First-principles calculation of Born effective charges

and dielectric constants in finite electric fields
via Berry phase approach

Xinjie Wang and David Vanderbilt

Department of Physics and Astronomy, Rutgers University
Piscataway, NJ 08854, USA

We propose a linear-response approach to the first-principles computation
of Born effective charges and dielectric constants of insulators in finite electric
field. The total energy of the system in the presence of static, homogeneous
electric fields is represented by an electric enthalpy functionall
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where Fj, is the Kohn-Sham energy in the absence of electric fields and €2
is the unit cell volume. We expand the total-energy functional in terms of
atomic displacements and electric fields around the equilibrium position at
finite fields. The second-order derivatives of the total energy are variational
with respect to the first-order responses of wave functions. We show that the
Born effective charges and dielectric constants can be determined from the
knowledge of the first-order responses of wave functions. We implement the
method in the Abinit code.
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