducting state many 

physical properties including resistivity are quite different [22] . 

1.7 London Penetration Depth (A ): 

In 1935, Fritz and Heinz London theoretically explained the Meissner 

effect by positing two groups of electrons in a superconducting material , the 

superconducting electrons and the normal state electrons. They employed the 

Maxwell equations to develop a set of electrodynamics equations, called the 

London equations [23]. Accord ing to the London equations, the magnetic field 

exponentia lly falls off with increasing distance from the surface of a 

superconducting sample. If 8 (0) is the field at the plane boundary, then field 

inside at any depth will be 

8(x) = 8(0) exp (-X/')"cL) (1.2) 

AL = (me/lJonse2)1/2 (1 .3) 
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where me and e is the mass and charge of electron respectively where ns is 

the number density of super-electrons. 

In short, London penetration depth is the distance inside the surface 

over which an external magnetic field is screened out to zero, given that B=O 

in the bulk, and is approximately equal to 60 nm for ns about 1022 cm -3 [24]. 

1.8 Coherence Length (~ ): 

Three physicists at the University of Illinois in Urbana John Bardeen, 

Leon Cooper and Robert Schrieffer presented a theoretical explanation for the 

superconducting state. This theory was widely accepted and is well known as 

the BCS theory. Based on this theory (despite the Coulomb repulsive forces 

between the electrons) due to distortion in the crystal structure (phonon 

mediation), a slight attraction between pair of electrons located near the Fermi 

surface leads to the production of bonded pair of electrons, called the Cooper 

pair [25]. The size of a Cooper pair in a superconductor is known as the 

coherence length (~) 

~ = flv,l TTL1 (1.4) 

Where 2L1= Eg is the super conducting electron gap, and Vf is the Fermi 

velocity. 

1.9 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 He was suddenly expelled by 

superconductor specimen on cooling below Tc. 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 

[26]. It has been widely used for the testing the 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. 

11 
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T > Tc B=O 

Fig. 1.7: The Meissner-Ochsenfeld effect in superconductors. If a sample initially at 

high temperature and in zero magnetic field (top) is first cooled (left) and then placed in 

a magnetic field (bottom), then the magnetic field cannot enter the material (bottom). 

This is a consequence of zero resistivity. On the other hand a normal sample (top) can 

be first placed in a magnetic field (right) and then cooled (bottom). In the case the 

magnetic field is expelled from the system. 

1.10 Type I and Type" Superconductors : 

As the field becomes stronger it turns out that either one of two 

possible things can happen. The first case, called a type I superconductor, is 

that the B field remains zero inside the superconductor until suddenly the 

superconductivity is destroyed. The field where this happens is called the 

critical field "He". The way the magnetization M changes with H in a type I 

superconductor is shown in Fig. 1.8a. As shown, the magnetization obeys 

M = -H (SI) (1 .5) 

for all f ields less than He, and then becomes zero (or very close to zero) for 

fields above He. Many superconductors behave differently [27]. In a type II 

superconductor there are two different critical fields, denoted "He1" the lower 

critica l fie ld, and "He2" the upper critical fie ld. For small values of appl ied field 

H the Meissner-Ochsenfeld effect again leads to M = -H and there is no 

magnetic flux density inside the sample, B = O. However, in a type II 

superconductor once the field exceeds He1 , magnetic flux starts to enter the 

superconductor and hence B t O. 
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Typel Type II 

.M He AI[ Hel H c2 

H H 
, , 

" " , 
M=-H M=-H 

(a) (b) 

Fig. 1.8: The magnetization M as a function of H in type I and type II superconductors. 

For type I perfect Meissner diamagnetism is continued until Hc, beyond which 

superconductivity is destroyed. For type II materials perfect diamagnetism occurs only 

below Hc1 . Between Hc1 and HC2 Abrikosov vortices enter the material, which is still 

superconducting. 

Upon increasing the fie ld H further the magnetic flux density gradually 

increases inside the superconductor until finally at Hc2 the superconductivity is 

destroyed and M = O. This behaviour is sketched in Fig. 1.8b. As a function of 

the temperature the critical fields vary, and they all approach zero at the 

critical temperature T c. The typical phase diagrams of type I and type " 

superconductors, as a function of Hand T are shown in Fig. 1.9. 

Type I Type II 

H 
H 

Meissner 

Fig. 1.9: The H - T phase diagram of type I and type II superconductors. In type II 

superconductors the phase below HC1 is normally denoted as the Meissner state, while 

the phase between Hc1 and Hc2 is the Abrikosov or mixed state. 

The physical explanation of the thermodynamic phase between Hc1 and Hc2 

was given by Abrikosov. He showed that the magnetic field can enter the 

superconductor in the form of vortices and each vortex consists of a region of 
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circu lating supercurrent around a small central core which has essentia lly 

become normal metal. The magnetic field is able to pass through the sample 

inside the vortex cores, and the circulating currents serves to screen out the 

magnetic field from the rest of the superconductor outside the vortex [22]. 

1.11 Important Factors For Superconducting State: 

The superconducting state is defined by three very important factors: 

critical temperature (Te) , critica l field (Hc), and critical current density (Je). 

Each of these parameters is very dependant on the other two properties 

present. Maintaining the superconducting state requires that both the 

magnetic field and the current density as well as the temperature remain 

below the critical values, all of which depend on the intrinsic properties of a 

material. The phase diagram in Figure 1.10 demonstrates relationship 

between Te, He, and Je. The highest values for He and Je occur at zero K, while 

the highest value for Te occurs when Hand J are zero. When considering all 

three parameters, the plot represents a critical surface. From this surface, and 

moving toward the origin , the material is superconducting. Reg ions outside 

this surface the material is normal or in a lossy mixed state. When electrons 

form Cooper pairs, they can share the same quantum wave-function or 

energy state. 

Cr itical Surface Phase Diagram 

Fig. 1.10: The phase diagram in demonstrates relationship between Te, He, and J e• 

This resu lts in a lower energy state of the superconductor. Te and He are 

values where it becomes favorable for the electron pairs to break apart. The 

current density larger than the critical value is forced to flow through normal 

material. This flow through normal material of the mixed state is connected 
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with motion of magnetic field lines past pinning sites. For most practical 

applications, superconductors must be able to carry high currents and 

withstand high magnetic field without reverting to its normal state [28] . 

Higher He and Je values depend upon two important parameters which 

influence energy minimization, penetration depth and coherence length. 

Penetration depth is the characteristic length of the fall off of a magnetic field 

due to surface currents. Coherence length is a measure of the shortest 

distance over which superconductivity may be established . The ratio of 

penetration depth to coherence length is known as the Ginzburg-Landau 

parameter. If this value is greater than 0.7, complete flux exclusion is no 

longer favorable and flux is allowed to penetrate the superconductor through 

cores known as vortices. 

1.12 Uses Of Superconductors: 

Magnetic-levitation is an application where superconductors perform 

extremely well. Transport vehicles such as trains can be made to "float" on 

strong superconducting magnets, virtually eliminating friction between the 

train and its tracks. Not only would conventional electromagnets waste much 

of the electrical energy as heat, they would have to be physically much larger 

than superconducting magnets. A landmark for the commercial use of 

MAGLEV technology occurred in 1990 when it gained the status of a 

nationally-funded project in Japan. In December 2003, the MLX01 test vehicle 

attained an incredible speed of 361mph (581kmph) . 

An area where superconductors can perform a life-saving function is in 

the field of biomagnetism. Doctors need a non-invasive means of determining 

what's going on inside the human body. By impinging a strong 

superconductor-derived magnetic field into the body, hydrogen atoms that 

exist in the body's water and fat molecules are forced to accept energy from 

the magnetic field . They then release this energy at a frequency that can be 

detected and displayed graphically by a computer. Magnetic Resonance 

Imaging (MRI) was actually discovered in the mid 1940's. But the first MRI 

examination on a human being was not performed until July 3, 1977. And it 

took almost five hours to produce one image. Today's faster computers 

process the data in much less time. 

Probably the one event, more than any other, that has been 

responsible for putting "superconductors" into the American lexicon was the 
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Superconducting Super-Collider project planned for construction in Ellis 

County, Texas. Though Congress cancelled the multi-billion dollar effort in 

1993, the concept of such a large, high-energy Collider would never have 

been viable without superconductors. High-energy particle research hinges on 

being able to accelerate sub-atomic particles to nearly the speed of light. 

Superconductor magnets make this possible. CERN, a consortium of several 

European nations, is doing something simi lar with its Large Hadron Collider 

(LHC) recently inaugurated along the Franco-Swiss border. 

Electric generators made with superconducting wire are far more 

efficient than conventional generators wound with copper wire. In fact, their 

efficiency is above 99% and their size about half that of conventional 

generators. These facts make them very lucrative ventures for power utilities. 

General Electric has estimated the potential worldwide market for 

superconducting generators in the next decade at around $20-30 billion 

dollars. Late in 2002 GE Power Systems received $12.3 million in funding 

from the U.S. Department of Energy to move high-temperature 

superconducting generator technology toward fu ll commercialization. 

IS IS prOjection 

1995 2 000 20 10 2020 

Fig. 1.11: comparison of commercial uses of superconductivity over the years. 
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CHAPTER 02 LITERATURE REVIEW 

2.1 LITERATURE REVIEW: 

H. M. Zhou et al [1] studied Nd1.85Ceo.15Cu1-xMnx04 samples with Mn 

doping up to 30%. They studied the effects of Mn substitution on crystal 

structure by X-ray diffraction, superconductivity and normal-state magnetic 

properties. Mn dopants do not induce any crysta l structure transition in this 

system unlike its effect on LSCO and YBCO but an 0 - T transition in NCCO, 

shows a different role of Mn. An orthorhombic-to-tetragonal structure 

transition takes place due to Mn doping in NCCO and significantly suppresses 

the superconductivity for both Tc and Meissner volume. As it is known that the 

effective magnetic moment per isolate Mn2+ ion is 5.9/-LB for S = (5/2), which 

is much greater than 1.9/-LB for Cu2+. Therefore, the increased ~I-l in Mn-doped 

NCCO can be related to a larger magnetic moment of Mn2+ than that of Cu2+. 

However, deep study reveals that ~I-l is apparently larger than the 

stoichiometric contribution of the Mn2+ ion magnetic moment. The phenomena 

can be contributed to the magnetic correlation between Mn ions and other 

elements (Nd, Ce, Cu) because this correlation enhances the lattice cell 

magnetic moment. With increasing Mn content the effective magnetic moment 

per lattice cell increases and as a result we get antiferromagnetic correlation 

at high doping levels and a complete destruction of superconductivity. These 

unique features are the evidence that the response of superconductivity to the 

magnetic impurities in NCCO is intrinsically different from that in LSCO and 

YBCO system. 

H. Wu and S. Tan [2] studied the effect of Mn substitution for Cu in Mn 

doped La1.85-(4/3)xSrO.15+(4/3)xCu1-xMnx04 (x=0.06) by performing electric 

resistivity, magnetization and electron spin resonance experiments. In cuprate 

superconductors, the super exchange interaction through pd's hybridization 

causes the AF correlation between the Cu2+ spins. Because the hybridization 

strength between Mn3+ and 0 2+ states is quite different from that between 

Cu3+ and 0 2+, it is less possible that the correlation between Mn and Cu can 

be established. So, when Mn ions with mixed valence are doped into the 

CU02 planes, it can be expected that the super exchange interaction between 

Mn3+ and Mn4+ will form and lead to ferromagnetism. The super exchange 

ferromagnetism of Mn ions cannot usually exist for a homogeneous 

distribution and for the particular concentration of Mn ions (x=0.06) . The ESR 
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spectra study reveals that the distribution of Mn ions in 

La1 .77SrO.23CuO.94Mno.0604 is inhomogeneous microscopically and there are 

two kinds of steric states of Mn ions in the CU02 planes. The first state are 

the one which are randomly distributed and isolated Mn ions which are in 

paramagnetic state and the other corresponds to the Mn ions which have 

other Mn ions in their neighborhood and form clusters. These clusters exhibit 

ferromagnetism , which coexists with the superconductivity. Both (La ,SrhCu04 

and (La,Sr)2Mn04 have the same K2NiF4 structure and can exist 

independently and are responsible for the phenomena. When prepared by the 

conventional solid-state reaction method, it is much possible for the 

(La,SrhMn04 to exist independently in the (La,Sr)2Cu04, so the Mn-O-Mn 

and Cu-O-Cu can exist in the same plane. The superconductivity coexists 

with ferromagnetism originating from the Mn3+ -0-Mn4+ super-exchange 

interaction in mixed-valence Mn doped La1.85-(4/3)xSrO.15+(4/3)xCu1-xMnx04 

(x=0.06). 

The magnetic state in the La1.85-2XSrO.15+2xCu1-xMnx04 (0:5x:50.5) system 

has been studied by C. Zhang et al [3]. The doping of Mn at the Cu site 

generates interesting phenomena. The un-doped compound a2C 0 4 is an 

insulating antiferromagnet where the spin moments on adjacent Cu2+ ions are 

antiparaliel. By doping Sr2+ the super-exchange interaction of Cu2+ -0-Cu2+ 

depresses and as a result it destroys the long-range AFM correlation . In the 

La185-2xSrO.15+2xCu1-xMnx04 samples, the Tc value remains at 37K for x:50.06 

samples, this shows that the doping of Mn ions does not lead to magnetic 

pair-breaking effects. Within a broad doping level 0.1 :5x:50.32 the doping of Mn 

ions induces a compensated state on some length scale which leads to the 

formation of AFM correlation which suppresses the superconductivity. The 

superconducting phase and the AFM phase coexist in these samples. In a 

high-temperature superconductor AFM phase can be induced by an applied 

magnetic field. There is a competition between the SC (diamagnetism) phase 

and AFM phases. At a low doping level, i.e. x:50 .06 the diamagnetism leads 

the AFM correlation . Thus these samples exhibit a superconducting transition. 

With increasing doping concentration more and more AFM regions are 

introduced into the lattice and the Meissner volume continue to decrease. A 
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Mn-O-Mn double exchange interaction exists at x~0.32 and the 

paramagnetism observed is compatible with double exchange. 

A. Chainani et al [4] studied the electronic structure of La1-xSrxMn03+15 

x =0, 0.1, 0.2, 0.3 and 0.4 across the semiconductor metal transition, using 

various electron spectroscopy techniques. For x~0 . 2 an unusual 

semiconductor-metal transition was observed from the negligible intensity 

seen at EF using ultraviolet photoemission spectroscopy and Bremsstrahlung 

Isochronal Spectroscopy (BIS) and this is consistent with the resistivity data. 

The BIS spectra showed that the doped holes states develop about 1.4eV 

above EF. Auger electron spectroscopy gives an estimate of the intra-atomic 

coulomb energy in the 0 2p manifold to be about 6.8eV. The Mn 2p core-level 

spectra for different x values appear to be very similar, with peak position 

identical in all cases. The Mn 2p core level spectra from LaMn03 and SrMn03 

are approximately similar and this might be the reason for the absence of 

pronounced changes in the Mn 2p spectra for different x values. They found 

that there is small increase in the full width at half maxima (FWHM) with 

increasing x thus for the 2P3/2 core-level spectra , the FWHM is 4.1 eV for 

LaMn03, 4.3eV for LaO.9SrO.1Mn03 and about 4.5eV for x ~0.2. In all these 

spectra , the 2P3/2 core-level binding energy appears at about 653.6eV. A 

broad weak intensity satellite is also observed at about 665.3eV binding 

energy. The Mn 2p core-level spectrum of LaMn03 gives parameter values of 

the charge transfer energy 5.0eV, the hybridization strength between Mn 3d 

and 0 2p states, t=3.8eV and the on-site coulomb energy in Mn 3d states 

Udd =4.0eV, suggesting a mixed character for the ground state of LaMn03. 

D. Berardan et al [5] reported the study on the electrical transport 

properties of the Mn-doped LaFe1 -xMnxAsO oxypnictides system. They have 

partially substituted iron by manganese in the FeAs layer of LaFeAsO. The 

increase in the lattice parameters is strongly connected to an increase of the 

Fe-As bond length determined by Rietveld refinement. The Fe-As bond 

length increases by almost 1 % as Mn fraction increases from x=O to 

x= 0.1.This behaviour is in agreement with the Mn-As bond length being 

much larger in manganese oxypnictides than in iron oxypnictides. La- O bond 

length almost remains unchanged with Mn doping . With an increase of both a 
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and c lattice parameters , an increase in the Fe-As and Fe-Fe bond lengths 

and an evolution of the angles of the FeAs4 tetrahedron that becomes more 

regular are observed . The temperature of the structural transition observed in 

LaFeAsO is gradually decreased with Mn doping and it eventually vanishes. 

The density of state of LaMAsO compounds depends on the shift of the Fermi 

level toward the top of the valence band with add ition of electrons from M=Mn 

to M= Ni. Therefore, they expected a symmetric effect of Mn doping. The 

suppression of the structural transition does not lead to the emergence of 

superconductivity, and a metal-semiconductor transition is observed with Mn 

doping around x = 0.03. This transition corresponds to the opening of a small 

gap in the vicinity of the Fermi level. Hole doping using strontium and electron 

doping using fluorine shows symmetric behaviour of the doping in the LaO 

layer, but in the FeAs layer the electronic structure reveals to be quite 

sensitive to the substitutions on the transition metal site. 

A study has been made on the effect of Mn substitution on the thermo

power of MgB2 superconducting compounds involving 0%, 0.5%, 1.0%, 1.5% 

and 2% Mn content by A. Rao [6]. For the pure compound of MgB2 the 

transition temp rature has been found to be very sharp and the transition 

width increases with Mn content. For small values of Mn content, the thermo

power S(T) increases which suggests that the hole density increases. But with 

further increase in Mn content, a small decrease in S(T) is observed. For all 

the compounds, the expected linear region at low temperatures is observed. 

There is no systematic trend in the slopes of dS/dT with Mn content. 

A. K. Shikov et al [7] reported on the addition of manganese in 

elements of matrix for internal-tin Nb3Sn strands. 1.8 wt% Mn in elements of 

matrix before reaction heat treatment and 1 wt% Mn in matrix after reaction 

have been fabricated by internal-tin method. One of the produced strands had 

reinforced stabilizer from CuNb nano-composite alloy. They determine the 

growth rate of Nb3Sn layer in superconductor's filaments of manganese doped 

strands. Microstructures of Nb3Sn fi laments after reaction heat treatment were 

investigated by SEM and TEM microscopes. The critical current density in 

magnetic fields up to 20T, hysteresis losses, critical temperature and 

mechanical characteristics were measured. The increase of critical current 

23 



CHAPTER 02 LITERATURE REVIEW 

density in internal-tin Nb3Sn strands with manganese doped matrix and the 

formation of fine microstructure Nb3Sn layers were revealed . Reinforced multi

filamentary Nb3Sn internal-tin strand with CuNb nanocomposite reinforcing 

element and external Nb barrier was designed and fabricated . The strands 

mechanical strength has been increased more than 30% and the introduction 

of outer Nb diffusion barrier prevented the degradation of RRR in Cu 

stabilization. The increase of Nb3Sn layer growth rate in superconductor's 

filaments of manganese doped strands was observed. For reinforced strand 

the critical current density in 12T was equal to 1030 Nmm 2 and in 18T 

attained 170 Nmm 2
. 

P. Shah et al [8] studied the Temperature dependent Mossbauer 

measurements of La1-xCaxMn1-yFey03 with x = 0.0 and 0.25; y = 0.01. Iron 

substitutes Mn as a triva lent ion. X-ray diffraction patterns of both the samples 

of La1-xCaxMno 99Feo 0103 x =0.0 and 0.25 show that the samples are in single 

phase. Resistivity measurement of the sample with x = 0.25 show the typical 

metal- insulator transition around 175K. For x = 0.0 composition the sample 

remains insulating up to 10K and both the second order Doppler shift and 

ecoilless f action exhibit a Debye behavio i t e temperature ange 90K to 

500K. The Mossbauer spectrum for x = 0.0 sample remains a quadrupole 

doublet at all temperatures as expected. No magnetic phase transition in this 

sample is seen. Upon lowering the temperature, the samples with composition 

x = 0.25 undergoes a magnetic phase transition from the paramagnetic to 

ferromagnetic state around 175K. In an earlier Mossbauer study of 

Lao 75CaO 25MnO 9sFeo 020 3, it was found that the paramagnetic and ferro

magnetic phases co-exist over a wide temperature range. In contrast, in the 

present case the two phases co-exist over much narrower range of 

temperatures. This gradual transition from para- to ferro-magnetic transition 

may at least partly be attributed to some compositional in-homogeneity in the 

specimen. On the contrary, in the specimen with x = 0.25, both of these 

parameters exhibit a marked deviation from the Debye behavior in a 

temperature interval which correlates with the metal- insulator transition 

temperature in the system. Decrease in both SOD-shift and recoilless fraction 

in this temperature interval indicate add itional contributions to the rms velocity 

as well as rms displacement of the Mossbauer atom. These observations 
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provide direct evidence that at least a part of the Jahn-Teller distortions are 

dynamic in nature. 

Electric resistivity and magnetic susceptibi lity were measured for 

single crystal of La1-xSr1+xMn04 (0.0::;;x::;;0.7), by Y. Moritoma et al [9]. The 

single crystals were grown by the floating zone method. They varied the 

nominal holes concentration with hole doping. The nominally hole undoped 

compound LaSrMn04 (x=O.O) is known to be an antiferromagnet. Mn valence 

from 3+ (x=O. O) to 4+ (x=1 .0) can be controlled in a solid solution without 

changing the two dimensional Mn-O-Mn network. Confinement of the Mn-O

Mn network in two dimensions should reduce the critical temperature. Due to 

the competition between the generiC antiferromagnetic superexchange 

interaction and the ferromagnetic double exchange interaction the 

antiferromagnetic phase transition decreases and eventually a spin glass 

phase appears for x2':0 .2. At x=1/2 real space ordering of the doped holes 

occurs at 220k accompanying a steep increase of resistivity as well as a 

suppression of susceptibility. 

A. Rao et al [10] reported the effect of Mn doping on upper critical field 

and specific heat of Mg1-xMnxB2 system. Among the various substitutions, 

there are only three successful reports on Mn doping, two on single crystals 

and the other on bulk sample. The most remarkable feature of Mn substitution 

is that it exhibits the most rapid decrease in transition temperature. This 

decrease in Tc can be due to spin-flip scattering and (or) pair-breaking effect. 

Due to rapid decrease in transition temperature they have used low 

concentrations of Mn. On the other hand, the magnetic element Fe shows 

much slower variation in T c in comparison with Mn. The XRD patterns indicate 

that all the samples were single phased. There is an increase in a parameter 

with increase in Mn content. They have used the semi-adiabatic heat pulse 

method to measure low temperature specific heat at constant pressure Cp, of 

Mn-doped samples. This method gives the absolute values of heat capacity 

with an accuracy of about 1 %. The results of specific heat do not show a 

sharp discontinuity around the transition temperature. Instead Cp increases 

gradually as the specimen undergoes the transition from normal to 

superconducting state. For comparison, they have also done specific heat 
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measurements on one sample of Fe-doped (1 %) compounds. The rate of 

decrease of ~Cp for Mn-doped samples is about one th ird of that for Fe doped 

sample. 

The detailed synthesis condition of Mn doped La1.85SrO.15Cu4 

superconductors and the effects of the synthesis condition on the onset 

critica l transition temperature were discussed by C. J. Zhang et al [11]. They 

substitute Mn in La1 .85SrO.15Cu04 superconductor. Actually at f irst they met 

some problems in the preparing of Mn doped samples. They found that it was 

difficult to get single phase Mn doped La1.85SrO.15Cu04 samples by following 

the traditional sol id-state reaction method which was inflected by some 

impurity peaks . Mn ions are generally existed at valence state between 3+ and 

4+ in perovskite-type oxides, such as La1_xSrxMn03, La1-xSr1 +xMn04 and 

La2-xSr1+xMn207. The strong decrease of carrier concentration induced by Mn 

doping can be compensated by the simultaneous change of S~+ and Mn 

concentration. The minor impurities are very harmful to the superconductivity 

and thus decrease T c. This behavior is quite peculiar and puzzling. They only 

guess the possible reason which explains th is behavior. If the mixture of 

La20 3, SrC03, CuO, and Mn0 2 powder is preheated under temperature of 

900°C, 950°C, or 1000°C, the mixture may react and form K2NiF4 type phase. 

Whereas, the optimal reacting temperature for forming K2NiF 4 type structure is 

about 1150°C and the solid-state reaction is less complete when the reaction 

temperature is lower. If the sol id-state reaction is not complete, the contents 

after preheating would be mixture of K2NiF4 type La2-xSrxCU1-yMny04, and the 

un-reacted La203, SrC03, CuO, and Mn02 powder. To make things worse, it 

is well known that other perovskite manganites (La1 -xSrxMn03 and 

La2-xSr1+xMn207) can be formed at such temperatures. Once they are formed, 

these manganites are very stable and difficult to decompose even at high 

temperature (for example La1-xSrxMn03 is stable and does not decompose at 

over 1400°C). Thus assuming that small amount of impurities are formed 

during preheating (for example at 1000 °C), they would be stable and can not 

be eliminated in the following preheats and the final sinter. In order to avoid 

these impurities, they improved the procedure in the solid-state reaction. The 

mixture of the starting materials is weighed and grounded thoroughly and 

directly preheated at high temperature of 1150°C without low temperature 
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preheating . The preheating was performed twice at the same temperature and 

the pressed pellets were sintered at the same temperature. Using this special 

improvement, they were able to get single phase samples without any 

impurities. 

J. Zhang et al [12] stud ied the substitution of 3d transition metal Mn at 

Cu-site. Mn-doped Bi16Pbo4Sr1 .6+2xLao4-2xCu1 -2xMnx02 (0s;xS;0.2) and 

Bi1.6Pbo4Sr1.6Lao4Cu1-xMnx02 (Os;XS;O.4) polycrystalline samples were 

investigated systematically, by means of X-ray diffraction (XRD), Raman 

scattering and infrared (IR) spectroscopy. The experimental results revealed 

that the microstructure of Bi2201 phase was affected strongly by Mn doping in 

CU02 plane. With the increase of Mn doping content, irregular changes in the 

lattice parameters have been found in Bi1.6Pbo4Sr1.6Lao4Cu1-xMnx02 (os;xs;O.4) 

system. The irregular microstructure changes were largely attributed to the 

strong Jahn- Teller distortion of Mn06 octahedron induced by Mn3+ ions and 

charge-transfer effects induced by the aliovalent substitution of Mn3+ /Mn4+ 

ions for Cu2+. 

S.T. Ruggieroa et al [13] discussed the superconducting and electron

transport properties of Mn-doped ferromagnetic materials by sputter 

deposition. In the ferromagnetic doped materials, such as Fe and Ni, their Tc 

does not produce a rapid suppression. The rate of Tc suppression with Mn 

doping is lower than typically observed with Abrikosov-Gor'kov pair breaking 

with magnetic dopants. According to the Kaiser theory in the context of the 

Friedel- Anderson model, the suppression of Tc in AI- Mn alloys is result of 

pair scattering from resonant magnetic impurity sites. They have synthesized 

the films with specific Mn concentrations by phase spread in which the 

substrate was held fixed between pure AI and AI- Mn sputter targets. The 

sharpness of transitions is a key parameter for tunneling electron 

spectroscopy (TES) applications, which is quantified by a=8(lnR)/8(lnT) where 

larger values represent sharper transitions . 

V. F. Masterov et al [1 4] reported on the study of doped manganese by 

the electron spin resonance spectroscopy (ESR) method. The BSCCO (2212) 

samples were prepared with composition Bi2Sr2CaCu2-xMnxOy with x=O and 

0.8 by the spontaneous crystallization method. Measurements of the 
27 



CHAPTER 02 LITERATURE REVIEW 

microwave absorption were performed on a Bruker ER 220 0 spectrometer in 

the temperature interval 3.7-1 OOK and the ESR spectra was recorded at 

T=50K. The ESR spectrum of the Cu2+ ions will be weaker if structure of 

superconductors is perfect. In a high Tc superconductor crystal the 3d states 

of copper form an energy band and the d function delocalize due to which the 

spin-lattice relaxation rate increases sharply. The introduction of high-spin 

(S=5/2) manganese for copper ions (S=1/2) increases the internal magnetic 

fie ld and as a result increases the effective g factor up to 2.34. This provides a 

confirmation that manganese displaces copper atoms in the CU02 planes of 

the lattice. The intensity of the spectrum of Cu2+ ions in the manganese-doped 

crysta l decreases to the lower oxygen deficit in the crystal. As a result a large 

number of identical internal Josephson junctions and zero-field oscillations of 

the Q of the microwave resonator appears. The spectrum due to Mn2+ ions is 

not present because 3d states of this ion fall into the 3d band of the BSCCO 

(2212) crystal. 

H. Huang et al [15] discusses the effects of Mn doping on the 

superconductivity in La2-xSrXCu04 superconductor. The polycrystalline sample 

La1.85-15xS 0 15+1 .5xCU1-xM x04 (xS;0.1) we e p epa ed by ea s of a 

conventional solid state reaction method using high-purity powders of La203, 

SrC03, CuO, and Mn02. The mixed powders were pressed into pellets and 

then reacted at 1150°C for 48 hours under oxygen pressure. The lattice 

parameters were determined from the d-va lue of XRD peaks by a standard 

least-squares refinement method. The diffraction peaks were found to be 

tetragonal. With increasing x, the (004), (006) and (105) peaks shift to higher 

angle and the (1 10) and (200) peaks shift to lower angle which means that the 

length of a-axis increases whi le the length of c axis decreases with increasing 

x. The quantitative analysis of elements indicates that the composition is 

compatible with the La185-1.5xSrO.15+1.5xCu1-xMnx04. All samples prepared were 

homogeneous, sing le tetragonal phase and the additional Sr sits only in the 

La site, and Mn only exists in the Cu site. The T c onset value is about 37K for 

all superconducting samples. At room temperature, the resistivity increases 

uniformly with increasing Mn doping content. For the x s; 0.06 samples, the 

resistivity exhibits metallic behavior from room temperature to T c. While for 

x~ 0.08 samples, it exhibits metallic behavior at high temperature and 
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semiconducting-like behavior at low temperature. Magnetic pair-breaking 

effects can not explain the influence of Mn impurity in La2-xSrXCu04 

superconductor. From the magnetic susceptibi lity results it is clear that the 

Meissner volume decreases with increasing Mn doping. The introduction of 

Mn impurity in the CU02 plane results in the decrease of superconducting 

fraction. The introduction of Mn in the CU02 plane leads to the localization of 

charge carriers around the Mn impurities. The superconductivity is destroyed 

due to the localization around the Mn impurities. However, in the regions 

where the charge carriers are not influenced by the impurities, the 

superconductivi ty remains intact and the Te value remains unchanged . 

A series of Co and Mn doped MgB2 polycrystalline samples have been 

synthesized and studied by x-ray diffraction and Raman spectrum by L. Shi et 

al [16]. The polycrystalline Co and Mn-doped MgB2 samples with nominal 

compositions of Mg1 -xMxB2 (M = Co, Mn) (x = 0, 0.01 , 0.02, 0.03, 0.04) were 

synthesized by solid state reaction method . The XRD data revea led that the 

crystal structures of Co and Mn-doped MgB2 are an AIB2-type structure with 

hexagonal space group P6/mmm. For Co-doping the a-axis of the lattice 

remains unchanged, whi le the c-axis shows a small increase. In contrast, for 

Mn-doping as the Mn content increases, the c-axis shows an evident 

decrease, whereas the a-axis shows a small decrease. Due to the ionic radii 

difference of Mn2+ and C02+, the doping of Mn can induce more evident 

disorder effects than that in the Co doped samples. The large broadening 

(75 cm- 1 for x = 0.03) of Raman linewidth can not be explained by the 

substitution-induced disorder effect with different ionic radii. Mn doping may 

induce a strong localized magnetic moment. at the Mg site. Additional 

structural disorder may be induced by the strong localized magnetic moment 

due to the exchange interaction between the conduction-electron spin and the 

magnetic impurity moment. On the other hand, Co impurities in MgB2 are 

nearly non-magnetic. Thus, the Raman linewidth is broadened obviously by 

Mn doping, while Co doping bring in little influence on the Raman linewidth. 

The additional structural disorder will give a further effect on Te, and resu lt in 

further suppression of critical temperature. 
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G. Xu et al [17] synthesized Bi1.6Pbo.4Sr1.6Lao.4Cu1-xMnxOy (0::;;x::;;0.4) 

and La185-xSrO.15+XCu1-xMnxOy (0::;;x::;;0.5) polycrystalline samples by the solid 

state reaction method. In La2-xSrxCU04 the introduced extra holes reside near 

the 0 site and form 0 - as reported during spectroscopic analysis. Due to the 

extra hole located at 0 of CU06 (Mn06) octahedron, the symmetry of CU06 

(Mn06) octahedron reduces. This distortion changes the spin orientation of 

Cu2+ or Mn3+ and influences Mn-O-Cu antiferromagnetic super-exchange 

interaction. The Mn3+ spins tend to localize. The electrical conduction in La185-

xSrO.15+xCu1 -xMnxOy system for 0.1 ::;;x::;;0.3 displays the behavior of thermal 

activation undergoing Kondo scattering. As x ~ 0.3, a new Mn-O-Mn double 

exchange correlation is formed and its conduction mechanism is variable

range hopping. While for Mn doped Bi1.6Pbo.4Sr1.6Lao.4Cu1-xMnxOy (O::;;x::;;O.4) 

system the Bi20 2 layers are charge carrier reservoir and the hole does not 

reside at the 0 site. The CU02 plane is under compression, which favors to 

nearly remain a constant length of in-plane Cu-O bond upon the doping. 

Hence, effective Mn-O-Cu can form anti-ferromagnetic (AF) super-exchange 

interaction. The spin dynamics of La2Cu04 by Cu2+ ESR measurements failed , 

because of the strongly Cu-O-Cu spin correlation. The Mn doped system 

Bi16Pbo.4Sr16Lao.4Cu1-xMnxOy may be sim ilar to that case, but the Mn- O- Cu 

spin correlation is weaker than Cu-O-Cu spin correlation. So at high Mn 

doping level a weak ESR signal can be observed . The microstructure of CU06 

in La1.85-xSrO.15+xCu1-xMnxOy system and in Bi1.6Pbo.4Sr16Lao.4Cu1-xMnxOy is 

different, and the doped Mn shows variable spin correlation characteristics in 

the two systems. Mn spins in La185-xSrO.15+XCu1-xMnxOy are more localized 

than that in Bi1.6Pbo.4Sr1.6Lao.4Cu1-xMnxOy system. 

A. Baranauskas et al [18] studied the effects of Mn doping at the Cu

sites, on the structural and superconducting properties of YBa2CU40a (Y-124) 

system . Multi-metallic oxide powders YBa2(Cu1-xMnx)40a (x=O.OO, 0.01 , 0.02, 

0.03, 0.04 and 0.05) have been prepared by a simple aqueous sol-gel method 

at an oxygen pressure of 1 atm starting from an aqueous mixture of the metal 

acetates. Homogeneous gels were achieved by complexing copper ions by 

tartaric acid before the gelation process. Thermal decomposition of the gels 

was studied by thermo-gravimetric analysis. Effects of manganese 

substitutions on the properties of compounds were studied by X-ray powder 
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diffraction, TG analysis, IR spectroscopy and resistivity measurements. The 

critical temperature of superconductivity decreases dramatically from 79K for 

the non-substituted sample, YBa2Cu40S, to 41 K for the sample with 2% of 

manganese substitution in YBa2(CuO.9SMno.02)40S. The decrease of the 

transition temperature, as a result of the Mn substitution, cannot be explained 

directly by magnetic pair breaking or destruction of the antiferromagnetic 

correlation of the Cu atoms in the planes. According to the XRD analysis and 

stability measurements under controlled oxygen atmospheres, impurity 

phases, such as Y-123 and Y- 247, have formed in the samples with a 1 and 

2% of manganese substitution level under the usual preparation conditions. 

On further increasing the manganese substitution level, the peaks due to the 

Y-124 phase disappeared in the diffraction scans. They draw the conclusion 

that these structural changes are mostly caused by the considerable 

difference in the ionic radius of copper and manganese. 

I. G. Deac et al [19] presents a detailed study of the polycrystalline 

perovskite manganites Lao.67Cao.33AlxMn1 -x03 (x = 0, 0.1, 0.15, 0.5) at low 

temperatures and high magnetic fields, including electrical resistance, 

magnetization and ac susceptibility m asur ments. Polycrystalline samples 

with nominal composition Lao.67Cao.33AlxMn1 _x03 (x = 0, 0.1, 0.15, 0.5) were 

prepared by standard ceramic reaction method. The compounds were 

sintered in air at 14000°C for 24h. The X-ray diffraction patterns of 

Lao.67Cao.33AlxMn1 -x0 3 showed that the compounds are mainly clean single 

phase, within the limit of experimental errors. The space group Pnma was 

used for the structural refinement in all the samples. The unit-ce ll volume, 

continuously decreases from V = 231 .99A3 for the sample with x = 0 to V = 

221.62A3 for the samples with x = 0.5, and this decrease is consistent with the 

lower size of AI3+. For lower temperatures region the curve Xdc-\T) has a 

positive curvature, suggesting that ferromagnetic cluster began to create. The 

high value of the Curie constant just above T c (C = 6 emu Klmol) for samples 

with x < 0.1 means that the effective moment is larger than that expected for 

free manganese ions in LaO.7CaO.3Mn03 (C = 2.629 emu Klmol) . This can be 

explained by the presence of magnetic clusters. For the sample with x = 0.5 

the Curie constant is C =1.43 emu Klmol, and Xdc-\T) is linear in the range 

120-300K. he low AI doping can create a large distribution of FM domains 
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below T c and thick barrier between grains. At high AI content the small FM 

domains can fill better the sample creating many percolation paths, 

decreasing the residual resistivity . The behavior of the most doped samples 

(i.e. lower resistivity) seems to be an effect of the presence of very small FM 

clusters for T < Tc. For high AI content the Jahn-Teller distortion of Mn3
+ ions 

is weakened and this can make the structure more symmetric with a sharp M-I 

transition and a lower residual resistivity. For higher temperatures T > Tc, in 

the absence of FM metallic domains AI acts as a potential scattering center 

and it cuts off the magnetic interaction between the Mn ions. This makes the 

resistivity higher and the sample more paramagnetic (with smaller FM 

clusters) with increasing AI content, for this temperature region. 

J. Zhang et al [20] studied the low temperature transport behavior and 

its dependence on applied magnetic field for dilute Mn-doped NayC01-xMnx02 

with (0.70<y<0.75) x=O, 0.03, 0.07, 0.1. A minimum resistivity was discovered 

for all the doped samples at low temperatures and was weakly dependent on 

the external magnetic field. From the susceptibi lity measurements, the results 

prove the coexistence of Kondo scattering and possibly enhanced electron

electron interaction induced by dilute Mn doping . The electrical and magnetic 

properties at low temperatures are very sensitive to Mn doping while the 

doping effects are not so obvious at higher temperatures. 

Some new members of a Rutheno-cuprate (2212) series have been 

synthesized by Mn substitution for Ru in Gd1.4Ceo.6Sr2RuCu201Q [21] . On 

substitution a significant change in lattice parameter for a very low substitution 

level (1 mole% of Ru) was observed. The pristine compound shows 

coexistence of superconductivity and magnetism. The magnetic and 

superconducting properties observed in Ru (1222) system are a result of 

interactions in the Ru-O and Cu-O planes. The interaction between the planes 

has a key role to play in determining the properties of the system. X-ray 

absorption and NMR studies indicate mixed valence of Ru namely 95% Ru5
+ 

and 5% Ru4
+ . Due to this mixed valence a double exchange mechanism 

inside the RU02 sheets was proposed, mediated by the small canting or 

leaning of the Ru octahedral as an explanation for the weak ferromagnetism. 

From transport and spectroscopic studies one can believe that due to mixed 
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valence states RU02 planes should be conducting. Mn enters either as 4+ or 

5+ or as a mixture of 4+ and 5+ in the system because Mn doping has been 

carried out in oxygen atmosphere and a drastic decrease in c-parameter is 

observed. Mn will not assume 2+ and 3+ as they will have higher ionic radii 

and would not be consistent with the observed large decrease in c-parameter. 

If Mn enters as a mixture of 4+ and 5+ and occupies Ru, it would lead to a 

change in local coordination from octahedral to tetrahedral as Mn5+ generally 

adopts a tetrahedral coordination. This would also lead to a depletion of 

oxygen in the system reducing a part of Cu2+ to Cu 1+. This reduction in charge 

carrier concentration in CU02 plane destroys superconductivity even at 1 % 

substitution and also drives the system to an insulating state. The large fall in 

holes concentration with smaller percentage of Mn substitution which 

stabilizes later with higher Mn concentration is also observed . The decrease in 

resistivity on further substitution of Mn can be understood as Mn5+ 

corresponds to d2 configuration and Ru5+ in d3 configuration , this will bring 

about a hopping conductivity. The lowering of the magnetic transition 

temperature may be because of the disorder caused in the Ru spin 

arrangement due to the presence of Mn5+ with d2 configuration at random Ru 

sites. This can explain the smearing of T M1 and it may also distort the canting 

of the Ru moments at lower temperatures thereby reducing the second 

magnetic transition temperature (T M2)' 

The influence of the stoichiometric replacement of Bi and/or Pb by Mn 

on the electric and magnetic properties of the Bi-based superconductors has 

been studied by D. Sy'korova et al [22] . Bi-2212 and Bi-2223 superconducting 

phases with nominal composition BiaPbbMncSr4Ca5Cu70x (a+b+c=4) are 

formed. The partial replacement of Bi by Mn in the Bi-Sr-Ca-Cu-O system 

without Pb did not promote the formation of Bi-2223, and only the Bi-2212 

phase was detected. The probable cause of this behavior is lack of Pb, which 

is known to support the development of 2223 phase. It follows that Mn itself 

does not promote the growth of 2223 phase. The partial substitution of Pb by 

Mn in the Bi (Pb)-Sr-Ca-Cu-O system led to two-phase samples when a large 

amount of Mn replaced Pb. However, a replacement of Bi by Mn for a fixed 

content of Pb gives superconductors with a high content of the 2223 phase 

with critical temperatures T cJ and Tc around or >1 OOK. Longer times of thermal 
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treatment led to samples with a smal l content of 2212 phase in contrast to the 

samples sintered for a shorter time, in which presence of 2223 phase only is 

observed. 

G. O'Neil et al [23] produced AI-Mn alloy thin films on electronic-grade 

silicon wafers using co-sputtering from two adjustable-rate sources. One 

containing a 99.9995 at. % purity AI target and the other an AI target doped 

with 3000 ppm Mn, with a stated 99.99 at. % AI purity excluding Mn. They 

compared all the conductance data with the AG theory. This is the model 

where fully magnetic Mn impurities suppress the energy gap. AG theory 

cannot account for their results, as the gap structure is completely washed 

out. This analYSis taken together impl ies that there is strong scattering from 

Mn impurities that lack a promising magnetic character, due to strong mixing 

with the AI conduction electrons. This is consistent with spin-fluctuation 

measurements and strong resonant-state broadening in AI-Mn alloys was 

observed. They have demonstrated the BCS-like density of states predicted 

by the Kaiser theory for energy-gap suppression with nonmagnetic Anderson 

impurities. Their work implies that the Mn impurities have no measurable 

magnetic character and act exclusively as strong resonant scattering sites 

without producing time-reverse symmetry breaking of Cooper pairs. 

Mn and Sb-doped PbZrTi03 (PMSZT) th in-film pyro-electric infrared 

(IR) detectors have been fabricated by N. J. Wu et al [24] on c-axis oriented 

YB2CU307-X (YBCO) thin films. The thin-fi lm hetero-structure detectors were 

prepared by pulsed laser deposition on LaAI03 (100) substrates. The YBCO 

layer in the PMSZTIYBO hetero-structure was used as an atomic template for 

the epitaxial growth of the PMSZT thin films, as well as a non

superconducting electrode and IR reflector in the detector. Mn and Sb doping 

was used to tune the Pb(Zr,Ti)03 transition temperature to a lower values and 

hence, to modify the pyro-electric and dielectric properties of the pyro-electric 

material. This also resulted in polarization orientation in the "as-grown" 

PMSZT film, which was normal to the hetero-structure surface. The high 

infrared reflectivity and low thermal conductivity of the YBCO electrode layer 

further enhanced the detector's performance. The PMSZT IR detectors were 

examined as to their photo-voltage and photocurrent in response to IR source 
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temperature, detector temperature, and chopper frequency. The experimental 

results show that the detector has relatively high I R sensitivity with a 

detectivity 0* of 4x108 cmHz 1/2/W , and is capable of operating from room 

temperature to - 170 °C. 

C. P. Sun et al [2S] synthesized Li(Ti1-xVx)204 and Li(Ti1_yMny)204 

samples by conventional solid-state reaction method. For the concentration 

below O.OS the X-ray diffraction patterns showed single phase. The 

substitution of V shows only slight increase of resistivity in contrast to a rapid 

rise in Mn doping. The effective ionic radius of V3+ (0.64AO), V4+ (0.S8AO), Mn3+ 

(0.6SAO), or Mn4+ (0.S3AO) are closed to the Ti3+ (0.67 AO) or Ti4+ (0.61AO) the 

structure change is not the key factor to cause much influence on transport 

properties. The resistivity increases 103 times from y = 0 to Y = 0.04 in Mn 

doping shows the extreme sensitivity of transport properties to the electronic 

effect of 3d transition meta ls. Magnetization of all samples were performed by 

zero field cooled (ZFC) mode. The diamagnetic signal is gradually decreased 

with the high doping concentrations in both cases. The Mn doped samples 

keep the Teat about 10K and show an upturn in magnetization at low 

temperatures. The doping of Mn may go to interstitial sites or reside in grain 

boundary acting as magnetic impurity scattering centers . It is difficult to 

imagine the low solid solution in Li(Ti1_yMnyh04 since the end members are 

iso-structural. It happens at such a low concentration, the little change of 

lattice parameters determined by XRO patterns is unable to verify this 

conjecture. 

Undoped and 2 mol% Mn doped Sao.6Sro.4TiMno.o203 (SST), i.e. thin 

films were grown by X. H. Zhu et al [26] on LaO.67SrO.33Mn03 (LSMO) coated 

LaAI03 (LAO) substrates by pulsed laser deposition. The growth processes 

were monitored by high-pressure reflective high energy electron diffraction 

(RHEEO). The structural and dielectric properties of the thin films are also 

investigated systematically. The improvement in the dielectric properties of 

SST thin films could be caused because effective potential barriers are 

formed at grain boundaries with the addition of Mn dopants and the reduction 

in oxygen vacancies and electron concentration by substituting Mn2+ for Ti4+. 

Part of Mn2+ ions are successfully substituted for Ti4+ as liS" site acceptor 
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dopants in AS03 perovskite SST lattice. The XRD and RHEED analyses 

confirm that better crysta llinity is obtained in the Mn-doped SST film . The 

dielectric properties of the SST th in films are greatly improved by Mn doping 

and more homogeneous local microwave dielectric properties are obtained. At 

room temperature, the (figure of merit) FOM-factor va lue increases from 11 

(undoped) to 40 (Mn doped) at 100 kHz by applying an electric field of 200 

kV/cm, and the leakage current density of the SST thin films at a negative 

bias field of 200 kV/cm decreases from 2.5x 1 0-4 Alcm2 to 1.1 x1 0-6 AI cm2. 

A. Rao et al [27] stud ied measurements of the linear thermal expansion 

a for Mn substituted YSa2(Cu1-xMnxhOy (0:s;x:S;2%) using a high resolution 

dilatometer over the temperature range 10-300K. The coefficient of linear 

thermal expansion !J.a was found to decrease with increasing Mn content 

across the superconducting transition temperature. For the pure sample, they 

observed a negative jump. While a threefold decrease in !J.a was observed for 

x = 0.5%. Slight changes in the oxygen content and transition temperature 

were found, as a function of the Mn concentration. From the experiments 

performed it is suggested that the substituent Mn is being incorporated into 

he upe conduc or as a whole and not in the form of a local cluster. From the 

Ehrenfest relations, the pressure dependence of Te, (dTe/dP) and the 

discontinuity in the compressibility !J.K are expected to decrease with the Mn 

concentration. 

Mn and Sb doped-PZT (PMSZT)IYSa2CU307-y (YSCO) heterostructures 

have been integrated with YSZ/Si substrates for fabrication of infrared (I R) 

detector arrays [28]. PMSZT films with good epitaxy on c-oriented YBCO 

conducting oxide electrodes have been successfully grown by a pulsed laser 

ablation deposition. The ferroelectric properties of the PMSZT fi lms show 

good hystersis loops with a coercive field Ee, of 70kV/cm and a remnant 

polarization Pr, of 15~C/cm2. I-V curves show that the PMSZT films have high 

electrica l field breakdown strength with values exceeding 400kV/cm. Doping 

Mn and Sb into PZT has been shown to not only decrease the Curie 

temperature T e from 350°C for PZT to 175°C for PMSZT, but also to enhance 

the IR response of the pyroelectric thin films. PMSZT thin fi lms show excellent 

dielectric and ferroelectric properties for IR detector applicatio s. The PMSZT 
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thin fi lms offer a significantly higher IR response than the PZT thin films, 

higher pyroelectric coefficient, and higher figures of merit even without poling 

treatments. PMSZT detectors have a pyroelectric coefficient of 45 nC/cm2K at 

25°C and 148 nC/cm2K at 88°C, and pyroelectric fig ures of merit, Fv of 

15.5x10-11 C.cm/J and Fd of 9.5x10-9 C.cm/J at 25°C. The measured 

normalized detectivity D* in the 2.51Jm - 19.51Jm wavelength range varies from 

2.5x 108 cm.Hz y, W to 6.0x 108 cm Hz 1/2W. 

C. J. Zhang et al [29] for the first time reported on a series of 

La1.85SrO.1 5CU1-yMny04 (0::::: y::::: 0.05) single crystal samples by the travelling

solvent floating-zone method. Instead of preheating the feed rod materials at 

intermed iate temperatures, they directly preheat the starting materials at 

1150oC. After that they grow Mn doped samples at 0.33 mm/h , which is much 

slower than the widely adopted 1 mm/h rate used in the single crystal growth 

of La2-xSrxCU04. The XRD patterns show that all the samples are single 

phase, which can be indexed as having K2N iF 4-type tetragonal symmetry. The 

lattice parameter a increases monotonically with increasing Mn doping, while 

the c-axis parameter does not exhibit a predictable change, which means that 

Mn doping alters the in-plane Cu(Mn)-O bond length effectively, but does not 

affect the out-of-plane bond length. They performed back-reflection Laue 

diffraction measurements on all the samples. The crystallographic plane 

perpendicular to the incident X-ray is identified to be a - b plane. Then, they 

cut the single crystals parallel to this plane into pieces about 1 mm in 

thickness for other polarization experiments, which also confirm that the 

polarization of the single crystals is good. The superconducting transition 

temperature of the single crystal samples was checked using a SQUID 

magnetometer with an external applied magnetic field of 2 Oe. The T e onset 

value of the y = 0.015 single crystal is 36.5K. The Te onset values confirm that 

Mn doping in La1.85SrO.15Cu04 does not lead to a rapid decrease in the 

superconducting transition temperature, unlike in the case of doping with 

other elements. 

Y. G. Shi et al [30] has successfully synthesized NaO.5C01-xMx02 and 

Nao.3C01-xMx02.1.3H20 (0::::: x ::::: 0.1, M = Mn, Ti) materials. Their structure and 

low-tempera ure physical properties have bee inves igated and analyzed 
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with the increase of doping level. A slight substitution of Mn for Co atoms 

affects the superconducting property. The superconductivity is found to be 

destroyed in Nao.3Co1-xMx02·1.3H20 materials with x > 0.02 for Mn doping. 

Both lattice parameters and cell vo lume show certa in irregular change in 

compari son with the parent NaO.Y5Co1-xMx02 material. This phenomenon 

arises probably from certain in-homogeneity of the intercalated H20 and/or Na 

content. Structural examination of samples prepared under slightly different 

conditions indicated that the lattice parameters of Nao.3Co1-xMnx02·1.3H20 (x 

:5 0.1) generally vary in the range from 2.816Ao to 2.826Ao within the a- b 

plane and from 19.633Ao to 19.788Ao for c-Iattice parameters. The most 

striking feature is the presence of a common transformation of the low 

temperature states with MnlTi doping . Mn doping in the NaO.5Co02 material 

has visibly stronger influence than Ti doping on both charge ordering and low

temperature magnetic properties . This difference is possibly attributable to the 

stronger influences of Mn ions on local magnetic order within the Co02 sheets 

in addition to the structural changes. 

F. Perez et al [31] reported on the ferromagnetic La2/3Ca1/3Mn03 films 

with thickness between 22 and 35 unit cells , were deposited on single crystal 

SrTi03 substrates with crystal plane orientation (001) and covered with -10 

unit cells of superconducting YBa2Cu30Y-15 in order to study their 

microstructure and physical properties. X-ray diffraction and atomic force 

microscopy studies showed no dramatic change of the structural and 

morphological quality of the superconducting top layers with increasing of the 

thickness of the ferromagnetic layer. Electrical transport and magnetic 

measurements revealed a strong dependence of both the superconducting 

transition temperature and the Curie temperature for the onset of 

ferromagnetic ordering on the thickness of the ferromagnetic layer. A strong 

dependence of the transition superconducting temperature T c on the 

thickness of the LCMO layers suggests some mutual influence of SC and FM. 

The interaction between the FM and SC layers would take place via proximity 

effect or the polarization of the conducting holes in the superconductor by a 

magnetic exchange field. Extrinsic factors like interfacial diffusion between 

YBCO and LCMO or spin injection of LCMO into YBCO and the transient 

layer (due to diffus ion) may also suppress the superconductivity. Magnetic 
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properties like Curie temperature and saturation magnetization of single 

LCMO layers also depend on the number of unit cells. 

C. H. Renner et al [32] studied microscopic characterization of the 

phase transitions associated wi th colossal magnetoresistance (CMR) in 

manganese perovskite oxides. They investigate Bi1 -xCaxMn03 (BCMO) with 

x =0. 76. At th is composition, BCMO develops an insulating charge-ordered 

phase upon cool ing, whose. study as a function of temperature will allow 

identifying atomic scale characteristics of the metal-insulator phase transition 

(MIT) . They observe distinct atomic scale phases at temperatures above and 

below the MIT, with very different electronic and structural characteristics. The 

charge ordering correlates both with the local conduction state (metallic or 

insulating) and the local structural order as observed during combining STM 

micrographs and cu rrent voltage tunneling characteristics. Coexistence of 

distinct phases with different atomic and electronic structures is also 

observed, but pOint towards an extrinsic stabilization of domains rather than 

intrinsic phase separation. Tunneling spectra serve to test microscopic 

pictures of the different phases, provide valuable input for attempts to model 

macroscopic properties as a function of temperature and doping. 

The origin of the charge-ordered stripe with the orbital ordering is 

observed experimentally in some manganese oxides [33] . It is emphasized 

that the long-range Coulomb interaction plays an essential role. They study a 

Hubbard model with doubly degenerate orbital, and treat the on-site Coulomb 

interaction and the nearest-neighbor one with the Hartree-Fock 

approximation. The charge orbital stripe (COS) structure observed in 

LaxCa1-xMn03 for x=1 /2 and 2/3 orig inates from the Coulomb interaction. The 

doubly degenerate e' orbital and the nearest-neighbor Coulomb interaction 

are important to realize the COS structure. According to the present scenario , 

the COS structure is real ized by the long-range Cou lomb interaction, and then 

the JT distortion occurs so that the COS structure is further stabilized. The JT 

distortion is the consequence of the COS structure but not the origin of it. 
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CHAPTER 03 EXPERIMENTAL TECHNIQUES 

3.1 Introduction: 

In this section , the description of the experimental setups used for the 

characterization of samples will be discussed. 

3.1.1 Sample Preparation: 

The CUO.5 Tlo.5Ba2(Ca2-yMny)Cu3012-o (y=O, 0.15, 0.25, 0.35, 0.5, 0.75, 

1.0, 1.25) samples were prepared by the solid state reaction method 

accomplished in two stages . At the first stage CUo.5Ba2(Ca2-yMny)Cu3010-o 

(y=O, 0.15, 0.25, 0.35, 0.5, 0.75 1.0, 1.25) precursor material was prepared , 

by thoroughly mixing Ba(N03h, Ca(N03)2 , Mn02 and Cu(CN) in a quartz 

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

860°C in a quartz boat for 24 hours and furnace cooled to room temperature . 

At the second stage, the precursor material was ground for about an hour and 

mixed with TI20 3 to give CUO.5 Tlo.5Ba2(Ca2_yMny)Cu301O-o (y=O, 0.15, 0.25, 

0.35 , 0.5, 0.75, 1.0, 1.25) as final reactants composition . Thall ium mixed 

material was palletized under 3.8 tons/cm2 and the pellets were enclosed in a 

gold capsu le. Gold capsule containing pellets were annealed for about 7 

minutes at 860°C followed by quenching to room temperature. The post

annealing of the samples in flowing oxygen atmosphere was carried out in a 

Tubular Furnace at 500°C for Six hours 

Characterization: 

The samples were characterized by the following techniques: 

A). X-ray diffraction 

B). DC-electrical reSistiv ity measurements 

C). Fourier Transform Infrared (FTIR) Spectroscopy 

D). AC-susceptibility measurements 

A) X- Ray Diffraction: 

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

crystal structure of the materia l. This techn ique is used to know whether the 

sample has the desired crystall ine structure or not and also to know the lattice 

cell parameters. The most important aspect in materials science is the study 

of crystal structure of material. In the beginning of the field of materials 

sciences, it was assumed that the solid is made of atoms, which are 

periodically arranged , but there was no experimental evidence of this theory. 

The discovery of x-rays made it possible to probe the material for their 
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structure determination. The wavelength of x-rays (O.5A-2.5A) is comparable 

to the spacing 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 shorter wavelength as compared to the one coming from L 

or M shell transition [1 ,2]. The commonly used target materials in x-ray tubes 

are Cu and Mo. These two target material produce x-rays with wavelengths 

1.54A and o.sA respectively [3]. 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 crysta lline solid. The 

consideration of such an x-ray beam of wavelength 'N incident on a crystalline 

material, at an angle 'e' and diffracted also at the same angle is shown in 

equation 3.1. The inter-planer spacing of the material is equal to d [4,5]. 

These rays will interfere constructively when the path difference between the 

rays is an integral multiple of the wavelength used. The path difference is 

AB + BC = nA 

AB = dsine and BC = dsine 

2dsine = nA, n=O, 1, 2 .. .. (3.1) 

Where n is the order of diffraction. The above diffraction ru le was given by 

W. L. Bragg and is known as Bragg's law. Only the X-rays that satisfied th is 

law will give the diffraction pattern. A schematic diagram is given below 

~~, 9~ 
----,-A ~(~:~> c--1:-
- ----- - ------+----B 

"7 

Fig. 3.1: Diffraction of X-rays from crystal planes. 

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

crystall ine or amorphous. In crystalline solids, many sharp crystalline peaks 

are observed due to periodic arrangement of atoms, but in the amorphous 
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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 phase purity of the 

material. X-ray diffraction studies of the crystal structure with different 

orientations of the planes takes place by adopting one of the following 

methods. 

Laue's Method: 
In the Laue's Technique a single crystal is held stationary and a beam 

of radiation is incident on it at a fixed ang le e, i.e. e is fixed whi le 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. 

Rotating Crystal Method: 
In rotating crysta l method a single crystal is held in the path of the 

monochromatic rad iations and is rotated about an axis, A is fixed whi le e is 

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

rad iation for different values of e and reflection takes place for those planes 

for which d and e satisfied the Bragg's law. 

Powdered Diffraction Method: 
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 satisfies 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 consist of measuring the diffraction ang les, ca lcu lating 

the spacing of the reflecting planes and then deducing the dimensions of the 

unit cell. The schematic diagram of an x-ray diffractometer is shown in Figure. 

3.2. Once the scattered peaks data is obtain then the data is analyzed for the 

determination of the crysta l 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 
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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, 

identifies the crystal structure and also provides lattice parameters. 
~ .,.,.,.-J'~_Jr -- '" -#''''.'''''.''' .... "., ..... ~ 

/ ' / ,..d !-.. ~.. .. .... .. X~RA Y 
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Fig. 3.2: Diffractometer 

B) Four Probe Method For Resistivity: 

Ohm-meter measurements are normally made with just a two-point 

measurement method (one probe on each of the two resistor leads). 

However, when measuring very small resistances, in the milli- or micro-ohm 

range, the two-point method is not satisfactory because test contact 

resistance becomes a significant factor. The lead resistance, due to long lead 

length, will affect the measurement results. The four-point resistance 

measurement method eliminates lead resistance or contact resistances [6] . 

One of the most striking features about the cuprate superconductors is 

the behavior of the resistivity of the normal state that is found above the 

transition temperature of the optimally doped materials. Before we look at the 

resistivity of the high Tc compounds, it will be instructive to first review the 
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properties of the resistance of normal metals. In normal metals, the resistance 

takes on the form 

P = Pres + AT2 + Pph (3.2) 

Pres is a temperature independent resistivity due to impurity scattering. The T2 

term arises due to electron-electron scattering . At a temperatures T, the 

density of final states will include scattering off of the empty quasi-particle 

states found within Kb T of the Fermi surface [7]. This leads to the T2 

dependence, which we expect to see in systems with strong electron-electron 

scattering . The last term is the phonon contribution. 

R1RO 

0.3r. ------~------.--------.-------r.r-----_, 

0.2 -

0.1 

°0 

l:J. Au (J = 175°K 
p Na f) = 202 
o eu () = 333 

• Al {} = 395 
• Ni 0 - 472 

~ , 
If 

/ , . . -

TlfJ 
0.5 

Fig. 3.3: The phonon contribution to the resisti vity in normal metals. ~ is the Debye 
temperature. 

The temperature dependence of the phonon contribution is shown is Fig. 3.3. 

For T < lJo, there is a contribution Pph ce T5. The strong suppression at low 

temperatures is due to the low thermal occupation of the phonon modes and 

the fact that at low temperatures, phonon scattering is strongly peaked in the 

forward direction due to the presence of the Fermi surface. For temperature 

T > lJo, the contribution is Pph ce T, since the thermal occupation of the phonon 

modes is linear in T at high temperatures. Generally, it is found that non linear 

behavior begins around T ce 0.3 lJo, and becomes sub linear [8] . 
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The resistance of any substance can be measured by using Ohm's 

law. The Ohm law states that potential across a conductor is directly 

proportional to the current flowing through the conductor provided the 

temperature remains the same. So we can measure the resistance of a 

conductor if we can measure the current through it and potential across it, by 

using R = VII 

Where V is the applied voltage and 'I' is the current flowing through the 

circuit and R is the resistance offered by the conductor to the moving 

electrons that constitute the current. Experiments have shown that the 

resi stance of the conductor also depends upon the geometry of the conductor 

along with the temperature. If 'L' is the length of a certain conductor and 'A' is 

the area otcross section of it, then we can write that 

R a ~ 
A 

L 
~ R=p 

A 

The resistivity of a material depends upon the temperature as discussed 

earlier. So the temperature dependent resistivity in terms of Ohm's law can be 

wri tten as 

p (T) = ~ R 

p (T) = ~ ~ (3.3) 

The SI unit of the resistivity is 'O-cm. Resistivity of the superconducting 

materials is measured using the four-probe method. 

constant 
current 
source 

Fig. 3.4: Arrangement for resistivity measurements. 
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This method is used for measurements of resistivity in metals, 

semiconductors and superconductors around the world. Fig. 3.4 shows the 

experimental arrangement for four-probe method. The wire contacts with 

samples were made by si lver paste on the surface. The outer leads were 

used to supply current and the resulting voltage drop was measured across 

the middle contacts. A home made cryostat is used for cooling the samples 

down to 77 K. The temperature of the samples is measured by a 

thermocouple. These measurements were done using high resolution 

multimetres. 

C) Infrared Spectroscopy: 

Infrared (IR) spectroscopy is one of the most common spectroscopic 

techniques used by organic and inorganic chemists. Simply, it is the 

absorption measurement of different IR frequencies by a sample positioned in 

the path of an IR beam. Infrared radiation spans a section of the 

electromagnetic spectrum having wave numbers from roughly 13, 000 to 10 

cm-1
, or wavelengths from 0.78 to 1 000 ~m . It is bound by the red end of the 

visible reg ion at high frequencies and the microwave region at low 

frequencies. IR absorption positions are generally presented as either wave 

numbers (cm-1) or wavelengths (1\). Wave number defines the number of 

waves per unit length. Thus, wave numbers are directly proportional to 

frequency, as well as the energy of the IR absorption. The wave number unit 

(cm-1
, reciproca l centimeter) is more commonly used in modern IR 

instruments that are linear in the cm-1 scale. In the contrast, wavelengths are 

inversely proportional to frequencies and their associated energy. At present, 

the recommended unit of wavelength is ~m (micrometers) . Wave numbers 

and wavelengths can be interconverted using the following equation: 

u (cm-1
) = [1 / 1\(in ~m)] *104 (3.4) 

IR absorption information is generally presented in the form of a spectrum 

with wavelength or wave number on the x-axis and absorption intenSity or 

percent transmittance on the y-axis. Transmittance "T" is the ratio of radiant 

power transmitted by the sample (I) to the radiant power incident on the 

sample (10). Absorbance (A) is the logarithm to the base 1 a of the reciprocal of 

the transmittance (T) . 
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The transmittance spectra provide better contrast between intensities of 

strong and weak bands because transmittance ranges from 0 to 100% T 

whereas absorbance ranges from infinity to zero. 

Theory Of Infrared Absorption: 

At temperatures above absolute zero, all the atoms in molecules are in 

continuous vibration with respect to each other. When the frequency of a 

specific vibration is equal to the frequency of the IR radiation directed on the 

molecule, the molecule absorbs the radiation. Each atom has three degrees 

of freedom, corresponding to motions along any of the three Cartesian 

coordinate axes (x, y, z). A polyatomic molecule of n atoms has 3n total 

degrees of freedom . However, 3 degrees of freedom are required to describe 

translation, the motion of the entire molecule through space. Additionally, 

3 degrees of freedom correspond to rotation of the entire molecule. Therefore, 

the remaining 3n - 6 degrees of freedom are true, fundamental vibrations for 

nonlinear molecules. Linear molecules possess 3n- 5 fundamental vibrational 

modes because only 2 degrees of freedom are sufficient to describe rotation . 

Among the 3n-6 or 3n-5 fundamental vibrations (also known as normal 

modes of vibration), those that produce a net change in the dipole moment 

may result in an IR activity and those that give polarizability changes may give 

rise to Raman activity. Naturally, some vibrations can be both IR- and Raman

active. 

The total number of observed absorption bands is generally different 

from the total number of fundamental vibrations. It is reduced because some 

modes are not IR active and a single frequency can cause more than one 

mode of motion to occur. Conversely, additional bands are generated by the 

appearance of overtones (integral multiples of the fundamental absorption 

frequencies), combinations of fundamental frequencies, and differences of 

fundamental frequencies, coupling interactions of two fundamental absorption 

frequencies, and coupling interactions between fundamental vibrations and 

overtones or combination bands. The intensities of overtone, combination, 

and difference bands are less than those of the fundamental bands. The 

combination and blending of all the factors thus cr~ate a unique IR spectrum 

for each compound. 

The major types of molecular vibrations are stretching and bending. 

Infrared radiation is absorbed and the associated energy is converted into 
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these types of motions. The absorption involves discrete, quantized energy 

levels. However, the individual vibrational motion is usually accompanied by 

other rotational motions. These combinations lead to the absorption bands, 

not the discrete lines, commonly observed in the mid IR reg ion. 

Spectrometer Components: 
There are three basic spectrometer components in an FTIR system: 

rad iation source, interferometer, and detector. A simplified optical layout of a 

typical FTIR spectrometer is illustrated in Figure. 3.5 

The most commonly used interferometer is a Michelson interferometer. 

It consists of three active components: a moving mirror, a fixed mirror, and a 

beam-splitter (Figure. 3.5). The two mirrors are perpendicular to each other. 

The beam-splitter is a semi-reflecting device and is often made by depositing 

a thin film of germanium onto a flat KBr substrate. Radiation from the 

broadband IR source is co llimated and directed into the interferometer, and 

impinges on the beam-splitter. At the beam-splitter, half the IR beam is 

transmitted to the fixed mirror and the remain ing half is reflected to the moving 

mirror. After the divided beams are reflected from the two mirrors, they are 

recombined at the beam-splitter. Due to changes in the relative position of the 

moving mirror to the fixed mirror, an interference pattern is generated. The 

resulting beam then passes through the sample and is eventually focused on 

the detector. 

For an easier explanation, the detector response for a single-frequency 

component from the IR source is first considered. This simulates an idealized 

situation where the source is monochromatic, such as a laser source. As 

previously described, differences in the optical paths between the two spli t 

beams are created by varying the relative position of moving mirror to the 

fixed mirror. If the two arms of the interferometer are of equal length, the two 

split beams travel through the exact same path length. The two beams are 

tota lly in phase with each other thus, they interfere constructively and lead to 

a maximum in the detector response. This position of the moving mirror is 

ca lled the point of zero path difference (ZPD). When the moving mirror travels 

in either di rection by the distance M4, the optical path (beam splitter-mirror

beam splitter) is changed by 2 (M4) , or M2 . The two beams are 1800 out of 

phase with each other, and thus interfere destructively. As the moving mirror 

travels another M4, the optical path difference is now 2 (M2) , or 'A. The two 

52 



CHAPTER 03 EXPERIMENTAL TECHNIQUES 

beams are again in phase with each other and result in another constructive 

interference [9] . The sample absorbs this frequency; the amplitude of the 

sinusoidal wave is reduced by an amount proportional to the amount of 

sample in the beam. 

The interferogram contains information over the entire IR reg ion to 

which the detector responds. Figure.3.5 shows a simplified optical layout of a 

typical FTIR spectrometer. A mathematical operation known as Fourier 

transformation converts the interferogram (a time domain spectrum displaying 

intensity versus time within the mirror scan) to the final IR spectrum, which is 

the fami liar frequency domain spectrum showing intensity versus frequency. 

This also explains how the term Fourier transform infrared spectrometry is 

created. The greatest ampli tude occurs at the point of zero path difference 

(ZPO) . 

Mirror 

Sample Compartment __ ,j......... ___ ~_--" 

Fig. 3.5: Simplified optical layout of a typical FTIR spectrometer. 

When the mirror is moved at a constant velocity, the intensity of 

radiation reaching the detector varies in a sinusoidal manner to produce the 

interferogram output. The interferogram is the record of the interference 
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signal. It is actually a time domain spectrum and records the detector 

response changes versus time within the mirror scan. 

Procedure: 

A typical operating procedure is described as follows: 

1. A background spectrum is first obtained by collecting an interferogram (raw 

data), followed by processing the data by Fourier transform conversion . 

This is a response curve of the spectrometer and takes account of the 

combined performance of source, interferometer, and detector. The 

background spectrum also includes the contribution from any ambient water 

(two irregular groups of lines at about 3600cm-1 and about 1600cm-1
) and 

carbon dioxide (doublet at 2360cm-1 and sharp spike at 667cm-1
) present in 

the optical bench. 

2. Next, a single-beam sample spectrum is collected . It contains absorption 

bands from the sample and the background (air or solvent). 

3. The ratio of the single-beam sample spectrum against the single beam 

background spectrum results in a "double-beam" spectrum of the sample. 

Almost any solid, liquid or gas sample can be analyzed. Many 

sampling accessories are avai lable. 10 I-Ig solid grounded with transparent 

matrix (such as KBr) is the minimum for qualitative determinations. Little or no 

preparation is required; may have to grind solid into KBr. Estimated time to 

obtain spectrum from a routine sample varies from 1 to 10 min depending on 

the type of instrument and the resolution required . Most samples can be 

prepared for infrared (IR) analysis in 1 to 5 minutes approximately [10]. 

To reduce the strong background absorption from water and carbon 

dioxide in the atmosphere, the optical bench is usually purged with an inert 

gas or with dry, carbon dioxide-scrubbed air (from a commercial purge gas 

generator) . Spectrometer alignment, which includes optimization of the beam 

splitter angle, is recommended as part of a periodic maintenance or when a 

sample is changed. 

Copper oxide superconductors exh ibit the highest critica l temperature 

found so far. Since thei r discovery in 1986, the microscopic mechanism at the 

origin of their superconductivity is still unexplained [11]. While it is well 

established that in conventional superconductors the coupling between 

electrons and phonons (collective vibrations) leads to charge carrier pairing, 

and therefore superconductivity, the role of this coupling in copper-oxide 
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superconducting compounds is sti ll the subject of intense research efforts. 

There is a strong coupling between the lattice vibrations and the charge 

carriers as the conduction in the copper oxide superconductors takes place by 

charge hopping along the Cu-O bond in the CU02 planes. Within this 

framework, the optical phonon anomaly is expected to be ubiquitous and 

therefore should also be observed in electron-doped copper oxide 

superconductors [12] . 

D) AC Magnetic Susceptibility: 
AC magnetic susceptibility has been one of the subjects of interest in 

the investigation of the new ceramic superconductivity. During the past, many 

efforts have been devoted to the study of various properties and the phase 

structure of these cuprate superconductors. 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-l inks, 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 ang le between the normal to the 

loop and the direction of the applied fie ld [13]. 

Susceptometer: 

The sample magnetization is studied using a conventional AC magnetic 

susceptometer. The susceptometer probe illustrated in Fig. 3.6 includes a 

primary (excitation) solenoid coil which produces a near-uniform AC magnetic 

fie ld when driven by an AC source [14] . Inside the primary co il is the 

secondary coi l conSisting of two pickup coils which are wound in opposite 

directions and electrically connected in series . The pickup co ils occupy 

opposite halves of the primary coi l volume. The sample is placed in one of the 

pickup coils (the sample coi l) while the other pickup coi l (the reference coil) is 

left empty. The AC voltage V across the secondary coil is due to Faraday 

induction. 
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v = dctJI dt (3.6) 

Where d<t> is the net flux through the entire secondary (both the sample and 

reference coil) and includes contributions from both the applied field and the 

field due to the sample magnetization. The self-induced flux from the 

secondary can be neglected because the secondary is connected only to high 

impedance (10 MQ) voltage metering equ ipment (oscilloscope, lock-in) and 

thus carries neglig ible current. Because the two pickup coils are wound in 

opposite directions and connected in series, the net secondary flux due to the 

applied field will be small. It is not exactly zero because of imperfections in 

probe construction, and thus there is some small mismatch in the flux for the 

sample and reference coils. 

pmrn1Y_~~1 
coil 

secondat.y 
coil-----?~ 

reference 
----- /~-~~coi1 

~""",r- . &. __ ---1'+---"san1>le 
~e---1~~~~M- ~ coil 

Fig.3.S: Arrangement of the primary coil (cut away), the secondary coil, and the sample 

in the susceptometer. 

If a sample is present (in the sample coil), the magnetic field lJoM associated 

with the induced magnetization will unbalance the fluxes in the sample and 

reference coils and there will be a large net flux <t>m in the secondary [15]. 
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CHAPTER 04 RESULTS AND DISCUSSION 

4.1 Introduction: 

The CUO.5 Tlo.5Ba2Ca2Cu301O-o has shown lowest an-isotropy in TI-based 

families of high temperature superconductors [1,2]. The an-isotropy given by a 

dimensionless parameter Y=(~ab/~c) in the oxides superconductor is related to 

underlying mechanism of superconductivity and a decrease in the value of it 

improves the superconducting properties of the final compound. A decreases in 

Y in previous studies has been found to increase the zero resistivity critical 

temperature [T c(R=O)], the magnitude of diamagnetism and critical current 

density J c (H) [3]. The isotropic superconductors are simpler because a 

symmetric wave function (s-wave type) assigned to the carriers bring 

superconductivity in the final compound. It is therefore advisable to have a 

superconductor with Iowan-isotropy because the shape of the Fermi surface in 

such superconductors would be less intricate [4,5]. In an-isotropic 

superconductors, during the transport of the carriers under Lorentz force the 

wave function of the carriers had distinct values in various directions of unit cell 

which can initiates an-harmonic conductivity process marginalizing the 

superconducting properties of the final compound [6]. The tetragonal crystal 

chemistry of CU1-xTlxBa2Ca2Cu301O-o superconductor tells that the compound 

has CU1-xTlxBa204-o charge reservoir layer and three asymmetric CU02 planes 

which are separated by Ca atom [7]. Two out of three CU02 planes (i.e . outer

planes) OP are identical and are connected with CU1-xTlxBa204-o charge 

reservoir layer via apical oxygen atoms whereas the third inner CU02 plane(i.e. 

IP) is dissimilar from former two due to its different neighbouring atmosphere. 

The OP-planes due to their immediate connectivity with the charge reservoir 

layer are over-doped with carriers whereas the IP-plane has under-doped 

carrier concentration [8]. The under-doped CU02 plane had Cu atoms with anti

ferromagnetic al ignment of the spins. The existence of a CU02 plane (IP) with 

anti-ferromagnetic aligned Cu atoms lowers the density of carriers which 

margina lize the overall superconducting properties of CU1-xTlxBa2Ca2Cu301O-li. 

Calcium atoms separating the OP and IP have predominantly a fixed oxidation 

(+2) and therefore cannot mod ify the spin state of the neighbouring Cu atoms 

of the CU02 planes. It is suggested (and also verified experimentally) that in a 

superconductor an-isotropy decreases with increased number of CU02 planes 

[9]. In these superconductors, the charge reservo ir layers supply carriers to 

59 



CHAPTER 04 RESULTS AND DISCUSSION 

superconducting CU02 planes and these free carriers (electrons/holes) bring 

about superconductivity [10]. To decrease superconductor an-isotropy we need 

to decrease the c-axis length [11] . The decreased c-axis length somehow 

enhances coherence length of carriers along the c-axis and the Fermi velocity 

[9]. One way of decreasing the c-axis length is to substitute Ca with smaller 

size atoms. The smaller sized atoms, somehow, develop a better inter-plane 

coordination and superconducting properties are expected to be enhanced. Mg 

atom had successfully substituted Ca atom and the critical current density was 

enhanced by two orders of magnitude [12] . In the present studies we have 

substituted Mn at the Ca site, the ionic radius of Mn is even smaller then Mg 

atoms. 

The transition metal such as Mn may exist in multiple oxidation states 

(+2, +3, +4, +5, +6 etc) and if doped at the Ca sites would modify the 

immediate neighbouring atmosphere of it [13,14,15]. The main objective of this 

substitution is to enhance the chemical pressure and increase the inter-plane 

coupling. In previous studies we have enhanced the inter-plane coupling by 

substituting smaller sized Be [16] and Mg [12] atoms at the Ca sites, these 

atoms have a fixed oxidation state (i .e. +2). It is most likely that doped Mn 

atoms would modify the charge state of neighbouring Cu atoms in the CU02 

planes and hence their spin state as well. 

4.2 As-prepared CUo.s Tlo.sBa2(Ca2_yMny)Cu3010-/i (y=O, b.15, 0.25, 0.35, 0.5, 

0.75, 1.0) samples: 

The resistivity measurements of CUO.5 Tlo5Ba2(Ca2-yMny)Cu3010-1i (y=O, 

0.1 5, 0.25, 0.35, 0.5, 0.75, 1.0) samples are shown in Fig. 4.1 (a,b). A metallic 

variation of resistivity from room temperature down to onset of 

superconductivity is a salient feature of all these samples. The room 

temperature resistivity in these samples varies from 0.075 to 0.155Q-cm. The 

transition onset and zero resistivity critical temperature as a function of Mn

doping concentration are plotted in Fig. 4.2(a,b). The onset temperature of 

superconductivity Tc(onset) and zero resistivity critical temperature [Tc(R=O)] 

systematically are suppressed with increased Mn doping. CUO.5 Tlo.5Ba2(Ca2-

yMny)Cu301o-1i samples with Mn doping of y=(O, 0.15, 0.25, 0.35, 0.5, 0.75 1.0) 

have shown Tc(R=O) around 98,98,95.5,92.4,96.5,91.3, 91.3K, respectively. 
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Fig. 4.1 a: Resistivi ty curves of air annealed (CUO.5 Tlo.5)Ba2(Ca2_y Mny )CU3010-11 (y=O.OO, 
0.15,0.25,0.35, 0.50,0.75,1 .00) superconductors. 
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Fig. 4.1 b : Transition region of resistivity of air annealed (CUO.5 Tlo.5)BaACa2_y Mny )CU3010_1i 
(y=O.OO, 0.15, 0.25, 0.35, 0.50, 0.75, 1.00) superconductors. 
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Fig. 4.2a: The transition onset temperature as a function of Mn-doping concentration 
for air annealed (Cuo.sTlo.s)Ba2(Ca2.yMny)Cu301o.1) (y=O.OO, 0.15, 0.25, 0.35, 0.50, 0.75, 

1.00) superconductors. 
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Fig. 4.2b : The zero resistivity critical temperature as a function of Mn doping for air
annealed (Cuo.s Tlo.s)Ba2(Ca2.yMny)Cu301o./i (y=O.OO, 0.15, 0.25,0.35, 0.50, 0.75, 

1.00) superconductors. 
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The AC-susceptibi li ty measurements of CU05 Tlo.5Ba2(Ca2_yMny)Cu301O-8 (y=O, 

0.15, 0.25, 0.35, 0.5, 0.75, 1.0) samples are shown in Fig. 4.3(a,b). The 

magnitude of diamagnetism as a function of increased Mn-doping is shown in 

Fig. 4.4. It can be seen from this figure that the magnitude of diamagnetism 

initially increases for Mn-doping of y=0.15, 0.25 and then systematically 

decreases with increased incorporation of Mn in the final compound. A small 

increase in the magnitude of diamagnetism for Mn-doping of y=0.15, 0.25 is 

most likely associated with decreased anti-ferromagnetism triggered by uniform 

distribution of the carriers in the conducting CU02 planes which is most likely 

promoted by Mn-doping . 

The FTI R absorption measurements of CU05 Tlo.5Ba2(Ca2_yMny)Cu301O-0 

(y=O, 0.15, 0.25, 0.35, 0.5, 0.75 1.0) samples are shown in Fig. 4.5. In 

(CUO.5 Tlo.5)Ba2Ca2Cu3010-8 oxide superconductors, the vibration related to apical 

oxygen atoms are observed around 400-540cm-1, due to CU02 planar oxygen 

atoms around 540-600cm-1 and the vibrations of 0 8 atoms of CUO.5 Tlo.5Ba204-8 

charge reservoir layer around 660-700cm-1 [17] . In Mn free 

(CUO.5 Tlo 5)Ba2Ca2Cu301o-8 samples the apical oxygen mode of the type Cu(1)

OA-Cu(2) and TI-OA-Cu(2) are observed around 540cm-1 and 491 cm-1
. The 

CU02 planar oxygen mode is observed around 572cm-1 and 0 8 mode of oxygen 

atoms of CU1 -xTlxBa204-o charge reservoir layer around 694cm-1. The intensity 

of apica l oxygen mode of type CU(1)-OA-Cu(2) observed around 540cm-1 and 

0 0 mode of the charge reservoir layer decreases whereas that of CU02 planar 

mode of oxygen atoms observed around 572-580cm-1 which increases with the 

Mn-doping in (y=O, 0.15, 0.25, 0.35, 0.5, 0.75, 1.0) superconductors. The 

decrease in the intensity of 0 8 mode of oxygen atoms of CUO.5 Tlo.5Ba204-0 

charge reservoir layer around 690cm-1 showed that oxygen contents are 

decreased with increased doping of Mn in the final compound. The CU02 planar 

oxygen mode is systematica lly hardened with increased Mn-doping and are 

observed around 573.5, 575, 575, 577, 577 and 580cm-1 for the Mn doping of 

y=0.15, 0.25, 0.35, 0.5, 0.75, 1.0. The two apical oxygen modes of types Cu(1)

OA-Cu(2) and TI-OA-Cu(2) behave differently i.e. the Cu(1 )-OA-Cu(2) mode is 

softened and TI-OA-Cu(2) mode is hardened with increased Mn-doping. The 

CU(1 )-OA-Cu(2) mode is observed around 540, 539, 534.5, 534.5, 532, 530, 

527.5cm-1 whereas TI-OA-Cu(2) mode is observed around 491, 491, 493, 493, 
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494, 502, 505.7cm-1 for the Mn-doping of y=O, 0.15, 0.25, 0.35, 0.5, 0.75, 1.0 in 

CUO.5 Tlo.5Ba2(Ca2_yMny)Cu301O-8. The softening and hardening of above 

mentioned modes is microscopic evidence of Mn incorporation in the final 

compound. The hardening of TI-OA-Cu(2) apical oxygen mode (with trivalent 

thallium atoms in the charge reservoir layer) indicates that the charge state of 

the Mn is different from +2 and is most likely more than +2. This is because any 

charge state of Mn more than +2 would enhance the attraction of TI+3 atoms 

toward itself and hence promote a decrease in the bond length of apical oxygen 

atoms of TI-OA-Cu(2) making it hardened and vibrate at higher frequency. Since 

Mn can exist in multiple oxidation states (i.e. +2, +3, +4, +5, +6 etc) and 

therefore can localize the free carriers present in the neighbouring CU02 plane 

and suppress their density. The decrease concentration of the free carriers in 

conducting CU02 plane may promote increase in the anti-ferromagnetic 

alignments of copper spins. The increased population of anti-ferromagnetic 

aligned spins suppress the magnitude of superconductivity in final compound. 

Such effects have been observed in the form of decreased critical temperature 

and magnitude of diamagnetism in our Mn doped CUO.5 Tlo.5Ba2(Ca2-

yMny)Cu3010-8 samples. In the samples with higher Mn-doping, the room 

temperature resistivity is significantly increased, the samples with Mn doping of 

y~ 1 . 25 have been found to be totally insulating. 
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Fig. 4.3a: AC-susceptibility measurements of air annealed (Cuo.sTlo.s)Ba2(Ca2.y Mny )CU3010-li 
(y=O.OO, 0.15, 0.25, 0.35) superconductors. 
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Fig. 4.5: Infrared absorption spectra of air annealed (CUO.5 Tlo.5)Ba2(Ca2_y Mny )CU3010-li 
(y= 0.00, 0.15, 0.25, 0.35, 0.50, 0.75, 1.00) superconductors. 
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The x-ray diffraction scans of CUO.5 Tlo5Ba2(Ca2_yMny)Cu3010-o (y= 0.25, 

0.5, 0.75) samples are shown in Fig. 4.6. The planar reflections are fitted very 

well to the tetragonal structure foll owing P4/mmm space group. The calcu lated 

cell parameters have shown a decrease in the length of cell parameters and 

volume of the unit cell with increased Mn-doping as shown in table 4. 1 and in 

Fig . 4.7(a ,b). The decrease in the cell parameters and volume of the unit cell is 

an evidence of incorporation of the Mn into the unit cell of the fina l compound. 

We can infer from these x-ray diffraction analyses that the charge state of Mn is 

more than +2 which exerts more chemical pressure than Ca atoms and 

suppress the volume of the unit cell. 

1 

Mn Content (y) a (Au) b (Au) 1 c (AD) 1 cia Volume (Au3
) 

0.25 3.989 3.989 114.781 11 3.705 1235.197 1 
0.50 

1
3

.
982 

1

3
.
982 14.760 3.707 234.040 

0.75 14.755 3.708 233.607 3.979 3.979 

TABLE. 4.1: Lattice parameters a, b, c, cIa and volume as a function of Mn doping 
(CUO.5 Tlo.s)Ba2(Ca2_y Mny )CU3010-1i Superconductors. 
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Fig. 4.7(a,b): Cell parameters a or b, c, cIa, volume as a function of Mn doping for 

(CUO.5 Tlo.5)Ba2(Ca2.y Mny )CU3010.15 superconductors . 
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4.3 Oxygen Post-annealed CUO.5 Tlo.5Ba6(Ca2.yMny.lCu301o-ll (y=O. 0.15. 0.25, 

0.35. 0.5.0.75.1.0) samples: 

The resistivity measurements of oxygen post-annealed 

CUO.5 Tlo.5Ba2(Ca2_yMny)Cu301o-8 (y=O, 0.15, 0.25, 0.35, 0.5, 0.75 1.0) samples 

are shown in Fig. 4.8(a,b) . These samples have shown metallic variation of 

resistivity from room temperature down to onset of superconductivity. The room 

temperature resistivity of these samples is not significantly influenced by the 

post-annea ling in oxygen atmosphere and it varies from 0.04 to 0.15Q-cm. The 

Tc(onset) and Tc(R=O) as a function of Mn-doping for the oxygen post-annealed 

samples are displayed in Fig. 4.9(a,b). Both the Tc(onset) and Tc(R=O) are 

suppressed after post-annealing in oxygen. Oxygen post-annealed 

CUo.5Tlo.5Ba2(Ca2_yMny)Cu301o-8 samples have shown Tc(R=O) around 96.5, 

95.5, 93.4, 94.4, 92.4, 92.4, 83.3K for Mn doping of y=O, 0.15, 0.25, 0.35, 0.5, 

0.75, 1. O. The AC-susceptibility measurements of oxygen post annealed 

CUo.5Tlo.5Ba2(Ca2_yMny)Cu3010-8 (y=O, 0.15, 0.25, 0.35, 0.5, 0.75, 1.0) samples 

are shown in Fig. 4.10(a,b). A small increase in the magnitude of diamagnetism 

is observed after optimization of the carriers accomplished via post-annealing in 

oxygen atmosphere. Mn-doping versus magnitude of diamagnetism at 77K is 

shown in Fig . 11 . For Mn-doping of y=0.15, 025, 0.35, an increase in the 

magnitude of diamagnetism is observed which is most likely associated with 

increased carriers concentration in the conducting CU02 planes after the 

optimization of charge carriers which in turn decrease the density of anti

ferromagnetic aligned spins of Cu atoms in the conducting CU02 planes. 

The phonon modes of CUO.5 Tlo.5Ba2(Ca2_yMny)Cu3010-8 (y=O, 0.15, 0.25, 

0.35, 0.5, 0.75, 1.0) oxygen post-annealed samples observed by FTIR 

absorption measurements are shown in Fig. 4.12. The salient features of these 

absorption spectra are that Cu(1 )-OA-Cu(2) apical oxygen mode is soften (in 

comparison with as-prepared samples) with increased Mn doping. This mode 

after post-annealing in oxygen atmosphere is observed around 539, 537, 537, 

536.5, 534.5, 533.5, 533cm-1. The CU02 planar oxygen mode is also softened 

with increased Mn doping. For Mn doping of y=O, 0.15, 0.25, 0.35, 0.5, 0.75, 

1.0 this mode is observed around 581, 579.5, 577.5, 576, 575, 575 and 

573cm-1 respectively. The intensity of 0 8 mode of oxygen atoms of 

CUO.5 Tlo.5Ba204-8 charge reservoir layer observed around 690cm-1 is increased 
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after post-annealing in oxygen. The increased intensity of Oil mode of oxygen 

atoms is manifestation of enhanced oxygen diffusion into the charge reservoir 

layers, which in turn optimizes the density of carries in the conducting planes 

and changes the dipole moment of O-Cu-O bonds. The planar oxygen modes 

which were hardening with increased Mn-doping in as-prepared samples, are 

observed to be softening with increased Mn doping in oxygen post-annealed 

samples. Such observations strengthen our belief that the charge state of the 

Mn is different from +2 and is most likely more than +2, which can localize the 

free carriers in conducting CU02 plane. Due to such possible localization of the 

carriers at the Mn sites anti-ferromagnetic alignment of copper spins is 

enhanced, which suppress the magnitude of superconductivity in the final 

compound. The softening of CU02 planar oxygen mode also tells that Mn is 

doped intrinsically in the final compound and influences strongly to the 

concentration of mobile carriers in the conducting CU02 planes. 
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Fig. 4.1 2: Infrared absorption spectra of O2 annealed (Cuo.s Tlo.s)Ba2(Ca2_y Mny )CU3010-li 
(y= 0.0, 0.15, 0.25, 0.35, 0.50, 0.75,1.00) superconductors. 
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Conclusions 

In conclusion we have successfully synthesized Mn-doped 

CUo.5Tlo5Ba2(Ca2-yMny)Cu301O-8 (y=O, 0.15, 0.25, 0.35, 0.5, 0.75 1.0) samples 

and studied their superconducting properties. The main object of substitution of 

Mn at the Ca site was to see the influence of multiple oxidation states 

(preferably >+2) on the density of mobile carriers and in turn their influence on 

the charge/spin state of neighbouring Cu atoms in the CU02 planes. These 

studies were important for understanding basic mechanism of high temperature 

superconductivity in the context of charge stripe model. According to this model 

interaction spin and charge density wave bring the superconductivity in these 

compounds. If the density of spins of Cu atoms is suppressed with the anti

ferromagnetic alignment of them, the interaction of spins density waves with the 

charge density of mobile carriers is suppressed resulting into decreased 

superconductivity. Our studies strongly support this thesis, as the volume 

fraction of the superconductivity is suppressed with increased Mn doping in the 

final compound. The Tc(R=O) and magnitude of superconductivity are 

systematica lly suppressed with increased Mn-doping. It is most likely that the 

doping of Mn at the Ca site may promote a decrease in the density of mobile 

carriers due to possible localization of the carriers at the Mn sites due to its 

higher electro-negativity in comparison with Ca atoms. This possible decrease 

in the density of the mobile carriers in the CU02 plane wou ld increase the anti

ferromagnetic alignment of the spins of Cu atoms which in turn suppresses the 

density of spin wave possibly interacting with the charge density waves and 

bring ing about high temperature superconductivity. The hardening of CU02 

planar oxygen mode and the softening of apical oxygen mode of Cu(2)-OA

Cu(1 )with increased Mn-doping is an evidence of changed dipole moment there 

due to Mn-doping. The bonds associated with the higher carrier's concentration 

will be polarized more easily compare to the ones with lower carriers density. 

This conjecture becomes more evident in the case of post-annealed samples, 

because CU02 planar oxygen modes are softened with increased Mn-doping. 

The Cu(2)-OA-Cu(1)mode, however, shows softening behaviour after-post 

annealing in oxygen with increased Mn-doping, which convincingly confirm our 

belief that Mn alters the spin configuration of Cu atoms in the CU02 planes. 
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