
ICTS School, Bangalore, January 7 2014 

W
annier functions: Si 

Si 



ICTS School, Bangalore, January 7 2014 

G
aAs 

W
annier functions: G

aAs G
a 

A
s 



BaTiO
3	

9	bands:	
m
ostly	O

2p	
+	som

e	Ti3d	



ICTS School, Bangalore, January 7 2014 

Exam
ple: W

annier functions in BaTiO
3  

Ti 3d 

O
 2p 

M
ainly Ti 3d 

(also som
e O

 2p) 

M
ainly O

 2p 
(also som

e Ti 3d) 



ICTS School, Bangalore, January 7 2014 

Ti 3d 

O
 2p 

M
ainly O

 2p 
(also som

e Ti 3d) 

Exam
ple: W

annier functions in BaTiO
3  



Ferroelectric BaTiO
3

F
igure

2:
Isosurface

contours
for

a
m

axim
ally-localized

W
annier

function
in

B
aT

iO
3

in
the

paraelectric
(left)

and
ferroelectric

(right)
phase.

O
atom

s
are

in
w

hite,
T

i
yellow

,
and

B
a

green.
T

he
W

F
is

one
ofthe

9
originating

from
the

com
posite

group
ofthe

O
2p

bands,show
ing

strong
and

polarizable
hybridization

betw
een

the
2p

z
orbital

of
O

and
the

3d
z
2

orbitals
of

T
i,

usually
considered

em
pty

in
an

ionic
picture.

[From
R

ef.[19]]

of
th

e
localization

fu
n
ction

al
w

ith
resp

ect
to

an
in

fi
n
itesim

al
u
n
itary

rotation
of

ou
r

set

of
B

loch
orb

itals

|u
n
k ⟩

→
|u

n
k ⟩

+
∑

m

dW
(k

)
m

n
|u

m
k ⟩

,
(6)

w
h
ere

dW
an

in
fi
n
itesim

al
antiu

n
itary

m
atrix

dW
†
=

−
dW

su
ch

th
at

U
(k

)
m

n
=
δ
m

n
+

dW
(k

)
m

n
.

(7)

T
h
is

p
rovid

es
an

“equ
ation

of
m

otion
”

for
th

e
evolu

tion
of

th
e

U
(k

)
m

n ,
an

d
of

th
e
|R

n
⟩

d
e-

rived
in

(3),
tow

ard
s

th
e

m
in

im
u
m

of
Ω

;
e.g.,

in
th

e
steep

est-d
escent

ap
p
roach

sm
all

fi
n
ite

step
s

in
th

e
d
irection

op
p
osite

to
th

e
grad

ient
d
ecrease

th
e

valu
e

of
Ω

,
u
ntil

a
m

in
im

u
m

is
reach

ed
.

T
h
e

u
n
itary

m
atrices

are
th

en
u
sed

to
con

stru
ct

th
e

W
an

n
ier

fu
n
ction

s
via

E
q.(3),as

illu
strated

for
th

e
sem

icon
d
u
ctors

S
ian

d
G

aA
s
in

F
ig.1

an
d

for
th

e
ferroelectric

p
erovskite

B
aT

iO
3

in
F
ig.

2.

133


