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Pinning process plays an important role in improving utility properties of YBa2Cu3O7−δ (YBCO) super-
conductors. As a consequence of the low coherent length, the most effective pinning centers in such type of
materials should have nanometer size dimensions. An efficient way of introducing such centers can be a chemical
substitution in the YBCO lattice. Computer simulation of locally distorted YBCO crystal structure due to the
substitutions has been performed.

PACS numbers: 61.05.C−, 74.62.Dh, 74.72.−h

1. Introduction

Three key factors play important roles in the super-
conducting state description: critical magnetic field Hc,
critical temperature Tc and critical current density Jc.
Hc and Jc depend upon two parameters that influence
energy minimization, on coherence length and penetra-
tion depth. If the ratio of penetration depth to coherence
length is greater than 0.7, magnetic flux penetrates the
superconductor in the form of vortices. The moving of
the vortices in response to magnetic field when supercon-
ductors are to carry large currents should be restricted
as otherwise it would result in appearance of resistiv-
ity. Vortices can be effectively pinned at sites of atomic
defects [1]. Substituting some atoms in the YBCO lat-
tice creates lattice distortion regions in their neighbour-
hoods, which become responsible for chemical pinning [2].
Crystal structure characterized by high density of lat-
tice defects considerably deviates from a perfect periodic
arrangement considered by the conventional crystallogra-
phy. While the crystal defect density is not too large, the
effect can be incorporated into the conventional struc-
tural model by e.g. enlarging the Debye–Waller factors
and/or changing the lattice site partial occupation fac-
tors [3]. However, the process can simulate only an aver-
age distribution of site defects.

To describe the crystal structure characterized by sig-
nificant periodicity deviations caused by high density
of lattice distortions the local crystal structure descrip-
tion by means the DISCUS software [4, 5] has been per-
formed. The software uses Monte Carlo statistical sim-
ulation method for minimizing the energy of a model in
order to generate a disordered structure.

2. Crystal structure simulation

For a more detailed investigation and the crystal struc-
ture simulations the system of YBa2(Cu0.9Ag0.1)3O7−δ

was selected. As it was assumed that Ag substitutes
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Fig. 1. Random distribution of Ag atoms (•). Basal
plane cut of the YBa2Cu3O7−δ crystal structure
(l.u. stands for lattice units).

copper atoms preferably in the Cu(1) positions, the sim-
ulations have been performed in the (001) basal plane of
the YBCO crystal lattice.

Initially a random undistorted crystal structure was
created. The (001) cut of the simulated structure is
shown in Fig. 1 (for better transparency oxygen atoms
O(1) are not shown). The Ag atoms distribution is com-
pletely random and is similar to the structure that can
be generated by standard conventional crystallography
methods.

Consecutive redistribution of Ag atoms was performed
by creating a chemical short-range order.

The cluster creation was controlled by occupational
correlation between neighbouring Ag–Cu atoms. The
chemical correlation coefficient cij between a pair of
sites i and j can be described by a relation (Pij − θ2)/
θ(1− θ) [5]. Pij is the probability that both sites i and
j are occupied by the same atom type and θ is its over-
all occupancy. The resulting structure consists of small
regions characterized by an enlarged Ag concentration
(Fig. 2).

For the simulated crystal structure shown in the fig-
ure the correlation parameters cCu,Ag in [100], [010], and
[001] directions were 0.5, 0.5, and 0.1, respectively.

The size-effect type distortions for the Cu–Ag pairs of
atoms were simulated by the Lennard–Jones potential [5].
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Fig. 2. Redistribution of Ag atoms by creating short-
-range ordered clusters.

As a result the short-range ordered crystal structure with
locally distorted neighbourhoods Cu–Ag was generated
(Fig. 3).

Fig. 3. Blow-up of Fig. 2 (the left bottom sector): the
local partially distorted crystal structure.

Fig. 4. Pair distribution function calculated for the
corresponding simulated structure.

The scattered intensity distribution on the crystal
structure created by the described simulation process
(powder diffraction patterns, pair distribution function
— PDF) can be consequently calculated and compared
with the experimentally measured one. An example of

the calculated PDF for the simulated structural model is
given in Fig. 4.

3. Summary

The conventional crystallography is not able to de-
scribe complex materials at the length-scale of nanometer
as periodicity is one of the most important assumptions
of the theory. Such materials are characterized by a small
randomness and local deviations from perfect periodicity.
A description of these deviations can often be a funda-
mental part of the structural investigations. If the de-
viations in the atomic positions from perfect periodicity
are not too large, they may be described as lattice de-
fects. For structures characterized by a high density and
overlapping of the defects such description becomes no
longer useful. Such situation can be better described by
means of instruments of the diffuse scattering and defect
structure simulations software package as e.g. Discus. An
example of such simulation for YBa2(Cu0.9Ag0.1)3O7−δ

was shown. The method can better describe the crystal
structure with its local details and thus can significantly
contribute to a better understanding of the processes tak-
ing part in such materials.
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