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Abstract 

We have e nhanced the sllperconducting prope rti es of newly di scovered CUo.sT1o.sBa2Cu, 

(Cll O.sZn u)Oa.~ supercond uctor by doping Be at Cil sites. The slIpcrconducting properties, such as 

cri tical current density. infield magnetic properti es and quan tity of dimnngnclislll . arc enhanced by 

De doping at the en sites. The decreased cMaxis length and the vo lume of the IInil ce ll have shown 

lhal inlcr·ZnOl- planc coupling is enhanced. We have 1101 observed any loca li zi.lI ion of the carri ers ill 

the neighbourhood of Zn atoms in CUo.s TJo.sBa2Cal oyBcy (CuO.sZn I s)Otl-li (y=O, 0. 15, 0.30, 0.45, 0.6) 

superconductors, as proposed in the previolls studies one must ex pect such e ffects ifprescnt, throl1gh 

the decreased c-ax is length by l3e doping. The decreased c~ax is length r~sld[s in enhancement of 

coherence length and Ferll1i ~ve locity of the carriers, which in tllrn result in enhanced 

superconducti vit y parameters. The presence of Be at the terminat ion ends o f tilt;! crysta ls results in 

enhanced inter-grain coupling and substantia lly improved the ir weak link behaviour. The 

opt imiza ti on of the ca rriers in Cu0 2/Zn02-plllIlCS hnve been found to enhance the Tc(R=O) and thl! 

magnitude of d iamagneti sm ill Be~doped samples. Also the sofie ning o f phonon modes with the 

increased l3e doping ev idenced the incorpo ra tion ofZI1 at the CU02 planar sites. 
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CHAPTER#l 

Introduction & Iite,·atllre review 

Superconductivity is a fascinat ing and challenging field of physics. Scienti s t find enginee rs 

throughout the world have been s triving to develop an understanding or th is rcmarlwt1 lc 

phenomenon for many years. Nowaday's superconducti vity is being applil!d to many diverse 

areas such as medicine, military. transportation, power production. clcclronit:,s as well as Illany 

o ther areas. 

1.1 Historical Backg,·otmd 

Maj or advances in low temperature refrigera tion we re made during Ihe 19111 century. 

Supe rconductiv ity was first discovered in 19 11 by the Dutch phys ic is t, I leike Killlllllcriingh 

Onnes. On 1908 he sliccessfull y lique fied heliulll by cooling it 10 4 Kelvin. Onnes produced 

only a few millilitres of liquid he liulll that lime, but this was to be the new beginnings of hi s 

exploration in temperature regions prev iolls ly unreachab le. Liquid he liulll enabled him to cool 

other materi als closer to abso lute zero temperature. 

In 1911, annes began to invcsti gate the e lectrica l properties of metals in extrcmely 

co ld temperature. It had been known for many yea rs that the res istance 01" metals fall when 

cooled be low room temperature, but it was not known whilt li mit ing value the resistance 

would approach. il"the tempcrature were reduced very close to zero K. Some scient isls such as 

William Kelvin beli eved that electrons nowing through a conductor wou ld come to a complete 

hah as the tempernture was reduced to absolute ze ro . Other scienti st, including a nnes, 

thought that a co ld wire res istnnce would di ss ipate, th is sugges ted that there wo uld be a 

decreast! in e lectric.ll res istance, allowing lo r better conduction of electric ity. At some very 

low tempera tu re, scientist expected thai there would be a leve ll ing ofl", as the resis tance 

reached its minimum va lue allowing the current to now with lillie or no resistance. Onnes 

passed a current through a very pure mercury wire and measured resis tance as he steadi ly 

lowered the tempera ture. Much to hi s surprise t.here was no levelling o fT or resistance, let 

alone the s topping or e lec trons tiS suggested by Kelvi n. At 4.2 Ke lvin the resi stance suddenly 

va nished. Current was Oowing through the wires and nothi ng was stopping it, the res istance 



drop to zero, Fig 1. 1. Accordi ng to Onnes "mercury has passed to a new state, which on 

<lccollnt of ils ex traord inary properties Illay be called the "superconducting" stale Ormes 

c<l ll ed this newly discovered state, superconduct ivi ty. In one o FOnnes experiment , J Ie sta rted a 

current flowing through a loop oflead wire cooled to 4K. One yea r later the current was still 

flowing without significflnt current loss. Onnes found that the superconductor exhib ited what 

he ca ll ed persisten t current i.e. Electri c current that continued to fl ow without an elec tric 

potential driving them. Ormes was awarded wi th nob le prize in 1913, for hi s di scovery of 

superconduct ivity. [I] 

0.15 
Mercury 

~ superconducting 
Iransltion 

0.1 0 
A zero 

R(n) resistance 
statel! 

0.05 I-

A<10·5 n 
Tc = 4.2 K 

o " ~ o " 4.1 4 .• 4.3 4 .4 
Temperature (K) 

Fig. 1.1 The plot shows the elec tri cal resistance of mercury vs tempcrn ture [2]. 

In 1957 scientists began to unlock the mysteries or superconductors. Thrce Ameri can 

Phys icis ts at the Universit y or Illi nois, John ·Bardeen, Leon Cooper, and Robert Schrieffer, 

developed a model that has since stood as a good men tal picture of why supercond uctor 

behaves as they do. The model is ex pressed in terms of advanced ideas o r the science of 

quantum mechanics, but the main idea ' or the model suggests thaI e lt:ctrons in a 

superconductor condense into a quantum ground state and trave l co llecti vely and coherenlly. 

In 1972, Bareleen, Cooper, and SchriefTe r received the Nobel Prize in Physics for the ir theory 

or superconductivi ty, which is now known as the BCS theory, after the in itia ls of 

thei r last names [31. 
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1.2 What is a superconductor? 
Superconducling materia ls have two fundamentals propcrlies: 

1.2.1 Zcm Resistivity 

Zero resisti vi ty. i.e. inrinite conductivity, is observed in a superconductor :H il ll 

temperat ures be low the cri licl.I llcmpcralure Te. as depic ted in Fig l .2. However, irt he passing 

current is higher than the cri tical current Jc• superconducti vity disappears. Why the resisti vit y 

of a superconductor is zero? If superconducling ' melaJ li ke A I or Hg is cooled below the 

critical temperature Te. the gas of repulsive individual electrons that charllclcri ze the normal 

stale transform il sel f into a different type o f' nuid , a quantulll nuid o f highly correlated pairs of 

elecLrons. A conduct ion electron of a given momentum and spin gets wcn kl y coupled with 

another electron of the opposite momentum and spin. These pairs are called Cooper pairs. Thc 

coupling cnergy is provided by latti ce elast ic waves, ca lled phonons. The behaviour of slII.:h a . . . 
fiui d of correlated Cooper pairs is different from the normal electron gas. They all move in II 

single coherent motion. A loc.1I perturbation, li ke an impurity. which in the normal state would 

scalter conduction electrons (and causes res isJi vity). cannot do so in the supcrconducting slate 

witholl t immediately afrecting the Cooper pai rs th aI parti ci pate in Iht,; co llective 

superconclucting state. Once thi s co llect ive, highl y coord inated, slate o f coherent super

electrons (Cooper pairs) is sct into Illot ion (like lhe super ClllTent induced around the loop), its 

now is withou t any dissipation. There is no scatt ering of indi vidual pairs of the coht!fenl Ouid 

and therefo re no resistivity . 
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F ig. 1.2 Tempera ture dependence o flhe resistivit y of a (Ili n fi lm of the high-Tc 

Superconductor YBa2CuJ 07; 

1.2.2 No magnetic induction (ll = 0 inside the superconductor) 

In magnetic fi elds lower the crit ical fi eld Be the mngnet ic inductance becomes zero 

inside the superconductor when it is cooled below Te. The magnetic nux is expelled fro m the 

in terior of the superconductor see f ig 1.3. This effect is called the Messier-Ochscnfield effect 

after ils di scoverers . To lest whatever a material is slIperconciucting both properties p '" 0 and 

B = 0 mllst be present simultaneously [4]. 

T< T 

(a) (b) 

Fig. 1.3 Ex pulsion ora weak ex terna l magnetic fi eld from the in terio r or lhe 

Supercond ucti ng materi al. 
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1.3 Types of Superconductors 
There arc two types of superconductors namely Type I and Type II superconductors. 

Existence of mixed state in Iype II superconductors differentiate between two types of 

superconductors. Type I superconductors can ex ist in one of its two states; supcrconducl ing or 

normal ; where type II superconductor can ex ist in one of its three slales i.c . slIperconducti ng, 

mixed or normal state [5]. 

1.3.1 Type I and type II Superconductors 

There are traditionally. two types of superconductor. Type I superconductors are 

also call ed the 'soft ' superconductors they are mostly the me tal s and metallo ids that can 

conduct III no rmal temperatures. The elementa l superconductors are cra lled type I. The IJCS 

theory explai ns these superconductors quite well. Noting thei r response to ex te rnal magnetic 

field one can identify them. 

Type I Superconduc tor 

Applied 111lgneuc Field 

Hormsl 
Sisle 

Fig.1.4 Magneti zation versus applied magneti c fi eld for H type I superconductor. 

The type I superconductor arc those in which tyfeissner e ffect holds we ll. That is when the 

magnetic fie ld is less than the cri tical magneti c fi eld I-Ie, they expelled applied magneti c field 

B comple tel y, see Figure [ A, and when [-I become equal to or grea ter than lie, 

superconductiv ity is destroyed and they become normal conductors. Type " superconductors, 

on the other hand are called the 'ha rd' material s, often have a higher Te and l ie, but the 
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mechanism by which this occurs is sti ll unknown. One of the main things differi ng in these 

material s from the Iype I superconductors is that in the presence of external magnetic fi eld Ihe 

transition from Ihe normal to the sllperconciucling rnnge occms over a transitionnl period, 

ch3racterizillg n ' mi xed-state' during the transi ti on. That is when magnetic fie ld is increased 

frolll a value I-I < I-Ie. for some lime the 13 inside remain zero till I-I reaches a va lue He! . during 

thi s period Meissner e ffect is complete. When the value o f I-I increases beyond Hel• then' I 

begins to penetrate the superconductors, there are some regions which behave like normal 

material , and rest of regions are in superconduct ing stale. As the fi eld is increased fllrther the 

number of normal reg ion starts growing and I-I penetra tion increases till 1-1 becomes equal 10 

He2 , ill that point the superconductiv ity is destroyed completely and sample becomes 110l"lnal 

Figure 1.5. T he e lec trical properti es of superconductor exist till 1-1c2 Ihe: va lue o f the I-lc2 may be 

100 times or more high than the value of the 1-lc l, ca lculated from the the rmodynamics of 

transition [6] 

SupuconducUnq 
State 

------~ 

Applied MogneUc Field 

~/orrnal Stolt 

1-1 02 

F iC_I.S. Superconducting magneti zation curve of a Type II superconductor. 

1.4 BCS Theory of SlIpe."COndllctivity 

The properti es of Type I superconductors wel:e mode led sllccess full y by the effo rts of 

John Bardeen, Leon Cooper, and Robert Schrie ffer in what is cOlllmonl y ca ll ed the BCS 

theory. A key conceptual element in thi s theory is the pai ring of e lectrons close to the Fermi 

level into Cooper pairs through interaction with the crysta l latt ice. The electron pairs have a 

s lightl y lower energy and leave an energy gap above them on the order of .00 1 eV which 
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inh ibi ts the kind of colli s ion interactions \vhich lead to ord inary resis ti vity. For temperatures 

such tha t the thermal energy is less than the band gap, the material exh ibits zero resis tivity [71. 

phonon interaction 

• 
'VV\/\/VVV'v • Cooper pal' 
'VV\/\/VVV'v. .01 electrons 

~lOOIlfTl A 
~O. , .'~ .... 

-;"g 

Fig. 1.6 Cooper pairs of el ectrons. 

BCS theory s tart s from the assumption that there is some attrac tion between e lectrons, which 

can overcome the Coulomb repuls ion. In most materia ls (in low temperature superconductors), 

this att ractio n is brought about indirectly by the co upling of e lectrons to the crysta l la tt ice (as 

explained above). However, the results o f DeS theory do not depend o n the ori gin of the 

attracti ve interaction. The origina l results o f BCS were describing an li s-wave" 

superconducting s tate, which is the ru le among low-temperature supe rconductors but is not 

reali zed in many "unco nvent ional superconciliclors", · such as the tId wave "Iligh temperature 

superconductors . Extensio ns o f BeS theory ex ist to descri be these other cases, although they 

are insuffic ient to completely describe the observed features o f" hi gh temperal urc 

supercond ucti vity. BeS were able to g ive an approx imation for the attracti vely interaction of 

electrons ins ide the meta l. This sta te is now known as the "BCS sta te". Whereas in the no rmal 

meta l electrons move independently, in the BeS state they are bo und into cooper pai rs by the 

attracti ve interactio ll. 

1.4 Critical Parameters 

1.4.1 Critical Temperature 

Superconducting a lloys and metal s have characteri stic transitio n temperatures at which 

they are transformed from normal conducto rs to superconducto rs call ed cri ti cal temperatures 

(Tc). According to BCS theory, as long as the superconductor is coo led to very low 

temperatures, the formati on of cooper pairs takes place, due to the reduced atomic Illoti on 
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(vibrations). As the superconductor ga ins heat energy, [he vibrations in the lallice becomc 

more vio lent and break the pairs. As they break, superconducti vi ty is destroycd. The resistiv ity 

of the materi al becomes zero below the sllperconducling criti ca l transition temperature. 

Superconductors made from different materia ls have different '1'& va lues f8'1. 

1.4.2 Critical Magnctic Field 

When a superconductor is cooled below it s transition temperature (T,,:) and a magne ti c 

field is increased around it. If we increase magneti c field to a certain point , the superconductor 

will go to tile normal resisti ve state. This maximum value of the magneti c fi eld (at a given 

temperature) is known as the crit ical magnetie fie ld (HJ For a ll superconductors there ex ists a 

region of temperatures and magnetic fields wi th in which a material is in the slipercondllcting 

state [8]. Outside this region, the material is in the normal state see Figl.? 

He> 
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~ .. 

MIxed Slate 

He, -- ... _'-Superconducting SHue - ... -..... __ 

Temperature (Kt 

'- , ~" . 

Fig.1.7 Depcndence of crit ica l magnetic fie ld of a superconductor all the temperat ure, 

1.4.3 Critical CUl'I'cnt Density 

There is a cert ain maximum current I .illli ~ that the superconductors can carry, above 

which they become normal conductors, I f too Illuch current is pushed through a 

superconductor, it will revert to a normal state even though it may be belm\' it s transition 
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temperatllre and zero applied field . During Jc measurements it is observed thaI the co lder YOll 

keep the superconductor the morc current it can carry [9]. 

1.4.4 London Pcnetration Depth (A) 

In 1935, Fritz and Heinz London theoreti ca lly explained the Meissner effect by propos ing 

two groups of e lectrons in a superconducting rmllcrial . the sllperconducting e lectrons and the 

nonnal stale e lectrons. They employed the Maxwell equations 10 develop a set o f 

electrodynamics equations, called the London equati ons. According to the London equations, 

the magnelic fie ld exponentially ra ll s ofT witb increasing di stance from the surf,lce of n 

superconducting sample. The characteristic decay length is ca ll ed the London penetration 

depth (A). is given by 

where 1111: and e is the mass and charge or electron respec tively. Ils is the number density of 

super-e lectrons .The temperature dependence aD. is given by empi ri ca l forllluhl 

Where A (0) is the pcnclfCltion dept h at T=O, and is approximately eCJualto 60 11m for Ils about 

10" em ·J [WI . 

1.4.5 Cohcl'cncc Length (I';) 

According to DCS theory, despite the Coulomb repuls ive forcl!s b~t weell the 

electrons, due to distortion in the crysta l structure (phonon tm:cl iation), slight aHmctio ll 

between pairs of e lectrons located near lhe Fermi surFace leads to the prod llct ion of bonded 

pairs orelectrolls, call ed Cooper pairs [Ill The size Or il Cooper pair in a slJpcrconductor is 

known as the coherence length (~). The ))CS theory explained superconductivity ill the low 

temperature and low magneti c fi eld reg ime. Soon aner thaI , the BCS theory was ex tended 

and became ll seFul for high magnetic fie lds as well r 12]. 
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1.6 High temperature superconductors 

A fier Onnes discovered superconductivity in 1911 . many superconductors were 

discovered alld the critical temperature ri ses year by year. The crit ica l tcmpcrnture of 22.3K 

was achieved in Nb]Ge. Aner that, however, no higher tempera ture was obtained for more 

than 10 years. In 1986, revolution came in the' fi eld o f' superconductiv ity, when f)ednOl~l Mel 

Muller di scovered superconducti vity in oxides or ce ramic malcrinls, i.c. La-Oa-Cu-O with II 

criti cal temperature of 30K r1 3]. The ex istence or dt!l11ngneli z[lIion in this system was 

confi rmed by magneti c studies. The criti cal temperatlll'c Tc (0) was fOll nd 10 increase by the 

replacement of On with Sf <11 normal pressure. It was nlsa fOllnd that the app li cil lion of ex ternal 

pressllre increases the Tc (0) of the final compound . The poss ible source of increase of criti ca l 

tempenHure is the reduction of lattice parameters <Inc! hence thc uni t cell volume undcl' 

ex terna l pressure is applied r1 41. 
III February 1987, Chu and others fOLind a new superconducting malcrial YBaJCuJ0? 

with a critical temperature arou nd 90K. Many scientists allover the world Iltell began to search 

for new superconducling materi als with higher critica l tempern turcs. S tl'IIct1ll'ui ana lys is 

reveil led thai Ih~ I ~ttice parameters of this compound fo llow orthorhombic structure. II was 

round through the detail charuc terization that eu in , the CuOz planes wns in mixed va hlilce 

sti.lte; the average va lancy of Cli in the plane is 2.2. The density of carrier of thi s orthorhombic 

phase in the conducting CuOz phll1es controlled by 02 content in the chains, which playa vital 

rol e in achieving the superconducti vity above 77K in thi s compound 1'14-151. In spite of much 

efforl , the reproducible superconducti vit y has remained fit 90K for RE-Ba-Cu-O-bnsed (RE = 

rarc ca rth clemen!) high temperature superconductors. Tremendolls advHllces were made in 

theoreti cal and experimenta l research , find new materia ls were found in quick sllccession. 

Maeda, Sheng find I·lermann made two important breakthroughs by their di scoveries of 

superconducti vity in Oi-based find TI-based superconductors [16]. Maeda el e/ synthesized the 

Bi-Sr-Ca-Cu-O ox ide, with transit ion temperature around I I OK. These seri es of' 

superconductors are more duc til e and stable than La and Y -based supe rconduc tor because it 

consists of several sllperconductive phases, which are not trivial to be separated [171- Another 

characteris ti c or CuD based high temperature superconductor TI- l3a-Cn-Cu-O is the two 

slLpercollducling phases, one with single 1'1-0 layer ilnd the other with double TI-O laye r in 
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their charge reservoir block. !'hese two compollnds have crit ical tcmpCl'IlIllrC or IJ OK fllld 

127K respectively. Due to their higher cri tical current .I e, and irrevers ibi lity li cit! J lill coupled 

wi th their lower surface resistance Rs Ill mlc these compounds promising cand idnles in device 

fabricat ion and wire <1ppli cation. T he T I-bascd materials have nlso gOI rlll il liphnsc Ch,lrilCICr, 

which is contro ll ed by amOllnt o f '1'1 <lnd fabri cmion temperature 11 8]. 

A Supcrconducting system with even higher criti ca l tempera ture be longs to Il g-Ba-Ca

Cu·O fam il y have also been di scovered. In Il g-based high temperature supc rconduclOrs, the 

HgIBa2Ca2CuJOII-I./i has hi ghest crilica l tempera ture around 135K, \"hi ch is prepared at no rmal 

pressure. T he J-Ig-based superconducto rs were also prepared under high pressure, wh ich 

provided crucial clues to the ex is tence o f superconducti vity at higher temperatures. The 

critica l temperature o f optimally doped phases J-lgBa2Cam_IClIII102111+2+lI with 111= I, 2, J have 

been investigated . The cri tica l temperature or I-I gBazCu l O'H6 is 94K, 1-lg rl3 a2Cu lCuz0 611) anel 

HgIBa:zCa2CuJOg"/i phase has shown To.: around 135K respecti vely. The Te or lat er two phases 

has shown depe ndence o n oxygen content in Jf gBa20-l~ charge rese rvo ir layer. For f ig- based 

superconducto r the highest Te allained as up to now is 138K o rJ-Jgo.gTlo.2 Ba2Cu2Cu)OIl phase. 

The res isti vit y of these compo unds when measured under pressure have shown Tc (0) ilro llnd 

160K [P)·201. Another class of high temperature superconduc tor is ClIBa2Cun.ICU,,02n hr./i, 

which has CliBazO,,~ charge reservoi r layer. These materials have C li ly ing in the charge 

reservoir IHyer ,md possess ing the lowest ani sotropy (y= 1.6) amo ng all cli prates high 

temperature superconductors. T he highes t Te(O) in thi s ram il y is credited to C u- 122J, with 

T,(O) ~ 1 20K . These compounds are prepared under high pressure (- 40 1'11) [20-2 1). The 

parli al replacement of ell by '1'1 in the charge reservoi r made it possible, to sYnlhes is Ihese 

compound al normal pressure. The result ing u l_xT lxBa2Can_ICun02n-"J./i compo und s ti ll has 

low anisotropy and higher criti ca l temperatu re. The C UI _xT I,,- 1223 compound o r this fam ily 

has T o.: (0) aro und 132K. which is highest in thi s family [22]. 

1. 7 Structure of High Temperature Superconductor 

Multi layered cllprate have cOlllmo n s tructura l characteristic descri bed by the fonll ula 

MCan_rCun02u, where M is the Charge reservo ir layer and Cc-ln. I CUn0 2n are superconductor 
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block. The charge reservoir layer is generall y represented by A Ba20 '1_1i; where A: '1'1 , Bi, Cu, 

I-Ig. The type of atom ' A' in the charge reservqir layer forms a new homologous series of 

superconductor compound. Structures of different superconductors are shown in the rig. I.9 . 

• 

} 'Op 
OP )2 IP 
IP -

OP },OP 

Cu - 1223 Cu - 123 4 Cu - 12Lr.5 

• 0 • .. 
Cu 0 ca S a 

Fig.I.S 

Fig. I.8 shows a model of a typ ica l crystal structure of the copper~ based h igh~lemperal llre 

sllperconducling materi al consist ing of ca rrier supply layer in block I. The block 2 have two 

sets of planes (a) which are direct ly connected with the charge reservo ir layer, outer planes 

(OP), (b) these planes are not connected with the charge reservoir layer and arc ca ll ed inller~ 

planes (TP) . In each homologOlls series the num ber of CU02 planes varies frelll 11= 1,2, 3, 4, 5. 

The flmclion of charge reservo ir layer is 10 supply the ca rri ers 10 the conducting CU02 planes 

and the optimum number o f carri ers in there, which determines the criti c/II temperalure of a 

particula r compound. The outer planes are found over-doped with carri ers, whereas the inner 

planes are in under doped reg ion of ca rri er doping f231-

The number of planes o f CUOl planes has great innllence on sllpercondllcting transition 

temperature ill homologous seri es. The Tc(Q) increases lip to n=3 and then decreases with 

fUriher increase in n. h is suggested that the inhomogeneous distributi on or carriers in inner 

and outer CU02 planes is responsible For decrease in the Te(O) for 11>3 so, the T dO) is 

determined from the int rinsic T e 's o f the Iwo types. of the CU02 planes. Pig.1.9 Shows the 
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vari at ion of critical temperature as a function of ' n' (number of CU02 planes) for typica l 

multilayered cuprate of MBa2Cun_1 CUn02n (M=Hg, TI) [24-25J_ 
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Fig, I.9 Variation ofTc with number Of CU02 planes 

The cbarge distribut ion among the CU02 planes well correlates with the electrostatic 

potentia l associa ted with apica l oxygen at each eU02 plane, which has more attraction for 

holes in the outer plane (OP) than in the inner plane (lr). The difference in the doping level 

increases with 11 , which increases the density of carriers. This difference between the Nh(OP) 

and Nh(IP) is smallest for n=3 and the inner plane can achieve an optimally- doped slate, tha t 

is the reason due to which Illost of the multilayered-cllprates have the highes t Tc at n=3. It has 

been poi nted out that the decrease in T c fo r n~4 is due to the large ill homogeneity of the 

carrier di st ribution in various CU02 planes. The outer plane (OP) can have enough charge 

carners for superconductivity, whereas the inner plane (lP) carriers become too small 10 

induce superconduct ivity. Systematic invest igation of the multilayered high-Tc 

superconductor by nuclear magnetic resonance (NMR) experiments have shown that the 

carrier concentration of OP(Nh) adjacenlto the charge reservoir layer (CRL) is always greate r 

than that of IP(N h) [25-26]. 

Since Ihe discovery of superconducti vi ty III both CuBa2CanCun H and TlBa2CanCunH 

systems such as Cu-12n(n+ I) and TI- 12n(n+ I) systems, their extensive characteri za tion have 

been carried out. ()oth of these systems are isost ructural except the posi tion of oxygen in the 
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charge reservoir layer. Opt imiz ing the carri er conccntralion could t;nhum;1;; tll~ 

superconducting pro perti es o r these compounds. The carrier concentration could be con tro l by 

ca tion subst itu tion, by va ryi ng oxygen conten ts and by apply ing ex ternal pressure . The as

prepared samples of CuTI- 12n(n+ l) superconductors are in the region over doping of ca rr; l.:r 

and Ihe density of state nea r the Fermi leve l D(EF) is greater than opt imu m val ue. n y ca rrying 

out post-allnei.lling in nitrogen atmosphere, we can optimize the carr ier concc llt nHion in CuTI-

1223 superconductor. The post-annea li ng experiments can increase the crit ic.!ltemperCl tllre of 

thi s compound. Through thcse ex periments, we can optimize the charge s tatt: o r T I <l ta ms rrom 

'1'1+3 to Ti l l. Tha lli um with TJ"II has lower content s a f oxygcn with iI, whcrc<ts Tr") has mon.: 

oxygen. The more oxygen in the charge rese rvo ir layer hinders the fl ow o f e lectron to thc 

conduct ing CU02 planes; oxygen contro ls this th rough its higher electroneg<Jti vity. The lower 

oxygcn conccntrat ion associated wi th T I'" Cil n e ffi cient ly allow the now o r e lectrons to the 

conducting CU0 2 planes. T here ro re, the cha nge in ox idation state o r the sys tem bri ngs the 

carrier concen tration ill CU0 2 planes to the des ired level [27]. 

On the other hand, the doping or va rious cations especiall y the a lka li metals and 

transi tion Illctals at the planar site and at charge reservo ir layer has a stro ng influence on the 

propert i~s or high Icmp~ra lUfc SUP~fCOfidw;h.l l :;' [28]. 

Applications: 

Besides the scientific interest, the search ra r applications has alwa ys bcen II dri v ing 

ro rce ror superconducto r materials science [29]. Ri ght from the discovery, it had been 

envisioned that SC coi ls with high persisten t current might be lIsed to generate s trong 

magneti c fi elds. However, in the first generat ion o r SC materials (. type- I.) superco·nducti vity 

was eas il y suppressed by magnetic fi elds: The magnetic self- fi e ld generated by the inj ected 

current prevented high- fi eld as we ll as high-current appli ca tions. A first s tep to wa rds this goal 

was the discovery o r type- II superconductors where Ihe magneti c penetration depth ,. exceeds 

the SC coherence length ~. This enables a coexistence o r supe rconductivi ty !lIld magnetic 

fi elds, which are allowed to penetrate into the SC bul k in the quantized rorm or vo rtices. The 

concomitant substant ial reduc tion o r the loss of SC condensation ene rgy Ihu t has to be paid 

ror magnetic fi eld penet ration rac ilitates the survival o r superconducti vity even in st rong 
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magnet ic fields, allenst lip to a certa in crilical fi eld IIc2 where the SC slnte no longer survives 

the vortex Swiss cheesing .. The last ingredient req uired for tcchnica ll y appJic;'lb le hard 

superconductors was the di scovery and engineeri ng or pinning centers which lix penetmtcd 

magneti c flux and prevent its Loren tz force driven flow through the superconductor Ihat 

otherwise genera tes power dissipation. 

Josephson junctions. wc ll -dellned weak links or SC regions, can be coupled to 

Superconducting Quantulll Interferomctric Devices. (.SQU IDs.) [301. magnetic nux detectors 

wi th qua ntum accuracy that arc the most sensitive magnetic fi eld detectors prescntl y available. 

HTS SQUIDs at liquid nitrogen operation have approached Ihis magnet ic sensitivi ty within 

one order or magnitude [3 1] and are already in commercial lise for the nondest ructi ve 

evaluation (N DE) or defects in complex compu ter chips [32] und aircrilf-l s. For all these 

app lica ti ons of superconductivity, the necessity or cryogenics is at lensl fl psychological 

burden. Nevertheless, with the present progress or small cryocoolcrs [3 3] SC devices Illay 

evolve within roreseeable rlHure to push-button black-box machines thnt mny be one day as 

C0l111110n practice as nowadays vacuum tube ~l evict1s j~l ordinary livi ng rooms. 

Superconductors are mate ria ls that lose their resistance to e lec tricnl current fl ow below n 

ct!rlit ill critical 1~l11perat1lfe (Tc), R certain critical curren t density (Jc) and certain crit ical field 

(llc). Superconductors have generated grea t interes t for power applications induciing loss- free 

electric transmission cables. motors, generators, transfonners, energy storages, lev itat ion 

trai ns. ultra· fast computers etc. Besides IluII. the superconductivity phenomenon also opens the 

challenges to modern physics of superconductors [34]," 

Lite.·ature review 

E. Kandyl at at [351 synthesized (Tlo.5Pbo.5)Sr2Ca(Cu2.xM.,:)07 (M=Co, Ni and Zn) 

superconductors and investigated by meuns or X- ray dirTracLion, scanning electron 

microscope. e lectrical res isLi vi ty and magnetic susceptibility measurements. X-my diffmclion 

patterns show that all studied samples contain the Dend y single ' 12 12' phase. They crystnlli 'l.e 

in a tet ragonal lInil cell with a~3.8028- 3.8040A and c~ 12.0748- 12. 1558A. In (Tlo, l'h,.,) 

Sr2Cn (Cu2.xMx) 07 system. The superconduct ing critica l temperature Tc decrcases linearl y 

with bCH h Co and Ni concentrat ions. For (Tlu.5Pbo.s) Sr2Ca (CU2.xZllx)O, system, the 

dependence of Tc on the Zn dopant concentration ciev intes rro m a linear behav iour and the Zn 
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subst itut ion suppresses Tc much less than the Co and Ni substitutions. The sllppression in Tc 

in Co and Ni doped s;'lmples arc attributed to the Illagnetic pair-breaking mechanism and the 

reduction in the carrier concentration. The suppression of Tc in Zn doped samples is not 

cH tl sed by the reduction in carrier concentration which shou ld remain constant , htll rather due 

to nonmagnetic pair-breaking mechanism induced by disorder ns well as the filling of the locnl 

e ll d~ 2.y 2 state due to the fuJI d band of ZI1 ions. 

N.A Khan cl (d [361 studied the substitution of Be at Ca site at 110rr11<11 pressure 

syn thesized the CUo,sTlo,sBu2Cau_ICUn02n+4_3 (n=3,4) superconductor. The primnry goal in 

synthesizing Be substit uted sample was improvement or inter-plane coupling. Predominant 

single phases of CUo.s 1'10 5 Ba2CH2.yBeyCU)02n ·l4~ (y= 1.0,2.5) and Cuo.sTlo. 5 Da2Ca).yBeyCll~OI 2. 

Ii (y= 1.5,2.0) superconductors were prepared by so lid state reaction method both of the batch 

of samples have zero res istivity crit ica l temperalUre at 9SK. Bulk superconductivity and zero 

resistivi ty critical temperature arc confi rmed by ae-susceptibility measurements. a and C-'1XCS 

length decreases wi th increase concentration of De in 

(y= 1.5,2.0) superconductor. The decreased c-ax is length suggests the improved inter-plane 

coupling in CUosTlo. s Ba2Ca IBe2Cu.I0I2~ (y= I.5,2.0) superconductors. The increased inter

pl:lI1e coupl ing is also evidenced in FTIR absorption measurements. 

K. Tomimoto el 01 [37"1 studied the impurity e freets on the slIpcrcontillcting coherence 

length in I n or Ni-doped YOa2CU)06.9 single crystals. They reported that coherence length (~) 

increased along both the in-and out-of-plune directions. They suggested that the eloped 

impurities acted as pa ir breakcrs. They concluded that increased coherence length (~) along 

both the in-and oUI-of-plane directions could be well explained by the pair-hreaking theory or 

d-wave superconducti vity and the modifica tion in the inter-plnne coupling or the order 

parnlllcter due to the presence of impurities 

Y. X. Zhou et al PS] invest igated the effect of ionic dop ing on the sllpcrconducting 

properties of YI3u2(CUJ .xMx »)0 7.<'1 (M = Co, Ni, I n, and On) due to their closer ionic size and 

similar outer orbita l to that of ClI when they are subs tituted for Cu ions at Cu( l) unci Cu(2) 

sites of the Cu-O chains and CU02 planes respective ly. The doping of Zn and Ni shows high 

Tc suppression as compared to the doping of Co and Ga. As I n and Ni go to the Cu(2) site, 

while the Co and Ga substitute Cu(J) chai n site. The trapped fie ld at tbe pining ccntre and their 
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population increases the levitat ion forces and t:nhancemcnl in the Je. Such t:rft:cls are highest 

in Zn doped sample. 

The effccts of Co and Zn doping on the magneti:Ultion of Bi2 JS rJ sCa(CuJ _KMx)20 y (M 

= Co, rmd Zn) have been studied by X. R. Zhllo c! al [39] They found thaI n sllla lier nmounl of 

Zn below x=O.OOS is lJSe flJi 10 enhance H,t r) and J ~ without severe reducti on of Te. The eneet 

ofZn doping on the structure shows differen t change in the va lues of a- and IH lxes resulting ill 

transformation from telragoll<11 to orlhorhombic structure. Res ist ive measurements show the 

increased scattering centers in the Zn doped Bi-22 12 crystals as compared to nndoped one. 

Goto et al [40] investigated the effects of Zn on '1'1 - 12 12 phases by NMR and noti ced 

that the suppress ion rate in the transition tempera ture fbr over-doped regio n is lower than tlUl t 

for optimum-doped samples. They also found that the reduction rate ofTe in '1'1- 12 12 samples 

was lower them Lhat found in LSCO and YBCO. 

A. Cri san et al [4 1] doped Cu-1234 with variolls conccntmtio ll s (up Lo 2%) Zn 

ten tatively on the Cu-site in the CU02 superconducting planes, c rea ting the pinning centers. 

Single phase samples with the composi tion of (Cu M)Ba2Cu)Cu'IOy (ClIM~ 1 234~ M= C, AI, 

Mg, Zn, and Ni) have been synthes ized using high pressure techn ique and measured the 

pressure dependence of s lIperconducting tra nsi tion temperature Te through resist iv ity 

measurements up La 8 GPa. Shows the pressllre dependence of Te(K) for va ri ous CuM-1234 

samples. They a lso ca rried out the transport, magnetic measurements and their iodomelric 

titrat ion analysis for oxygen conlncts determination. The substitu tion of Zn at Cu site in 

superconducting CU02 planes of CuM- 1234 superconductor possibly brings about Iile 

reduction o fTe. The Te suppression for Zn doped cuprate superconduc tors has been explained 

by magnetic pa ir break ing enec! due to the appearance of ell spin. A select ive doping 

mechanism indica tes an over-doped situat ion fo r the outer two CU02 planes connected with 

the apica l oxygen and nearly the optimal doping for inner two CU0 2 layers. It is felt , that in 

such a scenario Zn migh t occupy the outer 1110st CU02 planes and not a ffect the Te, as 

observed. The relat ive sensi tiv ity of the charge reservoir layer towards pressure may be 

gauged by AI, TI and high Cll~con lenl materials, wh ich occupy the vacancies present in the 

charge reservoir layer. 

O. Cluna issem ct al [42] sUCCesS flJ lly synthesized a new (I-Ig, V)-bt.lsed 12 12- type 

cuprate ( l-I gJ_K V,,) Sr2(Y l-yCay) CU20z The electri cal resislance meaSurements showed thnt 
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some of the as-syn thes ized materials with proper I-Ig/V and Y/Ca ratios ex hibit wen" 

superco nductiv ity. Oxygen-rHlIlea ling signifi cantly improved their supcrcondllcting behavior, 

and Tcollsct tip to I 10K was observed. Then hilt ice paramete rs of (Hg, V)- 12 12 were roullll to 

be in the oreler of (FJ.84 I 5 A and c= 11.85 14 A. Substi tuting merc ilry <1 10m3 by vanadi um 

oncs resul ts in an important increase or tbe tI parameter and an important decrease or the (.' 

parameter compared to the known Hg based Sr-bearing compounds. The crystal stnlcillre or 

(J Ig, V)- 12 12 was re fined by Riveted re finement against X-ray powder data using the 

tetragonal symmetry or space group P4lmmm. 

G. Gritzll cr et 01 r431 syn thesised Thalliu1l1- rree precursors for bulk supercond uctors with 

the overa ll compositiol1 (Tlo.sPbo.s)(Sr t., Ba, )2(Cat-,Od,)Cu,O, (x ~ 0.0, 0.05, 0. 1, 0.15, 0.2, 

0.25, Y = 0.0, 0.05, 0. 1, 0.2,0.3, 0.4) were prepared via wet chemi cHI ge l teChniques. The 

respect ive nmounts o f ThO), PbD and Gd2DJ were co-m illed to the precursor and the mixture 

was subjected to a hem treatment fi rst at 850°C fo llowed by sin tering at 925°C in order to 

optimize the superconducting properti es o f the bul k materi al. X- ray di ffraction showed thnt 

samples with x and y equa l to or sma ller than 0.2 were nearly phase-pure. While changes in 

the x value had little effect on the properti es of the materials, a Gd sloichometry of 0.2 yielded 

the best results in this seri es. Crit ica l temperatures around 100 K were obtained for samples 

with the compos ition 

(Tlo , Pbo.s)(Sr, .,Ba,),Cno ,Odo , )Cu,Oz. 

A. Ehmann 1"44] el 0/ studied Bi cuperate of type 12 12 and synthesized above 970 'c 

rrom the proper starting materi al. The ox ides of itlealized composition (Bio..sCuo.sSr2 YCUO,-Z 

crystall ize in the tet ragonal space group P4/1ll1ll1ll (a =3.815If, c= 11. 731\ and show so lid 

solution behav iour. The as-prepared ma terials are non-superconduct; ng above 5 K. Ilowcvcr. 

posH real mcnt in fl owing oxygen at moderate tempera ture o f soo'e introduces 

superconductivity. The highest slipercollductillg trans ition temperature is situated at 68 K for a 

sample or nomi nal composition (Biu.SCI10.s) - Sr2 Yo.IICU2.20(,.95. 

P. Iiaider el olr45·lcharacterizeci high Tc superconductor conta ining thall illlll 

Tlo.7s Bi.2s) SI' 1.3JCUZ06.671 Ii wi th iJeal stoichomctry TI,Bi) ISrzCi.l1C tl2D(,s! 11 • As pre pan:ci 

sample have shown un initial deviation of resistance from li nearity at 120K a slIpercondllcling 

onset tempera ture of 92 k and zero res istance at 75K. These sample have shown tetrago nal 

struclure wi th a=3.800A c= 12.07A, deduced from powder data . 
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G.c.che, el af 146J studied 12 12 type (Pb,Cd) based cuprntc superconductor systc;m 

(Pbo.sCdo.s)Sr2 (TI1 .xCHx)CU10 7 has been prepared in tctragomli lallice ce ll parameter 

a=3. 822A C=- 11.95 IA and space group p'1/mll1m. For x=o the sample exhibited bulk 

superconductiv ity wi th a tra nsition temperOl tu re o f 19K. 

Motivation 

CUB0l2C<ln . I C Un02n+~ .6 [C u- 12(n- l)n] ; n = 1,2, 3, ... ,samples are thought 10 he the Illost 

promising due 10 the ir higher critical temperature Te(R=O), crit ical current density Je and lower 

an iso tropy. T he lower an isotropy consequently enhances their techno logical criti cal 

temperature (Z=TJy), irrevcrs ibility fi eld (I·hrr=He2/y) and critical current density. But the ll1uin 

prob lem associated with thi s family, which makes its large-scalc production diffi cult, is the 

high pressure (4-6 GPa) synthesis method. IIowever, by introduci ng thallium in to the charge 

reservoir layer o f Cu- 12(n- 1 )n, the supercomhlcting pbases cUI _~'n s-1 2(n - l ) n arc obtained by 

normal pressure synt hes is. These compounds are prcpared uncl cr high as we ll as normul 

pressure Jnd have supercondllcting propert ies very close to Cu- 12(n- l)n compollncls. The 

members of thi s Ile w fami ly have semi insul i.l ting charge reservoir layer Ctl l .xTI~Ba20-ln./i that 

s li ghtly increases the ir ani sotropy bu t it s va luc still remains lowe r tlmn the TI - 12(n- l )n 

compounds. Olle-way ur n:ducillg Ih~ :'lIJlt:feonducling an isotropy is 10 improve the intcr-pb nc 

couplings and in the present s studies, it will be done by s libs tilllti ng small er s ize lSe HI C" sites. 

The s lI percond llctillg propCl1ies o r thes~ compounds may further be enhanced by post 

annealing and by substitution o f el i ITerent cations. 

The existcnce of superconductivity III (Cuo.sT lo.5) Ba2Can. IZnn02n-t-l ./i (n=3,4) 

superconducto rs with Zn02 planes f4 7] is preferred over its parent compound (CuosTlos) l1u2C'an. 

ICUtl0 2nIA./i (n=3/1) wilh C U02 r48] , due to the fix ed valance s tate oJ' zinc which l: i.Ul int roduce a 

material wi th uniform carri er density in the inner. and ouler planes. In the later compollnd 

exis tence of anti - ferromagnetism is witnessed ill Ihe inner CU02 planes. T he nllli- ferromagneti c 

alignment o r spins of 3d9 Cu atoms is suggested to ari s ing from the defi ciency o f' the c'lffiers 

there; the ouler planes and ovcNloped whercas the inner planes arc under-doped wi th the carri e rs. 

The ex istence o f allti - ferromagnetism in the IP of MB<l2Cao_1C un0 20''\-lS (M= Bi. TI. Ilg,eu) 

supcrconducto rs has been fo und to suppress the crit ical tempe rature nne! magnitllde of 

diamagneti sm 149]. Another advan tage a superco nductor with ZIl0 2 planes with rillcd 3d10 
shell is 

suppress ion o f locnl spin dens il y wh ich was being induces by Cli 3d9 shell in the ClI02 planes a nd 
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hence the interac tions of spins with the free c,uners III Zn-doped compounds is signi fi c;:lIltIy 

reduced. It has al so been observed from our stud ies that hundred percent Zn cannot replace the ell 
Aioms in (euos Tlo.s) l3a2Can.1Znn02n"'~ ..'I (n=3,4) and a so lubility limi t appea rs with 90% Zn doping 

:.11 the ell sites; with the doping o f Zn beyond thi s limit superconducti vity di sappears altogether. 

These observa ti ons leHd us to n conclusion that some populat ion o f e u 3d9 atoms is essent ial ill 

the Cu02/Zn02 planes ror Ihe accomplishment or charge transrer from the charge reservoi r laye r. 

Another suggesti on arising out o f these observations is ex istence of in teractions or spin density 

wave with lhe charge densit y wave as proposed in the charge stri pe model [50]. The ideal 

compound fo r such studies is two [51-52.1 CU0 21Zn02 planes plane CliO sTlos B<l2Ca I Cuo..sZnUOK./i 

superconductor, becnuse the under-doped inner-planes would be absen t Hitogelhcr in thi s 

compound. 

In our previous studies we have a develop a better corre lation mnong the carriers in Zn02 

planes, by doping Mg at the CII s ites in (CuosTlo.s)Ba2CHII_ IZnII02nN _5 (n=3,4) superconductors. 

consequently enhanced superconducti vi ty is achieved. It was observed from the studies o f the cell 

parameters of Mg doped compounds that vo lume o f the unit ce ll decreases resulting in increase in 

the Fermi vecto r 1"K1:=(3rr2N/V) 113J, the ir coherence length fl;.;=h2K[..nm.11 along c-axis and hence 

the Fermi velocity [ V,.. = 7r~t 6.] [531 of" the carriers. In order to observe the above effec ts we 
'1 

have doped lJe al lhe Ca siles in (ClIos Tlo.,) lJa,(Ca,., Be,)(ClIosZnu)O,., (y=O, 0.15, 0.3, .4 5, 0.6, 

0.75) superconductors. The main obj t;cti ve of" thi s to enhance the inter-p lane coupling and 

increase the interac ti ons of' remaining ell atoms spins with the carri ers in the conduct ing 

Zn021Cu02 planes. These experiments would help in understanding charge density wave fi nd spin 

densi ty wave and the role o f" the ir interaction in the mechanism of high temperature 

sllperconducti vi ty. 
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CHAPTER#2 

Experimental Techniques 

2.1 Preparation 

The superconductor samples of CUo.s Tlo sJ3a2Cal _y BcyCuo.5ZnUOIl..o (y=O, 0.15, 0.30, 

0.45, 0.60, 0.75, were prepared by solid state reaction method . The precursor material of 

CuO.SBa2Ca, .yBcyCllo,sZnu O!i.j\ was prepared using Cu(CN). Ba(NOJh ,Ca(NOJ)2. ZnO, BeD 

as start ing compounds. These compounds were mixed according to above mentioned 

formula unit for one hour i ll a quartz morlar and pestle. Thoroughly mixeclmatel'ial was pll t in 

a quartz boat and loaded into a preheated box furnace at 82511C. The mixed material was fi red 

twice fo r 24 h Oll l'S fo llowing in termediate grinding. The fi red precursor Illaterial was mixed 

with a ca lcula ted amount a rTbO) to give C UOJ Tlo,sBa2Ca ,_yDc),Cuo.sZll uOS.Is<lS ri nal reactants 

compos ition. The pe llets of thall ium mixed ma terial were prepared under 3.8Iolls/cm2 

pressure. The pelle ts were enclosed in a go ld capsule and s intered at 82S llC fo r 10 minutes. 

The sliperconductor samples we re charnclerized by res isti vity measurements by rour-probe 

me thod and structu re was dete rmined by XRD (X-ray dirrrncti on) and FTIR ( fo'o ll ri cr 

Transforlll Infrared Spectroscopy) absorption measurements. 

2.2 Post-Annell iing of the Samples 

The oxygen in ox ide supe rconductors can modi fy the di stribution o f the carriers in 

variolls bands o f a compound the e lectronic distribution ulti mately controls the process of 

sllperconductivity. The post-anneali ng of the superconductor samples in oxygen and nit rogen 

atmospheres can increase or decrease the oxygen concentrat ion in the materia ls. There fore. 

we carried Oll t post-annealing of Cuo.sTl o.s Ba2Ca l.). 13cyC lI0,5ZIl I.sOg.6 s lI pcrcondllctor samples 

ill oxygen atmosphere at SOOC for 5 hours in a preheated tubular fl lmace fo llowed by furnace 

cool ing to the samples to room tempera ture aner the heat trea tment. 
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2.3 Characterization 

The samples were characterized by the fo llowing techniques 

2.3.1) X-my eli ffraction 

2.3.2) AC suscept ib ility measurements 

2.3.3) Resislivity measurements 

2.3.4) Fourie r Trans fo rrn In frnrccl (FTIR) Spectroscopy 

In Ihis section a bri e f theo retical background and the descript ion o f the experimentni setup 

for above-mentioned characterizations will be given 

2.3.1 X-nay Diff .. "ction 

XRD (X-ray diffrac tion) ana lysis gives liS the infol"!l1atioll abou t the crysta l struc ture of the 

materia l. This technique is useclto know whether the intended sample has the crystalli ne 

structure or not and also to know the unit cell parameters. 

X-Ray Diffrudioll lllld B.'agg's law 

Scattering or the waves wilh Ihe close ly spaced obstr:tcles is ca ll ed di ffraction . 

Scatlering can occlir froill obstacles only when Ihe spac ing between two obstacles is 

comparable 10 Ihe wavelengt h of lhe w/lve. 'Furihcrmore, dim'ac ti on is a consequcnce of 

speciiic phase relationships between two or l1lufC W,tve::, tilal ha eben sca tlcrcd from closely 

spaced obs tacles. X~r~IYs arc e lectromagnetic waves with high energies and wavck:ngths of the 

order or the atom ic spacing fo r so lids. When a beam or X-rays is inc ident on a solid material , 

n port ion o f thi s incoming beam is scattered in all directions by the electrons o f atoms or ions 

that lies in the path o f the bemn. The slrong difTr,Icted x rays are observeu onl y ill those 

directions in which the phases of the <III sCH llered waves arc the samc. If the SC<l ltcred waves 

arc out of phasc wilh one anot her Ihen IlO difTraction is observed in that directioll . 

In o rder to understand [he necessary condi tions for the diffraction of x-rays from a 

period ic arrangement of aloms, consider th ree para ll el planes of alOllls. T hese plnnes have 

same Miller indices i.e. II, k Hnd I. The spac ing between para ll el plancs"dhl.t. Now ir..1 parallel, 

monochromatic and coherent (i n phase) beam of x-rays of wavelength h. fa ll s on these three 

planes at an angle 0, then the three rays in the beam witt be scattered by the three atoms 

located at the pos itions A, C und E in the th ree planes liS shown in Fig.2. J 
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Fig. 2.1. Diffraction ofx ~rays by planes of atoms. 

It is obviolls tha t all these three waves trave l along different path lengths, hence when 

they reaeh at point P they could be in phase if the path difference between them is integral 

multiple of the wave length, i.e. 

(2. 1 ) 

Where ' n' is the order of diffraction, which may be any integer, i.e. n= I ,2,3 ... 

This is known as the Bragg's Law. f or 11 fixed value of 'A' and ' dh~/ there may be several 

values of angles o f incidence 0" O2 • 0) etc. from which the diffracti on may occlir for the 

corresponding ' n' va lues. If the Bragg law is satisfied then the waves interfere constructively 

and in the end one gets a high intensity waves as diffraction patlern . Otherwise the waves wi ll 

interfere destructively and no diffracted beam will be observed. l ienee we can say that the 

Bragg law is necessary condition for diffraction. Since SinO cannot exceed unity, we may 

write equation (2.1) 

as, 

nA / 2dhk,=SinO <I (2.2) 

Therefore, Il A must be less than 2dhkJ . for diffraction the sma llest vallie of ' n ' is I. The n=O 

corresponds to the beam difTracted in the same direction as the transmitted beam, so it cannot 

be observed. Therefore, the condition for difTraction at any observable angle is 

(2.3) 
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Por most sci or crystal planes 'dhkl ' is or the order or 3A or less, which means that J.. can not 

exceed about 6 A r I]. 

Bragg's law is necessary blll not sulTicient condi tion for dirrraction rrolll real crystals. 

It specilies that the diffraction wi ll occur fo r unil cells ha ving ,aIOI11 S positioned only al ce ll 

corners. However, atoms si tuated at other si tes (e.g. fa~e and interior unit cell positions such as 

with FCC and BeC) act as ex tra scattering centers, which can produce out of phase scattering 

at certain Bragg's angles. The net result is the absence or some dirf'ractcd beams Ihnt according 

10 equat ion 2. 1 shou ld be present. 

X-Iby lJiff."adion Methods 

11 is evident that dirrraction will occur only ir wavelength of" incoming beam of x-my 

and angle of oriental ion of planes are in requirement with Bragg's law. This is very difficult to 

satisfy in practice hence variolls techniques have been developed to overcome the dilTiculty 

possessed by the Bragg's law. Few of these techniques are given as under [2"1-

I) Lau Method 

2) Rotat ing Crystal Method 

J) Powder Method 

Wavelength (J..) 

Variablc 

Fixed 

rixed 

Angle 0 (" diffraction (0) 

rixed 

Variable 

Variable 

The powder method is also called as Debyc • Scherer; this method is suitable fo r 

materials when a perfect single crystal is nol available. rinely grained polycrystHlline ma terinl, 

,vith indivicllml crystallites 0(" the order of micron,.is placed in the path of the incoming x-mys. 

Becull se small crys tals are present in all orientations in the sample, the net effect is same as a 

single rotating crystal experi ment that turns the crystal through all possible directions, and 

there is a ring of sca ttering peaks corresponding to every reciprocal lat ti ce vector of magnitude 

less than the twice of the incoming beam P1. Si nce our samples are polyc rystn lli ne, therefore, 

we employ powder diffraction method. The specimen consis ting or Illany fine and randomly 

orien ted particles arc exposed 10 monochro·mat·ic x-rays, which give the high-resolut ion 

di fTraction pauern . 
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X-R:'IY Diffractometer 

The Diffractometer is represented schcmatically in Fig. 2.2. A powdcr speci men in thc 

fOfm of a flat plate is supported so that rotation about the ax is is possible; thi s axis is 

perpendicular to the plane of paper. The monochromat ic x-ray is generated in x-ray tube and is 

passed through a divergent slit to produce a well-defi ned rocllsed beam. The beam thcn hit Ihe 

powder specimen and the intensit ies of the diffracted beams after passing through the 

receiving sli t are detected with a counter. The specimen, . x-ray source and counter are all 

coplanar. The counter is mounted on moveable carri age that may also be rota ted about its axis; 

il s angular posit ion in the terlll of 20 is ca lculated on a marked scale. The carriage and the 

specimen are mechanica ll y arranged in such a way that a rotation of the specimen through 

angle 0 is accompanied by a 20 rotation of the counter, thi s assure that the inciden t and 

re flection angle are maintained equal to one another. Ut ili zat ion of a filter provides a near 

monochromatic beam. As the counter moves ··at ·constan t angular velocity, a recor<.ier 

automati cally plots the di ffracted beam intensity (mon itored by the counter) as function of20. 

---'--"- -/' / .•• .• X·RAY 
.r '.,~ TUBE 

/ DiffRACTOMETER "'\ \ 
/ CIRCLE . \ 

.!r I'OWDER Dlvr,:nGENT' f SPECIMEN .. _. SLl"lb.IT\ 

O~\2~ -::x:~R;;.r 
\ X-RAYS "/ ' , 
" ". II :6", RECEIVING .Yo.-'1 

SUTS ~.:i./ 
,"' 

.' ' 

Fig. 2.2 An x-ray Diffractometer. 

Once the scattered peaks data is obtain then Lhe data is analyzed for the determination 

of the crystal stl11cture. The process proceeds in stages. The fi rst step is to compare the 

location of the peaks/rings with those produced by the va rious known crys tal structures and 

effort is made to iden tify the crystal structure. Next step is refi nement procedure; va rying 

locat ions of atoms and intensit ies of the species best fi lling data is obtained. In our work we 
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L1sed computer soflware "Check cell" which when provided wi th peak data, identified the 

crys ta l structure Hnd also provide latt ice parameters·. 

2.3.2 AC Magnetic Susceptibility 

Magnl!tic susceptibili ty is a measure of the sample magncti z<ltion due to thc external 

applied magnetic fi eld [4]. 

Mathematica lly 

III ac susceptib il ity mcasurements the sample, magnet ic response is checked by :l 

sensing change of its magnetiza tion in a co il produced by va rying ac magnetic fi eld i.e. 

dM 
X =-

dH _ 
(VI) 

In AC measurements the moment or the sample changes in response 10 an upplied AC 

field . This dynamical behavior o f' the magnetic system shows the rrequency d~pclldence or the 

complex suscept ibility. AC susceptibi lity probes Ihe entire volume or the sample and providc.s 

the magnetic response or S/:lfIlpl ~ jJi volulll": n·(\\.otion (i .e. slIpcrconducting rmd nann;tl \'olume 

fractions). The AC suscepti bi lity techniquc has bcen lIsed to determine the ons\!\ of 

diamagnetism al which a normal material goes il)IO sllpercallduc ting statt: . '111 is is the 

trans ition between a complete magnetic field shielding and the onset or Ill Clgnctic nux 

penetrat ion inside a sllpercondllcting sample. In magnetic measuremcnts, the susceptib ili ty has 

Iwo parts (real and imaginary part). The real part or susceptibility (x.') represents the 

magni tucle of diamagnetic shielding currents to the ex ternal AC magnct ic field. The loss 

component or imaginary part (X") or the complex suscept ibi lity represents the coupling 

between the grains. In an externa l applied magnetic field the peak ill the imaginary part or the 

susceplibility is defi ned as tbe onset of the irreversibility. for a complete Meissncr expulsion 

'X" is negative, and for a ru ll nux penetration 'X" is zero . Similarl y Jor a complete 

sllperconducting slate ' X'" is zero while in the mixcd sllperconducting stn te ' X'" is positive 

number renecting AC losses. 
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We have used the AC susceptometer based on Illutual induction method. The AC 

susceptol11eter consists of two coi ls, one is a primary coi l \vhich is used to induce emf in to 

secondary co il consisting of two pa rt s wound oppos ite directions so that the flux in one 

secondary co il is exact ly equal and oppos ite to the flux in the second part of it. The sample is 

placed in lower part of secondary coil. In the normal sta te there is no output signal. When the 

sample is in stlperconciLlcting state, the diamagneti c signal o f the sample it cancels the nux of 

the coi l in which sample is place which result s in off-balancing of the coil ; the magnitude of 

which shows the strength of superconductivity in a sample. The voltage of the o rf-balancing or 

the coi l is feed in a lock-in-ampl ifier and the signal is ·separated into real and imagi nary parts. 

The ac suscepti bility setup is shown in the fo rm of a block diagram in Fig.2.3 

Hefereno;: 

xv Recorder 

s.condllY~ 
Coil . ............ 

" 

Fig.2.3 Experi mental set up ofac-magnet ic susceptibility measurements. 

2.3.3 Resistivity measurements 

The res istiv ity measurements of a ~ Llper~o l~ducto r are used to find out the critica l 

temperature Tc(R=O) and the onset tempera ture of superconductivi ty Tc(onsct) as well as their 

normal state properties. The sources of res istivity in the normal slate would be the scattering of 

electrons from the defects in the latt ice, latt ice vi brations and electron-electron collisions [51-

The electro n-electron sca ttering is negli gible as compared to electron-defect and electron

phonon scattering. So the res isti vi ty is given as the Slim of the temperature independent 

res idual res isti vity plIt:fan<1 due to phonon scattering p"h(T), which is temperature dependent. 
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The four-probe method is a simplest tech nique for resistiv ity measurements. In this technique 

four leads are attached to the sample surface (The rectangular shaped samples IOlllm in length 

and 2mm in width were used) at equal di stances. Generally s il ver paint contacts (with low 

contact resistance) arc IIscd to attach the wires to the surface of the sample. A complete 

resistiv ity se tup IS shown in Fig.2.4. The resisti vity is calcul ated by IIsi ng the follow ing 

formula. 

_ V('l'J;/ 
p - /L 

where, V(T) = Voltage drop across the sample, L = Length of the sample, I = Current through 

the sample, and A= Cross-sec tiona l area of the sample. 

A constant current source was IIsed to suppl y the current to the sample across the outer leads 

and t!le poten tia l d ifference is measured bety.-een the middle leads. A measuring current o f I 

mA or 2 mA was applied during these measurements. A liquid nitrogen dewer was lIsed as a 

cryostat for the measurement of tempera ture dependent resistivi ty. The resis tivity 

measurements we re carri ed out during the heat ing cycle from 77 K to room temperature .. The 

XV recorder VP-6424A frol11 National was used to record the data . 

Sampt 

1":: __ liquid Nitrogen 

Fig. 2.4. Res ist ivity measurements setup. 
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2.3.4 Fourier transforms infrared spectroscopy 

Atoms and molecu les in n solid arc in a continuolls slale o f vibratiol1 even (I I absolute 

zero temperature. A molecule vibrates by bending, Slretching, and cO lltraction or Ihe bonds 

joining the two atoms. Quantum mechanica ll y the energy associated with these vibrations c:m 

be calculated by simple harmonic oscillator npprox imation 

" 1 E ~ (II+ -»)v" " 2 r-' .. 

f-or 11=0, Eu= 2" ' )fo .. which shows that moleoular vibrations have non-zero ground slale 

energy. The Fourier Transform Infrared (rTIR) absorption spectroscopy is the most userul 

technique to detect these molecular vibra tions und the spec trometer used fh r these 

measurements is ca ll ed FTIR spectrometer. An FTIR spectromete r basicu ll y consists or n 

Michelson interfe rometer. which can separa te the infrared radiations into it s component 

wavelengths. A basic diagram of a Michelson interferometer is showll in Fig.2.S nnd tlie 

schemati c diagram of FTIR sys tem is shown in rig.2.6. The infrared radiations arl! used 

because the freq ucncy of lattice vibrHiions li cs in the range of infran::d region of 

electromagneti c spec trum r61. The infrared radiations interact with the rnolcclIlnf vibrations 

and if the natural freq uency of vibration of il molecule matches with the frt:(llIcncy o f infn'lrcd 

radiation then these radiations wi ll be absorbed and an absorption peak assoc iated with this 

particular vibrational mode will appear in the spectrum. All vibrat ions in a so lid are not 

infrared active; onl y the vibrat ional modes. which produce a fluctuating dipo le momenl 

(rluctuating dipole moments interact with the e lectric ticld of infrared radiations). nre in frared 

act ive. The molecules of N2• O2• I-b . etc are infrared inacti ve because they don ' t have dipo le 

moment. It is also observed that not all vibrational modes associated with a particular 

molecule are in frared active. In CO2 for example the symmetri cal stretching or cont rnction 

docs !lol produce an oscillating electric tield and so these modes are not observed in 1111 

infrared spectrum. But asymmetri c .. l s tretching or con traction leads to fluctuating dipole 

moment and it can absorb the infrared rad iations [7]. Fig.2.7 shows the vibrational modes of 

CO2 molecules. III oxide superconductors it may be poss iblc that the elec tron-phonon 
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interaction ]s the origin of superconductivi ty in these compounds as in conventional 

superconductors. So the inrrared absorpt ion spec troscopy lor the study o r il possible 

connection between the 1<'IlIice vibnllions find the superconductivity is very useful. In these 

studies an rTIR spectrometer from Nicolet . was IIsed. The bulk slIpen;ondllclor samples were 

studied. In the case of bu lk samples. very thin pell ets were made by mi xi ng a small amount of 

the snmple with KOr. The background spectrum was taken with KBr pcll t! t and then the 

sample spectru m was observed. The numbers of scans taken for Ihe bnckgroulld ,Inc! sample 

spectrum were 10 and 50 respecti ve ly. The spec trometer subtracts the background spectrulll 

and the final abso rpti on spec tnllll o r the sample is obtained, The reso lution or lhe spec trometer 

was set ill the spectral rang or 400-700 cm· ' . The spectrome ter was always purged wilh 

nitrogen gas before laki ng any absorption spectru m. The resulted spectra were interpreted by 

l1sing the lattice dynamical ca lclliations or the optical modes or vibra tions in high temperatu re 

superconductors. The lattice dynamical data is helpfu l in assign ing vibrat ional modes to a 

particular atom in the superconductor samples. 

33 



,-

Incident 

.. ------

Beam Spli11ef 

Moving Mirror 

Exit Beam 

Fie. 2.5 A basic diagram ora Michelson interferometer 
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Fig. 2.6 A schematic diagram of FTIR system 
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Chapter#3 

Results and Discussion 

3.1 Introduction 

The ex is tence o f superconducti vity in (Cuo.sTlos)Ba2C<lu_IZllu02uI4..o (11=3,4) 

superconductors wi th Zn0 2 plunes [1 .21 is preferred over its parent compound (Cun.;rlo,s)BazCan_ 

lCUIl02nI4.3 (n=3,4) with CU0 2 P,4J, due 10 the fi xed valnnce s ta le of zinc whidl ca ll inl rodlll:e II 

material with un iform carrier density in the inner and outer planes. In tht: hiler compound 

existence o f an ti-fe rromagneti sm is witnessed in the inner CU02 planes. The anI i-ferromagnetic 

alignment o f sp ins o f 3d9 etl atoms is sugges ted to mise from the de fi ciency or the carri ers there 

the Ollier planes and over-doped whereas the inner p lanes arc under-doped wilh the carriers. The 

ex istence of anti-ferromagnetism III the [P of MBa2Can_1Cuu021114_S (M=l3i , Tl , Ilg,ell) 

superconductors has been found 10 sll pprcss the critical temperature nnd magnitude of 

diamagnetism rSl Another Ildvantage a superconductor with Zn02 planes with rilled 3d 10 shell is 

supprc:ssiun uflu!.:ul :>pin density which was being induces by ell 3d9 shell in the Cl10 2 pJnnes tint! 

hence the interactions or spins with the free carriers in Zn-dopecl compounds is significantl y 

reduced. It has also been observed from our studies that hundred perccnt Zn cannot replace thc ell 
atoms in (Cuo.sTlo.s)Ba1Can_,Znn02n,'4_g (11=3,4) and a solu bi lity limit nppears wilh 90% Zn doping 

at the e u siles with the doping of Zn beyond this limit supercondllcti vity disappears altogether. 

These observations lead us to a conclusion that some population of e u 3d9 atoms is essenl il11 in 

the CU011ZnOl planes fo r the accomplishment of cbarge tnmsfer fi'om the charge reservoir layer. 

Another suggest ion ari sing out of these obscrvations is cxistence of interact ions of spin i.lensity 

wave wi th the charge density wave as proposed in the charge stri pe model r6l The ideal 

compound for sllch studies is two (7- 13] Cu011Zn02 planes plane CUo.sTlo.sl3alCaICuO.sZnUOS..5 

superconductor, becBllse the linder-doped inner-planes would be absent altogether in this 

compound. 

In our prev iolls studies we have develop a better correlation among the carri ers in Zn02 

planes, by doping Mg at Ihe Cn sites in (ClIo.sTlo.s)Ba2Can_IZlln02uI4..5 (11=3,4) supercondllc tors. 
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cOllseqllent iy enhanced superconducti vity is achieved. It was observed from the studies 01" tile cel l 

parameters of Mg doped compounds Ihal volume Orlhe lin it ce ll decreases res lli ting in increase in 

the Fermi vector IK I:=(3n2N/ V)I /J], the ir coherence length r~=h2KF/2111~1 a long c-a:-::is and hence 

the Fermi velocity [V,.. = 1[C;("8 ] of th t: cnrriersl 151. In the present ex periments we hll vc doped 
'1 

Be at the C" sites ill (Cu"Tlos)Ba,(C.,., Be,)(Cuo.,Zl1 u)O, .. (y~O, 0. 15, 0.3, .45, 0.6, 0.75) 

superconcluctors. The main objec tive o f Ihis 10 cnh nllce the inter-plane coupl ing and increasc the 

intcractions of remai ning CII atoms spins with the carriers in the conducti ng Zn02/CuO:! planes. 

These experiments would help in understanding charge density wave and spill density wave and 

the ro le ofl heir interaction in the mechanism of high temperatu re superconductivity. 

3.2 Results and Discllssion 

The x-ray di ffraction patterns o f (Cuo.sT1o s)Ba2(Cat.yBey)(Cuo.sZnu)Olj./j (y=0, 0. 15. 

0.3, .45, 0.6) rCuTI-12 12] samples is shown in Fig3. I(a, b). These samples have shown a 

predominant single phase CuT I- 12 12 structure in which the c-axis length or the uni t cell 

decreases with inc reased Be doping. The variation of cell paramelers with Be doping is shown 

in Fig.3.2. A decrease in the c-ax is length wi th the increased Be doping is rcmlll isccIH o( 

enhanced inter-plnlle coupling which would inc rease the coherence length along c-axis. A 

decrease in the aniso tropy [1 6-19·1 will promote n decrease in the mcn ll rree path or curriers 

and hence improve their cond uctiv ity along the c-axis. The decrease in the c-axis length may 

be due to the suppress ion of Jhan-Te ller di stort ion [20, 2 1l The Cu-t2 ions exhib it a strong 

Jahn-Teller effect the octahedron around Cu+2 is elongated a long c-ax is whereas the 

octahedrons around ZI1 12 are intact because ZI1+2 i ~ in the d lo state. Therefore, dopi ng or Zn ,It 

Cu sites will reduce the local Jahn-Te ller disIOrl!OIl, and hence reduces the c-ox is length [22J. 

The subs tantia l decrease in C-Hxes length with Zn substit ut ion suppresses the vo lume o f the 

un it cell and hence would incrcusc the Fermi ·wave vector[K,.. = (31[2 ~ )11l -1 along the c-ax is. 

The increase in the K,.., would enhance the coherence length ,lI ong c-ax is (~~ = 11
K

,.. ) and the 
2ml:1 

I, . I ' r I . ( ,,;,D.) 'enm ve oClt y 0 t le earners V . =--
, '1 

VI-. is the Fermi veloci ty o f" the can-ic.: rs and 6 is 
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pairing polenlia l. The increased Fermi velocity along c-axls wou ld enhance the 

supercondllctivity parameters and 3D conducli vity in the unit cell is improved. II is, therefo re, 

the reducti on of c-ax is length which improves 3D conductivi ty and the homogeneolls 

distri bu tion of [he ca rri ers in the conducting Cu02/Zn02 planes. Interestingly, in [he previolls 

s tudies the decreuse in c-ax is length is correlated with the increase o f Tc in Zn doped 

Cuo sTlo sBa2Can.ICun_y 2 ny02n14.3 (n=3, 4) superconductors . 

CUo_sTlo SBa2Can_1CUn_y Zl1y02n.4.o (n=3, 4) high temperature superconductors [23,24 1, 
the apical oxygen phonon modes of type TI-0,,-M(2) and Cl1( I)-OA-Cl1(2) are obse rved in the 

wave number range 400-480 and 480-530cm,1, The CU02 planar oxygen mode is observed 

around 573-578cm-' . The FTIR absoi'pt ion' fneaSllremcnts of (Cuo.s'I'lo.s)I3a2(Cal_ 

,Bey)(ClIo ,Zn, ,)O.~ (FO, 0. 15, 0.3, 0.45, 0.6, 0.75) samples are shown in Fig.3.3(.,b).The 

max imum of the TI-OA-M(2) band is observed around 480cm-1 in Cuo.5Tlo.sl3a2Can_ICun_y 

Zlly02u~4_o (n=3, 4) samples. whereas thi s band is peaked aro und 462-465cm-J in 

(CUO.l Tlo ,)B.,(Cal-yl3ey)(ClIo.,Znl,l)O ... (y~O, 0.1 5, 0.3, 0.45, 0.6,0.75) samples. The intens ity 

of the apica l oxygen mode of the type Cu(l )-0",-Cu(2)/Zn arou nd 490-510cm·1 is incl"CClsed 

with increased Be doping, The CU02 planar mode remains ([ round 555-557cm-' in Be un

doped and l1e doped samples. Fl"IR absorption measuremcnts of oxygl! l1 post-annealed 

samples are shown in Fig_ 3.3(c,d). Oxygen post-annealed samples havc shown 'n -OA-M(2) 

band peaked .round 462, 463, 465, 465, 465.5, 465co,"' for the Be doping o j' 0, 0.15 , 0.3 , 0,45, 

0,6, 0.75 in (Cuo.sTlo.s)Ba2(Cal _yBey)(Cuo.sZll u)Og.o s<IIllples. After post H111lcnling in oxygen 

atmosphere, the intensity o f ap ica l oxygen mode of type Cu( I)-OA-Cu(2) which is observed 

around ~1 91-509cl1l- 1 is signifi cantly increased with the increased Be-doping. The Cu02/ZnOZ 

planar mode aftcr post-annealing in oxygen atmosphere is observed around 555-557cm-1 for 

all (ClIo. ,Tlu.,)Ba,(Ca , _,Bey)(C lI o.,Zn l,l)O,~ (y~O, 0.15, 0.3, 0.45, 0.6, 0.75) samples. II cOlild 

be seen From the assignment of FTlR absorption modes [hat np ica l oxygen • .mel CII0 2/2n02 

planar modcs stay unchnnged in as-prepared and oxygen post-annea led samples, showing that 

equivalent crystallographic Cu021Zn02 planes are optimally doped with the carri ers and Be 

doping do not signifi cantly modi fy the polarizibility o r va rious vibm ti on bands . It is most 

li kely that due to the uniform and opt imal doping of the carriers in Ihe equ iva len t ClJ02/Zn02 

planes, the (lliti-ferromagnet ic order o f the spins in the planes is absent altogclhcr. 
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Fig.3.3 (:1). In Frared absorption spectra of (y=O.O, 0 . 15, 0.30) Superconductor. 
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Fig.3.3(b). ln frared absorption spec tra o r(y=0.45, 0.60,0.75) Superconductor. 
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Fig.3.3(c) Oxygen-annealed infrared absorpt ion spectra of (y=O.O, 0. 15, 0.30) 

Superconductor. 
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The resist ivity varia ti ons as fllllction of temperature in (CuusTIII.S)HillCCal_ 

,ile,)(Cuo.,Zn LS)O •.• (y=O, 0. 15, 0.3, 0.45, 0.6) samples are shown in FigJ.'I(a,h). A melallic 

variation of resis tiv it y fro m room temperatu re down to onset of supercond uct ivit y is sa li cnt 

feature of all the samples. These samples have shown onset or sl1percon<i llct ivi ty around 11 2, 

11 4.3, 108, III , I06K anei T.(It=O) arollnd 95.4, 89.2, 94.4, 98, 9 1K. The res istiv ilY 

meaSl1rements of oxygen post-anne.t1 ed samples are shown in P'ig.3.S(a ,h) . T il t:: lIormal slate 

resisti vi ty of all the oxygen annealed samples is dec reased aimosl to one hn l f o f ils val lie 

obse rved in the tIIH lnllea led samples. Oxygen posHlIlncaled samples have shown onse t of 

superconductivit y around 104.4, 103,96, 101.4 , lOOK and zero- resis ti vit y criti cal temperature 

arollnd 100, 94 .4, 87,95, 93.4 K. respec ti vely. The res is ti vity measurements fll' as-prepared and 

oxygen post-annca led (Cuo.sTlo s)Ba2(Cao 2S BcO.7S)(CUO.SZIl U)OS-c'l r; .e the samples with 

y=O.751 are shown in Fig.3.7. The as-prepared (Cuo.s Tlo.s)Ba2(Cao 2S ReO 7S)(CUO SZnl.5)08-c'l 

samples have showil meta llic variat ions from room temperatu re dowli to onset of 

s upcrcondllct ivity aro und I03K, but Tc(R=O) is Ilot achieved down to 77K. Aft er POS I

annealing oxygen atmosphere, the onset of superconducti vity is decreused to 101 K, however, 

lhe transit ion to the superconducti vit y became sharp. It is IllOSt li ke ly that Be doping of y=0.75 

is the so lub ili ty lim it o r Be in (CliosTlos)Ba2(CaI2~ Be07S)(CuoSZn U)08_li system. The 

variation of Tc with Be cOllcenlrtllion of as prepared lind 02 annealed sample us shown in fig 

3.6(a,b). 
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Diamagnetic measurements of as-prepared {CUD,S Tlo.s)Ba2(Cal_yBcy)(Cu0.5Zn I S)OS-Ii 

(y=O, 0.15, 0_3, OA5 , 0.6) samples are shawL} ill rig_3.8a. In comparison with Be un-doped 

samples, the magnitude o f diamagnetism decreases III the samples with increasing Be 

conccntra tion_ (Cuo.sTlo,s)Ba2(Cal _yBcy)(CUo.sZllu)OS_1i (y=O, 0.15, 0.3, 0.45, 0.6) samples 

have shown onset o f superconductiv it y in the in -phase componenl of magnetic susceptibility 

arOllnd 110, 111, 109, 11 2, I IOK and the peak temperature in the a li I-of-phase component of 

susceptibilityarollnd 109, 104 ,92,93, 96K, respecti ve ly_ The ac-susceptibility measurements 

of oxygen post-annealed samples are shown in rig_3.8b. (Cuo.sTlo.5) lJa2(Cal _yBe).)(CuO.sZll u) 

08_1i (y=O, 0.1 5, 0.3, 0.45, 0.6) samples have shown onset of superconducti vity in the in -phase 

component of magnet ic susceptibility around liD, 105, J 13, 104, 103K and the pea~ 

temperatu re in the out-of-phase component of sllsceptibility around 101 , 102, 110,97, 93K, 

respec tively. The magnitude o f diamagnet ism increases in samples with Be doping of y=O.3, 

.45, 0.6. In comparison wi th Be un-doped (Cuo.sTlo.s)Ba2(Cal) (CUO.s211 1.5)08-[, samples, the 

magni tude of d iamagnetism in Be doped (Cuo.sTlo. s) Ba2(Cal~yBey)(ClIo 52nl.5)08-5 (y= 0.1 5, 

0.3, 0.45) samples Increases whereas decreased III the (Cuo.sTlo.s)Ba2(CaoA Beo.6) 

(Cuo.s2nl.s)O"_1l ri.e samples wi th Be doping of y=O.6]. The increased magnit ude of 

diamagnet ism is most li kely aris ing from the ' optimizat ion of the carri ers in conducting 

ClI02/Zn02 planes. A summary of onset of superconductivity Tc{onset) and Tc(R=O) in the 

resis tivi ty measurements, and the onset o f diamagnetism in the in-phase component of 

magnetic suscepti bility and the peak temperature in the out-of-phase component , is given in 

Table I. 

52 



'Q;' 
o 

0.008 

0.000f--_111 

8 -0.008 

~ = 
~ -0.016 ~===::::""urn9 

-0.024 r----' ... ,---

T(K) 

.. cd 

As prepared 

- o- y=O.O 
- o- y=O.15 
- o- y=O.30 
-o-y=0.45 
- " - y=O.60 

Fig.3.8(a) AC-susceplibility measurements versus temperat ure. 
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Fig.3.8(h) Oxygcll ~anneaJ cd AC-s iisceptibili ty measurements. 
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T .,ble .1. A summary of onset o f superconductivity Tc(onset) Tc (R=O) 111 res isti vity 

measurements and the onset o f diamagneti sm in In phase component of magneti c 

susceptibility and peak tempera ture in out phase component. Where x shows 110 zero resista nce 

state. 

AS PREPARED O 2 ANNEALED 

Y T,(R- O) T , T,,(K) XUII (K) T,(R- O) T, T,,(K) XUII (J<) 

onscl(K) on,cl(K) 

0.0 95 112 109 110 100 104 101 110 

0.15 89 114 104 111 94 103 102 105 

0.30 94 108 92 109 87 96 110 113 

0.45 98 111 93 112 95 101 97 104 

0.60 91 106 96 110 93 100 93 103 

0.75 X 103 X X X 101 X X 
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3.3 Conclusion 

In conclusion we have slIccessfull y synthes ized Be doped (CuosTlo.s) Ba2(CHI_ 

yBcy)(Cu() sZnJ 5)08.6 (y=O,Q, 0. 15, OJ, 0.'1 5, 0.6) superconductors at normal prt:ss ll rc;. This 

system is iso-strll ctll ral to VBnellO oxide in which the carri er's conccntrnlion is highly 

susceptible to the oxygen contents in the charge rese rvoir layer. In YBaC uO system the planes 

arc separated by Cil alOIllS, whereas in our (Cuo.sTlo.s)Ba2(Cal)(Cuo.sZlll S)OIS-3 system the 

Cu02/Zn02 planes are separated by Ca atoms. The doping o f e a ,11 the Y sites in YDae liO 

suppress the cri tical temperatu re whercns incorporation of Be at the Cn siles in our 

(ClIo.,TIII ,)Ba, (Ca, .,Be,)(C lIo.,Znu )O,., (y=0. 0. 15, OJ, 0.45, 0.6) superconduc lors do nol 

s ign ifi cantly suppress the c riti callcmperature of the final compound. Not onl y jhis compound 

hml higher zero resistivity criti cal temperature then YBaCuO but the magnitude or 

dimnagne'ism JII (ClIo.,Tlo.,)Ba,(Ca,.,lJe,)(ClIo.,Zn, .s)O,,,, (y~O. 0. 15, 0.3. 004 5) 

superconductors is increased aner optimization o r the carri ers. The decreased c-axis length is 

observed with the increased incorporation of fic showing enhanced inte r-plane couplings in 

final compound. The positions of phonon bands related to apical oxygen atoms .lIld 

CuOzlZnOz planes are no t significant ly altered in all (CuosTlo.s)Ba2(Cat+yficy)(Cuu.sZnu)OIl4) 

samples showing that equivalent crystallographic CuOz/ZnOz planes are oJlti ma lly do ped wit h 

the carriers. Since the carrie r's is not signi fi cuntly altered , there ro re, (IIlli - rel'romagnetic 

a lignment of the spin armngcmcnl in the conducting planes is absent a ltogethcr in (Cuo.sTlu.s) 

Ba,(Ca, .,Be,)(C uo,Znl.S)O,.,(y=O. 0.15. 0.3 , 004 5, 0.6) superconduclo rs. 
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