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Introduction to Modern Theory of Polarisation

R. Resta, D. Vanderbilt, "Theory of Polarization: A Modern Approach”. In: Physics of

Ferroelectrics. Topics in Applied Physics, vol 105. Springer, Berlin, Heidelberg (2007).
https://doi.org/10.1007/978-3-540-34591-6_2

N.A. Spaldin "A beginners guide to the modern theory of polarization”. Journal of Solid
State Chemistry 195, 2-10 (2012).
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https://doi.org/10.1007/978-3-540-34591-6_2

Introduction to Modern Theory of Polarisation

This collection of polarisation values is usually known as “polarisation lattice”.
In this case, you'll ind *1/2, +3/2, +5/2, etc.

It might contain O (or not), but it must be centrosymmetric around zero
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Introduction to Modern Theory of Polarisation

_a’_lz I 1><a+1><3a I N A 34 1
po_a_a qii_a = 4 ) 2 pO_Z - XZ_ XT -2

Changes in polarisation
are well defined!
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Introduction to Modern Theory of Polarisation

displacement, d (a)

Polarization
Quantum

e Changes in polarisation
Quantum of polarisation: P =—¢R are well defined!
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Introduction to Modern Theory of Polarisation

> cell-periodic function (1) = ™ u, (r)

¥ (1)

> Wannier Functions w.(r—R) =4/N P’k e *R @ (1)
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"Berry connection”
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Introduction to Modern Theory of Polarisation

e
P, =(—) ¢, “Berry phase”
2r

M—1
¢p, = Idek (U, |0, |u ) =Imlin H (un,kj | Mn,lch)

In 3D:

o _ -1
b, = (Qle) G;- P, =Q Im[

P, = (
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What do you need to compute P?

$block PolarizationGrids
1 O ° 4 ° 4 ° yes / '. " '. " ', '. .
4. 10. 4. No = |
4. 4. 10. %—0 & . 4 & . 4 . 4 < 2 ]
$endblock PolarizationGrids "
|
siesta: Macroscopic polarization per unit cell (a.u.):
siesta: Along the lattice vectors 18.927592 18.927592 75.548548
siesta: Along cartesian directions 32.783594 0.000000 75.548548
siesta: Macroscopic polarization per unit cell (Debye):
siesta: Along the lattice vectors 48.109140 48.109140 192.025256
siesta: Along cartesian directions 83.327585 0.000000 192.025256
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§ Practical session: Polarisation calculations with the Berry-phase approach §
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Born effective charges

— < "Change in polarisation in direction a linearly induced by a sublattice displacement 7; in direction
L,af e OT. in zero macroscopic electric field”

F — —¢ Z>I< Cg "Measures the force F linearly induced in the a direction on the i-th nucleus by a uniform
L,a i,ﬁ(l ﬂ macroscopic field& in the f direction (at zero displacement)”
’B I 1 a+1 3a|(2)a_1
=7 4 4 4] 2
A
molecular I 2
orbitals 4 4 4 a a
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What do you need to compute Z?

block PolarizationGrids
10. 4. 4. yes B .
4. 10. 4. No K| /é, ,
4. 4. 10. %* ‘
endblock PolarizationGrids "
]
SystemlLabel.BC
MD.TypeOfRun FC
BC matrix
2.7855536 0.0009500
BornCharge  True ~0.0169876 2.7606635
0.0019465 0.0010203
X =-2.7345884 0.0009285
Yy -0.0171787 2.7591363
Z 0.0018542 0.0010203
X Y

—

. 0000000
. 0000000
. /221404
. 0000000
. 0000000
. 1242291

Z
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>Afom 2
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§ Practical session: Polarisation calculations with the Berry-phase approach §
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