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Abstract

The goal of the research is to study the effect of Ca concentration on the
superconductivity compound ¥;_,Ca,Ba,Cu;0,_s . The study can be divided into
three parts.

The first part include the concentrated a model to explain the structural changes
in the crystal of YBCO due to the addition of Ca to the YBCO compound, this is done
by calculating the above effect on the potential energy of the crystal of the compound
¥,_,Ca,Ba,Cu;0,_s and its relation to the electrostatic potential energy, critical
temperature (T,.), lattice parameters (apa), volume lattice  parameter (L';a),
orthorhombicity, and the hole concentration. This is investigated by applying the ionic
model to calculate the change in the electrostatic potential energy (EP) due to
increasing the Ca content in the compound in ¥;_,Ca,Ba,Cu;0,_s. It is found that
Ca”substitution for Y** leads to decrease EP caused by increased ion volume and
decrease of charge, this explains changes of superconducting structure parameters
such as: lattice parameter (apa),volume lattice parameter (lf;a), orthorhombicity. As a
result (T.) decreases with increasing Ca content due to decrease of EP which leads to
change of the crystal structure and thus decreasing oxygen content and as a result
decreasing of (T.). Finally considering all above effects the decrease of EP will
increase the superconducting current.

The second parts of this work concentrated on studying the effect of increasing
the superconducting current due to the increase of Ca content. This is done by
investigating the charge transfer mechanism of YBa,Cu;0,_5; compound, for
compositions ¥;_,Ca,Ba,Cu;0,_5 (x =0, 0.05, 0.1, 0.2) .Substitution of Ca changes
the charge content as a result of potential energy changes which lead to structural
changes (positions of ions and distances between them ). As a result, variations in
Cu(2)-0O(3) and Cu(2)-O(2) bond lengths and the effective coordination of Cu(2) with
respect to oxygen ions occurs. Starting from zero Ca content the positions and
distances of all ions in the crystal were calculated for all Ca contents, then calculation
of the charge transfer mechanism from CuOx chains to CuO, planes and thus effective
hole doping dependences P(x) on bond valance sum, hole concentration, energy gap
and current density, in ¥;_,Ca,Ba,Cu;0,_5 (x=0.1 and x=0.2) have been calculated

assuming that the net hole concentration, result from substitution of Y** by Ca*", by



ii
applying the concept of bond valance sum model for calculation the hole concentration
in the CuO, plane. The model proposed assumes that the oxygen valance sum and
Cu(2) valance sum influence the hole concentration p(x) in the plane and as a result on
the hole conduction in the crystal. These p(x) dependences are combined with
universal (parabolic) phase relation Tc(p) . Putting all the above concept the study
concluded that Ca affect on current density may be calculated according to one of the

following equations:
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Here T, and E, calculated a function of Ca content. From the above equation
current density depend on the binding energy of the cooper pairs which are the charge
carries in the superconductor.

The part three of the work is sophisticated one using the quantum well concept
(the nano concepts) to understand the effect of calcium content on the binding energy,
Cooper pairing on which is considered as one of the most important problem that the
research concentrated around it in high temperature superconducting. Also the relation
between binding energy with all of (energy gap, hole concentration, tunneling
probability and current density) for the high temperature superconductor
Y,_.Ca,Ba,Cu;0;_s compound where (x=0 to x=0.2) are studied. This is done by
following the model of (Tavkhelidze, 2010) which considers that formation of Cooper
pairs happens during tunneling mechanism of holes between the two of CuO, layers in
the YCBCO crystal which are considered as forming adjacent potential wells. In this
work the researcher modified the model to study the effect the Ca content by
considering the change in the distance between the CuO, layers as a function of Ca

content such that the binding energy
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@ is a work function, h is the Plank’s constant, m is the electron mass, and U is

the height of the potential barrier, E is the energy, R, is the electron cloud radius in

tunneling direction and d is the distance between the two CuO2 planes U — @=0.3 eV,
0 = 4eV.
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