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Outline

• Modern theory of polarization (Berry 
phase)

• BerryPI structure and execution

• Tutorials
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Material properties related to polarization

Piezoelectricity Dielectric screening

Effective charge
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Pyroelectricity
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What is polarization?
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Polarization for periodic solids is undefined
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Modern theory of polarization

�P = P(0) �P(1)

Pioneered by King-Smith, David Vanderbilt and Raffaele Resta

All measurable physical quantities are 
related to the change in polarization!
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Polarization as a transient current

King-Smith and David Vanderbilt, Phys. Rev. B 47, 1651 (1993)
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transient current density

In Wien2k Zsion is the core charge
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Berry phase

King-Smith and David Vanderbilt, Phys. Rev. B 47, 1651 (1993)
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BerryPI

Comput. Phys. Commun. 184, 647 (2013)

[command line]$ berrypi -p($pwd) -k6:6:6

Need wien2k, wien2wannier, python 2.7.x and numpy

completed SCF cycle

generate k-mesh in the full BZ (kgen)

calculate wavefunctions (lapw1)

prepare nearest-neighbour k-point list

calculate overlap matrix Smn (w2w)

determine electron. and ion. phases

Polarization 
vector
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Two cases: λ0 and λ1

Comput. Phys. Commun. 184, 647 (2013)

�P = P(0) �P(1)
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• structure file must preserve the symmetry
• begin with the lowest symmetry (λ1) case
• copy case λ1 to case λ0

• edit structure file for case λ0

• do not initialize calculation (init_lapw)
• update density (x dstart)
• run SCF cycle (run_lapw)
• run BerryPI

λ0 λ1
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Uncertainties

Comput. Phys. Commun. 184, 647 (2013)
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• cannot determine large 
polarization difference
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Solution:  λ1 ➭ λ1/2 ➭ λ1
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Current limitations

Comput. Phys. Commun. 184, 647 (2013)

Non-orthogonal lattice vectors
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Current limitations

Comput. Phys. Commun. 184, 647 (2013)

8-atom basis

Non-orthogonal lattice vectors
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Tutorial 1: Spontaneous polarization
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Ps = Pnc � Pc
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Tutorial 2: Born effective charge
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Tutorial 3: Piezoelectricity

λ0 λ1
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a0 = b0 ⧣ c0
a0 = b0 ⧣ c0(1+ε3)
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