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Preface 

---
The discovery of superconductivity at relatively higher temperatures (30-35 K) in 

La-Ba-CuO ceramics by Bednorz and Muller in 1986 was a major forward step in the 

era of high temperature superconductivity. Within next few years many ceramic oxides 

with perovskite structures were invented with T, s as high as 134 K. However, due to 

their ceramic nature of these materials, immediate technical applications are not possible. 

The success of thin film technology in achieving excellent superconducting properties than 

those realized in the bulk form of the superconducting materials has been attributed to the 

microstructural control and compositional purity attainable with the thin film deposition 

techniques. Hence, it is important to study the microstructure of superconducting thin 

films on various substrates that have different structural and chemical properties and 

having technological application potential. Moreover, successful control of orientation, 

surface morphology and crystal quality requires a detailed understanding of the issues like 

of nucleation, growth and epitaxy. These features clearly dependent on the process used 

for th(' film deposition, deposition parameters and properties of the materials involved in 

it. 

• 

This thesis deals with the investigations of the early stages of growth process i.e., 

substrate temperature dependence on the microstructure and superconducting propt>rties 

of sputter deposited films and Pulsed Laser deposited (Y,Yb)-Ba-Cu-O thin films on 

various substrates. In addition, substitution effects ' at Cu site and doping of metal 
o 0 

oxides which are ha.ving melting points below 800 C and much above "800 C are also 

studied. It was well established by many researchers that IlTS films having thickness in 
o . 

between 1000 - 2000 A will show good microstructural, and superconducting properties 

(Tc. and Jc:.) and hence in this thesis the above mentioned thickness range was considt'rcd 

for all depositions. Precisely, this thesis attempts to study the microstructural and 

superconducting properties (like 'l~ alld J,) dependellce on growth conditions of IITS thin 



films. 

The work embodied in this thesis has been divided into seven chapters. All chapters 

are self explanatory with individual introduction, review of the literature, description of 

the experimental procedure, results and discussions, conclusions and list of references. A 

brief sketch of the thesis chapter wise is given below. 

Chapter I consists of the introduction to superconductivity, characteristics of conven­

tional superconductors, a review on HTS research with special reference to Y-123 system 

and current status of HTS thin films research and motivation for the research work. 

Chapter II describes the experimental techniques used in the work reported in this 

thesis. 

Chapter III deals with the design and fabrication of new magnetron geometry for 

sputter deposition of Y-123 and Y-124 thin films. Preparation of Y-123 and Y-124 thin 

films on Mg0400> and SrTi03 <lOO.>substrates respectively was discussed in detail. 

Chapter IV discusses fabrication of good quality YSZ and STO buffer layers on Si and 

Sapphire substrates for realizing good quality Y -123 thin films and their microstructural 

study using SEM and AFM techniques. 

Chapter V describes preparation of Y-123 and Yb-123 thin films on LaAI03 substrates 

using PLD method and their microstructural properties. 

In Chapter VI preparation of Y BalCU3_rNbr07_y thin films on LaAI03 substrates 
; 

was discussed. -

In chapter VII results of the effect of addition of V'lOS and N b'lOs to Y -123 in thin 

films are presented. 
• 



Acknowledgments 

It is my great pleasure to express my gratitude to my beloved supervisor Prof. Anil K. 

Bhatnagar, whose constant inspiration and invaluable suggestions always led me towards 

the right direction. I am grateful to him for the confidence he has shown in me to pursue 

this project with a free hand and in my own personal style. The extent to which I have 

benefited both personally and professionally from my interaction with him can not be 

stated in words. 

I wish to express my gratitude to Dr. V.D. Vankar, Prof. L.K. Malhothra and Prof. 

K. L. Chopra, Thin Film Laboratory, I.I.T. Delhi for introducing me to the Science and 

Technology of Thin films. 

I am indeed grateful to Prof. R.Pinto of the Solid State Electronics Group, TIFR, 

Uombay who kindly agreed to extend experimental facilities in his well equipped research 

laboratory for most of the work reported here. His constant encouragement was indeed a 

great hC'lp to me throughout my stay at TIFR, Bombay. I am grateful to Prof. R.Pinto 

and Dr.P.R. Apte, Prof Roy, Messers S.P.Pai, C.P.D'souza, S.C.Purandare and Dhanan­

jay Kumar in TIFR, Bombay.of the Solid State Electronics Group, TIFR, Bombay for 

the free access to their laboratories and equipment. Also, I could never forget the en­

couragement, support and affection that I got from Prof. M. S. Multani and Dr. V.R. 

Palkar , Materials Research Group, and Prof. L.e. Gupta and Prof. R. Vijayaraghavan 
, 

and all other research scholars at TIFR. Their personalities and interests provided an 

atmosphere which helped my work at TIFR both pleasant and productive. L sincerely 

express my deep sense of gratitude to all of them. 

My sincere thanks are OIH' to the Dean. School of Physi cs, for extending the facilities 

of t he School to me. My thanks are also due to all teadling and nonteaching memb('r~ 

of the School of Physics and CIL staff members for their coope:>rat ion. 



lowe my gratitude to Prof. S.B. Ogale, Department of Physics, University of Poona, 

Pune; Dr V. S. Raghunathan, Head, Physical Metallurgy Section, IGCAR, Kalpakkam, 

Dr.e-M.S.R. Rao~ I.I.T, Madras, Dr. M. D. Sastry, BARC, Bombay and Prof. G. V. 

Subbarao, Director E. C. Labs for their timely help and useful suggestions. 

I wish to express my deep sense of gratitude to the Director Dr. S.L.N Acharyulu 

for allowing me to use DMRL facilities. Also, I would like to express my sincere thanks 

to Sri Hema Reddy, Dy Director; Mrs. Lalitha Kumari, Scientist C; Mr. Shankar, SSA; 

Mrs. T. Nirmala and Sri A.S.R.Nair of DMRL, Hyderabad for showing their genuine 

interest towards my work. 

I wish to thank all of my earlier lab mates and present members M 8 P. Indira, M s B. 

Seshu, G. V. Sudhakar, C. Trinath Mohan and lab assistant E. Siriyalu who have never 

failed to come to my aid when I am in need of their help. I wish to thank my friends Dr. 

Y.S. Rao, Dr. P.D. Babu, Dr.V.V. Ravi Kanth Kumar and Mr. V. V. Saikumar for their 

constant cooperation. I wish to thank all the research scholars in the school of Physics 

for giving me good company. 

I am deeply indebted to my sister Dr.S. Annapurna for her cdfcctioIl, const.ant en ­

couragement and timely help. My sincere thanks are due to my elder brother Mr.S. 

Venkatachalam, to my elder sisters Ms.S. V. Karneswa.ri, Ms.S. Vijaya kumari, Ms. V. 

Sarada and Ms. N. Usha Rani, for their love, affection, financial and moral support and 

who have been most responsible for what I am today. I equally owp to my brother-in-laws 

for their affection and encouragement. 
• 

- -
Finally, I record my thanks to the University Grants Commission , NEW DELHI for 

the research fellowship and I wish to thank all the people , who are directly or indirect ly 

involved in bringing up this piece of work. 

Srinivas Sathiraju 

• 



Table of Contents 

1 Overview 1 

1.1 Introduction • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 

1.2 Superconductivity. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 3 

-
1.3 Magnetic Behavior of Superconductors • • • • • • • • • • • • • • • • • • • 6 

1.4 High Tc Superconductors (HTS) . • • • • • • • • • • • • • • • • • • • • • • 7 

1.1.1 • • • • • • • • • • • • • • • • • • • • • • 8 

1.1.2 Current Status Of HTS Materials • • • • • • • • • • • • • • • • • • 9 

1.5 HTS Thin Films • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 11 

1.5.1 Possible Technological Applications • • • • • • • • • • • • • • • • • 13 

• 

1.6 Motivation and Scope of this Thesis .... • • • • • • • • • • • • • • • • • 

2 Experimental Techniques 21 
\ 

2.1 Materials Preparation, Targets and Substrates . • • • • • • • • -• • • • • • 21 

2.2 Sputtering ................ . • • • • • • • • • • • • • • • • • • 23 

2.3 Pulsed Laser Deposition (PLD) Mt'thoo • • • • • • • • • • • • • • • • • • 21 

1 



2.4 

2.5 

2.6 

2.7 

Film Thickness Measurement • • • • • • • • • • • • • • • • • • • • • • • • 

X-ray Diffraction Studies ... • • • • • • • • • • • • • • • • • • • • • • • • 

DC Electrical Resistivity Measurements. • • • • • • • • • • • • • • • • • • 

Patterning of Films for Jc Measurements • • • · . . . . . . . .. . . . . . . 

2.8 Scanning Electron Microscopy (SEM) Studies • • • • • • • • • • • • • • • 

2.9 Atomic Force Microscopy (AFM) Studies ... • • • • • • • • • • • • • • • 

3 Magnetron Sputtered Y-123 and Y-124 Thin Films 

3.1 Introduction . . . . . . . . . . . . • • • • • • • • • • • • • • • • • • • • • • 

3.2 Theory and Design of Magnetron • • • • • • • • • • • • • • • • • • • • • • 

3.3 

3.4 

3.5 

3.6 

Description of the Magnetron Sputtering System. • • • • • • • • • • • • • 

Magnetron System Performance • • • • • • • • • • • • • • • • • • • • • • • 

Y -123 Fi Ims ......... . • • • • • • • • • • • • • • • • • • • • • • • 

3.5.1 

3.5.2 

3.5.3 

3.5.4 

Structure of the Y -123 Films. . . • • • • • • • • • • • • • • • • • • 

Effect of Sputtering Gas Pressure • • • • • • • • • • • • • • • • • • 

Tc Dependence on Substrate Temperature • • • • • • • • • • • • • 

Models for Jc of lITS and Jc Measurements on Y -123 . . . • • • • 

-
3.5.5 Y -124 Thin Films • • • • • • • • • • • • • • • • • • • • • • • • • • 

Concl usions . . . . . . . • • • • • • • • • • • • • • • • • • • • • • • • • • • 

4 YSZ and STO Buffer Layers 

4.1 Introduction . . . . . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

4.1.1 Buffer Layers . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 

2 

26 

26 

26 

27 

28 

29 

32 

32 

35 

37 

37 

38 

39 

10 

41 

41 

46 

56 

56 

58 



4.1.2 Y-123 Thin Films on Si Substrates . • • • • • • • • • • • • • • • • 59 

4.1.3 Y -123 Films on Sapphire Substrates. • • • • • • • • • • • • • • • • 61 

4.1.4 Scope of the!resent Work. • • • • • • • • • • • • • • • • • • • • • 61 

4.2 Deposition Details of Buffer Layers • • • • • • • • • • • • • • • • • • • • • 62 

4.3 Results and Discussion . . . . . . . • • • • • • • • • • • • • • • • • • • • • 63 

4.3.1 Yittria Stabilized Zirconia Buffer Layers . • • • • • • • • • • • • • 63 

4.3.2 YSZ Buffer Layers on Si<100> Substrates • • • • • • • • • • • • • 64 

4.3.3 Microstructure of the YSZ Buffer Layers . . • • • • • • • • • • • • 66 

4.3.4 Y -123 Films on YSZ Buffered Si Substrates • • • • • • • • • • • • 67 

1.3.5 YSZ Buffer Layers on Sapphire Substrate. . • • • • • • • • • • • • 68 

1.3.6 Atomic Force Microscopy Studies on YSZ Buffer Layers. • • • • • 69 

1.3.7 Y -123 Films on YSZ Buffered Sapphire Substrate • • • • • • • • • 72 

4.3.8 T c and Jc Measurements . • • • • • • • • • • • • • • • • • • • • • • 73 

4.3.9 SrTi03 Buffer Layers 
-, 
I <1 • • • • • • • • • • • • • • • • • • • • • • • • 

1.4 Conclusions . . . . . . . . . . • • • • • • • • • • • • • • • • • • • • • • • • 76 

5 Y-123 and Yb-123 Thin Films by PLD Metho'd 83 
. -

5.1 Introduction . . . . . . . . . . . . . . . • • • • • • • • • • • • • • • • • • • 83 

5.1.1 Pulsed Laser Deposition (PLD) • • • • • • • • • • • • • • • • • • • 85 

~ ') (J. _ Experimental Details . • • • • • • • • • • • • • • • • • • • • • • • • • • • • 86 

5.3 Results and Discussion • • • • • • • • • • • • • • • • • • • • • • • • • • • • 87 

5.3.1 Optimization of PLD Conditions for Y -123 Films • • • • • • • • • 87 



5.4 

5.3.2 

5.3.3 

5.3.4 

5.3.5 

Optimization of Yb-123 Film Growth Conditions 

Comparative Studies on Y-123 and Yb-123 Films 

AFM Studies of Y-123 and Yb-123 Thin Films. 
e 

• • • • • • • • • 

• • • • • • • • • 

• • • • • • • • • • 

Temperature Dependence of Jc . • • • • • • • • • • • • • • • • • • 

Concl us ions . . . . . . . . . . . . . . . • • • • • • • • • • • • • • • • • • • 

6 Studies on YBa2Cu3-xNbx07_y Thin Films 

6.1 Introduction . . . . . . . . . . . . . . . . . . • • • • • • • • • • • • • • • • 

6.2 Deposition Details of YBa2Cu3-xNbx07_y Films • • • • • • • • • • • • • 

6.3 Results and Discussion . . . . . . . . . . . • • • • • • • • • • • • • • • • • 

6.3.1 Films on SrTi03 < 100> Substrates • • • • • • • • • • • • • • • • • 

6.4 Conclusions . . . . . . . . . . . . . . . . . • • • • • • • • • • • • • • • • • 

7.1 Introduction ..... • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

7.2 Experimental Details . • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

7.3 Results and Discussion • • • • • • • • • • • • • • • • • • • • • • • • • • • 

\ 

7.3.1 V 205 doped Y -123 thin films . • • • • • • • • • • • • ... .... . . . . 

7.3.2 • • • • • • • • • • • • • • • • • • • 

7.:LI Ageing studies ......... . • • • • • • • • • • • • • • • • • • 

89 

89 

90 

91 

92 

96 

96 

98 

99 

105 

109 

109 

110 

111 

111 

1 I 1 

I I (j 

7.3.4 A comparative study of V2 Ch and Nb 2 0 5 doping in Y 12:~ thill filmsl17 

7.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., 117 

8 Summary 122 

4 



9 List of Publications 125 

10 Bio-Data 128 

• • 

• 

• 

5 



, 

• 

Chapter 1 

Overview 

A brief introduction to superconductivity, high Te superconducting materials thin film 

techniques and motivation for the work presented in this thesis is given in the following 
• sectlons. 

1.1 Introduction 

Superconductivity in mercury at temperature 4.2 K was discovered by K. Onnes in 1911 

[1]. i.e., electrical resistance of mercury vanished (within measurement accuracy) sudden­

ly at 4.2 K, the superconducting transition temperature Te , as shown in Fig.I.I. Another 

breakthrough in the field of superconductors came in 193;J when Meissner and Oschenfeld 

discovered that a superconductor excluded magnetic flux from its inside completely [2] in 

a weak magnetic field i.e., a superconductor b(·haved like a perfect diamagnet (Fig.l.2). 

This observation was in contradiction to the expected behaviour of a perfect conductor 

which should maintain a constant internal magnetic field (dB / £it = 0) according to the 

classical electromagnetic theory. The infinite conductivity and perfect rliamagnetism (in 

a weak magnetic field) are two characteristic f('atures of a superconductor. Discovery of 

1 
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Chapter 1. Overview 2 

the superconductivity obviously indicated the possibility of a large number of application­

s based on zero resistivity and diamagnetism but most of these remained economically 

not viable because of low Tc of superconductors (discovered until 1986), which included 

elements, alloys, and compounds. The maximum Tc ~ 23.2 K $as obtained for N~Ge 

which reached just above liquid hydrogen boiling temperature at the standard pressure 

[3] . 

A feverish activity at a number of centres continued all these years to discover super­

conductor which will have Tc as high as 100 K or upto room temperature but without 

success. A real break through came in 1986 when Bednorz and Muller discovered su­

perconductivity in LaBaGuO system at 32 K [4]. Soon after higher Tc in pervoskite 

type cuprate oxide compounds were discovered one after another; Y Ba2Cu307-r (92 K) 

[5], Bi2Sr2CaCu20r (80 K) [6], Bi2Sr2Ca2CU30r (110 K) (7), TI2Ba2Ca2CU30r (125 

K) (8) and most recently HgBa2Ca,,-lCU,,02+2nH (for n = 3, Tc is 134 K at ambient 

pressure and 164 K at 30 Cpa pressure) [9,10]. Previously, oxide superconductors, e.g. 

Bal_rPbrBi03, had only low Tc (-s; 10 K). [Here after, conventional or LT supercon­

ductors (LTS) will be referred to superconductors having Tc < 25 K, and cuprate oxide 

superconductors discovered in 1986 and afterwards as HTS for the brevity). Fig 1.3 shows 

the discovery of higher and higher Tc superconductors as a function of years since 1911. It 

may he added that in 1994 a new family of superconductors RNi2 B2C (R = Y, flo, 'I'm 

etc.) were discovered, but their 7~ values are similar to those of LTS « 30 K) [11,12]. 

However, importance of the discovery of these borocarbide superconductor is that it is 

the first time that superconductors having so much of Ni, which is a ferromagnetic metal, 

have been found. 
, 

Discovery of HTS raised enormous hopes of using these superconductors for large scale 

applications because these devices could he operated using relatively cheaper cryogen 

liquid nitrogen. However, due to their ceramic nature, technological problems associated 

with using thesf' HTS for practical applicatiolls requires innovative approaches, this is 

particularly important to large scale applications. However, small scale applications 

based on HTS thin film devices seem to be not so difficult to prepare and seem to be 

economically viable. Hence, enormous effort on HTS thin film research and development 

by various groups has been undertaken. 
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Chapter 1. Overview 3 

Preparation of good quality, stoichiometric and single phase HTS thin films presents 

its own difficulties because of the multi element nature of the HTS compounds. Super­

conductivity in these compounds is highly dependent on the correct stoichiometry of the 

HTS compounds. The broad objectives of the experimental study, reported here, e to 

prepare good quality Y Ba2Cu307_% (Y - 123) films. In this work, a good quality film 

will mean that it has Tc close to that of the bulk and the critical current (Jc) is as high 

as possible, since Jc is an important paralJleter for various practical applications. Below 

a brief description of superconductivity, thin film techniques etc., are given. 

1.2 Superconductivity 

As mentioned before a superconductor .is characterized by zero resistivity ( inifinite 

conductivity) and perfect diamagnetism in weak magnetic fields. Superconductivity in 

a material can be destroyed by raising its temperature above T, as well as oy pla('ing it 

in a high enough magnetic field (H ~ He, critical magnetic field) or pa'ising through it 

a large enough current (J ~ Je , critical current density). Both fir and Jc are functions 

of t.emperature. For most practical applications one would like to have high Te, high lie 

and Je • 

The discovery of Meissner effect lead to application of thermodynamics to supercon­

ductors, and to relate thermal properties with the critical field and its derivatives. A 

jump in specific heat at Te and Cu ex T3 were predictedl and observed. A iarge amoun­

t of experimental data on various physical properties of superconductors -soon became 

available immediately after the original discovery of superconductivity in mercury, and 

Meissner effect in 1933. Various theories were put. forward to explain theSe results. The 

two fluid model tried to explain faster decrease of Cu (in contrast to that of normal metals 

wh('r(' CtJ ex T) etc The two fluid model of Gort.er and Casimir ~st1mes that below Te , to­

tal number of electrons split between normal electrons having finite conductivity ((7) and 

superconducting electrons having infinite conductivity [13}. Using an appropriate free ell­

ergy expression, it was shown that this approach predicted C~. 'x T3; n,/n = 1 - (T /1~) 1, 

when n./n is the fraction of 8uperconducting electrons; and llc(T) = lIc(1 - (T/1~rl] 



Chapter 1. Overview 4 

which agreed well with the experimental observations. 

London developed a theory [14,15] of electrodynamics of superconductors which pre­

dicted Meissner effect except that the magnetic inductions Bin (x) inside a bulk super­

conductor ;--when placed in a magnetic field, does not go to zero suddenly at the surface 

but drops exponentially inside, i.e. 

where A is a characteristic length known as London's penetration depth given by 

(41rn.el /mcl )1/2. Since n. = n.(T), A = A(T). 

London's theory was slightly modified by Pippard [16]. Pippard's theory resulted 

in an additional characteristic length, so called the coherence length ~, which although 

temperature independent but depended upon the electron mean free path, I, through the 

relation ~-l = ~;l + al- l
, where a ~ 1, and ~ = ~o as I tends to oc. In this theory, the 

magnetic penetration depth A not only depends on T but also on I. Smaller the electron 

mean path I, larger the penetration depth A and smaller the coherence length ~ at a given 

temperature. The concept of coherence in superconductor, therefore, must be attributed 

to Pippard. The relative magnitudes of A and ~ determine the magnetic behaviour of a 

superconductor which will be explained in a later section. These can vary from few tens 
o 

to thousands of A. 

Many of the results on LT superconductors remained unexplained even after phe­

nomenological theories of London and Pippard. There ~as no microscopic theory which 

could explain most of the properties of superconductors until 1950's. Two ground break­

ing theoretical advances were made in 1950s which provided the basis for our present 

understanding of superconductivity. The first was the Ginzburg-Landau (GL) theory, 

which introduced an order \II parameter such that \II- \II it gives the local density of su­

pNconducting electrons/carriers. The theory is strictly valid near 1~ but gives reasonable 

good agreement with experiments even below Tc but not too far. In this theory also, a su­

perconductor is characterized by two characteristic lengths, magnetic penetration depth 

A(T), and Ginzburg Landau coherence length ~(T). ~(T) is the minimum distance over 

which. can change appreciably. Again, relative magnitude of A and ~ determine details 

of the magnetic behaviour of a superconductor [17]. 
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The real breakthrough in the theory of superconductivity came in 1957 when Bardeen 

Cooper and Schriefer (BCS) formulated a microscopic theory based on the formation of 

bound electron pairs (Cooper pairs) at temperatures below Tc because of an attractive 

interaction between electronstmediated by phonons [18,19). The BCS theory shows why 

current carriers move through a superconductor without net scattering, thus avoiding 

dissipation (resistivity). There is a characteristic difference in energy (the energy gap) 

between the ground state (Cooper pairs) and the accessible excitations (normal electrons) 

which is of the order of 10-3 to 1O-4e V. The single particle scattering is not possible 

because of the ordered state consisting of Cooper pairs (20). In the limit of weak coupling 

between electron-phonon, the theory predicts Tc of a superconductor by the eqn. 

k8TC = 1.14hwDexp(-ljN(0)V) 

where WD is the characteristic Debye frequency of phonons, N(O) is the density of states 

at the Fermi level and V is the attractive effective intera.ction between the electrons. The 

highest possible value of Tc in this model (weak coupling limit N(O)V « 1) is'" 30 K. 

By the time the BCS theory was given, a good a.mount of experimental data on 

superconductors was pointing towards the existence of the energy gap. Source of these 

were: 

1. Exponential decrease of the electronic specific heat of a number of superconductors 

below Tc /3; 

2. exponential decrease of the thermal conductivity tn a number of superconductors 

-
below Tc/3; 

3. decrease in absorption of ultrasonic waves; 

4. evidence from transmission of microwaves and long infrared waves through thin 

films etc. 

The energy ga.p in the electron excitation spectrum comes out naturally in the BeS 

theory. Thus the prediction of the energy gap by the BeS theory was consistent with 

the above mentioned experimental results. La.ter the tunneling experiments provided the 

direct evidence of the existence of the energy gap in superconductor [21J. 
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Most of the properties of conventional superconductors were well explained by the 

ReS theory or slight modification of it in specific cases. Therefore, the theory took a 

firm footing and still continues to be the microscopic theory of superconductivity. The 

GL theory has been shown to be derivable from BCS theory near Te. Thus BCS theory 

confirmed the GL theoretical approach to be correct for T = Te. In the BCS theory 

also the two characteristic lengths ~ and A continued to be important parameters of a 

superconductor. In this theory, ~ is the length over which electrons remain paired. ~ 

can be reduced, as indicated earlier, by shortening of the electrons mean free path by 

introducing impurity in a superconductor. When the superconducting state is destroyed, 

it is destroyed over a region with a minimum dimension ~. 

The observation of flux quantization in a hollow ring with flux quantum cl>o = (he/e.) 

where e: = 2e proved beyond doubt that the current carriers in superconductors are elec­

trons pairs [22]. Another important milestone in the superconductivity was the discovery 

of Josphson effect in 1962 which predicted tunneling of Cooper pairs between two super-
o 

conductors separated by a few A [23]. The effect was observed and has become the basis 

of extremely sensitive voltmeters and magnetometers (so called SQUIDS). 

As far as L T superconductors are concerned, there is hardly any property which 

can not be reasonahly explained either by the BCS theory or the G.L Theory (or their 

extensions). More details can he found in a number of books on superconductivity [24,2.1] 

1.3 Magnetic Behavior of Superconductors 
• 

-

Tht' behaviour of a superconductor in an external magnetic field depends on the size 

of coherence length ~ to the penetration depth 'x. When f. > ,x, it is called t.ype I super­

conductor and wht'll ~ < ,x, it is a type II sllpt'rconductor. For example superconductors 

till, It'ad are type I and superconductors like Nb3Sn and N~Ge are type II. Type I alia 

type II superconductors have very distinctive magnetization curves which are shown in 

Fig.1.4. A type I superconductor exhibits perfect diamagnetism for 0 ~ H ~ He. At 

fI = He, it suddenly switches to the normal state, i.e., diamagnetism disappears and 

conductivity becomes finite. A type II superconductor exhibits perfect diamagnetism, if 
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Fig.l.4. Magnetization versus applied magnetic field for a bulk 
superconductor exhibiting a complete Meissner effect 
(perfect diamagnetism). A superconductor wi th this 
behaviour is called a type I superconductor. Above 
the critical field He the specimen is a normal 
conductor and the magnetization is too small to be 
seen on this scale. Note that minus 4nM is plotted on 
the vertical scale; the negative value of M 
corresponds to diamagnetism. (b) Superconducting 
magnetization curve of a type II superconductor. The 
flux starts to penetrate the specimen at a field Hel 

lower than the thermodynamic critical field Hc' The 
specimen is in a vortex state between Hel and H e2 , and 
it has 'superconducting electrical properties up to HeZ ' 

Above Hc2 the specimen is, a ?ormal conductor in every 
respect, except for poss1ble surface effects . 
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o ~ H ~ HeI , but permits penetration of magnetic flux in the region Hel ~ H ~ He2 in 

form of tube like regions, which are called vortices or fluxon with normal core of diameter 

~ aligned with the magnetic field, each containing the quantize unit (4)0) of magnetic flux. 

The region between Hel ~ H ~ He'l is called the vortex or mixed state. Penetration of 

flux reduces the net diamagnetism. However, the superconductor in this region continues 

to have zero resistance. If the vortex density becomes high enough that normal cores 

overlap, the entire material becomes normal. This field is called He'l' Type I materials are 

pure metallic elements (except Nb and V) while type II are often alloys and compounds 

of several metals or thin films (when I is very small so that ~ becomes smaller than >.). 

Type II materials generally possess higher Te, Je and He( He2 . Table 1.1 lists Te, He or 

He2 and Je of some of typical superconductors including those of recently discovered HT­

S. Among conventional superconductors, Niobium intermetallic compounds have highest 

Tes and are used at present to make state of the art of superconducting solenoids, which 

of course need to he operated at liquid helium temperature (4.2 K). If one could make 

magnets and other superconducting devices which would work at Liq N2 temperatures 

and higher than there is much to gain. IITS materials have induced this hope. However, 

technological difficulties due to their ceramic nature are not easy to overcome and a lot 

of work is being done in this direction. 

1.4 High Tc Superconductors (HTS) 

, 

< 

In 1986, Bednorz and Muller reported a new system of superconductors LaBaCuO 

based on CuD with Te values in the 30 K range ['1). This was the revolutionary finding; 

not only Tc '" 35 K was ohtained but the superconductor was based on cuprate oxid('. 

Besides, that this system had higher 7~ than reported before. The HTS are extreme type 

II (~ « >.) and have large Hc2 ~ 150 T. The coherence length ~ typically is about ~o 

It (compared to ~ '" 10" A for type I superconductor AI). Assuming that the BCS type 

theory remains applicable to HTS, the Cooper pairs in HTS are very small, since ~ is 

small, which overlap much less than Cooper pairs in the conventional superconductors. 

In 1987, YBa1C30 7-:& was discovered having Te = 90 K which was followed by the 



() 

Table 1.1 
Important superconductors and their critical parameters 

Material I Te(K) I He (~q ... lp_) I Year of 
He2 (O) Amps. cm-2) I Discovery 

Hg 
Pb 
Nb 
Nb3 Sn* 
NbTi* 
V3 Ga* 

, 

Nb3 (AI,Ge) 
PbMosS6 

(La,Ba)Cu04 

YBa2Gu30 7- v 
BiTrSrCaCuO 
TlBaCaCuO 
HgBa2Ca2CU30y 

4.1 
7.2 
9.2 

18.1 
9.5 

14.5 

15.0 
35.0 
92.5 
10.0 

125.0 
164.0 

30 GPa 

(Gauss) (at 4.2 K in 

410 
800 

2,000 
2,80,000 
1,60,000 
2,50,000 
4,40,000 
6,00,000 

5,50,000** 
3800000** , , 
55,00,000** 

appl. field of 
4 tes~ 

2 X 106 

3 X 105 

2.5 X 106 

10" 
103 

106 *** 
105 *** 

lOH ** 
106 *** 

* Available commerically for magnetic fabrication 
**Estimated values 

1911 
1913 
1930 
1954 
1961 
1966 
1966 
1972 
1986 
1987 
1988 
1988 
1993 

• ** Jc valules are at 77 K and in 0 applied field. ;.., th.·" f·J~· I 

• 
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whole HTS family RBa2Cu307_x where R is a rare earth metal (except a few like Pr). 

All these compounds have similar orthorhombic crystal structure. Tc is found to be 

independent of R and is 90-92 K. Other copper oxide based HTS have Tc ranging from 

low values to 135 K. The important HTSs ifl addition to Y Ba2Cu307_1I' which have Tc s 

higher than liquid nitrogen boiling temperature, are Bi2Sr2CaCu20r, Bi2Sr2Ca2Cu30x, 

Tl2Ba2Ca2Cu30x and most recently a mercury based HTS which has a Tc of 134 K as 

mentioned earlier. All HTSs are extreme type II superconductors (~ <t:: A). The physical 

properties of HTS materials based on experimental and theoretical review articles edited 

by Ginsburg gives more understanding about HTS materials [26} 

1.4.1 

Since the work reported in this thesis is on thin films of RBa2Cu307-x (R = Y and 

Yb), the brief details of this compound are given below. 

The most ext('nsive\y studied IITS compounds are in the family of RBa 2 Cu 3 07-x 

(where R = Y", Nd, Sm, Ell, Cd, Dy, flo, Er, 'I'm, Yb, Lu), which is commonly 

denoted as "123" compound. This system has been studied in detail because it is the 

first IITS with Tc = 90 K, and can be formed in the single crystalline phase, reliably and 

reproducibly. Further, now good quality single crystals can also grown and studied. 

The structure of the 123 compound was determined by a rapid succession of experi­

ments by different groups using x-ray powder, x-ray single-crystal and neutron diffraction 

[27]. The most striking structural feature, the ordering of the oxygen vacancies giving 
• 

rise to one dimensional Cu - 0 chains, was first observed by neutron powder diffraction 

[28]. The structur(' consists of two dimpled CU02 planes separated by a Y layer which 

contains no oxygen and intercalat.ed with two BaO and one CuO layers (containing ('ll() 

chains) as shown ill Fig 1.5. Not(' that two distinct crystallographic sites are prf's('nt for 

the Cu - one in the ('U02 planes and one in intercalated CuO chain containing layer. 

The presence of the ordered oxygen vacancies gives rise to an orthorhombic symmetry, 

Pmmm, because of the existence of the CuO chains (CuI, 01 in Fig.1.5). 

A formal oxidation state calculation (assuming a valency of +3 for Y, +i., for B~+2 
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for Cu and-2 for 0) requires an oxygen stoichiometry of 6.85. Therefore, the presence 

of the oxygens in the chain site, producing a total oxygen stoichiometry near 7, implies 

that in this case the carriers are provided by the excess oxygen. It is also possible to 

change the number of carriers in the system by doping at the metal ion sites. Generally, 

metal ions that do not change the formal oxidation state and preserve the structure have 

a pronounced effect on the superconductivity only if they substitute in the CuO'l plane 

and a small effect if they substitute in other sites [29]. This is true, unexpectedly, even 

for substitutions of R-magnetic ions, which undergo long-range ordering (Dy, Er, H 0) 

in the Y site. [30]. A notable exception is the substitution of Pr in the Y site, which 

gradually suppresses the superconductivity to zero transition temperature when 60% 

of Y is substituted by Pr [31]. 

Changes in oxygen stoichiometry have been found to strongly affect superconductivi­

ty in the 123 systems [32]. In Y - 123, as oxygen is removed from the chains, some of the 

remaining oxygen atoms move to sites between the chains, eventually resulting in a tran­

sition to a disordered tetragonal structure [33). Tc drops with decreasing oxygen content 

and reaches zero near the orthorhombic-to-tetragonal transition which corresponds to a 

composition near Y Ba'lCU306,4 [34). 

The common conclusion drawn from experiments where Tc in the 123 system has 

been modified by metal-site substitution or changes in oxygen stoichiometry is that the 

superconductivity depends on the degree of charge transfer from the intercalating layers, 

which act as "reservoirs" of charge, to the conducting Cu - O2 planes [3.5). However, a 

variety of studies suggest that the existence of one dimensional Cu - 0 chains (perhaps 

only locally ordered in the structures with average tetragonal symmetry) may also play 

an important role in the superconductivity [28,29,34,35]. 

1.4.2 Current Status Of HTS Materials 

During the last 9 years extensive studies have been made on the various aspects of 

HTS materials. A cursory glance of the summary of the experimental results was given 

below. 
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1. Although greater values of Tc have appeared, presently 135 K is the accepted highest 

Tc occuring reproducibly in H g-based superconductors at ambient conditions. 

2. Jc at 77 K is about 106 A/cm2 in Y Ba2Cu307_rthin film tLnd 105 A/cm2 in the 

melt grown textured bulk Y Ba2Cu307_% system. 

3. An upper critical field Hc2 '" 150-200 T has been obtained resistively along ab-plane 

and", 60 T along the c axis in the presence of a magnetic field by extrapolation. 

However the complicated magnetic field effect on resistivity introduces a large un­

certainty to the Hc2 so obtained. 

4. The lower critical field Hcl is estimated to be 10-100 Oe. Again the anomalous 

macroscopic magnetic properties of HTS makes difficult an accurate determination 

Hcl . 

5. The coherence length at 0 K, ~ = 
• 

0.5 - 6A along c direction and 15-7t) Ain the 

ab plane have been indirectly extracted. The value of ~ normally depends on the 

materials examined, the models used, and the assumptions made. 

6. The electron density of states N(O) '" 1 - 50 mJ /mo[e/(2 determined calorimetri­

cally. The high Tc and large IIc2 make it difficult to determine N(O) accurately. 

7. Electric charge carriers form pairs below Tc as is evident by observations of Shapiro 

steps flux quantization and vortex lattice image. 

8. The energy gap 2~1 KTc is 2-20 and converges toward 8. It is also found that it is 
• 

anisotropic. 

9. The resistivity is proportional to T along a~plane and proportional to 1 IT when 
. L tM. ~""L &~ Ca.(./.) UJiI1.. .s"5";'1.·~ ~jJi ~ ./JIo"r>? 

perpendIcular to the ab plane;! "'''lOtiltf n o· 
~ oC >-., ~ha."I~. 

10. The macroscopic magndic properties exhibit an irreversibility line, magnetic relax -

ation and flux creeping and melting. Recent systematic studies hav(' shown that 

extreme care has to taken to obtain meaningful data for analysis. 

11. Acoustic, Positron life time, structural, Raman, and channeling anomalies have 

been reported at Tc. 
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12. The carrier concentration n = 1021 per cm3 of holes was determined from HaIl 

measurements. 

From the above, the high Te , short {, low N(O), low n and large structural CCid electric 

anisotropy appear to distinguish the HTS from LTS. These unusual characteristics have 

profound impact on understanding and applications of HTS materials. 

Before discussing HTS thin film deposition techniques a brief introduction to thin 

films and the conventional techniques available in literature is given. A special attention 

is drawn on sputtering and laser ablation techniques due to their popularity in the area 

of HTS thin films. 
• 

1.5 HTS Thin Films 

Many of the potential applications of superconductivity lie in the field of electronics, 

power and magnetic field generation. A strong focus of the HTS development has been 

on thin films ill recent years. After an initial period of excitement about the possibility 

of obtaining higher and higher transition temperatures, the field of high Tc supercon­

ductors has now nearly matured and stabilized, and identification of some specific goals 

of practical importance. A number of smaIl scale applications can be realized if good 

quality films of these material can be produced. Besides their ceramic nature, these high 

Tc superconductors have three or more elements. Therefore preparation of good quality 

films of these materials requires special experimental innovative approaches. -Preparation 

of devices based on thin films, whether superconducting or semiconducting requires de­

velopments of weIl controlled, reliable thin film technology particularly suited to a device 

in question. 

Over the past few years, it has become dear that preparation of stoichiometric and 

good quality of HTS thin films is not an easy task due to their multi-element compound 

nature and incorporation of sufficient oxygen in the film. Most of the studies related to 

HTS films have been confined to Y - 123 films and perfecting them in order to use them 

{or device applications besides understa.nding underlying physics of these materia.ls. 
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The first report an high Tc superconducting thin film, although with a reduced Tc, 

was published in April 1987 [36]. The first films which show at high Tc and Jc were 

repor~d by Enomoto et al in July 1987 [37]. Various growth techniques were tried and 

reported by large number of groups world wide [38-42]. 

Humphrey [43] has reviewed the fabrication and properties of Y Ba2Cu307_~ (Y -

123) films made by various physical vapor deposition techniques on various substrates. 

Schieber [44] reviewed fabrication methods for Y - 123 and Bi based and Tl based 

films and compiled useful information on lattice parameters of superconducting oxides 

on various substrate materials. Alarco et al [45] reported films made by laser deposition 

and co-evaporation and discussed device fabrication techniques and progress in Josephson 

weak link technology. Singh and Narayan [46] explained laser deposition of Y - 123 on 

various substrates in some detail. A book edited by Conwell and wolf (47) consists 

much of the early pioneering work on film fabrication. Simon presented [48] a popular 

review of film fahrication and possihle device applications. Finally, R. Ramesh et al [49] 

have reviewed the synthesization, structure-property relationships of the thin films of 

HTS specifically Y - 123 system and discussed some of the applications that have heen 

invisaged. 

T.R. Lf'mherger has reported the over all work done in IITSC thin films during the 

period 1987-1991 [50]. It is well established that three conditions must be satisfied to 

produce good quality superconducting thin films. They are, (a) the right constituent 

atoms must he transported on to a suhstrate in the correct stoichiometry, (b) the right 

structure phase must be formed, and finally (c) the correct amount of oxygen must be 

incorporated into the structure. 

The deposition techniques for films may be broadly c1a.'isified into two types. They 

arc physical vapor deposition and dwrnical vapor deposition. 

1. Physical vapor deposition: It is again classified ill to two categories, (a) therma.l 

evaporation and (b) sputtering. 

2. Chemical vapor deposition: This method can also be classified in two categories, (a) 

Electropla.ting and (b) Chemica.l vapor deposition. 

In this work pbysica.l vapour deposition techniques, i.e., sputtering (DC and RF) and 
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pulsed laser ablation, have been used. In order to get good HTS films one needs a single 

crystal substrate which has reasonable lattice and thermal expansion matching with the 

HTS material to be deposted as a film. Other experimental parameters like the nature 

of a target, substrate tempec.ture a.nd oxygen pressure during the deposition etc. are 

important in producing a good HTS films, therefore, these need to be optimized in each 

case. Details of the techniques used and optimization of other parameters are discussed 

in detail in later chapters. 

1.5.1 Possible Technological Applications 

All applications proposed so far for HTS are basically the same as those of LTS 

based on the unique features of superconductivity namely zero resisivity, the Meissner 

effect and macroscopic quantum phenomenon except that devices based on HTS can be 

operate at LN2 temperature. As a result very energy efficient devices may be built and 

ultra sensitive and ultra fast electronics become possible. 

Some of possible applications are given below. 

(a) Small current applications: 

Josephson devices, SQUIDS superconducting strips or other configurations all using 

the HTS materials in the form of thin or thick films. TheX include ultra fast components 

for computers, efficient interconnects for semiconductor chips, ultra sellsitive detectors 

for magnetic field wide band sensors for EM waves (IR - mm), bolometers, wide band 

AID converters, loss less matched filters, microwave antennas, microwave cavities, opto­

electornics. etc. 

(b) Large Current Applications: 

Superconducting magnets wires or ribbons using the HTS in bulk form. They include 

particle accelerators, magnetic energy storage, controlled fusion, magnetic levitated train­

s, ma.gneto hydrodyn&mic8 motors, power generators, power transmissions lines, magnetic 
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shielding magnetic separations. 

(c) Novel HTS Applications: 

The novelty of applications of this type stems from those characteristics of the HTS 

materials in superconducting state which are rather different from their LTS counter 

parts. But the low n may offer of possibility for optical switching through a direct photon­

superconducting-pair interaction deep inside the HTS material for ultra fast efficient 

devices. The exhibition of magnetic, insulating and superconducting properties with out 

major change of the cations in a HTS material provides us with extra leverage for multi 

layer devices. The low pining potential of HTS materials may be used for low cost simple 

magnetic field sensors. 

1.6 Motivation and Scope of this Thesis 

Preparation of good quality films of IITS materials stresses on special experim~ntal ill­

novative approaches preparation of devices based on thin films, whether sllperconducting 

or semiconducting, requires development of we)) controlled reliable thin film technology 

particularly suited to device is in question yet. Over the last few years it has become clear 

that preparation of stoichiometric and good quality HTS thin films is not an easy task. 

~lost of the studies related to HTS thin films have been confined to Y Ba'zlU3 07-y films 

and perfecting them in order to use them for device applications hesides understanding 

IInderlying physics of these HTS materials. -HOIIHVetl/ Ik CW(.. '1V\\»U¥G\M ~j(tF'<VI :..,. (y : 

<kVtl~w.~ ...... ,HyoU/AA't d-il~) ~\\t("r>n<u ~{ l..IPtM7 t-..tt'T,- \h..W crl~. 
Even though pulsed laser deposit ion has been successfully exploited for HTS thin 

films, still sputterillg is the only aIU'rnativ(' for depositing large area films with uniformity. 

,\nother prohlem faced in obtaining good quality fiTS film on a given suhstrate is the 

lattice mismatch and chemical reactivity between the film and the substrate on which 

it is deposited. For many electronic applications, HTS films may need to be deposited 

on silicon < 100 > or other semiconducting substrates, i.e., GaAs. and for microwave 

applications on sapphire substrates. But Si and Sapphire are not good substrates for 
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obtaining good quality of HTS films due to their lattice mismatch, chemical reactivity and 

thermal expansion coefficient mismatch [51,52]. To overcome this, one needs to deposit 

buffer layers. Yittria stabilized Zirconia is the popular choice among the buffer layers 

during the last few years. In addition SrTi03 (STO) can also act as a good buffer layer 

on the above mentioned substrates [53]. For better understanding the growth condition 

of YSZ and STO buffer layers and also to explore the possibility of sputtering high quality 

films of Y -123 on Si < 100 > and Sapphire < 1102 > substrate for technical application . 

a detailed study on the preparatory conditions for reproducible results is needed. 

Current research trends have aimed at studies of changes in the superconducting 

properties by substitution or addition of other elements with an aim to understand the 

physics of these compounds as well as with a hope to improve these properties. The 

superconduding properties of widely investigated Y -123 have revealed that the assembly 

of eu - 0 plane and chain is primarily responsible for superconductivity and the main 

contribution to the density of states at the Fermi level comes from the Cu - 3d and 0 - 2p 

hybridization states. Hence, the substitution for Cu by transition metals is expected to 

produce substantial changes in the superconducting properties of orthorhombic Y - 123 

system [54}. 

It is well estabilished that the superconducting transition temperatures of orthorhorn­

bically distorted oxygen deficient perovoskite RBa2Cu307_1I( R = Y, rare earth) are near­

ly independent of a rare-earth element regardless of their magnetic behaviour. The early 

efforts to prepare single phase 123 - Yb and 123 - Lu were not successful and difficulty in 

getting a single phase 123 compound for these rare earths~ were ascribed to their smaller 

ionic radii. While Y - 123 system has been widely studied in bulk as wen as in thin 

film form there are a few reports on other rare-earth bulk 123 systems. However, there 

are reports that one can form La - 123 and Lu - 123 in thin film having orthorhombic 

structure which show superconductivity at Tr = 70K and 88K respectively [55,56]. Many 

R-123 thin films have been made using the PLD technique except Y b - 123 films. Even 

though Yb-123 film was tried using other techniques like sPllttering and MOCVD but 

the quality of those films are not upto the mark [57-59). Formation of Yb-123 thin films 

thought to be interesting to try to see if good quality single phase superconducting films 

of Yb -123 can be prepared by the PLD technique. Hence, Yb - 123 system in addition 

to the Y - 123 system was also chosen to study the effect of film growth conditions on 
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the superconducting properties in chapter V. 

Considering the above, the aim of the present work is 

• To design a simple and efficient planar magnetron sputtering for in situ (Y - 123) 

thin films from stoichiometric single target. 

• To study the growth and micro structural properties of buffer layers for depositing 

-high quality Y - 123 films on Si < 100 > and sapphire < 1102 > substrates. 

• To study the synthesis - :~ of RBa2CuJ07_11 (R = Y, Y b) thin films using laser 

ablation techniques and to study their growth temperature dependence on super­

conducting properties. 

• To study Niohium (Nb) suhstitution at Cu site in thin films (}"13a2CuJ-rNbr07- r 

where x = 0 to 1) and variation of transport properties with Nb conct'ntration, 

• To study th{' addition effects of V20 S and Nb20 S systems in thin films, 

The thesis presents details on the experimental work listed ahove. Each chapter 

contains individual introduction, review of literature, de~cription of the experimental 
- -

procedure, results and discussions and list of references. 
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Chapter 2 

The experimental techniques used for the research work presented here are briefly 

described in this chapter. In later chapters, more details are given at the appropriate 

places. 

2.1 Materials Preparation, Targets and Substrates 

High Tc superconductors Y - 123 and Yb - 123 were prepared by the well established 

solid state reaction method [1,2]. Purity of oxides varied between 99.99% and 99.999%. 

The furnace used for preparation of the materials was Eurotherm (U.K.) company make. 

Its temperature could be controlled within ±1°C. For grinding and mixing the powder, 

a zirconia ball mill was used. Raw material grinding was done for 1 hr to 2 hrs. Each 
, 

sintcring was done at 930°C for 48 hrs. Grinding between two sinterings was done for 
-

~w to 60 minutes. Every pellet after preparation was subjected to the energy dispersive 

X-ray analysis (EDAX) at several places to ensure the uniform stoichiometry through 

out the sample. Oxygenation of the bulk samples was done at 550°C using 99.99% pure 

oxygen. Depending upon sample to sample, the oxygenation time varied from 24 hI'S to 

21 
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48 hrs. 

Targets in the form of pellets of half inch diameter and 4mm thick for PLD method 

and one inch diameter and 4mm thickness were prepared using a pressure of 15,000 to 

18,000 pounds and sintered at 950°C. The density of these pellets was found to be 80 to 90 

%. of the bulk density. R-123 (R = Y, Vb) films were deposited using either sputtering 

or PLD technique. The crucial deposition parameters which need to be controlled are 

(i) nature of the substrate, (ii) substrate temperature (iii) partial oxygen pressure in the 

film deposition chamber and (iv) target-substrate distance. 

The choice of a substrate for deposition of a HTS film depends upon various factors. 

Single crystal substrates are preferred so that almost single crystal HTS film may grow 

on it or at least the grain size may be large and aligned. The substrate should also be 

lattice matched with the HTS material, and the HTS film coefficient of thermal expansion 

should also match with that of the substrate. Moreover, the HTS film should not react 

with the sllhstrate. Single crystal substrates of M gO, LaA103 , SrTi03 , YSZ etc with 

< hOO > orientation are generally preferred for HTS films. Table 2.1 gives physical 

properties of various substrates and I1TS materials. 

Rased on previollsly puhlished r<'sults on preparation of IlTS films, sllbstrates for 

d<'position of}' - 123 and Yb - 123 films were chosen to be single crystal < hOO > thin 

plates of Yittria stabilized Zirconia (YSZ), Strontium Titanate (SrTi0 3 ), Magnesium 

Oxide (M gO) [3,1] and Lanthanum Aluminate (LaA/03 ) obtained commercially. Typical 

size of the substrat.es was (1 em x 1 em x 0.5 cm). For t.he buffer layer work, the 

substrat.es used were Si < 100 > p-t.ype and Sapphire < 1102 > R-plane cut. All 

su bst rates were well pol ished. 

For in situ growth of any HTS film there is an optimum substrate temperature at 

which the required orthorhombic phase grows, preferentially, and below which interme­

diate phase formation takes place. For R - 123 films it is 750-800°C, while for Ili alld TI 

based HTS films it is about 80ooe. 

In the Ar+02 gas mixture in the film deposition chamber, the partial oxygell pressure 

is a very crucial parameter and needs to be oetimized for each case. In the cac;e of 
l\"\ lorr 

the sputtering technique, if it is more than 3~which destroys the growing film and also 

reduces the sputtering yiield which in turn results in deviation from he stoichiometry 
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Table 2.1 

Physical Properties of substrates and HTS materials 
• 

Material Cyrstal Struct ure Lattice Coefficient of 
I 

system constants (A 0) thermal expansion 
• 

10-6 /1\ , 
• 

La1.SSrO.2Cu04 Tetragonal K2I"iF4 a = 3.78 10-15 
I 

c = 13.23 

• 

YBa2Cu30i-x Orthorhombic Oxycren 
. 0 a = 3.82 10-15 

deficient b = 3.89 

• pervos-kite c = 11.68 

Bi2Sr2Ca2Cu301O Pseudo- Bi-Iayered a = 5.4 12 

teragonal struct ure c = 30 . 
• 

• 

ThBa2Ca2Cu301O -do- -do- a = 5.4 
• 

c = 36 
I 

SrTi03 Cubic Pervod:ite a = 3.91 10.8 

LaAI03 Rhombohedral - -do- a = 3.78 10 

CaF2 Cubic fluroite a = 5..1 -

MgO -do- Rock-salt a = 4.2 13 

YSZ • • -do- Fluorite a = 5.16 10 

• Ah03 (Sapphire) Trigonal Corundum hex. axes q=8.0 

-
a = 4.73 7.-5 

c = 13.00 

Si Cubic Diamond a = 5.43 4..4 

3a = 16.3 

GaAs -do, -do- a = 5.65 4 

CoSi 2 -do- a = 5.43 9..1 

, 

I 
I 
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and intermediate phase formation [5-7]. Off axis sputtering [8-10] is one possible way to 

avoid backsputtering. Similarly, distance between the target and the substrate needs to 

be optimized to get a good HTS film. Normally, it is 3 - 5 cm for the DC sputtering 

and 1 - 5 cm to the RF sputtering and 4 - 5 cm for the PLD technique. Since in each 

film deposition case, these parameters need to be optimized, further details on these 

parameter adjustments are given in each chapter. 

2.2 Sputtering 

When the surface of a material (target) is bombarded with energetic particles then 

atoms will be ejected out. This is called sputtering. If ejection is due to the positive ions 

then it is known as cathodic sputtering. Ejected atoms can be condensed on a substrate 

to form a thin film. The technique has certain advantages over thermal evaporation. [II 

this method, conducting and insulating materials, which have high melting points can 

be easily deposited, since deposition parameter can be controlled with ease. 

A sputtering unit consist of two electrodes kept ill a relatively low vacuum. One of 

these electrodes is a target and the another one has a substrate attached to it Oil which the 

film deposition takes place. If the electric potential applied between the two electrodes 

is DC, then it is called the DC sputtering technique, and if a RF potential is appiied 

between the electrodes, then it is called the RF sputtering technique. Only metal targets 

can be used for the DC sputtering while either metal or semiconductor/insulator targets 

can be used for the RF sputtering. Usually the growth of a film, when prepared using any 

of two sputtering techniques, is slow in 'average' sputtering conditions. One can increas{' 

the yield (growth of the film) by applying appropriate magnetic field (magnitude and 

direction) near the target. Such an arrangement is called a magnetron. Wf' describe below 

experimental arrangements directly related to the work presented here. More theoretic,.t! 

and experimental details on the sputtering technique, including the magnetron technique, 

can be found in a number of excellent books [11-13]. 

In this work two sputtering units were used for the preparation of thin films. They 

are (a) home made one inch dia hollow cathode magnetron system for preparing RF IDC 
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sputtered superconducting thin films and (b) commercially made 4 inch dia NORDICO 

2000 RF magnetron sputtering system (UK) for fabricating large area buffer layers. 
e-

(a) Lab made Magnetron Sputtering System: 

The block diagram of the home made magnetron sputtering system is shown in Fig.2.1. 

It basically consists of two pla.nar electrodes. The target to substrate distance can be 

varied between 1 cm - 6 cm depending on the requirement. A transverse magnetic field 

of 150 Oe was applied in the plasma region i.e by keeping permanent U shaped ALNICO 

magnets in transverse position surrounding plasma region between the two electrodes. 

The substrate heater is made from a Kanthal wire and the maximum temperature it can 

go is 800oe. The temperature on the surface of the substrate is measured using another 

dummy substrate of the same dimensions. The accuracy of the temperature measurement 

is ±5°C. The variation of the substrate temperature during deposition is ±.5°C. Every 

deposition has been made 4 to 5 times, and all the results reported in this thesis are 

based on nearly 100% reproducibility. A- D';/ftMi(NI. Pv.~r hCAII I~ t.ud. -fa'\ L:rr",rr",cr 

'fat.v»- "n) ...Ar<') Q.,. Q S f ...... It Q) ,'..rt' l' f. ~Q..NV) . 

(b) N ordico 2000 : 

This is a commercially available RF magnetron sputter!ng system witb a CTl (USA) 

cryopump. Since the pump is oil free, one has a carbon free atmosphere in Ule chamot'r 
• 

which is otherwise present in the diffusion pumping system due to the backstreaming of 

the oil. The ultimate pressure one can get at the mouth of the baffle is,...., I X 10-8 Torr . 

The chamber pressure goes to 1 x 10-7 Torr. The maximum RF pow('r is 200 Watt s at 

13.56 MHz frequency. The system ha.., a halogen lamp substrate heatcr which can go lip 

to 850°C. Figure 2.2a shows Nordico sputtering unit and 2.2b shows tht' Argoll + oxygcll 

plasma between the target surface and substrate heater assembly. 

, 
j 

• 

) 



! 
/ 
• 
l 

I 

I 
• 

1 

1 

1 

• 

J. 

• 

-' --• 

Ar 
liN 

°2 
1 1 

12 

13 

• 

. 1 

, 

17 
• • 

20 

1 

2 

::::::: ~ 3 
~------~--~~ 

'--' ~---- 6 

. -_.... ., . . -.•. . .. -. ...... . 

-H·-+--8 

10 

2 1 

1. ThHmo couplE' connHtions 
2. HE'ter connHtion 
3. Aluminium flanges 

I. . 
5. 
6. 
7. 
8. 

Heater 
Substrate holder 
Sub s t ro t es 
U s~aped MagnE't 
CathodE' 

9. (;.round shiE'ld 
10. Quartz chamber 

11. Screw 
12. Gas flow meters 

I , . 

13. 0 ring 
14. Ground shil:'ld 
1 5. T h er m 0 c 0 u P II:' 
16. Tar get 
17. T e flo n spa c E'r 
18. Wa t e r . i n 
19. . 'lout 
2 O. To' Va c u u m S y s t E'm 
21. RF/OC powE'r connE'Ction 

Fig.2.1. BLOCK OIAGRAM OF MAGNETRON SPUTTERING SYSTEM 
I 

I 

i 



1 
1 

I 
I 

- - -
• • ' • • • , -..--. . 

1 4'; .",. . ~. .. 

• 

• 

- .. -. 

-. • .. 
• - > 

Fi].2.2. Sputterin]: Ar+02 plasma betwe en the target surface and 
substrate heater assembly in Nordica 2000 Syste,Tl. 

(O) 

'~'- --." .,- -."". '" 

• . ' . 
• , 



• 
I 

, 
l 
• 

Chapter 2. Experimental Techniques 25 

2.3 Pulsed Laser Deposition (PLD) Method 

• 

Due to multi-element HTS R - 123 compounds and their reactive nature, efforts to 

deposit high quality HTS film using the conventional film deposition techniques encoun­

tered a number of difficulties. Laser have been used in the last three decades to produce 

high temperature and high density plasmas (in device applications) by vaporizing a small 

amount of material with high powered nano second pulses. The use of high power lasers 

in materials science is now very common either to prepare materials or modification of 

materials etc. [14]. The pulsed laser ablation technique has been extensively used to -

d~i~. _ Ltii)t\-::t~m~. ;.= .. Due to high energy density pulses of an appropriate laser when 

incident on a material, whether single or multicomponent, produces extremely high tem­

peratures locally and evaporates the material instantaneously and forms a plume around 
• 

the target. This property of high energy density lasers is used in the deposition of I1TS 

films. This technique will be referred hereafter as the PLD technique. Excimer lasers are 

now extensively used for the deposition of good quality IITS films hy the PLD technique 

[15]. H b"( t ol.2-+~.~ 0....'\.1- a" 1I-tN\ """" c.. ~t:v.. 'y . 

Basically the critical parameters in the pulsed laser deposition technique for IlTS thin 

films are (i) energy density (ii) substrate - target distance, (iii) oxygen partial pressure 

(iv) nature of the substrate and (v) substrate temperature. Based on the reported work 

on thf' growth of IITS films, particularly those of R - 123 compounds, optimum laser 

pulse energy density is found to be around 2 - 3 Jjcm": The laser beam spot size as well 
< 

as the target to substrate distance need to be adjusted for the optimum growth of a film. 

Usually 4 - 5 em target to substratf' distan('e is ideal for HTS thin films depf'nding on 

the spot size (3xO.8mm~). The substrate should not be in the plume region; it should 

he placed at the tip of the plasma. Oxygen partial pressures of 200 mTorr is rf' ported to 

bf' usually optimum for good quality oeposition of } I' - 123 thin films [16]. It has been 

established that the PLD technique produces very good quality small area IITS films 

especially that of Y - 123 [16). 

HTS films in this work were also prepared by the PLD technique in addition to the 

sputtering technique. The laser ablation depositions of Y - 123 and Yb - 123 films were 

done using & Lambda Physik 301:KrF 24R nm exc.imer _laser and 300 rom focal length 
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quartz lens for laser beam focusing. The excimer laser pulse had a maximum energy of for 

good quality 1200 mJ with a pulse width of 25 ns and a 1-10 Hz variable repetition rate. 

The optimized spot size and the pulse energy for good quality Y Ba2Cu307-x (Y - 123) 

films were found to be 3 mm x 0.8 mm and 2 J/cm2• The angle between the laser beam 

and the normal to the target was 45°. 

Fig.2.3. shows the top view of the pulsed laser deposition chamber and related ar­

rangements for the PLD deposition of 123 films. It consists of a 300 mm diameter 

stainless steel chamber having a quartz window and pumped with a turbo-pump module. 

A Platinum strip heater with a temperature capability upto 900°C. was used for the in 

situ growth of the films. The chamber was initially pumped to a base pressure of 10-6 

Torr, and later high pure oxygen was introduced. The chamber pressure was stabilized 

at 200 mTorr. The target was rotated at a rate of 15 rpm. The substrate temperature 

was mea.sured using an optical pyrometer. Most of the films studied were grown on single 

crystal substrates heated to temperature between 650 - 750°C. 

2.4 Film Thickness Measurement 

Film thickness was measured using a surface profilometer (STYLUS) on patterned 
o 

films. The accuracy of the measurement is estimated to be ±2A. 

2.5 X-ray Diffraction Studies 

The X·ra\' datil. for both bulk and thin tilll1s were obtained on a JEOL 80:30 XI{D 
• 

powder diffractometer in tht' Bragg mode with tu - 1\0 radiation using 0.02° step allgie 

a.nd 1 sec-count time. The current and the voltage of tht, X-ray tube was kept at 2,5 mA 

and 35 kV respectively during all the measur~ments . 
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2.6 DC Electrical Resistivity Measurements 

e> 

The resistivity was measured using the standard four probe method. A schematic of the 

setup is shown in Fig.2.4. The current source was a Keithely 224 programmable constant 

current source and voltage across each sample was measured using a 196 DMM voltmeter. 

A closed cycle refrigerator, capable of going down in temperature upto 10 K, was used 

for temperature variation. A Lakeshore DRC 91C temperature controller was used to 

stabilize the temperature within ± 0.05 K. The set-up was interfaced with a PC-XT 

computer for automatic data collection. The sample was mounted on the cold head using 

a cryo-grease to provide a good thermal contact between the two. The helium exchange 

gas in the chamber and a good thermal stabilization ensured temperature differences 

between the cold head and the sample chamber to be negligible. 

2.7 Patterning of Films for J c Measurements 

The methods used to pattern a film were either (a) Photolithography or (b) Pulsed 

Laser Etching. 

(a) Photolithography: 

Photolithography is most widely used technique for patterning high Tc thin films ill 

order to measure the critical current densities. The first step in lithography is to coat 

a sample by a thin layer of an organic polymer, called photoresist , which is sensitive 

to ultraviolet light. A photomask, generally a quartz plate 011 which there is a metal 

pattern, is placed in contact with the photoresist coated on the surface of the sample 

and the sample is exposed to ultraviolet light. The metal on the mask is opaque to 

ultra-violet light whereas quartz is transparent. The radiation causes a chemical reaction 

in the exposed areas of the photoresist. In the patterning of high Tc films, a positive 

(PPR) is used which upon exposure to ultraviolet light gets weakened due 
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to chemical reaction. The sample is then rinsed in developing 

solution that removes the exposed areas of' PPR, leaving the 

pattern of' bare PPR coated surf'ace of' the sample. The steps 

involved in the patterning of' high T superconductor samples are 
c 

tioned below in sequence. 

1. Spin on positive photoresist (Micro Posit 1350) at 3000 rpm 

for 30 sec. 2. Bake at 100 °c for 10 min. 3. Align the 

. photomask over the sample, positioning the photomask so that the 

contact pads are over the sil ver deposi ts. 4. Expose to UV 

light for 205.5. Develop in Micro posit loper for 45 s. O. 

Rinse in distilled water. 7. Spin for 10 s 3000 rpm ( to get 

rid of' water on the surf'ace). e. Bake at 100 °c f'or 10 min. 9. 

Etch ina sol uti on of' f'er ric ni tr ate or or thophosphor i c aci d. 

10. Stop etch in distilled water. 11. Remove photoresist with 

acetone. 

Fig 2.5 shows the schematic representation of' 

micro-bridge patterned using the photolithography technique. 

(b) PUl SED LASER ETCH! NG 

the 

This technique has been used f'or patterning thin films 

employing a pulsed laser system. A 10 bridge mask was kept on 

the film and exposed to laser shots of f'requency 2-4 Hz wi th 

100-150 mJ 1 aser power. The par t of' ~he f i 1 m whi ch is masked ..,.,as 

unetched and rest of' the portion which is exposed· to pulsed laser 

beam was etched away. In this way one can produce highly 

accurate geometrical conf'igurations f'or appropriate physical 

ements like critical current density. This is a simple and 

time saving procedure f'or patterning High T thin films. 
c 
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to chemical reaction. The sample is then rinsed in developing solution that removes the 

exposed areas of PPR, leaving the pattern of bare PPR coated surface of the sample. 

The steps involved in the patterning of high Tc superconductor samples:&re mentioned 

below in sequence. 

1. Spin on positive photoresist (Micro Posit 1350) at 3000 rpm for 30 s. 

2. Bake at 100°C for 10 min. 

3. Align the photomask over the sample, positioning the photomask so that the contact 

pads are over the silver deposits. 

4. Expose to UV light for 20s. 

5. Develop in Micro posit developer for 4.5 s . 

6. Rinse in distilled water. 

7. Spin for 10 sec 3000 rpm (to get rid of water on the surface) 

8. Bake at 100°(, for 10 min. 

9. Etch in a solut.ion of ferric nitrate or orthophosphorir acid. 

10. Stop etch in distilled water. 

11. Remove photoresist with acetone. 

Fig.2.5 shows the schematic representation of the micro-bridge patterned lIsing the 

photo lithography t.echnique. 

(b) P-ulscd Laser Etching : 

Using a 10 Ilm bridge mask on the film and exposed to a low power pulserl laser one 

can pattern the film for current density measurements. This dry technique avoids usage 

of chemicals which affects a film quality to a certain extent. 
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2.8 Scanning Electron Mi~roscopy (SEM) Studies 

Scanning electron Microscopy is a powerful technique for studying the surface morphol­

ogy of bulk samples as well as thin films. But only metallic films deposited on conducting 

substrates can be studied using this technique. In this thesis SEM was used to study 

film surface morphology as well as cross sections of the fractured substrates. 

SEM studies of the samples studied in this thesis were done with the help of a JEOL 

JSM 840 (nano scale resolution) equipped with an Energy Dispersive X-ray Fluores­

cence (EDX) attachment. The samples were investigated for grain size, changes in grain 

morphology and for changes in the image contrast. 

2.9 Atomic Force Microscopy (AFM) Studies 

Surface characterization techniques like SEM and Scaning Tunneling Microscopy 

(STM) are limited to conductive samples. To overcome this limitation C. Binning C. 

Gerber and C. Quate invented the Atomic Force Microscopy (AFM) for non conducting 

samples in 1985 [17]. AFM can image nonconducting samples as well, because it uses 

an optical technique to sense the position of the tip realtive to the sample. The AFM 

provides the ability to acquire three-dimensional data with angstrom resolutioll from 

conducting and nonconducting surfaces. AFM made by digital instrllllH'nts compallY 

model III nanoscope was used for analysing our samples. The block diagram of AFM 

front view was shown in the Fig.2.6. Further details on the AFM and its mode of functions 

are described in Chapter 4. 
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Fig.2. 6. AFM (Front View) 
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Chapter 3 

agnetron Sputtered -123 and 

-124 Thin Films 

In this chapter, after a brief review of the literature on HTS thin film work the , 

following research work is presented. 

1. Design and performance of a planar magnetron system to minimize the back sput­

tering to improve the stoichiometry of deposited HTS films, and hence their quality. 

2. Sputter deposition of Y Ba2CU307-y (Y -123) films on single crystal M gO < 100 > 

substrates using the planar magnetron system and their evaluation with respect to 

Te and Je. 

3. Formation of } I" Ba'lCU.08 (Y - 124) phase in sputtered deposited films on SrTi03 

< 100 > substrates using the planar magentron system, and their evaluation. 

3.1 Introduction 

• 

. Many difficulties faced in IITS R&D arise due to their ceramic/granular nature, 

short coherence length and anisotropy. Most applications of superconductors require 

high Jc which depends upon the microstructure of HTS superconductors[l -4]. Therefore, 

extensive studies ha.ve been dont' on microstructure controlling/grain alignment/grain 
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boundary minimization to improve the critical current density (Jc ). The same remains 

true for HTS films. For this reason HTS films are deposited on single crystal substrates to 

imgrove grain alignment and size. However, HTS thin films deposited on single crystal 

substrates are not truly epitaxial; the microstructure of these films, grain size, grain 

orientation, and grain boundary weak links varies from film to film, which critically 

depends upon complexity of the growth process and the type of a substrate used, and 

other parameters. 

The first report on Y - 123 thin films prepared using a sputtering technique was 

by R. E. Somekh et al [5] and followed by others using several sputtering deposition 

methods [2-6]. There are, however, several common problems in the sputtering deposition 

methods. In this process the highly energetic ions as well as neutral particles, .and 

secondary electrons emitted from the target surface, are accelerated towards the substrate 

by the electric field applied to the target. This leads to back sputter of the growing film 

components sel('ctively and causes stoichiometric deviation from that of the target. It also 

leaves various crystalline defects in the films, resulting in amorphization in extreme cases 

[5,7,8]. In the case of oxide materials, the resputtering is due to oxygen anions and highly 

energetic neutral particles. Formation of 0- and 0-2 , and resputtering clue to oxygen 

anions has been r('ported previously by Hanak [10]. However, films growth experiments 

with pure Ar sputtering still show considerable amount of resputtering most probably 

due to oxygen anion from an oxide target on sputtering. 

Several groups have Ilsed non stoichiometric targets for compensating the selective 
, 

backsputtering [8,9]. One possible solution is the off axis sputtering which was origillally 
-

developed by Hoshi et al [11]. It is the most promising sputtering arrangement as the 

plasma can be confined almost cornpktely in the space between the targets facing each 

other. Sandstorm et al have used off-axis spuUt>ring in which substrates were placed 011 

the side of and at an angle (45 to 90 0) to the sputter gun. They used low gas pressures ((j 

mTorr), a rotating suhstratt· block to obtain uniformity and an off-stoichiometri c target. 

a.djusted to improve the film composition. Eom et al have developed a high pressnre off 

I axis sputtering technique in which almost the exact composition of the target is obtained 

over large a.reas without a need for the substrate rotation (12]. Sputtering in relatively 

high pressure of oxygen as reported by Poppe et a1 [13] for on axis sputtering also resulted 

J in stoichimetric Y - 123 films. Li et a1 have a.lso made similar ooservations at 600 mTorr 
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[14]. The frequent collisions at high pressure results in a reduction of the kinetic energy of 

the particles and consequently a reduction in back sputtering. This approach also enables 

the use of high oxygen pressure for in situ film growth but the uniformity of the resulting 

film is has been reported to be poor. A better uniformity has been achieved by the 

same group [15] by optimizing the deposition parameters. Magnetron sputtering offers 

high at rates of deposition, low bombardment of the substrates and convenient control 

of film composition for all types of targets. Terada et al have reported that transverse 

magnetic field can minimize back sputtering and hence stoichiometric deviation [7] in 

HTS films. By applying a transverse magnetic field of about 150 Oe they found that the 

bombardment of the secondary electrons on the growing film are minimized considerably. 

However, resputtering due to highly energetic neutral particles still continue to exist in 

this method. 

Many researchers have reported on sputtering of 2 inch dia targets only. But cost 

wise they are very expensive and preparation of high density 2" targets in the normal 

research laboratories is also not easy. One inch diameter targets one obviously should 

be preferred in order to minimize the preparation cost and labour. Infact it is very easy 

to prepare 80% - 90% dense targets of one inch diameter and 3 - 4 mm thick through a 

standard solid state method. There is a report by Kuppuswamy and Raghunathan which 

discusses preparation of Y - 123 films by dc sputtering using one inch target and high 

pressure oxygen and on axis geometry [16]. A study, therefore, was taken to prepare 

a planar magnetron system [17] (with transverse magnetic field) suitable for one inch 

diameter target and use the same to prepare stoichiometric Y - 123 films using the on­

axis sputtering geometry. A preliminary report ' of the design of the magnetron system 

has been reported earlier [18]. 
- -

A new high Tc superconductor }., Ba'lCU408(Y - 124) containing double ell - 0 

chains was first discovered as a planar defect in the Y - 123 superconductor with a singlt' 

Cu-O chain [19]. Unlike Y -123 high Tc }' -124 compound has thermally stable oxygen 

content up to 800°C [201, and tlwrefore. it is more suitable for technological applications. 

However, its lower superconducting transition temperatlHt' (Tc) of RO K i~ not favorable 

for practical devices operating at liquid nitrogen temperatures or higher. A suhsequent 

discovery that a substitution of Ca for 10% of Y in this compound increases its 1~ to 90 

K (21), almost the same Tc as that of Y Bal Cu,30r-" (Y - 123). improved the situation 
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with respect to its (Y/Ca-124) applicability in superconducting devices. However, there 

is an additional difficulty with respect to the Y - 124 compounds. While it is trivial to 

synthesize a Y - 123 compound, a phase pure Y - 124 compound is not easy to prepare. 

It has to be either syntlfesized under a high oxygen pressure or very long time is needed 

to prepare it in single phase at 1 atm. oxygen pressure due to very slow kinetic reactions 

of the constituent oxide at 830°C, above which Y - 124 is unstable [22]. 

• 

It seems that although the Y - 124 phase is difficult to prepare in bulk, it is not 

so difficult to obtain it in thin film form bye-beam or sputtering methods [23-26] or 

other physical methods. P.Gupta Sarma et a1. have reported that the solution derived 

complex untreated targets can produce single phase Y - 124 thin films by a pulsed laser 

ablation method [27]. Y - 124 films have also been grown by sputtering [28], thermal 

evaporation [26], molecular beam epitaxy [29], and CVD [30]. Ca doped 124 films have 

been prepared by sputtering [31,32]. Recently Y. Yoshida et al have reported growth 

of Y - 124 films, with c-axis in plane, by in situ annealing of precursors deposited by 

the hybrid plasma sputtering [33]. They confirm that amorphous precursor is the best 

candidate for growing Y - 124 thin films. 

There were several research reports on the effect of deposition conditiolls sllch as target 

composition, substrate material, substrate temperature and total pressure of sputteriIlg 

gas mixture and partial pressure of oxygen gas etc. [1-9,34,35) for in situ deposition of 

high quality Y - 123 and Y - 124 thin films. This chapter also presents a study on the 

phase formationof Y - 124 films on SrTi03 < 100 > substrates using the magnetron 

system and their growth dependence on the target nature, and deposition conditions 
, 

including variation of oxygen partial pressure and the substrate tempcratu[e._ 

3.2 Theory and Design of Magnetron 

The basic physical principles of magnetron sputtering are discu!>sed hy Thorntoll and 

Penfold [36], Thornton [37-39] and Thornton et al. [40]. Waits has rel,'iewed t ht' tech­

nology of planar magnetrons [41,42). Different practical aspects related to magnetron~, 

like magnetic field geometry, magnet material, discharge charactenst ics and thickness 
~ ~~ Py ~\~ck~ [41J 
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(aJ Physics of Magnetron: 

In a uniform magnetic field and in zero electric field, an electron moves in circular 

orbit whose radius is given by [44] 

rg=mv/qB ". ' .2>.0. 

where m is its mass, v is its veloctity, B is the magnetic field, and rg is the radius of 

-the orbit called gyro or Larmor radius. In presence of an electric field, E, this takes the 

form 

r 9 = m v si n () / q B _ ". .' 3· 1> 

, --
where () is the angle between Band E . Thus an electron spends more time in a regiolJ 

in presence of a magnetic field perpendicular to its motion. 

A magnetron arrangement in a sputtering system, makes electrons confined near to 

the target and the plasma near to it. The energetic electrons produce higher ionization 

due to repeated collisions. As a result, the thickness of the cathode dark space, working 

pressure and voltage (because fewer secondary electrons are needed) are reduced and the 

sputtering flux is increased. 

The advantages of a planar magnetron source are as follows: follows. 

1. A high rate of sputtering is obtained due to the confinement of the plasma close to 

the target surface. 
• 

2. The heating of the substrate by stray electrons is low. In many cases this is the 

limiting factor for high rate conventional sputtering. 

3. Sputtering can take place at a low gas pressure because of the increased path length 

of electrons within the plasma and prevention of their escape. 

Considering these advantages, a magnetron arrangement was designed to prepare the 

better quality Y - 123 and Y - 124 films. 
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3.3 Description of the Magnetron Sputtering Sys-

tern 

Figure 3.1 shows a schematic diagram of the cross section of the planar magnetron 

source for the deposition of high Tc thin films. It consists of a water cooled cathode (A) 

made of copper on which planar targets (8) of any materials bonded to a copper backing 
, 

plate can be easily mounted. The cathode is insulated from a water cooled aluminum 

shield (C) with Teflon spacer (D) and is kept in position using a stainless steel nut (I). 

The magnets (J) are mounted outside the shield. The whole assembly is affixed to a 

stainless steel base plate (G) which is placed on a bell jar in which sputtering is carried 

out. 

Figure 3.2 shows a schematic arrangement of U shaped permanent magnets as viewed 

from a direction normal to the cathode plate. This figure also shows the magnetic field 

lines. The electric field lines between the cathode, shield and substrate holder (both 

are grounded) are always perpendicular to the magnetic field lines in this geometry. A 

schematic view of the electric and magnetic field lines is shown in figure 3,3 

3.4 Magnetron System Performance 

The system performance of the magnetron source in terms of uniformity and rate 

of deposition to verify the magnetron mode of operation are discussed here. For evalu­

ation of the performance of the system, target materials of different yields (copper and 

aluminum) are considered. Thin sheets of the target materials were affixed to copper 

backing plates with a conducting epoxy. The backing plate was ill mechanical and ther­

mal contact with water cooled cathode holder. A water flow of 1 .. 5 liter/ min was fOllllO 

to be adequate at the power used. A RF power supply operating at 13.56 M Hz was lIsed 

for RF sputtering (power 1 kwatt) and for DC sputtering 2 KV with 500 rnA variable 

current was used. Ar gas pressure during sputtering was 10-2 Torr for sputtering and 

cathode to target distance is 5 em a.nd flow rate of argon is 20 cm3 per minute. The 
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Fig.3.1. Cross-sectional view of the planar magnetron 
, sputtering source. (A) Cathode; (B) Planar Target; 

(C) Aluminium Shield; (D) Teflon Spacer; (I) stainless 
Steel Nut; (J) Magnets and (G) stainless steel Base 
Plate. 
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Fig. 3.2. Schematic arrangement of the magnets and magnetic 
lines of forces viewed from a direction perpendicular 
to the of the target showing (A) Target; (B) Shield 
and (M) Magnets. 
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Fig.3.3. Schematic Cross section of the Magnetron Source 
showing electronic field lines (continuous) and 
Magnetic field lines (e) perpendicular to electric 
field lines and showing (A) Cathode; (B) Target (C) 
Shi~td; (S) Substrate and (M) Magnets. 
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maximum magnetic field obtained in the present case with the available four magnets is 

100 Oe on the target surface. 

Presputtering for 10 min was enough to clean the target surface. Films were then 

deposited on clean glass substrates using copper or aluminium targets. The thickness of 

the deposited metal films at various positions on the substrate holder was measured with 

the help of a talystep (STYLUS) measuring instrument. Films were formed to have the 

thickness uniformity of better than 95% across a length of 1.5 cm which normally is not 

there without the magnetism arrangement. The high uniformity of the deposition is due 

to a combination of electrostatic focusing effects and magnetic field geometry employed 

in this system. The erosion of the target surface was also found to be quite uniform from 

the visual appearance. The results are summarized in Table 3.1. The rates obtained are 

nearly two times higher as compared to rates obtained in simple diode sputtering system 

with out magnetron. By introducing more magnets, field can be increased effectively 

resulting in higher yield. For our work, the present system was found satisfactory. The 

rates can be further improved with a stronger magnetic field. However, the uniformity of 

dt'position may he affected due to magnetic field variations across the total cross section 

in a stronger mangetic field design which must he considered while selecting a magnetic 

desigll. This system is used to prepare Y - 123 and Y - 121 films as described in the 

next section. 

3.5 Y-123 Films 
• , 

One inch diam(·tt'r Y - 123 targets were prepared by the standard method. The density 

of the targets was in hetween 80 to 90%. Tht' } I" -- 123 thin films were d('posited by de 

as wdl as UF magnetron sputtt'J"ing techniques IIsing a single stoichiometric target (7: 

= 90 1\). Tht' sputtering chamber was pumped to a hast' pressure of to - ii Torr and the 

sputtering pressure was controlled in the range 60 mTorr to 120 mTorr with SO : 20Arj0 2. 

The substrates were heated to 750°C using a lab made heater. The deposition rate was 

about 12A/min. The sputtering conditions of both RF and DC are listed in Table 3.2a 

a.nd 3.2b respectively. Films were characterized using XRD, four probe DC electrical 
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Table 3.1 

.",. " . .:...,., ':""" ,:,,: ...., ..,... , .- " .-

Performance of targets of various materials in terms of deposition rate and uniformity 
of the deposition at 25 m Torr. Ar pressure and 5 cm Target to Substrate Distance. 

S1. Target Material Power Deposition rate J\./min. Uniformity of 
applied with field without field Deposition 
(Watts) 100 Oe (%)/1.6 cm2 

1. Aluminium 50 (RF) 120 10-12 95 
50 (DC) 18 8 90 

2. Copper 25 (RF) 30 14 100 
25 (DC) 32 18 95 

3. YBa2Cu3 07-v 25 (RF) 15 10 80 
metallic target) 10 (DC) 12 8 85 , 
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Table 3.2a 
DC Sputtering Conditions 

1. I Target YBa2CU307-y 

2. 
3. 

DC Power 
(1 cm dia: 4mm thick. 90% dense; Teo'" 90 K). 
7-10 Watts. 

Substrate Temperature 
4. I Substrate-traget distance 
5. I Substrate 
6. 
7. 

Sputtering gas 
Sputtering gas pressure 

1. RF Power 
2. T-S distance 

650-750°C. 
4-5 cm 
MgO < 100 > (0.5xO.5 cm2) 
Ar+02 mixture (4: 1 and 1: 1) 
60 - 120 mTorr 

32b 

25 Watts. 
-0cm 

3. Sputtering gas pressure 90 mTorr; Ar+02 (9: 1) 
4. Sputtering temperature 650, 700, 750°C. 
5 . Substrate MgO < 100 > (0.5 x 0.5 cm2) I 
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resistance and Scanning Electron Microscope studies. Critical current density lc of the 

films was measured using 10 pm x 2 mm x 200 nm microbridges prepared by laser 

etching. 

The effect of sputtering parameters both in RF and DC sputtering and substrate 

temperature on microstructure and superconducting properties have been studied under 

identical deposition conditions of other parameters for the comparison sake. Effect of 

the sputtering gas pressure was studied keeping the substrates at 750°C. Oxygen partial 

pressure was also varied keeping other optimized conditions fixed. The effects of the 

varied sputtering parameters on the microstructure and superconducting properties are 

discribed below. 

3.5.1 Structure of the Y-123 Films 

Figure 3.4 shows the typical X-ray diffraction patterns of the six }" - 123 films prepared 

at different substrate temperatures for six films. Films a, h, care R F sputtered while 

d, e, f films are DC sputtered. All XRDs arc presented in one figure. Each XRD trace 

has been displaced by 1°. The 20 scale indicated belongs to the sample 'a'. For all the 

films no XRD peaks other than those of Y - 123 compound were detected indicating 

that ihere is no XRD detectable segregation of impurity phases, i.e., all films were XHD 

pure 123 phase. Further, tht' XRD patterns of all the films show only < 00/ > peaks 

indicating that all grains in the film are perfectly c-axis or.iented in nature. It is usual 

that, the intensiti('s of the relfections at very low 20 Bragg angle in thin -films have a 

large contribution from the matrix of the surface layers owing to the effect of X-ray 

diffraction. These reflections art' also sensitive to the geometry of the sample setting 

inside the diffractometer. As a r('sult, the intensities of these reflections are difficult 

to measUl't' accurately. With increase in the 20 Bragg angle, how{'\"t'r, the influellces of 

surface conditions and setting geometry on the reflection intellsities become rlf'gligiLIc. 

Thus relatively an accurate measurement of the reflection intensities at the high Bragg 

angles becomes meaningful. The XRD intensities of <004, 005, 006 and 007> peaks are 

compared with each other. From the Fig.3.4 one can !Jee that intensities of < 004 > 

and < 006 > reflections seem to vary among the films prepared at different substrate 
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temperatures, while the 007 reflection changes very little but this observation may be 

due to low intensities of this reflection that we are unable to observe the changes. The 

variation of crystallinity of the films with substrate temperature can be assessed from 

the full width at half maximum (FWHM) values of the dtaximum peak intensity, i.e., 

the < 006 > reflections. The FWHM values of < 006 > peaks of the films deposited at 

650°C, 700 °C and 750 °C are 0.53 0, 0.39 °and 0.22 0, respectively. Smaller FWHM 

values indicates better crystalline, hence, it is clear that the films deposited at higher 

substrate temperatures give better crystallinity in films. The FWHM values of XRD 

peaks reflect information about the grain size and the lattice strain along the deposition 

direction i.e, the c-axis. The results indicate larger defects and structure disorder in films 

deposited at lower substrate temperatures. Further, EDAX measurements on all the six 

films showed good 123 stoichiometry to films deposited on the substrate held at 750",,/ C. 

However, a slight deviation from the stoichiometry was observed for some films which 

were deposited at substrate temperature 600°C in both RF sputtering as well as in DC 

spu ltcri ng. 

Fig 3.5 was drawn to show the suhstrate dependence of the c-lattice parameters of 

the as grown thin films. It is obvious that the c lattice parameters expand cOllsiderably 

if the films are prepared at lower suhstrate temperatures. With incrt>ase of the substrate 

temperature, the c parameters decrease. At the highest temperature of the presellt 
o 

research range, as-grown films showed tht> smallest c value, but still longer than 11.68A, 

the 'c' value of bulk Y - 123. Increase in the c parameter is not hecause of oxygell 

deficit>ncy as films were well oxygenat.ed after the deposition is over. The expansioll ill 

(' - axis of the films may be from crystallographic dcft'cts introduct'd du(' to _the lattin' 

mismatch with the (M gO) substrate, deposition faults like net ural particl(' bombardmellt 

etc. The present study is not enough to confirm thest> explanations. However, the data 

obtained shows similar trends as obst>rved many researchers earlier [2-9]. 

3.5.2 Effect of Sputtering Gas Pressure 

At the optimized substrate tempera.ture sputtering gas pressures were varied from tiO 

i mTQrr to 120 mTorr using Ar + 0] gas mixture in 4:1 ratio. Fig 3.6 shows the Tc VS. 

>8. 
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sputtering gas pressure. It indicates a sputtering gas pressure of 90 mTorr (AT' + O2 ; 4 : 1) 

is optimum for the magnetron geometry used. Oxygen partial pressure was also varied 

at 90 mTorr sputtering pee8sure tl-nd 750°C substrate temperature. Fig. 3.7 shows the 

R - T curves of the Y - 123 films deposited using 4:1 and 1:1 ratio of Ar : O2 gas 

mixture. It was found that 4 :1 ratio of Ar : O2 gas mixture is optimum for one inch dia 

target system, since films deposited at this ratio shows resistivity at room temperature 

and higher Te. 

3.5.3 T c Dependence on Substrate Temperature 

Fig 3.8 shows the results of electrical resistivity measurements of DC sputtered Y' - 123 

films. The R - T curves shows the linear behavior of resistance above Tc as observed 

earlier by others. Table 3.+ shows the results on R - T curves of the Y' - 123 films 

deposited on MgO < 100 > substrates at various substrate temperatures and sputtering 

gas pressures. The resistivity p(300) was found to decrease with increase in the substrate 

temperature. Films deposited at 750 0 substrates give minimllm resistivity and higher 

Teo as shown in the Fig. 3.9. The highest Teo obtained, i.e., 8'l>.2 K, is still much lower 

than the bulk 7~o (90 - 92 K) of Y - 123. There are a number of possibilities which call 

affect lowering of Tc from the bulk value, especially for the HTS thin films. Two of these 

are: 

• 

1. Higher surface to volume ratio can lead to de,sorption of oxygen from the film. In 

addition, there could be some other surface related problem [15]. 

2. Structural disorder, defects and X-ray undetectable impurity phases sillce these may 

vary from film to film even when almost similar deposition condition are maintained. 

Therefore, ours as well as others [46) observations of lower Tn in }' -- 123 films is 

something which is expected unless one grows perfect films using molecular bean epitaxy 

(MBE) technology. Normally even Teo of thin films of conventional supercoductors are 

different than the bulk T co' Hence this observation in HTS films IS not very surprising. 



-
~ 
E -
<11 

I v 
c 
0 .-
11\ 

Ci\ 
- <11 

a: 
, 

20 

15 l-

10 f-

5 

• 

0,0 

• • 

• 

• 

(a) 1:1 Ar: 02 

(b )4: 1 Ar:0 2 ~ -o1.¥-

~o 
'\ "\ (.0 

~ ca1 ~ 
/ 

~'o '\ \C.
o 

I J __ ....... ,--L ______ ...l.-__ ...J 

50 100 1 50 

T f:'mpf:'ro turf:' 

200 

(K) 

250 300 

• 

Fig. 3.7. A comparative spectral 
123 films deposited at 

of R-T curves of aeposited Y­
(a) 1:1 (b) 4:1 Ar = 02 ratio 

• gas m1X. 

, 

• 

-

I 



• • 

•• 

• 

, .. 

.. , 

CJ 
u 
c: 

I 

1'0 
-tJ 
Ul 

. .' . 

-til 
oj 

• 

• 

25 ' .----------------"--t 
• • 

20 
• 

.. ~~C> • 

• " 
o~ 

0(, 

<,\) 
~ 

15 0' 
\.0' I 

• 

~~Q 
o~ • 

0(, 

1\)C> 

\"Q ' 10 
' ""q Q 

0::' .- ' o C, 0 (\ 

\.c.) 1S0 

• 

5 

o 
o 

• Fl.g.3.9. 

• 

• • 100 200 300 

lemperature (K) _ 
- - -

R-T curves of D.C. Sputtered Y-123 films deposited at 
three substrate temperatures (a) at 650· and Teo 81.2 
(b) at 700· and Teo 83.5 (e) at 750· and Teo 85.8 • 

• 

• 



~\;£~..;::.~.,-- ~)J.t2t:~, i$~;;"<Z' .1"-",, i<.: 

< 
_ __.';li" .". • • .... -.:-.. ..., ,,",-'.'= ,..,..,_ 'L'~""'_ •. ~ :':',",,"_-:. ,_ • ,~ ~ .. .-" • • --:0;.. (, .... ' , ~. " -.. -..... ' 

• 

Table 3.4 
Restults of Y - 123 films deposited by RF and DC sputtering . 

SI. No 

1 

2 

3 

4 

5 

6 

7 . ' 

8 

~ 

reparation 
method 

RF 

RF 

DC 

DC 

DC 

RF 

RF 

RF 

Sub Temp. 
DC' 

-

Ar: 0 ... 
700 
[1:1] 
700 
[4: 1] 
650 
[4: 1] 
700 
[4: 1] 
750 
[4: 1] 
650 
[4: 1] 
700 
[4: 1] 
750 
4: 1 

-

hiekness 
A 

1840 

1828 

1848 

1800 

1852 

1724 

1831 

1790 

P300 
ohm-em) 

0.0885 

0.0502 

0.0854 

0.0637 

0.0431 

0.0931 

0.0843 

0.0403 

Tco 
K 

82.8 

87.2 

81.8 

83.8 

85.6 

84.3 

86.7 

88.2 

.Ie at 77 K 
104 A/em2 

4 

50 

2.5 

3.9 

13 

3.3 

12 
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3.5.4 Models for J c of HTS and J c Measurements on Y -123 

The critical current density depends upon the flux pinning centers as well as the 

grain boundaries, both of which depend upon epitaxial quality and microstructure of the 

films. The nature of the grain boundaries is expected to depend upon the lattice match 

between the film and the substrate. 

It is important to understand the mechanism which limits the critical current density 

in these granular high Tc superconducting films. The variation of J c with temperature of 

these films was explained using models prepared by earlier researchers for granular super­

conductors. The basic reason for choosing molecular model is due to their microstructure 

which confirms the existence of well aligned grains. These grains are homogeneous but 

are connected by weak links. These weak links can be either grain boundaries, or super­

conducting regions of poor quality, or even normal conducting or insulating barriers. 

One of the main problems is the temperature region where the models arc valid. In 

fact the models hased on the Ginzhurg-Landau (CL) theory are strictly applicable only 

near the transition temperature (1~). The differences hetween the variolls rnod('ls are 

relatively small and moreover the subtle differences among them arc difficult to detect 

experimentally. 

Since the high Tc superconductors are all of extreme type II. We will limit ollr disclls, 

sions to this limit only. It is of importance to realise how the critical current is actually 

measured. When a transport current is passed through the superconductor a voltage 
• 

drop (~V) app('ars at a certain value of the current density, denoted as the critical cur· 

r('nt density (Jc ). In the granular superconductor (~V) is caused by a voltage drop over 

the junction between grains and it corresponds to the normal conductillg state of the 

junctions. One tht' other hand, in a homogeneous type II sup('rconductors a vultage drop 

is measured due to the motion of magnetic flux lines. 

Clem et al [47] have assumed that in granular superconductors the order parameter 

is depressed by the supercurrent that flows through the sample. It is assumed that the 

grains lie on a cubic lattice with lattice parameter ao and that the junctions are identical. 

This means that the sample is considered as a single junction. Of course, in reality there 
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will be a contribution of junctions of varying strength. Still the temperature dependence 
• 

of Je will be determined mainly by the type of junctions. The Gibbs free energy relative 

to the normal state (~G) per grain near Te is given by 

~G= 
h 2 
2e lof (1 - cos ~) - 2e I~ (3.1 ) 

The first term is the condensation energy of the grains and the second term is the 

coupling energy between the grains. He is the thermodynamic critical field, V is the vol­

ume of the grain. ~ the phase difference over a junction and 10 the maximum spercurrent 

near Te. The factor f represents the fraction by which the gap and the order parameter 

are reduced by the current, i.e., 

(3.2) 

Next, (SG) is minimized at constant ~ and 1 with respect to f, which gives 

f2 = 1 - f( 1 - cos ~), (3.3 ) 
• 

where f = EJ /2Es is the ratio of the coupling energy between the grains (EJ = 

hlo/2e) to twice the condensation energy of a grain (Es = fI;V/87r) 

(a) Granular (5-1-5) superconducto1'S : 

If the barrier between the superconducting grains are of an insulating lIature, the 

maximum supercurrent (10) is given by the expression of Ambegaokar allJ Baratoff (A B) 

[48], The AB theory gives for a Josephson junction hetween two ideutical superconduc-

tors. 
~(T) 

10(T) ex ~(T) tanh 2kBT ' 

, -

(3.4 ) 

where ~(T) is the superconducting gap parameter from the BCS theory. The temperature 

dependence of 10 according to above equation is shown (dashed curve) ill Fig.JjO The 

parameter t is written as 

[~(T)/ ~(O)] tanh[~(1')/2kBTl 
f(T) = fo [Hc(T)/ Hc(O»)2 

(3.5 ) 

substituting the Eqs.(3.4)-{3.5) into Eq.(3.2) gives a.n expression that can be used to 

a,nalyze the critical current density. 
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It was shown [48] that the parameter (. is also equal to the ratio e(T)/2a~. When 

l ~ 1, the condensation energy of a grain is much smaller than the coupling energy and 

the current-induced gap suppresion is imgortant. In this case one finds the critical current 

density expression which is the same as obtained in the GL theory. This also implies that 
• 

the coherence length is larger than the distance between the junctions. Then the order 

parameter is reduced throughout the sample and close to Te one has je(t) ex: (1 - t )3/2, 

where t = T ITc. On the other hand, when (. «: 1, one finds the AB expression and 

< «: ao. In this case, gap suppression is rather significant. Near Tc one finds 

je ex: (1 - t) (3.6 ) 

for l = 1 a crossover takes place between the two cases. 

Fig.3.1Chshows the results of calculations for various values of lo. Close to 7~ the 

cross-over from one model to the other model can be observed. Strictly speaking the 

abov<, model for granular SIS- suerpconductors is valid only near Te. 

(b) Granular (S-N-S) superconductors: 

In the work by Clem et al [47] it was already recognized that the temperature dq)c ll­

dence of 10 given Eq.(3A), where 10(T) ex: ~(T) tanh ~(:+ should he modified wilen thl' 

non-superconducting harriers are for instance, normal m(>tals. 

According to RCS theory of superconductivity a superconductor is characte rized by 

the parameter N~r where N is the density of states at the Fermi level and V the effeclive 

electron-electron illtNaction. Within the frame work of BCS tlwory this qllantity do('s 

not vary spatially. It was pointed out that the density of superconductillg c\c>ctrollS 

cannot change abruptly at the boul\dary of two sup<'r-impos('d metals, bllt Ollly 0\,(,1 

a distance of tht· co\wrencf' length . rhus ill the case of sllpercoll<iuctor-1I0rlllal I1lctal 

interface (S-N) interface, the BeS theory can no longer be applied . 

DeGennes [49] used spat.ially dependent pair potential (~( t)) to descri be boundary 

effects in superconductors (6.(r) -= V(r) x F(r); where F{r) is the dependent eiectroll­

electron interaction. In a simplified form of this model Clarke [50) gave an expression 

for J of an S-N-S junction. In a. superconductor in contact with a normal metal, F(1') 
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is depressed over a distance of the order of the GL coherence length (~Gd and in the 

normal metal the electron pairs penetrate over a distance ~N ::::: JhIlFN lNI67rkBT or 

(N ex: (liT) (VFN is the Fermi velocity in the normal metal and IN the mean free path), 

The temperature dependance of the maximum supel¢!1rrent is then given by 

, 

-a 
, (3.7) 

where Fo(T) is the bulk value of the superconducting electron density and a is the 

thickness of the normal metal barrier. For temperature close to Te we have ~Gd t) ex: 

(1 - t)-l /2 and Fo(t) = (1 - t)l/2, where t = TITe and realizing that (N(T) does not 

depend on temperature as strongly as the other parameters do, for a proximity effect 

junction [0 varies as given below [51]. 

• (3,8 ) 

Substituting the expression for ~N(T) we find 

• (3.9) 

This relation can now be used in the expression for the parameter (. = h1olel/;V and 

I = f oI 2 sin 0, in the same way as for the granular S.I.S. samples. Although eq.( <1) is 

strictly valid only close to Tel it will approximately hold at lower temperatures as well 

[47]. 

Fig.3.11 shows the calculated curves of Jc for various values of fa for a/~N(T,J = L 

One sees that the temperaturt' dependence of the critical currellt does not chcl llge much 

as a function of fo' Fig.3.12 shows the Je vs, T. dependellce as a functiolJ uf the harrieT" 

width a/~N(Te) for to = 0; where the variations are much more pronounced. 

Close to Te , the temperature of a SNS junction a dependence of Jc is markedly differellt 

from the linear temperature df'pendence of J cc in S.I.S. junctions, and is ,given as 

(3.10) 

as near to T
c

, the exponential term can be neglected. So here the coupling between the 

superconductors is through metallic regions via proximity effect. This situation can be 
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expected in HTS fims prepared by sputtering or any other technique when the boundaries 

between the superconducting grains consists metal like material. The model for such 

junctions developed by DeGennes and Clarke can be expressed in the present case as 

• ,_~. ~.ll . 

where a is the thickness of the grain boundary domain between the superconducting 

grains consisting metal like material. XiN is the grain boundary coherence length. Ig­

noring the weak temperature dependance of XiN compared to the the (Tc - T)2 then the 

above expression be rewritten as 

'<" .s.)2--

In Fig.3.13(a,b) are shown the Pc vs. Tc - T plots for films grown at 650,700, 750°C. 

Although there is some scatter in the data all plots show linearity indicating that the 

SNS models Jc of these films is more appropriate. It is also interesting to note that the 

plot of the film grown at 750°C shows highest slope. This may indicate that the graiIls 

in the films grown on MgO at 750°C are more aligned than those in the films grown at 

600 and 6.1)0°C. So far the Jc achieved on MgO using sputtering technique (Rf/DC) is 

around 106 A/cm 2 at 77K. Only with pulsed laser abalation technique it is possible to 

grow good quality }I' - 123 film on MgO. In the present ('ase the Jc obtaineo on MgO is 

upto state of art. 

, 

3.5.5 Y-124 Thin Films • 

Both RF/DC sputtering methods were used to grow } I' - 121 films. For the DC 

sputtering method. a 1" diameter target of )' - 12,t was prepared from stoichiornelm 

ratios of high purity chemicals (99.99%) of h03, BaeD) and ('HO using a chemical 

coprecipitation methoo similar to that oescribed in Ref.[.12]. This target showed a metai ­

lie resistivity behavior and Tc = 80 K. For the RF sputtering technique, a 1" dianH't{,1 

target was used and it was prepared through a solution derived untreated complex [521 

RF/DC Power (10/25 Wa.tts), and target to substrate distance (5 cm) were kept CO(l ­

stant through out all film preparations. Sputtering gas was a mixture of (Ar+02) and its 
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pressure was kept between 60 -120 mTorr pressure. A lot of trial and error experimenta­

tion determined the optimal sputtering conditions as summarized in Table 3.3 - . The 

substrates used were single crystals of SrTi03 < 100 >. Sputtering was done for long 

enough to get films of 2000 A(±5%) within 10% accuracy. Each film was black and had a 

metallic lustre. A set of films were post-annealed at different temperatures between 550 

- 750°C in one atmosphere oxygen pressure for 2 to 24 hrs to remove oxygen deficiency, 

if any, and also to stabilize the Y - 124 phase. Structural studies were done by the XRD. 

Four probe resistivity measurements were made using a computer controlled CTI closed 

cycle refrigerator working between 12 K - 300 K. Critical current density measurements 

(Jc ) were made on 20 /lm wide, 1.5 mm long and 200 nm thick microbridges prepared by 

a laser patterning technique. 

Extensive studies were done to study deposition of Y -124 films by RF / DC sputtering 

and PLD techniques on single crystal SrTi03 < 100 > substrate. Only a few reproducible 

results are presented here. 

A stoichiometric Y - 121 target was used for the DC sputtering technique. Films 

deposited on SrTi03 substrates, kept at 550°C, and with the sputtering conditions as 

listed in Table ~L5) resulted in highly c-axis oriented Y - 123 films as showlI in Fig, 

3.1~(a) by the XRO of such a typi("al film. A post-annealing of the film at 650°C for 2,1 

hrs in 1 atm oxygen pressure Y - 123 changed into a single phase Y - 12,1 film as shown 

by its XRD in figure 3.14-b. It is surprising that the XRO Fig.3,I ~b does not show allY 

impurity phase, hence, it is reasonable to assume that CuO must he distributed over 

grain boundaries in extremely small quantities. 
" 

Films depositf'd by the RF sputtering of an untreated target on S'rTt03 < 100 > 

substrates, held at .100°C, turned out to have almost single phase Y - 124 structure with 

some small Y' - 123 impurity phase. A post annealing of films at 5.50°C for 12 hrs. at I 

atm. oxygen pressure resulted in single phase)' - 124 thin films as confirmed by the XRD 

pattern shown in figure 3.1.5.'a. Films deposited at a substrate telllperatllrt' of ,).)0°(' and 

post annealed at 600°(' temperature for 6 hI'S. also resulted ill filllls havillg ) . - 121 ph(l~t' 

as the major one with a little Y - 123 phase as displayed in figure :J.LS b. Filrns deposited 

at higher substrate temperatures, i.e., 600°C, resulted in mostly Y - 123 phase. A post 
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Table 3.3 
Sputtering Conditions 

Target Y-124 
Target Substrate Distance 5 em. 
DC Power 10-25 Watts 
RF Power 15-25 Watts 
Substrate Temperature 500-700°C 
Substrates SrTi03 < 100 > 
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Table 3.5 
Results of Y-124 Films Deposition on SrTi03 < 100 > substrates. 

SI. Sputtering gas Sub. Temp Tc in K Post XRD 

No. pressure Ar:O, °C Tc Teo annealed Phase 

mTorr ratio tech. film TeoK 

l. 80 80: 20 (DC) 700 88 86.0 - 123 

2. 80 50: 20 (DC) 600 86 82.0 - 123 

3. 90 80: 20 (DC) 650 82 78.0 80.0 123+ 124 

4. 90 75:25 (DC) 600 83 76.5 78.0 124 

5. 90 60:40 (RF) 550 80 62.0 65.0 123+124 

6. 90 50:50 (RF) 550 70 40.0 45.0 123+124 

7. 120 80:20 (RF) 600 83 72.0 75.0 123+124 

8. 120 80:20 (RF) 600 81 50.0 61.0 123+ 124 

9. 90 80:20 (RF) 550 80 78.0 78.5 124 
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of the film as shown in figure 3.1 DC Thus, our studies show that the probability of 124 

phase formation is higher than that of Y - 123 phase if films are sputtered-deposited at 

relatively low temperatures i.e., between 550 - 600°C, on single crystal SrTi03 < 100 > 
e-

substrates. Post annealing at different substrate temperatures between 550 -750°C were 

tried for different durations (1 hr to 24 hrs). It was noticed that 2-6 hrs post annealing 

in between 550 - 650°C of the films deposited on SrTi03 using RF sputtering technique 

with unreacted chemically co precipitated Y -124 target gives single phase Y - 124 films. 

Wada et al [53] have studied the stability of the Y124 phase with respect to oxy­

gen partial pressure P( O2 ) and temperature by XRD, thermogravimetry and differential 

thermal analysis. From this P(02) - T phase diagram of 124 composition, it is noted 

that about 75 mTorr oxygen is necessary at 600°C Cor the Cormation 124 phase. In order 

to see the effect of oxygen partial pressure Cor the sputtered 124 films we varied the total 

pressure of the sputtering gas (Ar + 0 1 ) between 80 mTorr to 120 mTorr. For each 

pressure of sputtering gas oxygen partial pressure was varied between 10% to 50%, It 

was observed that when the oxygen partial pressure was above 30%, it enhanced back 

sputtering and reduced the sputtering yield which resulted in formation of intermediate 

phases in films. Most of films with almost single 124 phase were grown with the sputter­

ing gas having :J: 1 ratio of Ar to O2 at 90 mTorr. These films although contain major 12·1 

phase, when deposited on SrTi03 < 100 > substrates held at 500°C - 600°C, a millor 

123 phase was always found to be present. Post annealing of these films around iOO°C' in 

one atm oxygen reduces and eventually removed the minor impurity phase ill otherwis(' 

single phase Y - 124 film. From this study it is inferred that the post anllealing of films 

at an appropriate temperature is a must in the case of sputter deposited films to grmv 

almost single phase Y - 124 structure. Details of deposition conditions for eight films 

and XRD results are summarized in Table 3.$ 

(c) Tc and lc Measurements: 

One of among various parameters which can be used to evaluate quality of a super­

conducting film is its resistive transition to superconductivity. Figure 3.16 shows resistive 

transition to superconductivity of two films deposited on SrTi03 substra.tes by RF and 
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DC sputtering technique. Both films show linear temperature dependence of the re­

sistance above Te. Their room temperature resistances (hence resistivities as all films 

had similar length, width and film thickness) are different, indicating two films having 

microstructural differences. DC sputtered film showed higher resistivities. However, the 

transition width in each case was less than 2 K although Teo varied slightly from film 

to film within a few degrees. The highest Teo is found to be 79.3 K. Quality of a film, 

as determined by its critical current, is also found to be reasonably good. A typical 

measured value of J e is 1 - 2 X 105 A/cm2 at 65 K for the best films (highest Teo and 

smallest room temperature resistivity). 

To determine wheter SNS model of Je is valid for Y - 124 films. P; vs. (Tc - T) is 

plotted for RF sputtered and DC sputtered Y - 124 thin films. It shows linear behavior 

nearer to Te which indicates SNS type microstructure in Fig. 3.1 ·1 The DC sputtered 

films have low slope when compared with RF sputtered films. It indicates DC sputtered 

}/ - 124 films have grain boundaries having less metallic nature when compared with that 

of RF sputt('red films. The suppression of Tc in Y - 124 is due to the double chains of 

lU - 0 honds and due to the excess oxygen content. Finally, our results indicate that RF 

sputter deposited films tend to have hetter superconducting properties when compared 

with those of DC sputter deposited Y - 121 thin films with respect to microstrtICture rl~ 

and Jc properties. 

3.6 Conclusions 
• 

A one inch sputtering system with transverse magnetron geometry was fabricated ill 

ordered to minimize the back sputtering effects in on axis sputtering of oxide lIlaterials. 

The system has servt'd its purpose and back sputtering is minimized. lITS oxide super­

conducting }/ - 123 and }/ - 12·1 films wt'rt' successfully grown IIsing the system by IlF 

and DC methods. The results wt're summarized as follows. 

(a) Y - 123 thin films: 

1. Back sputtering was minimized and stoichiometry of the films was achieved by 
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using optimized deposition conditions. 

2. The optimized conditions for Y - 123 thin film deposition in the case of DC as well 

as RF sputtering methods are 90 mTorr, Ar + O 2 (4: 1), 5 em Target to substrate 

distance. 10 watts DC Power was used for depositing all films prepared by DC 

sputtering and RF power 25 Watts. 

3. Y - 123 films deposited below 700°C have shown relatively inferior quality su­

perconducting properties when compared with the films deposited at 7.S0°C on 

M gO < 100 > substrates in both RF as well as DC sputtering. 

4. The best Tc and Jc realized in RF sputtered Y - 123 films are 6 x 105 AI cm'2 for 

the films deposited at 750°C on MgO < 100 >. 

5. From (Tc - 7') vs. Pc plots it is concluded that RF sputtered films show higher 

slope when compared with that of the DC sputter deposited films. lienee it is un­

derstood that RF sputtered Y -123 films show better crystalline and microstructure 

and superconducting properties when compared with that of DC sputtered films 

using t.hf' samf' magnetron geometry. 

6. Through a systematic investigation of a series of Y - 123 films deposited at three 

substrate temperatures it is concluded that there is an intrinsic relationship he­

tween the microstructure, 7~ and .lc which are st.rongly dependent 011 the growth 

tern pt'Tat u rf'. 

(b) Y - 124 Thin Filrns : 

It has been realized that the phase formation of ) ' - 12/1 thin films depclIds 011 

(\eposition technique, substratf' temperaturf' and oxygen partial pTf'ssun's and t/wl'dol't' , 

one has t.o optirniz(' the conditiolls to deposit singlt' phase Y - 121 filrJ\~ ('it her I)), HF 0 1 

DC sputtering techniques. 

i, 1. Even though, films deposited at 500°C substrate temperature in sputtering are 

1 having 123 phase initia.lly, they get completely tra.nsformed to Y - 124 phase after 

~'·.i post annealing at 650 - 700°C for 2 - 12 hrs depending on deposition technique. 



• 

• 

• 
• 

• 

, 

. iI , 
• 

I 

Chapter 3. Magnetron Sp~tered Y-t23 and Y-t24 Thin fil 51 

2. The ~ranspor~ J c for ~heY-124 film deposited by RF sputtering 

is 2x10!S A/cm2 at 05 K on SrTiO (100) substrate. DC sput~ered 
8 

films ha shown relati vely inferior quali ty films wi th respect 

to T as well as J . c .c 

3. I~ is another insitu process for depositing Y-124 films. 

Mor • for ~he first ti J measur c 
films prepared using sputtering technique. 

ts are reported in thin 

These films are much 

superior in quali~y than fil reported by earlier 
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2. The transport Ie for the Y - 124 film deposited by RF sputtering is 2 x 105 A/cm2 

at 65 K on SrTi03 < 100 > substrate. DC sputtered films have shown relatively 

inferior quality films with respect to Te as well as Ie. 

• • 

• 
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Chapter 4 

4.1 Introduction 

In the previous chapter Y Ba2Cu307_x(Y -123) thin films have been prepared by using 

magnetron sputtering technique directly on single crystal M gO substrates. The effect 
, 

of the growth on the substrate temperature on the crystallinity and superconductivity 

have been presented. For many electronic applications it may be necessary to deposit 

film on Si or Sapphire. However, earlier work has shown that one is unable to get good 

IITS films on Si/Sapphire substrates directly. Hence one needs to have buffer layers in 

between IITS film and Si/Sapphire substrate to obtain a good quality film. Therefore, 

a study of buffer layer of YSZ and STO on Si/sapphire substrates was taken up. The 

present chapter deals with the fabrication of epitaxial buffer layers for depositing high 

quality Y - 123 films on Si and Sapphire substrates using the RF magnetron sputtering 

technique. 

}' - 123 thin films have been epitaxially grown on oxide single crystal substrates 

slIch as SrTiO), MgO and LaAIOJ with superior qllality sllpercondllcting properties 

(7~ ~= 90 K and J( exceeding 106 A/cm2 at 77 K) [1-3]. However, these oxide sllbst.rate~ 
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are not suitahle for device applications because they are relatively expensive and the sub­

strate size is restricted. The integration of high temperature superconductor (HTS) with 

the conventional semiconductor-based technology would have important consequences for 

~icro-electronics with the promise of high performance hybrid circuits incorporating the 

best of what superconductors and semiconductors have to offer as well as possibilities of 

novel devices. Adding to the well known advantages of semiconductors, passive supercon­

ductive elements such as transmission lines offer the possibility of low loss, dispersionless 

signal transmission active devices. Josephson junctions make it possible to achieve very 

fast switching speeds with limited generation of heat. HTS superconducting films on 

sapphire (AI20 3 ) are found to be useful in high Q resonators, delay lines and infrared 

bolometers [3,4}. Hence, investigation of HTS thin films on Si and Sapphire single crystal 

substrates are of great interest and importance due to their possible wide technological 

applications. 

Difficulties in fabricating high quality Y - 123 thin films directly on substrates like 

Si or sapphire arise from three main factors (1) intermixing and chemical reaction at the 

Y - 123/substrate interface, (2) thermal expansion mismatch between the Y - 123 and 

the substrate and (3) the mismatch in the lattice constants of the two materials [5-11]. 

The above three factors limit quality of films that can be obtained directly on Si 

and sapphire substrate. One possible solution is the use of an intermediate buffer lay­

er between the Si/Sapphire and the Y - 123 film. The desired properties of such a 

buffer /barrier layer are, 

1. It must be an effective barrier against diffusion of Si/Sapphire into the film and 

must itself be chemically stable at the buffer /Y - 123 interface. 

2. Any stresses arising from thermal cycling should be absorbed in the buffer layer or 

the buffer/substrate interface rather than at the Y - 123/buffer intt·rface. 

3. The buffer layer should be lattice matched as nearly as possibly for both Si/Sapphire 

and Y - 123 such that the Y - 123 thin film is orientation ally locked to a given 

crystalline direction. 

These are very stringent requirements on intermediate layers to have such a combi­

nation of properties, but not impossible to achieve with proper selection of material and 
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depositing conditions. In the present work these requirements have been nearly achieveJ 

for YSZ buffer layers. 

4.1.1 Buffer Layers 

A brief introduction about Yittria Stabilized Zirconia (YSZ) and SrTiOJ (STO) buffer 

layers which were chosen for the present study is given below. 

(a) Yittria Stabilized Zirconia (YSZ) buffer layers: 

The most suitable choice and promising buffer layer is of yittria stabilized zirconia 

(YSZ) for the growth of Y - 123 thin films on Si and sapphire substrates. When Yittria 

(Y20J ) is substituted in Zr02, then zirconia stabilizes to the cubic structure. Hence, it is 

known as Yittria stabilized zirconia or YSZ. Not only the structure but also the dielectric 

properties change drastically with Yittria concentration as shown below. 

Mole % of Y20 J Structure Dielectric constant Dielectric loss 

o Monoclinic 17.9 0.0007 

1 - 2% Tetragonal 34.5 0.0009 

2.2% Cubic+ Tetragonal 32 0.0012 

9% -15% Cubic 27.2 0.0047 

YSZ can be grown epitaxially on Si or sapphire substrates inspite of a -6% latti cL' 

mismatch with them. Moreover, Y - 123 films also can grow with ('-axis orientation even 

though a +6% lattice mismatch exists between YSZ and Y - 123 film [9,10j. 

Lee et al are among first few to report work on YSZ buffer layers on Si using HF diude 

sputtering [11). As deposited films were found to be polycrystalline with microvoitis 

between the grains. Annealing of these films at higher temperatures (800 - 1100° ( ' ) 

eliminated the microvoids and the grain size became larger. Y - 123 tim deposited on 

such a buffer layer was not found to be of good quality (Tc ~ 40 K and !::J.T = 50 K, 
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where ~T is the transition width). Fork et al have reported growth of the YSZ cubic 

phase on Si and sapphire heated to 780 to 8000 e using the PLD technique [12]. Schmidt 

et al were successful in growing highly textured < hoo > YSZ films on < 1102 > sapphire 

substrate by the planar RF magnetren sputtering. DC sputtered Y - 123 films grown 

on this buffer layer registered the superconducting onset temperature of 90 K [13,14]. A 

number of other workers have repeated similar results on YSZ buffer layers. 

(b) SrTi03 : 

SrTi03 is the first substrate which yielded high Tc and Jc for Y - 123 films directly 

deposited on it due to its lattice and thermal expansion coefficient match with Y - 123. 

Therefore, SrTi03 as a buffer layer should be considered ideal for deposition of Y - 123 

films. There are a few reports on STO buffer layer deposition on Si or sapphire substrates 

[15-17). Char et al have reported the properties of Y - 123 thin films deposited on STO 

buffer layer on sapphire substrates. Their Y - 123 films deposited on Si with STO as 

buffer layers yielded a very high Jc (4.5 X 106 AI cm2 at 77 [() and microwave surface 

resistance R~ of 65/10 at 10 K [15). Jeffrey et al have reported on the growth of high 

quality Y - 123 film on MgO (100) with a STO buffer layer by the PLD method [16] 

with reproducible superconducting properties. 

A brief review on the initial work done on depositing Y - 123 thin films on Si and 

Sapphire substrates with and without buffer layers is given below. 

4.1.2 Y-123 Thin Films on Si Substrates 

Sputter deposited Y - 123 thin films with 7~ of about 10 K [18], 64 1\ [19], 7G 1\ [LO] 

and 84 K [21] directly on Si have been reported earlier. Pltlsrna assisted laser deposit iOIl 

resulted in Y' - 123 films on Si substrate with 15 K [22J, 6:J K [:nj. 67 h: [21] . 70 1\ [2.')] 

and 78 K [26). HTS films obtained by coevaporation method exhibited 'Fe of 81 K [27] 

and 84 K [28). 

Schieb et al (29) have done insitu X-ray diffraction to study the crystallization and 
, 
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film-substrate reaction of amorphous Y - 123 thin films on Si with and without buffer 

layers. They observed that above 700°C, Ba diffuses into Si substrates and forms BaSi04 

and also initiates the formation of CU2~05 and CuO in the barium depleted thin film­

s. Similar observations were reported by Harada and coworkers using Auger electron 

spectroscopic depth profile studies [30]. 

There are reports of HTS films deposited on buffer layers of metals such as as silver, 

gold and niobium on Si substrates. These buffer layers can be easily formed on silicon 

or oxidized silicon, but HTS films deposited on them are found to be a polycrystalline. 

These films show low Tc and there has been some success in producing good quality HTS 

films with oxide buffer layers such as that of Zr02, Yittria Stabilized Zirconia (YSZ) and 

Y203 on Si. 

Initially using a silicon nitride buffer layer on Si Y - 123 films yielded 46 K Te [29]. 

Bouteloup et al have reported a Tc of 70 K with silicon nitride buffer layer [31]. Migliuolo 

et al have first reported the usage of Yittria stabilized Zirconia buffer layers and achieved 

a Tc of 70 K by sputtering [32]. By sequential evaporation of a Silver buffer layer [33], by 

laser ablation on to silicon with AIN buffer layer [34] and with a M gO buffer layer [22] 

a Te of 70 K have been reported. Ma et al have reported Tc of 79 K which is above 77 K 

using a silver buffer layer [35]. 80 K Tc was reported using a Zirconia buffer layer [36]. By 

using several physical vapor deposition techniques Tes ranging from 82-88 K have been 

reported [37-39]. However, Je is observed to be very low due to the polycrystallinity 

of the buffer layer. Highest Je reported on such buffer layers is 5 x 105 A / em 2 at 10K 

(39). The next advancement was to prepare on epitaxial buffer layer in order to grow an 

epitaxial HTS film on it which was expected to show better superconducting properties. 

Epitaxial buffer layers like Yittria Stabilized Zirconia have been grown sllccessfully 

on silicon by various techniques. Y - 123 films deposited on epitaxial YSZ buffer layer 

show Tc of 62 K to 86 K and values of Je vary from 104 to 106 A/crn2 at 77 K [39-42], 

which is two orders of magnitude better than the Jc obtained on polycrystalline buffer 

layers. Moreover, it has been well established that insitu deposition and thickness of the 

buffer layer and thickness of the Y - 123 thin film play important role in obtaining high 

Tc and Jc irrespective of the technique [42]. 

Other buffer layers such as CoSi" RuO, and CeO, have also been tried [43-45]. 



• 

Chapter 4. YSZ and STO Buffer Layers 61 

Double epitaxial buffers have been tried and the first successful deposition of Y - 123 

films on double epitaxial buffer layer of M gA120 .. and BaTiOJ has been reported with 

Tc between 70-86 K and Jc about 6 x 10"A/cm2 at 77 K [46,47]. Y -123 films deposited 
eo-

on double epitaxial layer combination of YSZ and 1';03 resulted in a Tc between 82 -84 

K and Jc of 10" - 106 A/cm2 at 77 K and reported by H. Myoren et 801 [38]. However, a 

trilayer combination of YSZ/1';03/YSZ showed a very high Jc of 106 A/cm2 at 66K [48]. 

4.1.3 Y-123 Films on Sapphire Substrates 

At present it seems that the most immediate applications of HTS material is in 

the area of passive microwave devices such as resonators, filters, delay lines etc [3,49]. 

One, therefore, has to chose a substrate for HTS films suitable for such applications. 

Sapphire has low dielectric constant (E'~ 6) and dielectric loss tangent (tan b < 10-4
), as 

compared to tha.t of other commonly used substrates LaA10J and Y S Z. lIence, sapphire 

is the most. suitable substrate material for the growth of Y - 123 films for microwave 
• 

device applications. Moreover, High Debye temperature, high thermal conductivity, low 

microwave loss, high mechanical strength and easy availability (commercially cheap) of 

thin (25Jlm) sapphire substrates make these substrates popular for microwave device 

applications. However, it has a large lattice mismatch (~ 13%) with Y - 123. Besides 

it has been found that aluminium diffuses into Y - 123 lattice from the substrate during 

the film growth process at elevated temperatures (750 - 800°C), which is detrimental to 
, 

1~ as well as Jc of Y - 123 film, hence, a direct deposition of Y - 123 films Oil sapphire 

substrates is not useful. 

The very first report of a direct deposition of Y -123 films with Tc = 40 K 011 sapphire 

using Nb buffer layer was by Katoh et a.1 [50]. Other buffer layers like Pl, /IIyO , CC ()J, 

YSZ, S"TiO) have been tried by many researchers. Although considera.ble <lITlOUllt of 

work has been done on the growth of }" - 123 films on Y 8Z [51-54] alld ot.llt'r hllffe r 

layers [5,6] on sapphire substrates the critical current densities obtained so fa.r have 1I0t 

been very high (1 - 2 X 106 power A/cm2 at 77 K) as compared to those realized on LAO 

ADd STO substrates (6 - 10 x 10' A/cm l at 77 K) [54,55). R. Pinto and his coworkers 

have reported the growth of Ag doped Y - 123 films with superior quality (Tc = 90 K 
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and Jc ~ 1 X 106 A/cm2
) directly on Sapphire with out any buffer layer [56]. 

4.1.4 SCORe of the Present Work 

Even though considerable amount of work has been done on YSZ buffer layers on 

Si or sapphire substrates the effect of growth conditions on microstructural changes in 

films have not been studied in detail. Moreover, Jc is strongly dependent on the Y -

123 microstructure which itself is determined by the buffer layer microstructure. Since 

the microstructure of YSZ films grown on Si and sapphire substrates depends on the 

growth conditions, it is important to study the microstructural changes with deposition 

conditions for reproducible results and to improve the HTS film quality for technological 

applications. In view of this, a systematic study was taken up on the effect of variation 

of growth conditions on the microstructure of YSZ films suitable for Y - 123 film growth 

by using RF magnetron sputtering technique, and subsequent Y - 123 film growth by 

PLD method on these buffer layers. The microstructure of films has been studied lIsillg 

scanning electron microscopy and atomic force microscopy and an assesment of its hearing 
• 

on Jc of Y - 123 films deposited on these (Y S Z) buffer layers is reported. Further, some 

work on STO buffer layers was taken up which is also reported here. 

4.2 Deposition Details of Buffer Layers 

• 

Growth of YSZ buffer layers on single crystalline Si < 100 > and R-plane (1102) 

sapphire were carrit'd out using RF magnetron sputtering, and subsequent }/ - 123 film 

deposition on these huffer layers was done by a pu\st'd laser deposition (PLD) techlliqlle 

describf'd in chaptf'r 2. A parallel platt' RF magnetron system (NORDICO ~OOO) was 

used to grow YSZ films. Commercially obtained YSZ and SrTi03 targets of 100 IlIIIl 

dia, 3 - 4 mm thickness and 99.9% purity were used for sputtering. Argon gas ami 

Ar + 0, gas mixtures of high pure gases were used as sputtering mediums and sputtering 

gas pressure was varied between 5 mTorr to 50 mTorr. T~ study the effect of oxygen 
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partial pressure two Arj02 ratios were used viz., 9:1 and 1:1. The Arj02 gas mixture 

was introduced into the chamber using flow meters fitted with fine control valves. A 
e-

halogen lamp heater assembly was used to heat substrates up to temperatures 800° C. 

During buffer layer depositions, the substrate holder temperature was monitored with 

appropriate corrections applied to give a more realistic substrate temperature. RF power 

power was varied between 75 - 150 watts. Si < 100 > wafers of 10 mm x 5 mm were 

used for YSZ deposition. Each Si wafer is rotated, flushed with high-purity alcohol, and 

etched with several drops of 1:10:1 mixture of H F, ethanol and distilled water all of high 

purity. This process produces oxide-free wafer covered by one monolayer of hydrogen 

which is passive to the effects of brief exposure to room air. 

YSZ films were deposited on Si Substrates held at room temperature (RT), 600, 700 

and 800°C. Other deposition parameters were kept constant. Table 4.1 a gives details of 

the deposition parameters. Films deposited at RT, 600 and 700°C were post annealed 

800 to 900 °C for 30 minutes in ambient oxygen atmosphere. Table 4.1 b gives the 

deposition conditions on sapphire substrates. The post annealing temperature 850°C 

and 30 minutes annealing in amhient pressure oxygen flow were found to be optimuIll 

for obtaining good quality Y - 123 film. Film thickness was measured using a stylus 

profilometer. 

The following conditions were used for the PLD growth of Y - 123 + 5%/\9 doped 

films on the buffer layers: 248 nm laser wavelength (UV, excimer), 600 mJ laser energy, 

2 J fcm l laser fluence, 10 Hz repetition rate, 5 em target- substrate distance and 750°C 
, 

substrate temperature. Laser deposition conditions are shown in Table 4.2. 

The structural investigation was carried out with X-Ray diffraction (XRD), 
• 

1111-

crostructural studies were done using Scanning Electron Microscopy and Atomic Forc(' 

Microscopy (AFM :Digital instruments Nanoscope III model). Fractured sectioll s of YSZ 

huffer layers deposited on Si < 100 > substrates were used for cross s('ctiollal SEf\\ 

studies. Resistance - Temperature (R - T) measurements on Y - 123 + .1%A9 sLlp t' r­

conducting films deposited by the PLD technique were carried out using a four probe 

method using a CTI cryocooler in the temperature range 12 K to 300 K. Critical current 

density measurements were carried out on 15~m wide patterned microbridges of films . 
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Table 4.1 
(a) YSZ Deposition Conditions on Si < 100 > 

Target 
1. RF Power 

YSZ (Y20310%) (99.9% pure) 
75-150 watt 

2. Substrate target distance (ST) 4-S ems 
3. Base Pressure 
4. Sputtering gas mixture 
5. I Sputtering pressure 
6. I Substrate temperature 
7. I Rate of deposition 
s. Substrates used 
9. Best Conditions 

10-7 Torr 
Ar + O2 (9:1 and 1:1) 
10, 20, 25 and 50 mTorr. 
RT, 600°C, 700°C and SOO°C 
12 A/min 
Si < 100 > P type. 
SOO°C, 10 mTorr, Ar+02(9:1) 
125 watts, 5 em (T-S) 

(b) YSZ Deposition Conditions on Sapphire 

1. RF Power 
2. (S-T) distance 
3. Base Pressure 
4. Sputtering gas mixture 
5. I Substrate temperature 
6. I Sputtering pressure 
7. I Rate of deposition 
9. I Best Conditions 

I 

12.5 watt 
5 ems 
10-7 Torr 
Ar + O2 (9:1 and 1:1) 
SOO°C 
5 mTorr, 10 mTorr and 20 mTorr 
12 A/min 
SOO°C, 5 mTorr, Ar+02(9: 1) 
5 em (T-S) 125 \\Tatts 

-- ',' 

• 
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Table 4.2 
Laser Deposition Condition 

1. I Laser Power 

2. I Rep. rate 

3. I Target-Substrate distance 

4. I Target 

5. I Spot Size 

6. I Sub. Temperature 

7. I Base Pressure 

8. I O2 p'artial pressure 

I . 

600 mJ 

10 Hz 

4.5 em 

Y-123 

3.0xO.8 mm2 

725°C on Si 
750°C on sapphire 

10-6 Torr 

200 mTorr 

» 
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4.3 Results and Discussion 

¢-

4.3.1 Yittria Stabilized Zirconia Buffer Layers 

Besides the substrate used for the the growth of sputtered YSZ layers, sputtering 

parameters such as RF power density, substrate temperature and sputtering gas pressure 

(especially oxygen partial pressure in the sputtering gas mixture) significantly affect 

the microstructure of YSZ buffer layers. Moreover, the substrate temperature plays an 

important role by influencing the density of the microstructure, and hence, the intrinsic 

strength of the films. The following gives the effect of variation of these parameters on 

the quality of YSZ films. Only when the deposition parameters were optimized, good 

quality Y - 123 thin films were obtained. 

(aJ RF Power: 

The RF power was varied between 50 - 150 watts and found that the power between 

100- 125 watts is the best for getting good quality buffer layers with maximum deposition 

rate. FigA.l shows the RF power vs. deposition rate plot at 800°C and RT. Fig.4.2 shows 

the deposition rate and substrate temperature at 125 Watts. An RF power of 12.5 Watts 

was used for all depositions. Eventhough, deposition rate is low optical Y 5 Z buffer layers 

were grown at this power at 800 °C. When RF power is above and/or below 125 watts, 

polycrystalline YSZ films were obtained. 

(b J Substrate to Target Distance : 

The substrate to target (T - 5) distance was varied between 4 em to 8 CIlI. It wa.s 

found the maximum deposition rate (- 16A/ min) with large area (nearly 154 crn
2

) of 

uniform thickness was obtained when the distance was between 5-6 cm. Figure 4.3 shows 

deposition rate vs, T - S distance. For all the depositions 5 cm (T - 5) distance was 
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kept constant. 

4.3.2 YSZ Buffer Layers on Si<100> Substrates 

Films deposited on substrates held at RT were amorphous as evident by XRD shown 

in Figo404a1. Those deposited at 600°C and 700°C resulted in polycrystalline nature as 

indicated by XRDs shown in Figo404bl and 404c1. Films deposited at 600°C show strongly 

< 200 > oriented YSZ along with some satellite pea.ks which correspond to tetragonal 

YSZ phase (Fig.4.4bl). < 111 > orientation of YSZ phase is also very strong in these 

films. Films deposited at 700°C also show similar features but the intensity of the peaks 

is very strong when compared to the same with YSZ films deposited at 600°C (FigA.4c 1). 

To improve the crystallinity of the buffer layer, they were post annealed at 850°C for 30 

minutes in oxygen. < 220 > orientation along with minor < 200 > orientation has been 

observed in the post annealed YSZ films which were deposited at RT (FigAAa2). It is 

clear that the crystallinity has improved i.e. the intensities of < 111 > and < 200 > 

and other orientations (Satellite peaks) increased for films deposited at 600°C and 700°C 

after post annealing. < III > orientation has relatively higher intensity thall < 200 > 

orientation in the post annealed YSZ film which was deposited at 600°C (FigA.4b2). 

On the other hand < 200 > peak intensity and tetrogonal YSZ satellite peak intensity 

has been observed to increase (Fig.4.4c2) more than that of the < III > peak in the 

case of post annealed film which was deposited at 700°C substrate temperature. The 
• 

polycrystalline nature in these films may be due to the stabilization of tetragonal YSZ 

pha..<;e whose growth temperature is around 600°C, along with a cubic YSZ phase. 

It is fouud, as observed ear1if'r by othf'r researchers, that YSZ films deposited itt 

800°C result in cubic single phase. Fig.4.,)a shows < hOO > oriented YSZ fillll 011 Si. The 

tetragonal phase reflections of YSZ, a..., observed in the case of films deposited at GOO and 

700°C, were absent in the present case. However, the < III > orientation of cubic YSZ 

grows larger with increase in film thickness. This may be due to the reoxidation of silicon 

substrate surface at higher temperatures in presence of oxygen in the sputtering gas [141 

and hence perfect epitaxy may not be possible. Whereas laser ablated films show higher 

order of epitaxy when compared with sputter deposited YSZ films [42]. Here the oxygen 
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content in the sputtering gas was maintained less than 10-2 Torr in order to avoid the 

reoxidation of Si surface. 

The primary requirement of oxide buffer layer is that the grains should be highly 

oriented and dense. Moreover, oxygen deficiency in the YSZ buffer has to be minimized 

so that it does not effect the oxygen content in the Y - 123 films. Otherwise YSZ buffer 

takes oxygen from growing Y -123 film during Y -123 deposition. Hence, partial pressure 

of oxygen is essential for growing stoichiometric YSZ films. However, high oxygen partial 
• 

pressure during the growth process decrease the sputtering rate due to resputtering of the 

film by highly energetic oxygen anions. So the processing parameters become sensitive to 

high oxygen environment during sputtering. Four sputtering gas pressures 10 mTorr, 20 

mTorr , 25 mTorr and 50 mTorr in each case Ar + O2 with 9:1 ratio were studied for the 

comparison sake. Fig.4.5a-d shows the XRn patterns of the films deposited at variOllS 

sputtering gas pressures at 800°C substrate temperature and 125 watts RF power. With 

the increase of sputtering gas pressure it was observed that intensity of the < 200 > and 

< 400 > peaks started decreasing. Broadening of these peaks is also observed with the 

increase of the sputtering gas pressure. The full width at half maxima (FWHM) values of 

< 200 > reflection in XRn of these films are 0.24, 0.32, 0.35 and 0.14 for 10, 20, 25 and 50 

mTorr respectively. Since FWIIM increases with the sputtering gas pressures, crystalline 

quality of the YSZ film decreases relatively. Films deposited at 10 mTon sputtering 

pressure (Ar/02 ratio 9:1) resulted in highly < hOO > nature with small FWIIM values. 

4.3.3 Microstructure of the YSZ Buffer Layers 

This study is mainly aimed at understanding how the microstructure of YSZ film 

changes with the sputtering gas pressure and thickness of the buffer layer which in turll 

effecls the quality of superconducting Y - 123 film. Therefore, for this study Si substrates 

were held at 800°C( which is the YSZ cubic phase formation temperature) and 600°(' for 

depositing YSZ buffer layer. At each substrate temperature two different sputtering gas 

pressures (Ar /02 = 9 : 1) of 10 mTorr and 20 mTorr were used for the presellt study. 

Figs.4.6(a-d) show the cross sectiona.l SEM micrographs of fractured surface of YSZ 
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films deposited at 10 and 20 mTorr for 600 and 800o e. Films deposited at 800 and 

600°C with 10 mTorr have shown relatively smooth and densified microstructure and 

show much lower tendency for columnar growth (Figs.4.6a,c). YSZ films deposited at 

20 mTorr have shown microstructure of highly packed columnar grains (Figs.4.6b,d) 

irrespective of deposition temperature. The tendency for columnar growth has been 

found to be strong at high sputtering gas pressures and has been found to persist to 

higher substrate temperatures too. This observation is consistent with the structure 

zone model proposed by Movchan and Demchishin [57J and later by Thornton [58]. They 

reported that the tendency for columnar growth is more for higher substrate temperatures 

and high sputtering gas pressures. Although, the YSZ films sputtered on silicon may not 

have the same structural pattern as that observed by Thornton in sputtered metal films, 

significant similarities are expected. However, when the sputtering pressure was lowered, 

the coating was found to be denser by SEM but these were still slightly columnar. At high 

TIT m the intergrain voids begin to fill in and the structure passes in to a transition zone of 

tightly packed fibrous grains which generally do not extend throughout the film thickness. 

This could be the reason YSZ films deposited at 20 mTorr pressure have shown strong 

tendency for columnar growth for both the temperatures. Another possible explanation 

for columnar growth probably due to the relatively low adatom surface mobility which 

is limited by sputtering gas at high pressures. As there is large coefficient of thermal 

expansion mismatch between YSZ and Si, the films having a columnar structure will 

have low lateral strength, generate microcracks at higher thickness than the films grown 

at higher TITm(0.3) which have higher density and have little tendency for columnar 

structure. Another speculation for higher tendency for columnar growth may be due to 

the reoxidization of Si substrate at higher substrate temperatures due to the presen ce 

of oxygen in sputtering gas. However, the YSZ films deposited at 800°C and 10 mTorr 

have the relatively smooth ano densified microstructure. 

4.3.4 Y-123 Films on YSZ Buffered Si Substrates 

Y _ 123 thin films were deposited using PLD method on YSZ buffered Si substrates 

held at 750 °e. Post annealed buffer layers were used for Y -123 films deposition. Fig.4.7 
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shows the XRD pattern of the Y - 123 thin films deposited at 750°C on post annealcJ 

buffer layers deposited on Si at RT, 600 and 700°C respectively. The large FWHM values 

of < 001 > oriented reflections confirm the granular nature of me Y - 123 thin films. 

Fig.4.7b shows the XRn of the Y - 123 film deposited on YSZ buffered prepared at 

800°C and 10 mTorr Ar + 0 1(9 : 1) gas pressure on Si. This Y - 123 film show the 

best superconducting properties than the other films. Fig.4.8 shows the resistance vs 

temperature curves of Y - 123 thin films deposited on the YSZ buffer layers prepared 

at above mentioned temperatures on Si. The room temperature resistance varies from 

25 ohms to 12 ohms and Tc ranges from 82 K to 88 K. Jc was measured for all Y - 123 

films at 77 K and was found to be low (- 8 x 105 A/cm1 ). Table 4.3 shows the results on 

Y - 123 deposited on polycrystalline Y S Z buffer layers on Si. The reason for the poor 

Jc on the polycrystalline buffer Y S Z films is the large coefficient of thermal expansioll 

and lattice mismatch which results in polycrystalline Y - 123 films having small grains 

with large number of weak links, as indicates by the XRD - FWIIM values. 

To study Y S Z film thickness dependence on Jc of Y - 123, single phase < hou > 

oriented YSZ films of thicknesses 40 nm and 80 nm were deposited on Si < 100 > 

substrate at the optimized parameters. Over these buffer layers nearly 100 nm Y - 1 :z;~ 

films were deposited and their critical current densities were measured. X RD patterns of 

the Y -123 films deposited on the buffer are shown Fig.4.9. Fig.4.10 shows the Resistance 

vs. Temperature curves of the above mentioned Y - 123 films. Y - 123 film depositeJ 

on 40nm YSZ buffered Si substrate has a Tc of 86 K and Jc of 4 x 105 Alcm 2 at 77 K 

and the Y - 123 film deposited on 80 nm has a Tc of 84 K and a J(' of 8 x 104 Ale1/!2 

at 77 K. Table4ltshows the results on YSZ buffered Y - 123 thin films and their 7~ and 

J
c 

values of Y - 123 thin films deposited over them. Obviously, Jc values are very low . 

The thermal cycling of the YSZ buffer might have developed microcracks Jue to a large 

thermal expansion mismatch between Si and YSZ buffer as well as oxygell lo~s in the 

YSZ film which might be responsible for lower quality of Y - 123 thin films. lienee YSZ 

buffer layer and Y - 123 film have to be grown simultaneously without coolillg the Si 

substrate. However, these results were found to be highly reproducible. 
• 
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Table 4.3 
Y-123 films R-T Results on YSZ Buffered Si< 100 > 

YSZ filmn 
Deposition 

temperature 
°C 

Si (no buffer' 
RT 
RT 

600 
600 

700 
700 

, 

Post 
annealing 

temperature 
of YSZ buffer 

850 . 
for 1 hr 

860 
for 30 hr 

855 , 
for 1 hr 

YSZ 
Buffer 

thickness 
A 

680 
528 
516 

509 
520 

495 
515 

Y-123 
thickness 

A 
1200 
1576 
962 

964 
920 

958 
910 

Y-123 
deposition 

temperature 
°C 
780 
760 
758 

760 
758 

775 
750 

(300 Te K 
Resistance Teo 

n 

21 38 
24 49 
7.5 78 

19 
17 

16 
8 

80 
81 

82 
84 

Residua 
resistance 

n 

12 
6.8 
4.2 

32 
2.4 

1.6 
1..5 

Je 

at 77 K 
A/cm2 

5.2 
8.6 
12.5 

200 
950 

2560 
8450 
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Table 4.4 
Results of Y-123 films deposited on YSZ buffered Si< 100 > 

Sl. YSZ filmn Sputtering YSZ Y-123 Y-123 P300 Te K Residual le 
No. Deposition Gas pressure Buffer thickness deposition Resistivity Teo resistance at 77 K 

temperature Ar:02 thickness temperature o./cm 0. A/cm 2 

°C A A °C 

1. 800 (9:1 ) 828 860 750 0.0688 84.5 0.6 3x 103 
• 

• 

2. 800 (9: 1) 412 900 750 0.0396 86.2 0.25 4x 105 

3. 800 (1:1) 580 1100 752 0.3740 81.0 2.5 8x 10" 

4. 800 50 556 1200 765 0.4080 87.0 1.1 4x 10" 

-

~ 
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4.3.5 YSZ Buffer Layers on Sapphire Substrate 

It is well established that [14] epitaxial YSZ buffer layers can be grown at 800°C 

on Sapphire substrates. Present work was aimed at studying the effect of sputtering 

gas pressure on microstructure of the YSZ buffer. Three different sputtering pressure 

conditions viz. 5 mTorr, 10 mTorr and 20 mTorr were chosen for this investigation. 

Two Ar/02 ratios 9:1 and 1:1 were studied for the comparison sake. In all the cases a 

presputtering for 5 minutes was done and the film thickness was in the range of 50-70 

nm. 

Figure 4.11 shows the XRD of the YSZ buffer layers grown on sapphire single crys­

talline substrate using different growth conditions. For films grown using 9 : 1 Ar /02 gas 

mix, XRD shows sharp < hOO > reflections which is indicative of good crystalline nature 

of films. FWIIM of < 200 > reflection was 0.22, 0.26 and 0.3 for films grown using 5, 

10, 20 mTorr chamher pressures respectively. On the other hand for films grown USil!6 

I : 1 Ar /02 gas mixture, XRD showed very low intensity < 200 > refL:ctions and the 

FWHM are higher (0.28, 0.32 and 0.45 for 5, 10 and 20 mTorr sputtering pressures). 

The higher angle reflections were not seen in this case. Thus XRD confirms that film­

s grown using a chamber pressure of 5 mTorr and 9 : 1 Ar /02 gas mixture ratio have 

better crystallinity as compared to those grown using other conditions. The YSZ lat­

tice parameters calculated from XRD study were found to vary from 0.513 to 0.516nrn 

when the sputtering pressure varied from 5 to 20 mTorr. This variation in the lattice 

parameter shows that there is a change in the YSZ composition for films growl! using 

higher O2 partial pressure. This means in (Y203)m(Zr02)t-m, m tends to increase from 

an optimum vallie (0.08-0.1) to higher values which is not good for the stability of the 

film. Since the surface morphology of YSZ buffer layers deposited on sapphire call 1I0t 

be detected by SEM due to its nonconducting nature of the substrate, detailed studies 

with a new surface analytical technique based on atomic force microscopy (A FM) were 

carried out to visualize the microstructural details of the YSZ buffer layers grown with 

different growth conditions on Sapphire. 
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4.3.6 Atomic Force Microscopy Studies on YSZ Buffer Layers 

C> 
AFM is a simple but versatile technique that has been found to be extremely useful in 

visualizing the true microstructure of the YSZ films. The AFM a very recent invention 

[59], produces images that are much closer to simple topographs and can image noncon­

ducting surfaces as well. Thus it has a promise for imaging biological materials and other 

substances that do not readily conduct electrons. 

The AFM records interatomic forces between the apex of a tip and atoms in a sample 

as the tip is scanned over the surface of the sample when the AFM is operated in a mode 

that senses the repulsive forces between tip and sample. The tip actually touches the 

sample much like the stylus of a record player touches the surface of a record. For the 

AFM, however the tip is much sharper and the tracking force is much smaller, about one 

millionth as great as for a record plyaer. At these small tracking forces, the tip can trace 

over individual atoms without damaging the surface of the sample. The AFM can also 

be operated so that it senses the attractive forces between the tip and the sample. The 

feed back system then prevents the tip from touching and damaging the sample. But 

this mode of operating an AFM comes at the cost of decreased lateral resolution. So far, 

most images obtained in this way are micrometer scale objects. Schematic view of the 

force sensor for an AFM is shown in Fig.4.12. The essential features are a tip, shown 

as a rounded cone, a spring and some device to measure the deflection of the spring. In 

practice, the spring deflection sensor can be either based on electron tunneling to the 

back of the spring, on optical interference between the back of the spring and a reference 

plate, or by deflection of a laser light beam reflected off the back of the spring. In any 

case the tip follows a path that is an accurate topograph of the surface. No voltage is 

applied between the tip and the sample, and no current needs to flow between the tip 

and the sample. Thus the AFM can image nonconducting samples also. 

The tip can be made of a small fractured diamond fragment attached to a spring ill the 

form of a cantilever. The small repulsive tracking forces between the tip and the sample 

susally in the range of 10-6 to 1O-9 N, are recorded by measuring minute deflections of 

the cantilever. A typical spring constant for a cantilever would be about 1 N/m. If a 

delfection as small as 1 nm can be sensed for a cantilever with a spring constant of 1 N 1m, 
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then a tracking force a..~ low as 1O-9 N can be applied between the tip and the sample. 

Microcantilevers made of silicon oxide or silicon nitride with sileon etching technology 

[60) are even lighter and have resonant frequencies as high as 100 KHz. The higher the 

resonant frequency, the less sensitive the cantilever is to vibrations, and the more=table 

it is for atmoic force microscopy. The vibration of one end of the cantilever relative 

to the other in response to an external vibration of magnitude A and frequency v, is 

approximately A( v / Vr fl', where IIr is the resonant vibration frequency of the cantilever. 

For a typical laboratory room, A would be of order 1 pm and Vr of order 20 Hz. Thus 

a cantilever with a vibration frequency of 10 KHz would have a vibration amplitude 

less than 0.01 nm and be suitable for atomic resolution imaging with minimal vibration 

isolation. A commercially available, Digital Instruments company model III nanoscope 

with Silicon Nitride tip was used in the present case for studying the microstructure of 

buffer layers deposited on Sapphire substrate. 

This technique has yielded a great deal of information for a very good understanding 

of the growth process of the buffer layers as well as the Y - 123 films with regard to 
• 

variations in growth parameters. FigA.13a shows the AFM image of the YSZ buffer layer 

grown using.1 mTorr (Ar/02 ratio = 1:1) pressure, FigA.13b shows its 3D surface plot 

which clearly shows outgrowths on the film surface with an average roughness (AR) of 0.6 

nm. In comparison, microstructure of the films grown using the same pressure (5mTorr) 

and a gas mixture ratio of 9:1 indicates very smooth surface morphology (All. = 0.3 nm) 

as shown in Fig.4.13c. Figure 4.13d shows the 3D surface plot of the same. Similarly, out 

growths with an average roughness of 1 nm are seen on the films grown using 10 mTorr 

(1: 1) sputtering conditions as shown in Fig.4.14a. However, although no such outgrowths 

are seen in Fig.4.14b for films grown using 10 mTorr (9:1) growth conditions, the average 

film roughness has increased to 0.6 nm from that of 0.3 nm observed for 5 mTorr (9: 1) 

growth conditions. Figures 4.15a and 4.15b depict the surface morphology of films grown 

using chamher pressure of 20 mTorr and A7-j02 gas mixture (1: 1). The outgrowths that 

have started to appear in the case of films grown using pressures 5 and 10 mTorr and 

Ar /0
2 

gas mixture (1: 1) have increased to the extent that the surface morphology of the 

film appears granular (average grain size 0.3pm). Grain boundaries separating out the 

grains can be clearly seen. Some of the grains are oriented at tilt angles with respect to 

neighboring grains and the average surface roughness is 5 nm. On the other hand, as 

• 
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Fig.4.15 (a) AFM image of YSZ buffer layer grown using a pre ssure 
of 20 mTorr and Ar/ 0 2 (1:1) - the surface morphology 
of the fil m appears granular with average surface roughness 
= 5 nm and average grain size 0.3 micron meters 

Fig.4.15 (b) a 3D plot of the above AFM image 
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seen in Figs.4.15c and 4.15d films grown using 20 mTorr (9:1) growth conditions have 

shown a surface roughness of 1 nm. The average roughness of the YSZ films deposited 

at various sputtering gas pressures are shown in Table 4.5 

The, AFM results on the microstructure of YSZ buffer layers can be summarized as 

follows: 

1. Average film roughness increases with increase in chamber pressure (5 to 20 mTorr) 

for Ar/02 gas mixture ratio of 9:1. 

2. For films grown using Ar/02 gas mixture (1:1), large number of outgrowth process 

has a drastic effect on the microstructure of the films. Increase in O2 partial 

pressure increases the number of negative ions (0-, O2-) generated in the plasma 

[61]. These negative species are accelerated away from the target towards the 

substrate kept at a positive potential. Spatial variation in the film composition 

results due to negative ion backsputtering, and hence, the quality of the film is 

affected as seen in the present study. Films deposited at higher O2 partial pressure 

have yielded films with slightly lesser thickness (~ 60 nm) as compared to that of 

(70 nm) grown using lower oxygen partial pressure. This shows that the sputtering 
• 

rate is reduced with increase in oxygen partial pressure. Films grown to thicknesses 

of the order of 100-200 nm resulted in extremely large rough surfaces. 

4.3.7 Y-123 Films on YSZ Buffered Sapphire Substrate 

YSZ buffered sapphire substrates grown using the above six different growth COll­

ditions were used for the deposition of Y - 123 thin films using PLD. It has reported 

earlier that addition of 5 wt% Ag to Y - L23 superconductor dramatically improved 

the microstructure, Jc and microwave surface resistance (R3) compared to pure Y - L 23 

films [62]. Hence 5 Wt% Ag added Y - L23 targets were used in this study and hith­

er to, refer Y - 123 + 5%Ag for simplicity. The growth parameters used for realizing 

high quality Y - 123 + 5%Ag films on LAO AND STO [54,55] were optimized earlier 

(Jc = 8 x 106 A/cm l a.t 77 K) 



Fig.4.15 (c) AF'Vl image of YS7- buffer la ye r grown at 20 mforr (9:1) 
Ar / J 2 gas :-:1 ix - the inc rea se in the average surfac e 
rougliness (=1 nm) is seen as cO'Y1pared to that for film.,> 
grown using low oxygen parttal pressure 

--.->-

, 

- -

Pig.4.15 (d) a 3D plot of th e abow -\F\J lmag e 
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Table 4.5 

Average raoughnes of YSZ films grown on Saphhire deposited at various Sputtring gas 
pressures. 

S1. Sputtering YSZ Scan Average rougness 

No. gas pressure Film length estimated from 

Ar+02 (9:1) Thickness AFM study 

(mTorr) (A) (pm) (nm) 
1a. 5 (9:1) 410 2 0.25 
lb. 5 (9:1) 410 8 0.35 
2a. 5 (1:1) 385 2 0.34 
2b. 5 (1:1) 385 10 0.41 
3a. 10 (9:1) 395 2 0.53 
3b. 10 (9:1) 395 8 0.63 
4a. 10 (1:1) 382 2 0.15 
4b. 10 (1:1) 382 8 0.75 
5a. 20 (9:1) 386 2 0.37 
5b. 20 (9:1) 386 

, 

10 0.86 , 

6a. 20 (1: 1) 373 2 0.29 I 

6b. 20 (9:1) 373 10 0.80 

• 
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To realize high quality superconducting films on a YSZ buffered sapphire substrate, 

it is very important that the surface morphology of the YSZ buffer layer be very smooth 

to facilitate the growth of higtly textured superconducting films. The fact that lattice 

parameters of Y - 123 (0.382 - 0.388 nm) and YSZ (0.513 - 0.518 nm) are quite different, 

good crystalline growth of films results only when the diagonal of the ab-plane of the 

Y - 123 film grows along the YSZ axes, i.e., azimuthal rotation by 450 of the Y - 123 

ab-plane with respect to YSZ a-axis as shown in Fig.4.16. Even in such a configuration, 

there exists a lattice mismatch (5%) between Y -123 and YSZ as compared to substrates 

with lesser lattice mismatch viz LAO (3%) and STO (1.2%). 

XRD shows c-axis oriented Y - 123 film growth in all the cases. Fig.4.17 shows the 

XRO traces of Y - 123 films insitu grown on sapphire with YSZ buffers grown using 

the sputtering parameters: 10 mTorr (9:1) and 5 mTorr (1:1). FWHM of < 005 > 

reflection for 5 mTorr (9: 1) is 0.30 which is indicative of good crystallinity of the films. 

Similarly, FWHM of < 005 > reflections of the films grown on buffers using 10 mTorr 

pressure are comparatively good (0.32 - 0.4). On the other hand, Y - 123 film deposited 

on the buffer grown using sputtering conditions 20 mTorr (1: 1) shows the highest r:WHM 

vallie of 0.48. Further microstructure differs markedly for Y -- 123 films deposited on 

buffer layers grown using different growth parameters. Figures 4.18a & 1.1Sb show the 

microstructure of Y - 123 + 5%Ag films grown on the buffer layer with very smooth 

surface morphology obtained using the growth conditions of 5 mTorr sputtering pressure 
• 

and 9: 1 gas mixture ratio. The microstructure appears similar to that observed on the 

Y - 123 + 5%Ag films grown on LAO substrates that yielded high Je . This indicates that 

the base film YSZ, which acquired smooth surface morphology, must have facilitated 

easy alignment of the Y - 123 ab-axis diagonal with the a-axis of YSZ. In a similar 

way, Y -- 12:J - Ag films deposited on buffer layers grown using a Ar 102 getS mixture of 

9:1 and chamber pressures 10 rnTon (Fig.1.18c) and 20 mTorr have r('sulted ill similar 

grain structure growth, although the dvcrage surface roughness in these cases IS higher. 

HowevN, films deposited on buffer layers grown with higher oxygen ratio (I: 1) have shown 
4' 

no proper grain structure and the surface morphology is very rough with the appearance 

of undesirable voids on the surface as can be seen in Fig. 4.18d. 
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Fiq.4.16. YSZ has a cubic structure [az O.S14-0.S18 nm]. Good 
crystalline growth of YBCO films results only when the 

• 

diagonal of a-b plane of the films grows along the YSZ 
axis; i.e. azimuthal rotation (by 4S0 of the YBCO a-b 
plane with respect to YSZ a-axis) • 
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Fiq.4.17. XRD traces of YBCO-AG films grown on YSZ buffers using 
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4.3.8 Tc and Jc Measurements 

Although, Tc( = K) has been found to be constantqn aU the cascs, films deposited at 

higher oxygen ratios (1: 1) have shown higher R300K , large transition width ~Tc = 3 - 4 

K and higher residual resistance Ro (~ 4.4 ohms), compared to those of films deposited 

yeIs grown using lower oxygen ratios (9: 1) as shown in FigA.19. T a hI e 4.6 gives 
• . .. 

su m mary of th e results .of Y-l23, Film s deposited on Y 5Z bu.ffered sa p phi re. !-!ighest 

Jc = 4.5 X 106 A/cm2 at 77 K has been realized on YSZ buffered sapphire grown using 

5 mTorr (9: 1) sputtering conditions. This is, by far, the highest Jc reported on Y - 123 

films deposited on YSZ buffered sapphire substrates [51,52]. Critical current densities of 

the Y - 123 + 5%Ag films deposited on buffer layers grown using other parameters are 

inferior compared to that realized on buffer layer grown with optimized parameters (5 

m Torr 9: 1 Ar / O2 ), This shows the direct correlation of microstruct ure and Jc . 

Superconductor-normal metal-superconductor (S-N-S) model proposed by DeGennes 

[63] and Clarke [64] gives a good account of the quality of of the superconducting films 

with respect to estimating the grain boundary widths which limit the Jc values. This 

model has been extensively used in understanding and judging the quality of the films 

in our previous studies (Chapter 2). The nature of the grain boundary separating the 

individual grain in general is the superconductor itself with inferior superconducting 

grains these grain boundaries act as metallic regions thereby forming superconductor­

normal metal- supeconductor (SNS) junctions. However, at lower temperatures these 

weakly-superconducting grain boundary regions do not offer much resistance to higher 

current flow as they become fully superconducting. On the other hand. when the grain 

boundary volume is very small the current tunneling by proximity effect improves and it 

is possible to realize high Jc values even at temperatures close to 'f ~ . 

It is shown in Chapter 3.that Jr is proportional to (1: - T)2 for S·N-S type jUllctiolls. 

Near 'L~ the equation that governs the S-N-S type junction is 

or 

Jc ()( (Tc - T)exp{(-1/2)d/eN} 
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Fig. 4 .19. R-T plot of YBCO-AG deposi ted on YSZ buffer grown 
using 2 different conditions 5 rnTorr (9: 1) and 20 
rnTorr (1:1). 
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• Table 4.6 • 

Best Results of Y-123 films deposited on YSZ buffer sapphira • • -. 
SI. YSZ YSA Y-123 film P300 Te(K) Residual Je at 
No. deposition buffer thickness Te T e Teo ~T Resistance 17K 

condition thickness A mn on set Ro (Ajcm 2
) 

A 
1. 5 mTorr (9:1) 410 992 0.282 90.5 88.7 1.8 0.982 1.80x 106 

816 1020 0.355 90.2 87.1 2.12 1.453 0.8 x 106 

2. 5 m Torr (1: 1 ) 385 1006 0.326 89.8 87.6 2.21 2.562 1.2 x 106 

3. 10 mTorr (9:1) 395 994 0.368 89.4 88.5 0.90 0.959 1.30 x 106 

4. 10m Torr (1: 1 ) 382 985 0.387 84.1 87.6 1.53 1.757 O. 72x 106 

5. 10 mTorr (9:1) 386 970 0.398 89.2 86.8 2.45 2.438 0.94 x 106 

6. 20 mTorr (1:1) 373 945 0.424 89.0 86.8 2.17 4.478 0.68 x 106 

7. 5 mTorr (9: 1) 408 5% Agopted 0.181 90.4 89.1 1.24 0.752 4.51 x 106 

Y-123 film 
982 A 

- -- - -- -

• 
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J(, is given by 

Where DN is the diffusion coefficient and is the coherence length in normal region. 

At lower temperatures, when N becomes fully superconducting, J( becomes large and 

higher currents can flow through the junction. A straight line plot of Pc vs. (Tc - T), 

which goes through the origin, shows that the coupling between superconducting grains 

is S-N-S like at temperatures few Kelvin below the transition temperatures. Slope of Pc 
vs. (Tc - T) plot which is an inverse exponential function of a gives an estimate of the 

grain boundary width. 

FigA.20 shows Pc vs. (Tc - T) plots of Y - 123 + 5%Ag films deposited on buffer 

layers grown using optimized parameters [ 5 mTorr 9:1].Films with highest Je , also give 

the highest slope. An increase in slope indicates decrease in grain boundary width, which 

is also evident from the microstructural study. A systematic decrease in the slope values 
, 

for films deposited on buffer layers grown at different conditions shows the versatility o( 

this model in estimating the film quality. These results again corroborate very well with 

the microstructural study [65]. 

4.3.9 SrTi03 Buffer Layers 

SrTi03 (S1'O) buffer layer were deposited by RF magnetron sputtering on Sapphire 

substrate at 700 and 800°C. FigA.21a and b shows the XHJ) pattern of STO film deposit 

at. 700 and 800°(,' Oil sapphire substrate . Films dcpositt"'d at HOO°(' show < hOO > oriented 

nature as shown in figure 4.21b , ano fi'lTI~ deposited at 700°(, show other orit"'I1tatiow, 

< ItO > along with < hOO > orientations (FigA.21a) . The STO epitaxy is found to 

increase with the substrate temperature. The crystallinity of the films deposited at 

800°C is observed to be the highest. AFM pictures of STO films deposited at 5 mTorr 

(AT + O~) and 10 mTorr are shown in FigA.22a,b, respectively. These pictures clearly 

indicates that films deposited at 5 mTorr show better surface microstructural prolJerties 
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Fiq.4.20. (Jc)v, Vs 'rc-T plots of YBCO-AG films grown on YSZ 
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means a much reduced grain boundary width. Dashed 
line shows the plot of YBCO-AG film grown on LAO for 
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i.e, smooth surface, whereas the films deposited at 10 mTorr show increased surface 

roughness and poor quality microstructure as seen from AFM photographs. The average 

roughnesses estimated from AFM studies are 0.28 nm and 0.4 nm for film thicknesses of 
eo:-

500 A. 

Y - 123 films were deposited on STO buffered saphhire substrates using the PLD 

method. Buffer thicknesses used were 50 nm and 100 nm. Y - 123 film deposited on the 

50 nm buffer layer has a Tc of 87 K and Jc = 1.2 X 106 Ajcm2 at 77 K. 

STO films deposited on Si substrate at 800°C resulted in single phase but poly­

crystalline films. This may be due to a large lattice and thermal expansion coefficent 

mismatch between Si and STO buffer layer. The XRO of a typical STO film deposit­

ed on Si at 800°C is shown in Fig.4.23. Table 4.7 shows the results of Y - 123 films 

deposited on STO buffered Si and sapphire substrates. Fig.4.24a,b shows Y - 123 thin 

films deposited on STO buffered Si and Sapphire substrates, respectively. The XRO of 

both the films show these to be strongly c-axis oriented. But Y - 123 film deposited on 

Sapphire buffered with STO has better crystalline quality than that of the film deposited 

on STO buffered Si as indicated by the FWHM values for the < 006 > reflections of 

Y - 123 deposited on Saphhire and Si are 0.27° and 0.59° respectively. The R - T curves 

of Y - 123 thin films deposited on STO buffered Sapphire and Si substrates arc shown 

in Fig.4.25. Tc obtained in either of films are similar. 

From these studies it is clear that good crystalline and almost epitaxial of films STO 

films can be deposited at 5 mTorr and 800°C on sapphire substrate aIld it is difficult to 

grow < hOO > oriented STO films on Si. 

4.4 Conclusions 

In conclusion, the effect of growth conditions 011 the micro-structure of YSZ buffer 

layer (or realizing high quality Y - 123 superconducting thin films on Si and Sapphire 

8ubstrates. At the same time, the growth conditions for STO buffer layer were optimized 

on Sapphire substrate only. Y - 123 films were deposited on the YSZjSTO buffered Si 

or sapphire substrates. Some important results of these studies were mentioned below. 
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Fig. 4. 2.1t. XRD pattern of Y-123 deposited on (a) si <100> and (b) 
Sapphire substrates buffered with srTi03 films. 

, 



~ ..... ,-"- ~'.f'!' ~..,.~- .y.- :t" -
:~:'.4. 

.. ~' 

• 

Table 4.7 
Summarized results on STO Buffer layers 

S1. Sputtering STO Scan Average rougness Y=123 film Resistivity Teo J, at 

No. Substrate gas pressure Film length estimated from thickness P300 77K 
Ar+02 (9:1) Thickness AFM study A em (K ) A/cm 2 

(mTorr) (A) (jJm) (nm) 
1 Sapphire 5 (9:1) 506 2 0.29 -vlOOO 0.273 88.23 1.3 x 106 

10 0.45 
2 " " 5 (1:1) 975 2 0.42 -vl020 0.443 87.18 0.9 x 106 

8 0.63 
3 " " 10 (9:1) 488 2 0.39 -v980 0.382 86.80 0.8 x 106 

7 0.40 
4 Si 5 (9:1) 522 2 0.31 -v972 0.521 88.00 0.8 x 106 

10 0.46 
5 Si 5 (1:1) 994 2 0.63 -v 1082 0.973 0.4 x 106 

() 
10 0.93 
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1. A substrate temperature of 8000 e and 10 mTorr Ar + O2 gas in the 9: 1 ratio were 

the optimized conditions on Si for growing YSZ films with smootcb microstructural 

surface. 

2. Above 10 mTorr sputtering gas pressure columnar growth is unavoidable which 

degrades the Tc and Jc of Y - 123 thin film deposited on these buffer layer. 

3. The thickness of the buffer layer should be around 500A and total thickness of 
• 

buffer layer and Y - 123 should be preferably below 1500A favors high Tc and Je. 

4. Above 500A thickness of buffer microcracks develops in thermal cycling due to the 

large coefficient of thermal expansion mismatch exists. 

5. The best Tc and Jc values obtained for Y - 123 + 5% Ag doped films deposited on 

YSZ buffered Si were 86 K and 1 x 106 A/cm 2 at 77 K. Whereas undoped Y - 123 

has a Tc of 86 K and Jc of 105 A/cm 2 at 77 K. 

6. It is difficult to deposit < hOO > oriented S'I'O layers on Si < 100 > due to the 

lattice mismatch between Si and S,[,O. 

7. A substrate temperature of 8000 e and 5 mTorr partial pressure of Ar+02 gas in 9: 1 

ratio has resulted in good quality microstructured YSZ/STO films with an average 

surface roughness of 0.3 nm and 0.28 nm for YSZ and STO films respectively as 

estimated from AFM studies. 

8. Buffer layer thickness effects the Te and Jc of the Y - 123 films deposited on YSZ 

buffered Sapphire substrate and best quality undoped Y - 123 thin films have a Tc 

of 88 K and Je around 2 x 106 A/cm2 at 77 K and silver doped Y - 123 films have 

c\ '[~ of 89 K and Jc around 1.5 X 106 A/ cm'2 at 77 K. 

• 

9. rhe bllifer layer thickness has no drasti( effect 011 y' - 123 films ill the case of STO 

films. The best quality Y - 123 films deposited on STO buffered sapphirt-' have d 

Te of 88 K and a Je of 2 x lOti A/cm2 at 77 K . 

• 
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Chapter 5 

-123 and 

ethod 

5 .1 Introduction 

The earlier chapters dealt with Y - 123 films prepared by sputtering techniques. This 

chapter deals with pulsed laser deposited (PLD) RBa2Cu307_1I or simply R - 123 thin 

films (where R = Y, Vb). Surface morphology of R-123 thin films deposited at different 

substrate temperatures has been studied using the atomic force microscope (AFM) . 

It is well established that the superconductivity transition temperature of orthorhom­

bically distorted oxygen deficient perovskite RBa2Cu307-11 (R represents most of the 

rare-earth elements) is nearly independent of a rare-earth element regardless of its mag­

netic behaviour [1,2]. However, when R is Ge, Tb, Pr or Lu either single phase 123 

compound is not formed or if it is formed then it does not exhibit superconductivity. 

Lu and Tb fall into the first category while Pr falls in the second category [3-5] and 

experimental evidence of superconductivity in Lu - 123 is rather controversial [3]. It 

is clear that each R - 123 differ from the other in a number of physical and chemical 

parameters such as orthorhombicity, oxygen content, orthorhombic-tetragonal transition 
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temperature, normal state and magnetic properties. Systematic comparative studies 

have been made on almost all the R - 123 compound in bulk form only [4]. However, 

Schwab et al [5] and Pinto et al [6] have shown that Lu. - 123 single phase orthorhombic 

structure can indeed be formed as thin films on LaAI03, SrTi03 and M gO substrates 

by the pulsed laser deposition (PLD). Rao et al [7) have reported growth of high quality 

TmBa2Cu307_r thin films on LaAI03 substrates using the PLD technique. However, 

the early efforts to prepare Yb - 123 films have not been successful [8]. 

The Yb in Yb - 123 system can exist in +2 and +3 valence states and its ionic radii 

in these two states are 0.93 A and 0.858 A, respectively. It also has a large magnetic 

moment (I' = 4.5I'B) which can effect superconducting properties of the Yb - 123 system 

as well as its transport properties in the normal state. On the otherhand Y in the Y -123 

system exists only in +3 valence and its corresponding ionic radii is 0.893 A. Therefore, it 

is interesting to study the effect of fluctuating valence, and different ionic size of Y b - 123 

superconducting compounds. Moreover, earlier reports on Y b - 123 system, either bulk 

or thin films, show disagreement with each other. 

The first report on Yb - 123 thin films is from Kawasaki et al on polycrystalline 

YSZ substrates by the AC (50 liz) sputtering [9]. The onset temperature (Te) and zero 

resistance (Teo) are reported to be 93 K and 66 K respectively. Mukadia et al [10] have 

prepared Yb - 123 films on M gO substrates using the e-beam deposition techniques with 

Tc of 81 K and Teo of 79 K. Screen printed Yb - 123 films on YSZ substrate have been 

reported by Koinuma et al [11]. Nagata et a1 [12] reported the light irradiation effect 

on the preparation of High Tc Yb - 123 superconducting thin films (Teo = 70 K) by 

AC sputtering method. Highly c-axis oriented films are reported by Chen et al [13] on 

SrTi03 substrates. They also reported the effect of Ag addition on Yb - 123 films on 

SrTi0
3 

substrates by liquid solidification process [14]. In the first case Teo is 82 K and 

Je is '" 104 A/cm2 (at 77 K) and in the later case Teo '" 90 K and Je = 3 x 10" A/cm'l 

(at 77 K). However, Luo et al [15] reported epitaxial Yb-123 films on lv/gO substrate by 

oxidation of a liquid alloys precursor with Teo = 80 K and 102 AI cm
2 

Jc at 50 K, Later 

Merchant et al [16] have reported the epitaxial growth on SrTi03 and M gO substrate 

using the same method. A successful growth of epitaxial Yb-123 films has been reported 

by Lee et at (17) on SrTi03 ha.ving T co = 82 K. A recent report b}' Priscoll [18] on a 
, 

study of structural disorder in sputter deposited R - 123 thin films as a function of ionic 
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radius and film deposition conditions has sta~ed ~ha~ the 

structural disorder at Yb site is responsible for the reduced T 
c 

which s~rongly depends on the deposition conditions. Thus. there 

is large scatter of resul ts on Yb-123 fil. Hence. it was 

considered worth while to prepare Yb-123 films along with Y-123 

by the PLD technique and to study them . 

6.1.1 Pulsed Laser Deposition (PLD) 

The major drawback in synthesis of stoichi ic R-123 

thin films is due to their muiti-colllponen~. anisotropic and 

r eacti ve nat ur e of the consti t uent 81 ement whi ch 1 eads to the 

formation of impuri ty phases unless care is taken. All the 

conventional film deposition t 

quali ty films due to 

experimentally PLD is one of 

ques employed r tin poor 

factors. Concept.ually and 

t.he si mpl t among t.he var i ous 

deposi t.i on t.ec hni ques . In si mpl e t.er ms it. uses pul sed laser 

radiat.ion t.o vaporize /ablate mat.erials and ~o deposit. thin films 

in a vacuum chamber. 

The inter act.i on of shor t :- .i . ;] " 1 gh z power (10-100 w/cm) 

laser with a ceramic t.arget. and d ' .... !.rr, ~he growth of a film can 

be viewed in several st.ages. The st.andard picture concerning the 

ablat.ion from solid surface ass JJr step process [fi g 5.1 J. 

As t.he high power laser beam pulse hit.s the t.arget.. pho~ons are 

absor bed by t.he surface. forming a mol~en layer t.hat 

vaporizes instan~aneously. The vaporization process creates a 

r 1 pressure on the liquid layer and expels ~he molten 

materials. Thus the material removed is a combina~ion of vapor. 

liquid and plasma. The second and ~hi r d hanisms are higher 

order per~urba~ions but they affect. the film deposit.ion by 

including changes in the plasma properties. Depending on ~he 

opti cal penet.r a~i on depth of ~he mat.er i al • t.he t.her mal 

diffusivity of the target. and the rat.e at which energy is 

~issipated in to t.he system. the surface of t.he t.arget. is left. at 
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radius and film deposition conditions has stated that the structural disorder at Yb site is 

1 responsible for the reduced Tc which strongly depends on the deposition conditions. Thus, 

' here is large scatter of results on Yb - 123 films. Hence, it was considered wothwhile to 
e- . 

prepare Yb - 123 films along with Y - 123 by the PLD technique and to study them. 

5.1.1 Pulsed Laser Deposition (PLD) 

The major drawback of synthesizations of stoichometric R - 123 thin films is due to 

their multi-component, anisotropic and reactive nature of the constituent element which 

leads to the formation of impurity phases unless a care is taken. All the conventional 

film deposition techniques employed r~sults in poor quality films due to above factors. 

Conceptually and experimentally PLD is one of the simplest among the various deposition 

techniques. In simple terms it uses pulsed laserradiation to vaporize/ablate materials and 

1.0 ' . ; ' ," •• films in a vacuum chamber. 

The interaction of short pulse high power (10-100 w/cm 2 ) laser with a ceramic target 

and during the growth of a film can be viewed in several stages. The standard picture 

concerning the ablation from solid surface assumes two step process [Fig.5.1]. As the high 

power laser beam pulse hits the target, photons are absorbed by the surface, forming a 

molten layer that instantaneously vaporizes. The vaporization process creats a recoil 

preRRure on the liquid layer and expels the molten materials. Thus thf' material removed 

is do combination of vapor and liquid. For effective material removal and congruent 

('vaporation of multi-component targets, short wave lengths (UV) and short pulse width 

('\\) ns) yield superior film quality. While the specific values of the temperature, oxygen 

).' ck ground pressure, target-substrate distance and other relevant quantities are very 

·· .. atem dependent, high-quality thin films of c-axis oriented Y -123 (CU02 planes oriented 

:l(.rallel to the substrate surface) can be routinely deposited in "" 100 - 300 mTorr of 

oxygen from a stoichiometric target onto a lattice matched substrate held at 72.5 - 800 

°C and positioned 4 - 6 em away. Fig 5.2 shows the laser plasma/plume at the target 

surface when the pulse intera.cted with target. The specific values of the oxygen pressure 

And the substrate temperature determines the orientation of the film (a-axis vs c-axis). 
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high temperature and it causes emission of many species from the 

target like t.hermionic emission of ions and electrons and 

el ons as well as neut.ral at.oms and molecules that are 

disorient.ed from t.he bulk. 

Phot.oionisation of evaporat.ed mat.erial leads to t.he 

. format.ion of an expanding plasma above the surface. t.he 

plasma absorbs t.he laser radiat.ion which resul t.s in furt.her 

heat.ing of t.he plasma. The plasma generat.ed at 'the t.arget 

surface expands away from 'the t.arget and t.he el t.ron densi t.y 

::reases and as a resul't t.he plasma bec t.ransparent.. The 

pI of t.he evaporat.ed mat.erial is cone shaped and charact.erized 

by a highly forward peak dist.ribut.ion cosn (8) wit.h 8 ~ n ~ 12 

where 8 is ured wit.h respect. t.o t.he t.angent. normal. This is 

in cont.rast. t.o what. one t.s from purely t.hermal evaporation 

charact.erized by cos 8 dist.ribut.ion. In addit.ion t.o 'the highly 

forward peak dist.ribut.ion 

cos 8 is also obser . 

second distribut.ion which is nearly 

This angular dist.ribution clearly 

indicat. t.hat. mat.erial removal is a combinat.ion of different. 

hanisms . 

For Y-123 it. has shown t.hat. in addit.ion 'to t.he change 

in angular dist.ribut.ion of t.he t.ot.al mat.erial eject.ed from t.he 

'target. t.here is also a variat.ion in t.he composit.1on of the 

evaporat.ed mat.er"ials as a function of angle. The sharply forward 

peaked dist.ribut.ion has t.he st.oichiometry as t.he t.arget 

while t.he broad dist.ribut.ion is non st.oichiomet.ry. While t.he 

s ific values of t.he t.emperat.ure. oxygen back ground pressure. 

t.arget.-subst.rat.e dist.ance and o'ther relevant quant.it.ies are very 

syst.em dependent.. high-quali t.y c-axis orient.ed t.hin films of 

Y-123 can rout.inely be deposit.ed in ~ 100-300 mTorr of oxygen 

from a stoichi ric t.arget. ont.o a lat.t.ice ma'tched subst.rat.e 

held at. 725 - 800 °c and posit.ioned 4-6 cm away. Fig 5.2 shows 

t.he laser plasma/pI at. 'the t.arget. surface when t.he pulse 

int.eract.ed wi'th t.arget.. 
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white portion indicates laser plume/ plasma, red hot plate 
is substrate holder with substrates and shutter can be seen. 

• 



• 

". t 'l"l , . 
I 

t 
I 
I , Chapter 5. Y-123 and Yb-123 Thin Films by PLD Method 86 

The present investigation is aimed at depositing Y - 123 and Yb - 123 thin films by 

the PLD technique. A comparison between Y - 123 and Yb - 123 thin films under the 

same deposition condition is attempted in order to understand effect of ionic radius of R 
¢-

element on the deposition conditions. 

5.2 Experimental Details 

Y - 123 and Yb - 123 thin films were insitu grown by the PLD technique using half 

inch diameter targets on LaAI03 < 100 > substrates. LaAI03 is chosen as a substrate 

because of its potential applications. These targets were prepared by a high temperature 

solid state reaction using stoichiometric proportions of 99.99% pure Y~OJ, BaCOJ and 

GuO. X-ray diffraction (XRD) showed that the targets were multi-phase in the case of 

}'b - 123 and single phase in the case of Y - 123. The experimental setup is shown in 

Fig.5.2. The deposition by laser ablation was carried as described in Chapter 2. Since 

the intensity profile of the 3 em x 1 cm laser beam has a Gaussian distribution along the 

short axis, only 5 mm of central region of the beam along the short axis was allowed to 

pass through the quartz lens using an aperture having 5 mm height and width variable 

between 10 - 20 mm. The width of the aperture was varied between 10-20 mm in order 

to vary the spot size of the laser beams on the target. Typical spots studied were in 

the range 0.3 mm (width) x 0.8 mm (height) - 6.5 mm x 1.2 mm. The laser Auence 

was varied by varying the laser output energy and was kept constant at 3 J/cm'l in all 

cases. The angle between laser beam and the normal to the target was 45°. The 123 

targets of 15 mm diameter and 3 mm thickness were used. The target was rotated at 

15 rpm. The substrate temperature was measured using an optical pyrometer. The 

substrate temperatures studied for depositing Y - 123 films are 650 °C, 675° , 700°, 725° 

and 750°C (variation ±5°C). The film composition was measured using energy dispersive 

X-ray analysis (EDAX) in thin film mode as most of the films studied had thickness 

varying between 1800 and 2000 A. Table 5.1 and 5.2 gives the PLD conditions of Y -l23 

a.nd Yb - 123 thin films. 

Film. were characterised by XRD. The electrica.l resistivity was measured by a DC 



Table 5.1 
o timized Pulsed Laser De ition Conditions for Y-123 films. 

1. I Target YBa,CU3 07-y 

2. Substrates 
3. Substrate Temperature 
4. I Substrate-traget distance 
5. Laser Power 
6. Laser Spot size 
7. I Laser Pulse frequency 
8. Base Pressure 
9. O2 partial pressure 

(1 cm dia; 3mm thick, 80% dense; T co "" 90 K). 
LaAI03 < 100 > (0.3 x 0.8 cm2

) 

725°C. 
4.2 cm 
600 mJ 
3xO.8 mm2 

8 Hz. 
10-6 Torr. 
200 mTorr. 

• 
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Table 5.2 
ODtimized Pulsed Laser . tion Conditions for Y -123 films. 

1. 

2. I Substrates 
3. Substrate Temperature 
4. I Substrate-traget distance 

Laser Power 5. 
6 . 
7. 
8. 
9. 

Laser Spot size 
Laser Pulse frequency 
Base Pressure 
O2 partial nr. 

CU3 07-r 
(1 cm dia; 3mm thick, 80% dense; T cc '" 88 K). 
LaAI03 < 100 > (0.3 x 0.8 cm2

) 

700°C. 
4.5 cm 
600 mJ 
3xO.8 mm2 

8 Hz./sec. 
10-6 Torr. 
200 mTorr. 

- -- - _. - ------------- -
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four-probe technique. Silver films of thickness 4000 Awere evaporated on the HTS films 

to decrease the contact resistance for the measurement of the critical current density. 

The films were subsequently patterned by photolithography technique. Typical bridge 

dimensions were 10 Jlm xl mm x200 nm. Critical current density was determined by 

employing a criterian of voltage drop of 0.15 JlV fmm across the sample. In order to 

check the homogeneity of the films several bridges were fabricated on one film. 

The surface morphology of the best quality Yb - 123 and Y - 123 films were studied 

using Atomic Forse Microscope (AFM) digital instruments nanoscope model III. 

5.3 Results and Discussion 

5.3.1 Optimization of PLD Conditions for Y-123 Films 

It has been observed earlier by others that the thickness and composition profiles are 

more uniform along the short axis of the laser spot as compared to those along the long 

axis. This is obviously because the plume is much wider along the short axis of the 

laser spot than along its long axis due to much higher expansion of the aBoted material 

along the short axis. In other words, the major axis of the plume, and hence the film 

thickness distribution, is perpendicular to the long axis of the laser spot. Therefore, the 

uniformity of film thickness and composition is mainly governed by plume distribution 

along the long axis. 

The important parameters which govern the plume distribution are laser spot size, 

fluence, target density and oxygen pressures. Although the effect of fluence has been 

extensively studied, the effect of spot size has not been discussed extensively. This 

investigation was aimed at optimizing the growth rate and relative stoichiometry in the 

long axis, oxygen pressure and target to substrate as a function of the spot size. 

The film thickness and composition distribution using'" 75% density Y - 123 targets 

at 200 m Torr oxygen pressure for three spot sizes - 6 mm x 1.2 mm, 3 mm x 1 mm and ~J 

mm x 0.8 mm were studied. The spots were focussed on the target so that the outermost 
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edges of the spots were at a distance of 6 mm from the centre of the target, resulting in 

a circular track of 13 mm outer diameter in all three cases. T -S distance is kept constant 

at 4.5 ~ for this study and deposition time is 100 minutes. Fig.5.3a shows film thickness 

variation along the long axis. Large uniformity has been observed for 0.8 mm x 3 mm 

spot size even though it gives a low film growth rate when compare with other two spot 

sizes. Fig.5.3b shows the variation of Y - 123 film composition along the long axis for 

the two spot sizes. It is seen from the figure that the compositional uniformity is slightly 

better for the smaller spot than the larger spot. Moreover, the former gives films with 

significantly better stoichiometry when compared to the later. From these results, it 

can be interpreted that smaller spots give better thickness uniformity and compositional 

uniformity, under a given set of optimized conditions. 

Fig.5.4a shows the R-T plots for films obtained using three laser spots. The film made 

by the small laser spot shows higher Tc (90 K) than the other two spot sizes. Fig.5.4b 

shows the R-T plots of films grown at various substrate temperatures at the optimum laser 

spot. Even though films deposited at 100 mTorr have lower resistance, films deposited 

at 200 mTorr show Tc = 90 K. The primary reason for pressure dependence of Tc is the 

composition of the film (20). The variation in a film composition, when the substrates 

located at various positions along the plume axis, may be traced to the different expansion 

velocities of the various target species in the plume. Earlier evidences [6,7] indicates that 

as much as 50% variation in the maximum velocities of different species may occur in 

the plume. Further, at the tip of the plume, the velocities of different species become 

equal and hence a stoichiometric film can be realized. Fig.5.5a shows the effect of T-S 

distance on Te for Y - 123. It appears T-S distance around 4.5 cm is optimum for getting 

stoichiometric films with high Te. 

Fig.5.5b shows Tc vs oxygen pressures at different substrate temperatures of Y" - 123 

thin films. At very high or very low oxygen pressures Tc turns out to be much lower. 

The optimum oxygen pressure in the present case is 200 mTorr. 

Fig.5.6 the XRD pattern of Y - 123 films prepared at 675°C, 700 °C and 725 °C. 

All the three films strongly show C-axis orientation. The full width at half maximum 

(FWHM) values for < 006 > reflection of Y - 123 films are 0.45
0

, 0.358
0 

and 0.35
0 

for 67& 0, 700 C)C and 725 °C respectively. The smaller FWHM corresponds to higher 
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order crystalline nature. The results on Y - 123 thin films are given in Table 5.3. From 

these results it is obivious that, for Y - 123 films substrate temperature above 700°C is 

preferred for realizing high quality superconducting thin films. 

Fig.5.4b and Fig 5.8a shows the R-T plot of the Y - 123 films grown ct 675°C, 700 

°C and 125°C. Films prepared at 725 °C show Tc = 89 K when compared to lower Tes 

of other two films prepared at 675°C and 700 °C. The critical current density of the film ' 

grown at optimized conditions (3 mm x 0.8 mm spot T-S distance 4.5 cm and 200 mTorr 

Ol pressure and 125°C substrate temperature) is measured to be 1.5xl06 A/cml at 77 

K (T co = 89 K), which is highly reproducible. 

5.3.2 Optimization of Yh-123 Film Growth Conditions 

Laser deposition parameters used in the earlier sections were kept constant and only the 

substrate temperature was varied. Fig.5.7 shows the XRn patterns of Yb-123 thin films 

deposited at (a) 675°C (b) 700 °C and (c) 725°C respectively. Most peaks corresponds to 

the 123 structure. lIence, It is possible to deposite Y b - 123 film. It is very interesting to 

observe that < 001 > and < 005 > peak intensities are nearly the same at all deposi tion 

temperatures. Moreover, < 004 > reflection which can be seen for all the Y - 123 films 

deposited at the same substrate temperatures is absent for all the Yb - 123 films. This 

may be the effect of smaller ionic radius of Yb atom when compared with that of Y. 

The FWHM values for < 006 > reflection are 0.347°, 0.332° and 0.395° for 675°C, 700 

°C and 725°C, respectively. In the case of Yb - 123, films deposited at 700°C showed 

relatively smaller FWHM which indicates better crystalline quality of the film than other 

films deposited at lower substrate temperatures. 

Fig. 5.8b shows the R-T plots of Yb - 123 system deposited at 700 ± 25°C. The 

Te s of the films deposited at 675°C, 700 °C and 725°C are 84 K, 88 K and 80 K, 

respectively. Films deposited at 700°C have relatively low room temperature resistance 

and small residual resistance (Ro ) that indicates high metallic nature of Vb - 123 thin 

films when compared to the films deposited at 675°C and 725 DC. Table 5.4 gives- -

These results indicate that it is possible to grow quality superconducting Yb - 123 films 



, , 

i 
; , 

; 

I 
i 
I 
I 
I 
• , 
I 

I 
I 
~ 
I 

I 
I 

~ , 

c: ... ., 

~ 

01 
u 
c: 
ttl , . 
.~ 
cJ 
~ 

2. 5.0 

2.0.0 

15.0 

10.0 

5.0 

0,0 
0,0 

Fig.S.B. 
• 

(b 

• 
(a) 

, 

• 

• 

50.0 100.0 150.0 200.0 250.0 300,0 

TQmpQraiure T(K) 

(.,) R-T plots ofr.Y-123 fil m depos ited at (6.) 72S'C; 
(t) 700'C and (J.L : ) 6BO·C • 

8.0 .------"-----------------, 

.. . 
• 

Vl 

E 
..r= 
o 
. .. 

• 

6.0 

~ 4.0 
Z 
<C 
I--
Vl 

Vl 
uJ 2.0 L-

0:: 

(a) 

. , (b) 

• ( ( '/'") 

• 

, 

0,0 Lo ,-o--s~o-, 0-.J1L1~OLO ,-0----:-1~5 o=-.-=--0--=2::0-=-0 .-=0--:7:::5:-0 ,-:0-:-3 0:-::0 .0 

- -
Fig.S. B• 

, TEMPERATURE (K) 

(b) R-T plots of Yb-123 film deposited at (b l 72S'C; 

(c.) 700'C t a.) 6BO·C. 

• 



• 

, 

Chapter 5. Y-123 and Yb-123 Thin Films by PLD Method gO 

by PLD method, and the smaller ionic radius of Yb does not have detrimental effect. 

5.3.3 Comparative Studies on Y-123 and Yb-123 Films 

• 

Following a comparative study on the prop~rties of Y -123 and Yb-123 films deposited 

at identical conditions, the properties that are consistent with the substrate temperature 

in both the cases are listed below. 

Fig.5.9a shows c-axis parameter variation with substrate temperature for V - 123 

and Yb - 123 films. In both the cases, the c-axis parameter has a lower value at the 

optimum substrate temperature. Fig.5.9b shows Tc and Jc as function of the substrate 

temperature. Jc values for Y - 123 and Yb-123 are 1.8 x 1020 and 2 x 1020 , respectively. 

Tc and Jc of }'b - 123 films increase initially and exhibit a maximum at the optimum 

substrate temperature while in the case of Y - 123 films, Tc and Jc continue to increase 

with substrate temperature indicating that the optimum substrate temperature' to achieve 

higher Tc and Jc may be higher than 725°C (since the opitimum substrate temperature 

seems in this case lie well above the maximum substrate temperature used). The variation 

of Tc and J(' for Y - 123 films are similar to that of sputte'r deposited films as explained 

in Chapter 3. On the otherhand, 

smaller ionic radii of Vb atoms which plays a vital role in the growth of IInit cell. 

Similar behaviour was observed in the case of Lu-123 and Tm-123 films [6,7]. At lower 

substrate temperatures (below optimum temperature), the film quality is poor probably 

due to the low adatom mobility of ablated species at the growing surface which limits 

the' phase formation as well the as graill size. On the other hand in the casf' of ). b - In 

films, at temperatures higher than the optimum substrate' tellllwralllrt', eV(,lIlhollgh th e 

grain size is not limited, in(J'ec\sed size of grain boulldary domains an' respl>lIsibk for 

degradation of 1 ~ and Je- To study this speculation AFt-.t was lI sed to S(,f' the surface 

morphology of the films. 
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Table 5.3 Results of Y-123 films deposited on LaAI03 substrates • 
S.No Substrate Thickness Resistivity R300/ RlOO Teo Je(77 K) 

Temperature 
(DC) (A) (mO-cm) (K) (l06 A/cm'l) 

1 650 1860 0.930 2.25 86.2 0.82 
2 675 1852 0.556 2.54 87.1 0.95 
3 700 1824 0.547 2.95 88.2 1.02 
4 725 1834 0.27.5 2.88 88.8 1.20 
5 750 1812 0.093 3.12 89.2 1.40 

Tabl 5 4 S e orne re pro UCI e resu so - ms e POSI e on a 3 su . fa • -d 'bI It f Yb 1')3 fil d 't d L AIO bst tes. 
S.No Substrate Thickness Resist.ivity R300/ RlOO Teo Je(77 K) 

Temperature 
(Oe) (A) (mO-cm) (K) (106 A/cm'l) 

1 680 1860 0.349 3.02 83.8 0.4 
2 700 1926 0.272 2.90 88.5 2.1 
3 720 1885 0.206 2.64 86.2 0.9 
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5.3.4 AFM Studies of Y-123 and Yb-123 Thin Films 

Surfa.ce morphology of the best qua.lity films of Y - 123 and Yb - 123 deposited at 700 

°C and 725°C, respectively, have been studied using AFM. 

Fig.5.10a,b and c show the AFM picture of Y - 123 films deposited at 675°, 700° 

and 725°C respectively. Highly oriented grains were obtained reproducibly at 725°C 

temperature. Fig. 5.11a,b and c show the microstructure of the Yb - 123 films deposited 

at 6750
, 700° and 725°C. Yb-123 films prepared at 675°C temperature have poor quality 

microstructure. Randomly oriented grains with with many weak links or grainboundaries 

can be seen from AFM pictures for films grown at 675°C in both the cases. However, 

at 700°C Y b - 123 film shows better microstructural characteristics as evident from 

AFM picture as shown in Fig.5.ll b. Which means Yb - 123 films favour larger size grain 

and Y - 123 favour randomly oriented smaller grains at 700°C. However, Y - 123 films 

grow with larger grain sizes and with highly oriented nature at 725°C, Fig .. 1.10c. The 

degradation of superconducting properties of }I'b - 123 can he accounted to the poor 

minostructure at 725°C, while the high 1~ and Jc of }/ - 123 films prepared at these 

t.emperatures could be due to better microstructure. The A FM images confirmed the 

speculations made and become evidence for the Jc dependance on the minostructure of 

the films. 

Films deposited at 675°C have show poor quality microstructure in hoth the cases. 

Fig.5.ll a and h shows the microstructure of }/ - 123 and Vb - 123 films deposited at 67.1 

DC. In both ti)(' cases, degradation in the superconducting properties is ohserved, i.e., Tc 

and Jc are lower. 

Figure 5.1 ~a,b shows the microstructure of a typical } / b - 12:J thin film ci<-posited a.t 

700 DC. It shows a. spiral like growth and scn'w distort.ioll. This kind of rllinost rllcture 

was earlier ohservt·d hy a few researchers ill }' - 1'23 films ['21]. The 7~ of the filrll is K8 \, 

and transport Jc at 77 K is 3 X 106 A.jcm 2. The reason for getting this killd of sl rllclme 

is not exactly known. The speculative explanation could be that some variation in the 

plume characterstics might be responsible for the defective growth of Yb - 123 film. 
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Overall, AFM studies confirms that the substrate temperature has a influence on mi­

crostructure and hence on the quality of superconducting film. To the best of knowledge 

of the author, so far no such evidence through AFM has been reported in the literature. 
e-

5.3.5 Temperature Dependence of J c 

• 

Table 4.2 shows the Tc and Jc values of Y -123 and Yb-123 thin films grown at different 

substrate temperatures. 

The variation of Je with temperature of these films are explained using models pro­

posed for granular superconductors by earlier researchers. The basic reason for choos­

ing molecular model is due to their microstructure which confirms the existence of well 

aligned grains. These grains are homogeneous and are connected by weak links. These 

weak links can be either grain boundaries or superconducting regions of poor quality, or 

even normal conducting and insulating barriers. 

• 

Close to Te , the model proposed by De Gennes and Clark [22,23] was adopted to 

study the nature of grain boundaries. Accoding to this model, current flows between two 

superconducting grains separated by grain boundary (or weak link) due to tunneling of 

Cooper pair by the well known proximity effect and Jc is given by 

(5.1 ) 

where d is the thickness of the grain boundary layers and f.N is the normal metal coherence 

length. Ignoring the weak temperature dependence of f.N compared to the (1 - (2) term, 

exp( -d/f.N) can be neglected at temperatures very close to Te. The above expression 
• 

: can be rewritten as 

( 5.2) 

Fig.5.l3 and Fig 5.14 shows the ..;:r; vs (Tc - T) plot for Y - 123 and Yb - 123, thin 

film.. The line&r behaviour of these plots very close to Te indicates that Y - 123 and 
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Yb - 123 films exhibit a SNS kind of behaviour or grain coupling is metallic in nature .. 

5.4 Conclusions 

1. In the case of Y - 123 films, no optimization of substrate temperature was done 

and hence Tc and Jc are showing an increasing tendency with sunstrate temperature 

whereas the optimiation temperature in the case of Yb - 123 films is 700°C. 

2. The smaller ionic radii of Yb prefers lower temperature for the formation of 123 

phase where as higher ionic radius of Y prefer higher substrate temperature. 

3. Y - 123 thinfilms deposited on LAO substrate at 725°C have resulted in good 

quality films with Tc ~89 K and Jc ~ 1.8 X 106 A/crn at 77 K while Yb - 123 thin 

films deposited on LAO at 700°C have high Tc (88 K) and Jc (2 x 106 A/cm- 2
) 

4. Surface morphology Y - 123 fims deposited at 725°C and above have shown im­

proved microstructure when compared with that of Y - 123 films deposited on 

substrates held at below 725°C temperature. While the surface morphology of 

Yb-123 films show smooth surface at 700°C only. Yb-123 films deposited above 

and below 700°C substrate temperature have resulted in poor quality microstruc-

ture with many weak links. 
• 
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Studies on 
y 

Thin Films 

6.1 Introduction 

Current research trend in high temperature superconductivity (HTS) has substantially 

aimed at the improvement of superconducting properties by substitution or addition of 

other elements. However, numerous investigations into the effects of the substitution of 

copper in Y - 123 HTS compound has resulted in only degradation of its superconduct­

ing properties. There is a scanty literature on Nb substitution at the Cu site of 12:3 

compounds, and also to the best knowledge of the author no Nb substitution at tll(' ell 
silt· of Y - 123 films has been reported. Hence it was considered worthwhile to prepare 

and study the Y Ba2Cu3-xN b1.o7 - y films. This chapter gives th(' details of this work . 

The preferential occupancy in two iIH'4uivaient copper sites seems to dffect t hl' s lIper 

(ollductivily in the Y - 12:3 system substantidlly. Consideration of the relative suh~t it lI ­

tional occupancies of the Cui (chain) and ('u2 (plane) sit("s is central in the illterprf't(ltioll 

96 
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of primary features such as degree of ddt' f d' . egra a Ion 0 supercon uctmg propertIes, oxygen 

site occupancy and substitutional solubility. The superconducdting properties of Y - 123 

have revealed that the Cu - 0 erlane and chains are responsible for the superconductiv­

ity and the main contribution to the density of states at the Fermi level is due to the 

hybridization states of copper 3d and oxygen 2p. Hence, many researchers thought that 

the substitution for Cu in R-123 by transition metals should produce substantial changes 

(improvement or degradation) in its superconducting properties. 

Numerous investigations into the effects of the substitution of copper in Y - 123 by 

a great variety of metallic elements have already been carried out. The most extensively 

investigated substitutional elements which have resulted in single phase materials are M 

= Fe, Co, Ni, Zn, Ga and Al [1-6]. In the case of trivalent magnetic (Fe and Co) 

and nonmagnetic (AI and Ga) substitutions, it is reported by many researchers that in 

Y Ba2Cu3-xMx07-1I maximum dopant concentrations is x = 0.15 - 0.25 for M = Fe 

[1,2]' x = 0.2 - 0.33 for M = Co [2,3] and x = 0.13 - 0.2 for Al and Ga [2,4]. The 

dependence of 1~ 011 copper dopant is typically only about 2 - 5 K/at.%. In contrast to 

the trivalent dopants, substitution of Zn (non magnetic) for Cu results ill an unusual 

dra.stic suppression of Tn with a typical value of 11 K/atm. %. The Nz (magnetic) 

substitution resulted in very slow degradation of 1~ very slow with the increase of dopant 

("oncentration. In the case of pentavalent dopants like V, N b and 'fa etc. [7-9] no 

significant improvement in superconducting properties have been observed. However, it 

was noticed that there is an enormous increase in oxygen intake in the case of N b/Ta/ V 

substitut('d Y - 123 compounds. Nb substitution at Cu in Y - 123 (bulk) syst('m has 

resulted in improvement of its mechanical properties and increase in the criti cal current 

density J
c 

upto certain level of Nb substitution [8]. Greaves et al have confirmed that 

the substitution of N b and 'fa at Cu 1 site in La - 123 system [10]. They also reported 

that substitution of Nb l at CUI in Y .- 123 systclII [('suits in forlll atio ll of sillgle phase 

There are v('ry few reports on substitution -;tuo.ies III IITS thin film'> SOllg et til hav!' 

reported the transport properties of Y - 123 thin films doped upto 2 at % of Nt. F( alld 

Co. They found 1 x 106 A/cm2 Jc for Nt doped film and 5 x 10
6 

A/cm
2 

for Fe and Co 

doped films [111. But Ogale et al have reported much smaller Jc values in Fe and Zn 

doped film~ [12,13]. So far no systematic study bas been reported on the pentavalent 

I 
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element substitution in Y -123 thO fil H' " . In ms. ence, In the present Investigation a systematic 

study of Nb doping at copper site and its effect on superconducting properties in Y -123 

thin films is presented. 

The reasons for taking the present work are 

• No Nb substitution report in 123 films has appeared as yet to the best of the 

knowledge of the author . 

• Nb exists in multivalence states, moreover its ionic radius varies from 0.48 to 0.74 

Adepending upon the valence which is comparable to the ionic radii of different Cu 

valence states. However, the coordination of Nb which can be IV to VIII fold is , , 

different than that of Cu. Therefore the substitution of Nb at Cu site may affect the 

Cu valence and hence one may expect some substantial change in N b substituted 

Y - 123 system . 

• Nb is having higher affinity towards oxygen hence it can enhance the oxygen diffu­

sion process for growing a 123 film . 

• The formation of LaBa2NbCU20g ha..'i been reported in bulk form but not of 

Y Ba2NbCu20S compound. It is well established that the phases, which rnay not 

stabilize in bulk, may stabilize in thin film form [14]. So an attempt is made here 

to see whether Y Ba2N bCU20S phase can be stabilized in thin film form . 

• Another interesting thing is that N b itself is a conventional superconductor and if 

it does not substitute into the 123 lattice then it may segregatp at grain boulld­

aries and may improve the weak link hehavior in the granular superconductillg 

films by forming superconductor-mclal-superconductor (S-N-S) junctiolls at the 

grain boundary domains. Hence an improvement in the microst rllct lire and III'IIC(, 

improvement in current density may bt' expected . 

• The present study was also aimed at synthesizing the single phase Y i3a 1 NbOh thlll 

films as they can be useful as good buffer layers for depositing H - 123 films . 

Considering all above factors the present work of Nb substitution at Cu site of Y -123 

system in thin films was taken up, results of which are given below. 

I 

I • 
I I 

I 
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6.2 Deposition Details of YBa2Cu3-xNbx07-y Films 

Y Ba2Cu3-xNbx07-lI powders were prepared using the standard solid state reaction 

route. Oxide powders were of 99.99% purity. For preparation of powder samples with 

x = 0.0, 0.025, 0.05 and 0.1, the maximum temperature used was 930°C. For prepara­

tion of sample powders with x = 0.02, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0. higher 

synthesization temperature of 1050°C was found to be optimum. The targets having 

diameter of 1 cm and 4 mm thickness (density around 70 to 80 % of the bulk) were 

prepared by a standard method. Thin films of varying Nb composition were prepared on 

SrTi03 < 100 > and LaAl03 < 100 > substrates using the PLD method described in 

Chapt.2. The target to the substrate distance was kept constant at 4.5 cm. Substrates 

were kept at temperatures between 700 - 800 °C and the oxygen partial pressure was 

maintained at 200 mTorr. Other deposition conditions were also kept the same for each 

film deposition including identical geometrical dimensions of each substrate. Details of 

the deposition conditions are given in Table 6.1-6.2. All the films were characterized by 

XRD, four probe DC electrical resistivity and SEM . Critical current density (Jc ) mea­

surements were done on 15Jim wide 1 mm long and 200 mIl thick microbridges prepared 

by a conventional photolithography technique. 

6.3 Results and Discussion 

Films were deposited Oil SrTlO] < 100 > by usillg targets of }' Hul' u \- L N bL 07-y for L 

= 0.0,0.025,0.05,0.1,0.2,0.<1,0.8 and 1.0 A sys tcllldti( structural dldll!!;<..' from the Xltl) 

cmd t rdllsport properties for these x valucs IlIot l\'atcd us to study ot her COllcl'lItration::. 

(0.1 to 1.0) also. lIence a systematic study of Nb substitutioll at ('u was studied Oil 

LaA10
3 

< 100 > substrates was performed. The results of N b substituted films on 

SrTi0
3 

< 100 > and LaA103 < 100 > are discussed individually as the deposition 

conditions are not the same for both the substrates. 

I 

I 

I 
I 
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Table 6.1 
Optimized Laser Deposition Condition on SrTi03 < 100 > 

Targets I YBa2Cu3-rNbr07-~ 

Targets dimensions 
Substrate 
Substrate-traget distance 
Substrate Temperature 
Laser Power 
Laser Spot size 
Laser Pulse frequency 
Base Pressure 
O2 partial pressure 

x=0.0,O.25,0.05, 0.1, 0.2, 0.4, 0.8 and 1.0) 
1 cm dia 4 mm thick 
SrTi03 < 100 > 0.5 x 1 em . 
4.5 em 
700°C 
600 mJ 
3xO.8 mm2 

10 Hz. 
10-6 Torr. 
200 mTorr. 

-. 



~ 

l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

• 

Table 6.2a 
Laser deposition condition on LaAI03 < 100 > 

Targets 
Targets dimensions 
Substrate 
Substrate-traget distance 
Substrate Temperature 
Laser Power 
Laser Spot size 
Laser Pulse frequency 
Base Pressure 
O2 partial pressure 

Targets 
Targets dimensions 
Substrate 

YBa2Cu3-xNbr07-y x=0.0,0.25,0.05 & 0.1 
1 cm dia 4 mm thickness 
LaAI03 < 100 > 0.5 x 1 em. 
4.5 cm 
725°C 
600 mJ 
3 xO.8 mm 2 

B Hz. 
10-6 Torr. 
200 mTorr. 

Table 6.2b 
YBa2Cu3_r~br Y 7-y x=0.2 to 1.0 
1 cm dia 4 mm thickness 
LaAl03 < 100 > 0.5 x 1 cm. 

l. 
2. 
3. 
4. 
5. 
6. 
7. 
B. 
9. 
10. 

Substrate-traget distance 
Substrate Temperature 
Laser Power 

4.5 cm 
BooDe 
600 mJ 

Laser Spot size 
Laser Pulse frequency 
Base Pressure 
O2 partial pressure 

3xO.8 mm2 

8 Hz. 
10-6 Torr. 
200 mTorr. 

I 

-
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6.3.1 Films on SrTi03 <100> Substrates 

Films were deposited iCing these targets on SrTi03 < 100 > substrates maintained 

at 700°C, The XRD patterns shown in Fig.6.1a-g show strongly c-axis oriented films 

upto x $ 0.1 since all major lines can be identified as < 001 >. For x > 1.0 XRD -
patterns also show c-oriented films but with impurity phases. With the increase of Nb 

concentration the growth of a secondary phase Y Ba2Nb06 [15] has been identified for 

x ~ 0.2 as shown in Fig.6.1d. The best full width at half maxima (FWHM) values for 

the < 005 > reflection of Y - 123 for Nb substituted films are 0.21, 0.22, 0.23, 0.28, 

0.31, 0.35, 0.52 and 0.75° for x = 0.0, 0.025, 0.05, 0.1, 0.2, 0.4, 0.8 and 1.0, respectively. 

The larger values of FWHM with the increase of Nb concentration indicates that grains 

are becoming more randomly oriented and/or grain boundary domains are increasing. 

Since not much variation in the FWHM values are observed for x = 0.0, 0.025 and 0.05 

it implies that the grain size may be really the same for these compositions. For x ~ 0.1 

a drastic change in the FWHM values is observed. This suggests a substantial change in 

the microstructure of the film with x ~ 0.1. XRD pattern for increasing x reveal that 

as Nb concentration increases Y Ba2Nb06 cubic phase starts growing as shown by XRD 

lines < 200, 300 and 400 > of the compounds, and Y - 123 phase starts decreasing. 

Eventually at x = 1, almost all Y - 123 phase is gone and cubic phase of Y Ba2Nb06 

dominates in the film. This is clearly shown in Fig.6.lf,g. The FWHM of Y Ba2Nb06 

< 004 > reflections whose intensity increases with Nb concentrations for x = 0.1, 0.2 , 0.1, 

0.8 and 1.0 films deposited on SrTi03 are 0.985, 0.469, 0.284, 0.26 alld 0.22 respectively. 

This suggests that even though Y Ba2Nb06 phase is growing it is not in single phase. 

6.3.1a Resisitivity and Transition Temperature Measurements 

Resistance vs. Temperature (R - T) plot~ are showll ill Fig.6.2. As seeIl for Ii 

VS. T data, the transition temperatures for .r = 0.0, 0.025 and 0.05 wer(' around 89 K 

with sharp transition widths whereas for x = 0.1 and 0.2 the Tc has reduced drasti cally 

from 85 K to 72 K. Complete loss of superconductivity has been observed for x = 0.4 

concentra.tion whereas 0.8 and 1.0 show insulating nature i.e., R increases with decrease 

• 
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Table 6.3 Results of Y Ba2Cu3-TNb~07 ~ thin films deposited on SrTi03 substrates -
S.No. Sample Thickness Resistivity Teo Je(77 K) 

x (A) (mn-cm) (K) (106 A/cm2) 
1 0.0 1860 0.033 89.2 1.4 
2 0.025 1906 0.03.5 88.3 2.4 
3 0.0.5 1854 0.064 87.1 3.2 
4 0.1 1796 0.987 85.4 0.2 
5 0.2 1792 1.575 69.1 
6 0.4 1765 2.868 
7 0.8 1800 53.28 
8 1.0 1786 61.79 

Table 6.4 Results of Y Ba2Cu3-xN bx0 7- x thin films deposited on LaAl03 substrates 
S.No. Sample Thickness Resistivity Teo Je(77 K) 

X (A) (mn-cm) (K) (106 A/cm2) 
1 0.0 1824 0.228 88.8 1.20 
? 0.025 1846 0.323 88.6 1.85 -
3 0.05 18.52 0.69.5 88.3 2.20 
4 0.1 1864 0.978 8.5.4 0.08 
5 0.2 1848 2.033 
6 0.3 1872 5.709 
7 0.4 1844 52.5.5 
8 0.5 1812 1.47 xl 02 

9 0.6 1892 2.59 X 102 

10 O.i 1862 5.13xl02 
t 11 0.8 1879 7.06 X 102 

12 0.9 1840 8.12xl02 
f 13 1.0 1888 1.04 X 103 
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forming an intermediate phase Y Ba NbO 
2 6· 

The R - T plots show a systematic metal to insulator transition in the electrical 

resistivity of Nb substituted films. Since it has been shown [18] that the addition of 

N~05 does not reduced the oxygen content, this transition is most probably due to the 

large growth of the insulating phase Y Ba2Nb06 as indicated earlier. A detailed study of 

all the concentrations from x = 0 to 1 was done on films deposited on LaAl0
3 

substrate 

and is discussed later. 

6.3.1h J c Measurements 

The critical current density (lc) measurements show an improvement upto x = 0.05 

concentration ioe., the range of le realized for x = 0.0, 0.025 and 0.05 are 1.4 - l.6 x 

1Q6 A/cm2
, 2 - 2.4 x 1Q6 A/cm 2 and 2.9 - 3.2 x 106 A/cm2 at 77 K on SrTi03 < 100 > 

substrates. For x > 0.05 there is a drastic decrease in the le. Fig.6.3b shows the 

concentration Je (at 77 K) vs. x which shows a peak around x = 0.05. The le values at 

different temperatures have been listed in Table 6.2. 

D. Kumar et al [19] have reported that the nature of grain boundaries in undoped and 

Ag doped films can be studied using a model proposed by De. Gcnnes [20] and Clarke 

[21] as described in Chapter 3, section 3.5.4. As per this model, the slope of the Pc vs. 

T - Te will give a measure of the grain boundary domain thickness. Fig.6.4 shows the 

VJ;. vs. T - Tc plots for .r = 0.0,0.025, 0.05 and 0.1 of Nb substituted thin films. It 

shows linear behavior for all the films. If the slope is large, it indicates good alignment of 

grains and hence reduction of weak links which results in good quality film. From Fig.5. ·1, 

it is evident that the slope of Nb substituted films for the concentrations 0.025 allo O.OS 

is larger compared with the undoped Y - 123 him and also for x = 0.1 N b dopt'o }~ - 123 

film. This indicates the metallic nature at the junctions (SNS) which implies a proxiullty 

junction like behavior as proposed by Clarke [21]. But our results illdicat('s that the 

resistivity of 123 films increase with N~05 concentration. This indicates presence of the 

insulating phase between the superconducting grains which may imply that N b is not 

substituting at Cu site. 
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Cha.pter 6. Studies on YBa2Cu3-xNbx07_y Thin Films 

6.3.1c Scanning Electron Microscope Studies 

Jc of HTS films directly depends on their 9licrostructure. The microstructure varies 

with the grain size, grain orientation and grain boundary weak links which critically 

depend upon the complexity of the growth process and the quality of the substrate used. 

The main reason for the occurrence of a large number of grain boundaries in Y - 123 

thin films are due to the dominant island growth mechanism than the layer by layer 

growth mechanism [22]. C-axis oriented Y - 123 thin films show Jc ~ 106 A/cm2 at 

77 K irrespective of the deposition technique [23]. To observe the surface morphology 

SEM studies were performed. Fig.6.5a,b shows SEM photographs for x = 0.0 and 0.05 

concentrations. As deposited film photographs show featureless grain structure which 

may be due to the alignment of grains during growth process. However, particulates still 

exists. To improve the contrast, films were partially etched and surface morphology was 

observed again. Fig.6.5a,b shows the partially etched films for x = 0.0 and 0.05 of Nb . 

The etched portions (black rectangular portions in the photographs) represents the grain 

size. From these micrographs it is seen that there is a grain alignment in the film with 

the increase of Nb concentration up to 0.05 as evident from the systematic etching of 
, 

grains. From SEM studies it can be interpreted that Nb substitution may be helping in 

the alignment of grains. 

6.3.2a Nb Substituted Films on LaAI03 <100> Substrates 

The concentrations for x = 0,0,0.025,0.05,0.1,0.2,0.3,0.4,0 . .5 , 0.6 , 0,7,0,8 0.9 and 

1.0 were also studied to investigate the systematic changes in structural and electrical 

properties of N b substituted Y Ba2Cu3- xN bx h-y film s. 

The XRD patterns of the films deposited 011 LaAI03 < 100 > are shown ill Fig .G .o 

< 001 > orientated superconducting Y - 123 films were obtal11ed (whirh rn ean ~ the 

orthorhombic Y - 123 exists upto x ::; 0.2) upto x ::; 0.2 concentration, and for .I: > o.~ 

the formation of single phase Y Ba'jNb06 has been observed when deposited at a subst.rate 

temperature of 750°C. The increase in intensity of the Y Ba'J,N bOs phase was observed for 

x = 0.4,0.6,0.8 and 1.0 concentrations. The larger values of F\VHM with the increase lfl 
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x above 0.1, indicates that Nb of Nb 0 b . h . b d' 
2 5 may e segregatmg at t e gram oun anes or 

forming the secondary phase Y Ba2Nb06. The FWHM of Y Ba2Nb06 < 004 > reflection 

whose intensity increases with Nb. FWHM values for < 400 > refle~on of Y B a2 Nb06 

phase are 0021, 0.25, 0.22, 0.25, 0.21, 0.22, 0.20, 0.21 and 0.22° for 0.2, 0.3, 0.4, 0.5, 0.6 , 

0.7, 0.8, 0.9 and 1.0, respectively. This clearly indicates that with the increase of N b 

concentration and an increase in film deposition temperature makes it possible to deposit 

single phase Y Ba2 Nb06 which is highly < hOD> oriented from x = 0.4 onwards. Even 

though copper is more in the target, no X-ray detectable CuO reflection was observed . 

6.3.2h T c Measurements 

Fig.6.7 shows R - T curves of the films deposited on LaAl03 < 100 > substrates. 

Table 6. 4 gives the summary of the R - T curves . It is observed that there is an increase 

in room temperature resistance with the increase in x and there is a linear decrease in 7~ 

upto x = 0.1 and drastic suppression of Tc is observed for x = 0.2 as shown in Fig.6 .8a. 

The variation of c-parameter with Nb concentration is similar to that discussed in the 

case of films deposition on SrTi03 substrates. Superconductivity was completely absent 

for films having x ~ 0.3. A systematic metal to insulator transition was observed from 

x = 0.2 to 0.4 concentrations from the R - T plots and insulator nature is stabilized for 

x = 0.6 - 1.0 concentrations. This metal to insulator transition appears to be sudden. 

When the concentrations were doubled i.e 0.2 to 0.4 then the charge balance is affec ting 

drastically (see table). Due to the imbalance and also du~ to the chemi cal react ive na.ture 

of Nb with Y and Ba results in the stable cubic phase Y Ba2Nb06 (i.e. M06) to form at 

the grain boundaries which increases with the increase in N b concentration and corn pletf' 

transformation of Y - 123 phase into Y Ba 2Nb06 takes place around I = 0-" of .Vb 

concentration. 

6.3.2c J c Measurements of Films on LaAI03 < 100 > Substrate 

As there is a lattice mismatch between LaAI03 and Y - 123 it is relatively difficult 
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to achieve high lc on LaAl03 < 100 > substrates. Fig.6.8b shows Tc and lc vs. x , 

concentration of Nb substituted films on LaAlOJ < 100 > substrates. Here also Jc 

peaks around x = 0.05. The highest lc achieved on LaAlOJ substrate for x = 0.05 is 
e- -

2.9 X 10
6 Aicm'l at 77 K. The Pc vs. Tc - T plots shown in Fig.6.9 have linear behavior 

for concentrations x = 0.0, 0.025 and 0.05 and indicates films having interconnecting 

grains. However, undoped Y - 123 films have the lowest slope when compared with 

that of Nb doped films. This clearly indicates that there is a relative improvement in 

the Nb doped films upto x = 0.05 when compared to that of undoped Y - 123 thin 

films. Since SrTi03 has a very good lattice match relatively higher Jc were realized on 

SrTi03 stubstrates whereas LaAI03 has a lattice mismatch of nearly 5% which could be 

responsible for realizing relatively lower lcs on LaAI03 < 100 > substrates. 

6.4 Conclusions 

The effect of Nb substitution for Cu, on the superconducting properti('s of Y - 123 thin 

films has been studied. These studies reveals the following. 

l. It is noticed that no significant change in the crystal structure or in 'fc has been 

observed ill }' - 123 thin films for Nb substitution for eu upto .c = 0.05. Abov(' 

this concentration there is a change in crystal structure from < Oul ::: orientation 

to < hOO > orientation (i.e orthorhobic Y - 123 to cubic Y Ba2Nb06) phas(' and 

drastic suppression in rI~ and complete loss of superconductivity for I > 0.3 of Nb 

substitution. 

'1.. There is a rt'lativt' improvelliellt in tite ~up('r('onductin,l?; propertit's of :V b ~ll b :, t It. u l ('O 

films upto.1' = U.O:) concentration whell the ~ame is ('olIlpdI't'd With Ullduped (dIll S 

The T: of t he IilTl\~ for .l' ::- 0.0, U.W5 dnd 0.05 i~ MOllnd 88 1\ dnd J. hd.., ., hown 

an increa.sing tt'ndency and peaks around .1' = 0.05 and ctbove whi ch It On I l' d....., e~ 

drastically. 

3. The best Jcs realized on SrTl03 < 100 > substrate are Jc (x = 0.05) == :3.1 x 

106Ajcm'l, Jc(x:= 0.025) = 2.4 x 106A/cm1 and Jc (x = 0.0) = 1.4 x 106A/cm~ 
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e-
where as the best Jcs realized on LaAI03 < 100 > are 1.2 x 106

, 1.95 X 106 and 

2.85 x 106 A/cm2 at 77 K, respectively. It confirms that substrate nature also play 

an important role in getting high Jc superconducting thin films. 

4. The SEM studies reveal that proper grain alignment occurs in Y Ba2Cu3-xNbx07-y 

films upto x = 0.05 as evident from the surface morphology of partially etched films . 

5. The linear behaviour of ...fTc vs. Tc - T plots for x = 0.0, 0.025, and 0.05 N b 

substituted films suggests the proximity effect of the grain boundary junctions. 

6. It is realized from these studies that Y Ba2Cu2N bIOs phase does not form even in 

thin films. 
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7.1 Introduction 

In the previous chapter variation of transport properties with Nb substitution at eu 

site in Y -123 thin films have been discussed in detail. The present chapter deals wit h the 

addition effect of of V205 and Nb20 S to Y-123 system iii thin film form. 

There are two main obstacles in using HTS oxide superconductor for high current 

applications; Primarily due to the the large H c2 anisotropy, and weak coupling be­

tween grains resulting in disappointingly low transport currents [1 :l] . Several attf'mpts 

have been made to modify the nature of the grain boundary e.g., in the case of bulk 

Y Ba2Cu"j07 _y (Y - 123) by doping with appropriate melals or oxides . As mdllY lIlet · 

als and metal oxides adversely react with V - 123 alld suppres~ the '1 ~ , thl' < \ lU l(( ' o f 

f'lements for the doping is rather limited a.nd the degree of doping has to be (ar('fully 

controlled[4]. Such studies conclude, that the Jc could bf' raisf'd by dll order of magIlitude 
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by doping an optimal concentration of metal oxides having either low melting point (less 

than 800°C) or decomposition temperatures (less than 800°C) and less chemical reac­

tivity with Y - 123 system [5-9]. Kammlott and his coworkers reported that a complete 
eo-

recovery of 90 K superconductivity can be achieved by natural melt processing of the 

material doped with certain transitional metals, which is attributed to second phase par­

ticles draining the dopant element away from the matrix [6]. Panlose et al have reported 

that widely accepted slow cooling procedure is not essential to obtain Y - 123 (bulk) 

samples with high Tc and Jc if the samples are doped with small amount of N~Os [7,8]. 

It is well established that a Tc of 90 K could still be obtained by quenching [8,9]. 

Moreover, as the current density (Jc ) of the superconducting films is more relevant to 

practical applications, it is important to study factors which influence Jc in metal oxide 

doped Y - 123 films. Addition of Au [10], Ag20 [11], Pt [12], and Sb20 3 [13] in Y - 123 

films revealed that certain dopants can improve quality (Tc and Jc) of Y - 123 films whell 

deposited at relatively lower substrate temperatures due to their surfactant like nature. 

In addition to above reasons, the main motivation to carry the present work is , 

• Both vanadium and Niobium can exist in +5 valence as well as other state alld 

both are conventional superconductors. So it is interesting to see how their additioll 

affects the superconducting properties of Y - 123 thin films . 

• The melting point of V20 5 is 690°C and decomposition temperature is 1750°C. 

Whereas for Nb20 S meltillg point is 1460°C. Hence it is quite interesting to study 

their addition affects on supercollducting properties of Y - 123 thin film s USlll!!, 

PLD technique . 

• In Y - 123 thin films the grain boundaries are tht' main passage for ddrll~iIlg 

oxygen out. As the additives Ilsually occupy t he grain boundary domain s. the,>!' 

inhibit oxygen diffusion resulting in lesser degradation of doped Y - 123 thin film'> 

to that of undoped Y - 123 thin films with time. 

Considering all above, the addition of V2 0 S and Nb"Os to Y - 123 thin films have 
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been studied to investigate their effect on the superconducting properties of Y - 123 thin 

films. 

7.2 Experimental Details 

Targets for pulsed laser deposition were made by the standard solid state method using 

Y - 123 powder (99.,9%) and, V2 0 S (99.999%) and Nb20 S (99.9%) powders. The doping 

concentrations chosen for V20 S and Nb2 0 S in this study were 0.00%, 0.25%, 0.5%, 1% 

and 2 wt% by weight. Thin films were made using pulsed laser ablation (PLD) method 

on SrTi03 < 100 > substrates of same geometrical dimension under identical deposition 

conditions. Table 7.1 shows the deposition conditions. The substrate temperatures were 

maintained at 725±5°C. Each film thickness was nearly 2000 Afor all depositions. Jc 

measurements were done on 100 flrIl x L.5 rnm x 200 nm microbridges prepared by the 

laser pattern technique. Structural characterization of films was done using XRD. Using 

SEM, microstructure was studicd on partially dche'd films . 

7.3 Results and Discussion 

7.3.1 V 2 0 5 doped Y-123 thin films 

12:J fill1l~ are showlI in Fig .7. 1. Strollgl y c - (l x i ~ 

oriented films Wt'lt' growlI 011 SrTiO.l ~ubs trat(' upto 1 wt 7< of V1U5 doped Y - 123 thill 

films. An impurtty pC(lk is S('t'll aroulld '20 = IJO for 1. .. \'t lJ( of V1() 5 doped }' - 123 thlll 

films in Fig. 7.I(d). Thi!' impurity peak reflectIOn corresponds to < 100 > orielltatioll of 

The FWHM values of < 005 > reflections for V2 0 S doped Y - 123 films are 0.28°, 
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0.2°,0.24°,0.34° and 0.38° for 0.0%, 0.25%, 0 .. 1 wt.%, 1 wt o/c and 2 wt % concentrations 

of V20 S , respectively. These values indicate that there is some relative improvement in 

the crystallin~ of the films when compared to that of undoped Y - 123 film upto 0.5 

wt% i.e., FWHM decreases and then degradation of the crystallinity takes place from 

1 wt% onwards, since FWHM show larger values. The improved crystallinity indicates 

larger grain size and proper grain alignment with respect to the substrate in these films. 

Above 0.5 wt%, the formation of some intermediate phase at the grain boundaries may 

be responsible for the observed larger FWHM values. 

Fig.7.2 shows c-axis parameter and Tc vs concentration of V20 S doped Y - 123 films . 

The c-axis parameter decreases upto 0.5 and then increases rapidly. Tc is stabilized 

around 88 K upto 0.5 wt% concentration addition of the dopants and above which it 

decreases rapidly. The decrease in c-parameter can be attributed to well oxygenation of 

the Y - 123 film [11] . However, for higher concentrations above 0 .. 1 wt% c-parameter 

increases sharply which indicates insufficient oxygenation . l{educed 'l~ can be attributed 

to less oxygenation in the prcsentc case. Moreover, growth of impurity phase at 2 wt% 

confirms that insufficient oxygenation to the Y - 12:~ ccll dlld hCII(,(, local ddects elt 

oxygen sites might be responsible for decrease in 'J ~ and increase in the ('-axis parameter. 

This explanation is based on the earlier reports [l .lj and present data ill this work clearly 

[(,fleets their confirmed results. 

Table 7.2 shows the '[~, 1~0, resistivity p and Jt va.lues of tI}(' V2 0 " dl>ped }' - 12 :~ 

t.hin films. Fig.7.3 shows H vs '1:. plots for V·l)" doped Y - 123 filll1~ Above illl th(' 

curves show linear behaviour with temperdturt' rllt' iIlcrca~(' in resistivity for ~dIllpk~ 

abovt' 0.5 wt% can \)(' attributed to thc growth 01 }/ fja2\'\()~ phase IlIcrcdse III ((,~ldll(d 

resist.ance also clearly suggests that widelling betw('ell Ihe ~UIH'r(oJ\dLlctin)!, gl,UII .... f)\ 

lIonsuperconducting region and hence degrcld dllOlI III 111]( lo-,tllll'lUlct! p!Op('('t\('~ of th(' .... ! · 

films. From tht'se results 0.5 wt% appear~ 10 be tht' optllllulIl level ()f dopill,!?, WlthOll1 

affecting the Y .- 123 structure in the case 01 \r ·}O~ additIOn . 
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Table 7.2 
V 20S Addition Results 

S1. Doping Thickness P300 R300/ RIOO Teo Je (77 K) 
No. conc. wt. % A mO-cm (K) (106 A/cm 2

) 

l. 0.00 2040 0.182 2.962 89.25 1.4 

2. 0.25 2015 0.111 3.106 88.9 2.2 
3. 0.5 1985 0.253 3.175 88.1 3.4 
4. 1.0 1890 0.350 2.586 86.0 0.8 
5. 2.0 1924 0.654 2.586 84.2 0.5 

-- - - --- -
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(a) Jc Measurements: 

Since the high 1~ films are granular in nature, the grain boundary limits the current 

density (Jc). The nature of grain boundaries in doped and un doped Y - 123 thin films 

was discussed in earlier chapters using a model proposed by De Gennes and Clarke [15,16] 

which predicts that near Tc the critical current density of SNS junctions can be expressed 

as 

or 

Jc(T) ex (Tc - T) exp 

-d 

~N 

This indicates that the slope of 4(1') vs (1~ - 1') plot is an inverse expeonential 

function of d. If the same proportionality constant in above eequation and the same 

coherence length ~N is taken to be unchanged for both doped and undoped films, the 

slopes of Pc vs 'I;. - T will give a measure of the grain boundary thickness in the two 

types of films. This holds good strictly close to f/ ~ . 

Fig.7.1a shows the Pc vs ('r~ - T) behaviour of V20 S doped films upto 0.5 wt % 

coIlc('ntration of V20 5 . Y-123 film doped with 0.:) wt% has relatively higher slope when 

compared with that of 0.025 doped and undoped (0.0%) Y - 123 thin films , i.e .. the grain 

boundary is relatively more metallic for 0.5 wt%. It indicates that the microstructure 

of the V2 ()5 doped films is improved over Y - 123 thin films, upto 0.5 wt %. However, 

this SNS mod(,l do 1I0t fit to I wt% and 2 wt % t'On(,(,lItrations of the V20~, deped films. 

IIcnce, otiwr llIodels likt· S[S were tried to fit this datil. If the barrier het ween t h(' 

~ ~Ilper(,olldllrtlllg grdills are of all insulating IICltlll(" lhe maxilllUIll superclIrr(,llt l / l» IS 
I 

I giv('11 bv th(' ('xpressioll of Arnbegaokar alld Barcttolf (A B) [171 . rhe All theOl)' gi'le~ for 

a Jost'phsoll JIIII( lioll betw(,(,11 two idcllti cal ~llpt'l (ulldll('tor~ :--';t>dl I; 011(' hds 

for SIS kind junctions, as illustrated in chapter :l sec. 5.4t a). 
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Fig.7.4b shows le vs (Te - T) behavior for 1 wt% and 2 wt% of V
2
0

S 
doped Y - 123 

thin films. The linear behaviour of the graph indicates the existence of insulating phase 

at the grain boundaries which may be responsible for the limiting Te as well as le in the 

present case. 

Overall, the experimental results have shown some improvement in V;Os doped Y -

123 thin films upto 0.5 wt% than undoped Y - 123 thin films prepared at the same 

deposition conditions. The improvement can be speculated by few possible mechanisms. 

The first mechanism is based on the high mobility of V20 S on the high temperature 

substrate (",700D C) due to its low melting point which is less than the deposition tem­

perature of Y - 123. As the Y - 123 lattice can accommodate V or V2 0 S atoms, they 

segregate as agglomerates in localized regions. Furthermore the high mobility of V2 0 S 

atoms is expected to increase the surface mobility of other atoms forming Y - 123 lattice 

by importing their momentum. This enhanced surface mobility may be responsible for 

the significant increase in grain size and grain alignment. These factors might be respon­

sible for the improvement in microstructure and hence le, of laser deposited V2 0 S doped 

Y - 123 thin films when compared with that of undoped Y - 123 thin films prepared 

under identical deposition conditions. 

Another mechanism which one can imagine is, the laser deposition process itself. 

When high energy laser pulse hits the target surface, it generates local heat , having 

temperature greater than 2000D C and produces plasma This plasma consists of many 

species. Because of such high temperature V2 0 S may decompose and reaching the sub­

strate surface and may be segregating at the grain boundaries and forming SNS type 

microstructure. However, the possibility of reoxidation of vanadium can not be ruled 

out in the high oxygen environment (200 mTorr) ill the plume after ablation . But , the 

SNS type behaviour of the vITc vs 7~ - T c urvc~ upto 0.5 wt % V10S doped Y - 123 thill 

films indicates that the grain boundary junctions are metallic. So it can be suggested 

that V10S is acting as a flux due to its low melting point (690 D C) and improving the 

microstructure of Y - 123 . 
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However, above 1 wt% of V20 S doped Y - 123 thin films confirm the impurity ph ase 

growth, which is due to the intermediate phase grown at grain boundaries with the 

increase of V20 S concentration. Also the linear behaviour of lc vs (1~ - T) confirms t he 

insulating nature of tIre grain boundary domains. 

From these observations, it can be interpreted as upto 0.5 wt% of V20 S addition 

one can improve superconducting properties of Y - 123 thin films when compared with 

undoped Y - 123 films deposited under identical deposition conditions due to V20 S 

surfactant like nature [13]. 

7.3.2 Nb20 5 doped Y -123 thin films 

Highly c-axis oriented films with < 001 > reflections were grown on SrTiOJ < 100 > 

substrates Fig.7 .5 shows the XRD of the Y - 123 films added with 0.0%, 0.25%, 0.5%, 1 % 

and 2% of Nb20 S by weight . However , an impurity phase peak was observed around 43° 

of 20. It was identified as Y Ba2Nb06 phase. The FWHM values corres pond to < 005 > 

refl ec tion of Nb20 S doped Y - 123 film s are 0.20°, 0. 25°, 0.27°, 0 .31° and 0.37° for 0.0%. 

0.25% , 0 .5%, 1 % and 2% respectively. With N b20 5 addition there is an improvement in 

the crystallinity upto 0.5 wt% and above whi ch degeneration of crystalline quant ity 

been obse rved from these FWHM values. 

Fig.7.6 shows the variation of 7~ and c- parametcr wi d1 concent ration. T he c-paranH'­

le r varies slowly upto 0 .5 wt% and increases rapidly beyond 0.5 wt % of dopi ng concC'n ­

trat.ion . Drastic decrease in Tc is observed fOf dopant concent ration beyond 0.5 wl 9{. 

Fig. 7. 7 al so shows It T curves of N b20 5 doped fil ms. Inc rease of room ternpefdturt ' rc­

sistance wi t h the increase of N b·20 5 conccntrat 1011 ha.s been observed . Table 7.:3 ~llo\\' '> 

the results of N b
2
0

5 
doped Y-123 film s. From the~w resu lts It is nuti ced that 'J ~ reIlldlll '> 

around 88 K and J
c 

increased from 1.2 to 1. 8 t ll lles lUo A / cm 2
. Above 0.5 wtaddi t ion of 

The critical current density variation near Te in N b-,,06 doped Y - 123 films was 
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Table 7,3 
Addition of i\b2 0 s to Y-123 

SI. Doping Thickness P300 R300/ R100 T eo Je(77K ) 
No. cone. (A) (mD-cm) (K) (l06 A/c m 2

) 

by wt.% 
1. 0.00 2040 0.183 2.96 89 .3 1.4 
2. 0.25 1992 0.374 3.06 89.3 1.6 
3. 0.50 1954 0.423 3.20 88.1 1.8 
4. 1.00 1860 0.684 3.09 85.7 0.8 I , 

5. 2.00 1910 1.064 2.43 82.8 0.3 
- -- - - - -- - -

() 
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explained on the basis of the model proposed by De Gennes and Clark (upto 0.5 wt%) 

and Ambegaoker and Bartoff model for above 0.5 wtbehavior of Pc with Tc - T for 

0.0%, 0.25%, and 0.5% by weight and Fig.7.8b shows the linear behaviour of Jc with 

Tc - T nearer to Tc (i.e., upto 77 K). 

It clearly indicates that addition of N~Os may be segregating at grain boundaries and 

grain boundary contact is of insulating nature above 0.5 wt%. However, the Jc values of 

N~05 added Y -123 films for 0.25 and 0.5 concentration have shown small improvement 

instead of decreasing. This improvement suggests that lower level Nb20 S doping can 

improve microstructure in laser ablated films and hence there is a little improvement 

when compared with that of Y - 123 thin films prepared under the same deposition 

conditions. The improvement can be attributed to well oxygenation and sealing the 

oxygen leak path with the N~Os at grain boundary. However, well oxygenation was 

confirmed in the case of Nb20 S added bulk Y - 123 sample [5]. So the same mechanism 

can be applied to thin films also. 

But above 0.5 wt% addition, the growth of Y Ba2Nb06 phase takes place and increast's 

with the increase of N~05 concentration. That means, the insulating phase at the grain 

boundaries is increasing and widening the weak links and limiting the intergrain Jr ' 

Moreover reduction in J~ for 1 wt% and 2 wt% film may be due to the oxyger. deficiency 

caused by Y Ba2Nb06 phase growth at grain boundary. That means, oxygen supply to 

the Y - 123 has been reduced during the film growth as Y Ba2Nb06 phase growth also 

• reqUIres. 

Overall N b
2
0

5 
addition has not produced any substantial changes in tht' supercon­

ducting properties of Y - 123 thin films as it did in the case of bulk samples [6-9] . But 

when compared with undoped Y - 123 films thert' is little improvement. The spccultitl\,(' 

explanation could be due to the higher melting point of Nb20 5 and also fa..,tt'r {'('oxldatloll 

on substrate surface and higher chemical reactivity with )- ' - 123 lattin" at graiIl buullll 

aries, which results in degradation and structure collapse of Y - 123 faster wht'n compdfcd 

with that of V
l
0

5 
added thin films. N ~05 a.ddition of further concentrations study IS 

not at all necessary as it is very clear from earlier chapter that Y Ba1Nb06 dommate:; 
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and the Y - 123 has completely transformed into Y Ba2Nb06 at higher concentrations 

of Nb substitution. The same can be expected here. Moreover present study aimed at 

synthesization of good quality Y - 123 thin films using metal oxides as surfactants. 

7.3.3 Ageing st udies 

0.5 wt% of V10S and Nb20 S doped Y - 123 thin films and undoped Y - 123 thin films 

were preserved in a desicator at laboratory conditions and its resistivity measurement and 

J c measurements were carried out on every 10th day periodically upto 60 days. Fig. 7.9 

shows the Tc vs number of days plot. Table 7.4 gives the summary of the ageing effect 

results. 

0.5 wt% V2 0 S doped Y - 123 thin films have shown hardly any degradation with 

t.ime. But 0,5 wt% Nb20 S doped Y - 12] and undoped Y - 123 have shown significant 

degradation of superconductivity with time. The possible explanation for the better 

ageing effect in the case of V2 0 S added Y - 12] film may be due to the surfactant nature 

and metallic nature of vanadium at grain boundary junctions (SNS), Whereas in the 

case of N~Os addition, even though the contact is SNS type at the grain boundary 

it exhibits poor ageing effect due to possible enhancement of porosity leading to the 

escape of oxygen from the lattice. But in the case of the Y - 123 there is no dopant 

material at the grain boundary which can seal off the escape path of oxygen , and hence 

random orientation of grains and large weak lillks art' responsible for the degrddat iOIl 

of superconductin!!: properties with time wllell deposited at rf'lative\y lower s llb~tralt' 

temperature::. (i.e., ciroulld 700u(') 
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Table 7.4 
Aging St udies Results 

n3Q O R300 I P R 100 

o I Oem Tc 
onset 

Tc 
Teo ~Tc 

Jc - A/cm 2 

at 77 K 

I 

! 1 1 t' ndoped 
Y-123 

film 

2040A. 
( Y 1'2:3 ) 

1st day 13.5838 10.182774 12.962 190.50 189.25 11.25 1 1.2xlO -
X 10-3 

I 

I 
I 

I 

\ 

.) -r 
- I O - ( ' f .. ) wt. I ( 

V 20 " 
doped 
Y-JL3 

film 

1954 A 
(\ 'A5 ) 

10th day 18.2340 I 0.41490 i 2.420 i 89.10 187.40 11.70 I 7.2x105 

-
X 10-3 

40th day I 16.26 I 0.82926 2.12 1 88.3 I 85.4 I 3.0 I 4.0 X 105 

X 10- 3 

60thday 25.142 0.1.282 

1st day 

20th day 

40th da\' 
• 

60th day 
• 

5.0312 

7 2135 

9.4.52 

10.425 

x 10- 3 

O '~ -34-. _,) 0 

X 10-3 

0.35796 
X 10- 3 

0.48405 
x 10- 3 

1.9 87.4 I 82.2 1 5.2 9.0 X 104 

3.175 88.7 88.7 1.0 3.2 X 106 

2.850 89.7 I 87.8 2.00 1.8 X 106 

2.50 89.4 I 76.62 3.2 7.0 X 105 

2.05 88.5 1 84 .7 3.8 5.0 X 105 0.54215 
X 10- 3 

1- :3 0 . .5 wt o/c 1st da\" 3.656 0.42284 3.2 89.18 88.14 1.04 1.8x10~ : 
\b

2
0

S 
1 - I X 10 - 3 

dop~d 20th day 10 512 I 0.5 1332 2.81 87.; 7 1 86 ,2 1.5 8.5 X 105 ~) 

1'123 x 10- 3 

film 40th da\" 14 .8'2 0.77395 
• 

2.45 87.5 1 84 .2 6x 105 3.5 

19.54 A x 10- 3 

\BAI GOt h da\" 18 '26.5 0.891805 

.n I ' I I n , V I 1 I I I 

].45 87.2 1 83.1 3.5x l05 4. ] 
X 1n - 3 
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7.3.4 A comparative study of V 2 0 5 and Nb2 0 S doping in y-

123 thin films 

There is a significant improvement in the microstructure and superconductivity proper­

ties of V2 0 S doped thin films than that of N b2 0 S of thin films . V2 0 S acted as a surfactant 

due to its melting temperature (690°C) and hence was responsible for the improvement 

of superconducting properties upto 0.5 wt% addition. As Nb20 S has very high melting 

temperature, it could not provide any surfactant like nature. But still there is little 

improvement when compared with pureJundoped Y - 123 thin films . Fig. 7.10 shows 

the comparative graph which shows Jc vs dopant concentration of the Y -123 films at 77 

K. In both the cases it exhibits a peak droUlld 0.5 wt% dopallt (Onc(,lltrd.tioll~. Fig 7.11 

(a) shows the SEM micrographs of the 0.5 wt ~ doped V2 0S dlld Fig . 7. 11 (b) N b2 US 

Y - 12:~ films. Smooth surface and ("edllced partIculate growth call be ~eell 011 0.5 wt o/c 

V2 ()s doped thin films while big particulates with illcreds('d roughlle'ss (,UI be S(,(,II ill lite 

('a.S(' of 0.5 wt % dope' thin filrns . N b-l)-, doped t hill filrm . 

Thf' impurity pha.se grows dt I wl~ ill tilt' Cdse of Nb'lOs doped fillIl~ where a., 101 

V
2
0 S added films it grows at 2.0 wt%. The possible ex planatioll for thIS Illay lH' dut' 

to less rea.ctive nature of VJ)s and }/ - 1'2:~ lattice call a<..comlllOdatt' {('Idtivcly IIIOf(' 

From ageing studies, it appears upto 0 . .1 wt ~ dll), oxide dOPdllt :,,1'('111:' Iu Illq)[O\t' 

the properties of Y - I '23 film~ whcn cOIIlpared with thdt of ulldop('d} - I '2J tlllll fillll'i 

df'posited under similar c()lIditioll~ . V20 " doped.} · 12:J filIIl" hd\'(' ..,ho\\'/I {('lcttl\('ly' Ie.., ... 

dt'!!;rctded propertit,s whcII (OlllpcUt'd WIth that or \ b2() -, dopt'd UI lllldopni } 

libll , WIt h tUlI(, 
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7.4 Conclusions 

The addition of V20 S and N~Os in Y - 123 thin films have been studied and analysed. 

These studies reveal, 

1. Upto 0.5 wt% concentration of both the dopants, an improvement in t he super­

conducting properties have been observed when compared with that of undoped 

Y - 123 films. 

2. 0.5 wt% of V20 S doped Y - 123 thin film has significant improvement in Jc a t 77 

K. The best possible Jc has been obtained is 3.4 x 106 A /cm J a t 77 K. 

3. Tht' best possiblt' Jc for 0.5 wt % do ped }/ - 123 thin film d,!, obst'rvt'd IS 1 x lOt> 

'A/cm 2 a.t 77 K and for undoped Y - 123 thin film I!> 1.2 )( lOti A/nnl at 17 K 111 

the case of N bi)~ additioll . 

1 Above D.r, wt o/c <HlditlOIl o f dOPdll t ~ havl' ~hown ~ruwth of lI11punly pha.t' whith 

~Iowly d('gratlt '~ t II(' ~lIpt'r C() lld l)( t III~ ~I dlll'-; ill both the (ilM'" 

~) I ht' J( varidtioll With l{'mpt' rdllllt' I" w('1\ d(',-;( nlwd by 1I"11l~ S~S d/HI SIS llIudel 

for gr (1I1l11ar slll)('f('Olld uctor 

fi Tht' s llrfa.ctallt IIkt' l1alurt' of \ '~ O ~ (dll" It... 10\\ 1I)('1t11l~ pOlllt) \o\d .. ·' dttnlHltt,d to th(' 

"1~l1ili(dllt illlproVt ' JlIt'lIt 111 the lI\1no~tr\H tUH'uf \ 'JO .. dopc·d }' -12:J thlll him!) lIpto 

U r) \\ t (A I'llt ' t.1~h ll lt'ltlll~ 1'\.>llIt .1IIt! hCIl( t · Ic' " lI1obiltl~' of /\ b--lO Oil IIb"trdt(' 

~ lIrfd.n' ,Uld llll!,h rh(,lIllt.d rt'd.<li\ Ity WIth \ . 12J Id!llc(' dl grdlll bOlilltidflt' .tit 

\I'~p\)lIMh lt ' fOI lilt' tI('~"Hlt·d plOp('ll\(''' ur .\' 111 0 ., do~ed \ . - I :! 'l fillll'> 

7 1'1",,,.' sludtt'. n''''t'"b lit .. (d.( I t heLt n" tdlll It'\t'l ul t r .1II'llIllll IIlt'l<i1 \) ldt' dU1'11l1!. 

(,Ul n'lat"t'ly IlIlpro t' tht' . Ilpt'r<'olldtldlllg I'wpt'rtit>" ur \ - I.n tlt lll lillIl'> "ht II 

t ()mpar~d wilh that of uudop('d } .- I:lJ 1 hill hlm~ . 

• 
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Summary 

Ever since the discovery of the High Tc the researchers are trying to improve the 

superconducting properties of the n~iy inveuted compounds. T his thesis work is one 

such successful attempt. A focus was given to b.bricate high quality thin fi lms by us­

ing Sputtering and Pulsed Laser ablation techniques. In that process, initially a planar 

magnetron sputtering system with one inch dia target electrode wu designed and fab­

ricated for growing better quality films. Using this system th ick and thin Y - 123 film 

( nearly 1000A) superconducting films have been grown having crit ical current densit ies 

(Jc) between 10· - 106 A/crnl at 77 K. An attempt was made to grow insitu single phase 

Y - 124 films. It is observed that films deposited on substrates held at above 650"C, 

show Y - 123 phase and substrates held at below 600"C favours Y - 124 phase. 

It is well known that for technological applications and device fab rication one needs 

to deposit good quality of HTS films on Si and Sapphire subst rates . In this thesis another 

such A successful attempt was made using YSZ and STO buffer layer. The dependence 

of microstructure of buffer layers on grow th conditions was studied using a very recent 

technique Atomic Force Microscopy (AFM ). YSZ films grown on substrates held at OO"C 

with sputtering chamber pressure held at 5 mTorr Ar + O2(9 : 1) gas mixture are found tu 

ha.ve a very good microstructure with average roughness of 3 nm . 5%Ag doped }' - 1:!3 

thin films deposited on YSZ buffered Sapphire substrate , show high Je ( 4 5x 1 06 AI em
1

} 

This result was found highly reproducible . 

The Pulsed Laser Deposition (PLD ) is one of the SImplest among the "ariou thin hllIl 

deposition techniques for depositing multicompunent lITS film In the present st ud) , 
• 

PLD parameters were varied and studied for growing guod }' - 123 and } 'b - 12:.3 h lnl ~ 

on LaAl03(LAO) substra tes. Using AFM the surface morphology uf dw film s <..lepO~Ilt'J 

was studied and found there is a. direct relatlOu::.lllp ht"t\ t't'li ti lm mlLTo_ ll lH tUft' d Ild 

• 
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superconducting properties (Tc and l c).Yb - 123 films grow n on substrates held at 700°C 

show better superconducting properties (881< and L5xl06 A/cm"l at 77 [() than the films 

grown at 725 and 675°C substrate temperature. )' - 123 films grown at 725°C and 

above have shown better superconducting properties than the films deposited at 675 or 

7000C. Yb - 123 films have shown spiral like growth reproducible around 7000e and they 

ha.ve aJe of 3x104 A/cm1 at 77 K. So far the reported Je was never crossed more than 

5xl0' A/cm1 at 77 K in Yb - 123 films irrespective of the growth technique. Moreover 

this is the first report on Yb - 123 films by using PLD method to the best of the author's 

knowledge. 

Using PLD technique, YB&'JeU3-zNb~07-r thin films for x = 0 -1 were prepared and 

examined. For that the Nb substitution at eu site upto x = .05 atomic concentra.tion in 

YB&'JeU3_.NbzO~ films, Je was found to improve when compared the same with that of 

the undoped Y - 123 films . It is observed that single phase YB&'JNb06(Y BNO) grows 

when x ~ 0.1 with < hOO > orientation which is cubic phase having la.tt ice constant 

8.304 A. This is the first report of growt h of YBa'lNb06 in the form of thin films to the 

best of authors knowledge. Results presented here indirectly indicate that .Vb is difficult 

to substitute because it prefers to form an intermediate compound YBa2NbOs . Single 

phase < hOO > oriented YBNO films were obtained at x = 0.5 when deposited at 800°C 

Addition of V'105 which is having low melting temperature and addition of .V~05 

which is having high melting temperature, to }' - 123 films is studied and found that 

oxides having melting temperatures less than 700"'C are good candidates for IllIp rovHlg 

microstructure of Y - 123 and hence superronJuding propertie:; of }' - 123 thin film­

s. However , there is a optimum for doping rollcelltration above wh ich degratlat ion uf 

superconductivity takes place. 

Models proposed by DeGennt:s and Clctrke and ArnLegaokar and Harl off for granular 

superconductors to explain the ternperatllrt- dependellce of JL of con 'eulional uper' 

conductors w a..~ applied to IITS film!'> prt'pctred III this work . C'ritlCdl Cllfrellt derl~lt~ 

measurements dose to 'I: are were dOlle tv all till' film::. t'sing the JAT) dd.ta close to J 

Some conel usion wi th re"pen to the fmc rust [tit l lire of wlllch is good t he films " l're lira \\ II 

which set-m to agree qualitatively with the 'E !<.l dlld A F~1 re~ ults film w~ predlclt'J 

and confirmt"d through SEM and AFM studies IS well in &greement with 'he ' i\S and 

, 
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SIS microstructure models. 

Over all this wo rk reviews a study on the affect of substrate temperature and de . 

position parameters on the microstructu ral properties of growth of HTS R - 123 films 

Optimization of deposition conditions are reported for YSZ and STO buffer layers for 

depositing high quality HTS films on Sapphire and Silicon substrates. Substitut ion and 

addition effects of metal oxides on the superconducting properties of Y - 123 films were 

studied. 

Scope of the Future Work 

The research on SUPERCONDUCTIVITY is a very excit ing ever green cha llenging 

field for theoreticians as well as experimentalists . Researc h itself is a continuing process . 

There is a lot of scope for further work in t he reported results of t his thesis . The extension 

for the future scope of this thesis work is mentioflt'd below. 

The magnetron geometry (transverse field) mentioneJ in th i thesi- can be tudied 

in detail in order to obtain a relat ionship bet ween fields liS micro. truc t ural propert iel> of 

the films by keeping other deposition parameters comtallt or by rarY lng I he deposition 

parameters and keeping the field constant. !\1oreover , thl cklles \'aflatloll I ~ another m a jor 

topic was not covered here can be con t inued . 

In the buffer laye rs work the therInal rf.'cydlllg t·lfect vf the Duffer layers i. a 
• 

ver 
• 

interesting point o f -;tudy for techuolugilal dpplicdtioll i> llutdd lit' "t udleJ in delad 

In thi s thesis all attempt ' .... as made to ~t udy t he Sb '-, Ub.,t ltu t lull cd ell t> l te III deta il 

But lot many things lik~ metal t o illsuldtur trdl l I lJO!! alld the \ll!d t'rl . ·I11~ ph)'SI(~ Il d\!:' 

yet to be explailll'ti. The Ifnpurtty \Jh<C>t: 't iLtl' 'IJU o \ ,\.:> IUIlIl" to be ~r0\\ IH elen:llHrl ll.\ 

wht'll /Vb 'iUb ~ lll\lt illl\ dl dll' ('/1 ~I. tl· l'X ,l'l,(l-,!1 I (tt '·~, hHI:lt'f "tntil!':- 0 11 til! " !Jh ti:--t> iJ.:­

buffer \,wer fur 1\ I'S Itllll:- dl'PU"ltlOIl V II :-' 1 U:- o.;.,pph!lt' tll'<',i t ll bt· t, ,, p!VI1.·d .\\'" IW \ ll -
pH'perties of i ht' 11 rs 111m") g rv\\ I I in t} l! ~ ,hJr \ \ ,[<' 11\'[ -,1.'1dlt 'd i! ,-- \t'r:- lI11purt d ill ~ l, 

study these propl'rtl('~ for {"t'!It tul dpp!tldtl~I!\ '" 
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