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Abstract 
 

Revolutionary developments are started in the field of superconductors since 

their discovery. High Temperature Conductors (HTC )have been focused in 

the field of technology for many scientists because of its potential applications 

and therefore many changes are made in the products that use such devices. It 

remains one of the most exciting fields of research and has the potential to 

revolutionize physics and technology of the future. It is required to understand 

and learn the history and basic principles of superconductivity for its better 

implications. Considering its recent discoveries, current applications can be 

studied. The mechanism of „High Temperature Superconductors (HTS)‟ is 

much easier to understand after the significant development made in the field 

of superconductivity.  The purpose of this work is to better understand and 

appreciate research in the field of superconductors. Basically, HTC has been 

used in many fields but much progress is needed to be done. High 

Temperature Superconductors can be used in medical technologies and 

countless other applications after the effects seen by such improvements.  
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1 Introduction 
 

          Superconductivity is the phenomenon in which a material losses its 

electrical resistance completely at a very low temperature by conduction of 

electricity. Superconductivity with its smooth flow of electric current is based 

on the old principle of a perpetual motion machine. The resistance ration 

calculated between normal conductor and superconductor is very close to the 

ratio of insulator and conductor [1]. Superconductivity is considered as a 

common instability in metals at very low temperature.  

         Michael Faraday in the early 19
th
 century is famous for his work on 

electromagnetism originates superconductivity. During the production of 

liquid chlorine, Faraday coincidentally discovered superconductivity. "The 

Search for Low Temperatures" explains how high pressures can be used to 

increase the boiling point of gases, and how improvements to this principle by 

Thomas Andrews, Louis-Paul, and James Dewar made the technique possible. 

For Superconductivity to occur Super-cooling is an absolutely necessary 

precursor. After the discovery of    Ge with the superconducting transition 

temperature 23.2 degrees Kelvin in 1986 it was considered that there is no 

further improvement in this field. In the starting the goal was to improve 

electron-phonon coupling parameter by producing an alloy and this resulted in 

a transition temperature of just over 30 K. Many experiments led to the 

discovery of liquid nitrogen with critical transition temperature 126.2 K. 

These discoveries led to other numerous applications ranging from highly 

efficient MRI and brain mapping (SQUID) to magnetic smooth strokes [2]. 

         In 1911, Dutch physicist Heike Kamerlingh Onnes of the University of 

Leiden, observed superconductivity in mercury. The resistance of mercury 

suddenly vanishes when it cooled to the temperature below 4.2 Kelvin (-452F, 

-     ) which is the temperature of liquid helium. The structure and 

composition of a high temperature superconductor ceramic binder was 

identified by two scientists Jeff Tallon and Bob Buckley worked in DSIR 

laboratories in 1988. The material is a metal oxide known as BSCCO-2223 

consisting of bismuth, lead, strontium, calcium, copper and oxygen which 

becomes superconducting at -163 ° C, which is extremely low in everyday 

life, but is called "high temperature" in the superconducting world. This is the 

only material used for the production of high-temperature superconducting 

wires in the world. A very thin film of superconducting ceramic was arranged 

on HTS . 
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wire made up of a nickel/ tungsten alloy base. This thin layer of ceramic 

approximately 1 micron thick carries current when cooled to -163°C. With the 

advancement in technology HTS replaces conventional copper wires in the 

windings of electromagnets, electric motors and electric generators. 

In 1979, a new class of “heavy-fermions” superconductors was discovered 

in magnetic material          in violation of Matthias rule [3]. In these inter-

metallic compounds magnetism is considered as the reason of cooper pairing 

also there is unmediated linkage of the electronic degrees of freedom 

responsible for superconductivity and magnetic moments of moderately filled 

f-shells of lanthanide or actinide atoms. The superconductivity below a 

distinctive Critical temperature nearly equal to 1K is the result of equilibrium 

established between the localized magnetic moments which attempt to 

inscribe their magnetic signature on the shielding conduction electrons. These 

conduction electrons tried to counterbalance these magnetic moments by spin 

flipping, e.g., via the Kondo effect [4]. 

The discovery of some materials has been occurred by chance and this is 

exactly true for the inquiry of new generation superconductors. A group of 

scientists were inspecting magnetic semiconductor, which begin from his 

fundamental research of transpicuous p-type semiconductors LaCuOCh 

(Where Ch=S and Se) with the similar crystal arrangement as 1111- type 

layered compounds, investigated superconductivity in LaFePO in 2006 [5] 

and            in 2008 [6] through LaNiPO (Tc = 3 K) [7] in 2007. Ch p-

orbital and Cu 3d-orbitals composed the moving positive ions (mobile holes) 

at the top of valence band which are responsible for the P-type conduction in 

LaCuOCh [8]. The idea was to make use of strong d-p interactions in 

LACuOCh by changing the non-magnetic     ions with a +2 charge state of 

3d transition metal cation by using magnetic semiconductor.    is required 

to be replaced by    to maintain the electro-neutrality upon this substitution 

[9]. After this a survey started to examine the electronic and magnetic 

properties of LaTMOPn (where TM=3d transition metal, Pn = P and As). The 

concentrated effort to find high performance p-type transparent 

semiconductors led to the discovery of iron-based superconductors (IBSCs) 

[10]. In 2001, a group led by Jun Akimitsu found a new high-   intermetallic 

superconductor    with    = 39 K [11]. This material does not show 

magnetism but the structure of this material is similar to high-   cuprates. The 

main process followed the conventional BCS-type mechanism according to 

the studies on electronic heat.  

 

 

 

 



 

                                                                                                                  
 

 

 

 

 

 

 

 

 

8157    Harvinderjeet Kaur et al 

 

capacity and the isotopic effect [12]. There is a metal based 

superconductor    with a basic crystal arrangement and chemical 

compositionbeyond the „BCS wall‟ which exhibit the properties of HTS [13]. 

If a material has the absence carrier doping then its superconductivity can be 

used fabricate wires. The main applications of superconducting wires are to 

create a strong magnetic field but the above said systems have inadequate 

upper critical magnetic field as inA15-type superconductors. Even the 

degradation of material upon adding the impurities has not changed maximum 

critical temperature. 

2 High Temperature Superconductors 

High temperature Superconducting (HTS) are used in many AC 

applications such as transformer and fault current limiter etc. and DC 

applications for example NMR, Maglev train, high field coil, MRI. For above 

said applications HTS magnets are created from REBCO conductors and 

Bi2223 or Bi2212 (BSCCO) conductors. In this paper high temperature 

superconducting DC magnets are explained which have following benefits:- 

 High magnetic field >23 T 

 High overall current density >300 A/mm2, especially for REBCO 

coil. 

 Superconductors are those materials which show superconductivity at 

very low temperature. On the other hand, High-temperature superconductors 

are the materials that behave as superconductors at unexpected high 

temperatures [14]. In 2015, the highest temperature superconductor ever is 

found i.e. hydrogen sulfide (   ) with superconducting transition temperature 

203K (     ) under extremely high pressure (about 150 giga-pascals). High-

temperature superconductors ("HTS") Cuprates have crucial role in the field 

of science and technology. No other class of materials has been studied widely 

except semiconductors.  

        The structural element of HTS compounds related to the position of 

moving charge carriers are heap of a certain number n = 1, 2, 3... 

of    layers  with intermediary Ca layers [15,16,17,18]. BCS theory very 

well explained the properties exhibited by conventional superconductors [19]. 

This is the first microscopic theory which interprets superconductivity as a 

microscopic effect originates by a condensation of “Cooper pairs”. Cooper 

pairs are formed by attractive interaction between electrons mediated by 

phonons. These have some  
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bosonic properties therefore it is not necessary for the electrons in these pair 

states to follow the Fermi-Dirac statistics. This conjecture was a huge success, 

making countless prophecies that were rapidly confirmed by many 

experiments. This theory give adequate explanation for many properties like 

Penetration depth, Coherence length, Specific heat jump, Isotope Effect, the 

Energy Gap, and others as summarized in [20, 21]. The flux quantization 

measurement [22] and Josephson Effect further upheld the BCS theory by 

suggesting that super currents include pair of electrons. Though, this theory 

also inferred that copper pairs can be separated by thermal vibrations at any 

temperature other tan extremely low temperatures because the binding forces 

between the Cooper pairs were feeble therefore superconductivity may not 

occur above 30 K. The discovery of superconductivity in Cuprate oxide above 

the liquid nitrogen temperature raised the questions against BCS theory. Many 

of the properties of these materials such as negligible isotope shift, little 

coherence length, unusually high transition temperatures, electric and 

magnetic anisotropies etc., were significantly different from typical 

superconductors. BCS theory appeared to be incomplete for high temperature 

superconductor because the above said observations were hard to understand 

with the conventional phonon mediate pairing mechanism [23]. Surprisingly, 

the choice of compounds by Bednorz and Muller‟s were govern by BCS 

theory. However, high temperature superconductors without cuprate appear to 

be alike to BCS. The introduction of high   materials extend the potential 

applications of superconductors like microwave ovens, superconducting 

quantum interference (SQUID),magnetic energy stores, magnetic resonance 

imaging (MRI) for medical applications, high-speedtrains,magneto 

encephalography Josephson devices, waves and resonators for high energy 

physics experiments. 

 

3 Conclusion 
 

In summary, the result of researches in the area of high temperature 

superconductors gives valuable information and opens the door for multiple 

technological fields. If the results of these researches have been implemented 

then one can give new direction in computing and communication and there 

can be improvements in medical field and transportation mode also. TC90 

will emerge as the high-temperature superconducting apparatus in 

international market in near future. Many developed countries can contribute 

to the international standardization and actual implementation of 

superconductive technologies. 
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