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Nanoferronics
Aim: Translate information stored in a ferromagnetic or 

ferroelectric state into an electric signal

E

Means: Novel multifunctional materials
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Magnetic tunnel junctions
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Ferroelectric tunnel junctions

Ferroelectric material:
• Spontaneous electric polarizationSpontaneous electric polarization
• Switchable hysteretically by electric field
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Multiferroic tunnel junctions
Multiferroic=Ferroelectric+Ferromagnet

1         2         3         4

ferromagnetic

I=U/R

multiferroic

ferromagnetic
metal

multiferroic
insulator

ferromagnetic
lU metalU

5         6         7         8
Ei ht diff t i ti t t 8 bitEight different resistive states: 8-bit memory



The size of the task

Connection of atomistic 
and macroscopic scales

Ab-initio
(first-principles)
calculations

Courtesy of Materials Design Inc.



Quantum Mechanics of Electrons 

Schrödinger & Dirac (1929)

Basic equations are known

E l 1 i t

Basic equations are known
But unsolvable many-body problem

Example: 1 iron atom
26 electron wave-function: Ψ(r1,...r26)

78store only 10 values per coordinate: 1078 values

assume each value could be stored 

in a single H atom: memory heavier than the milky way



Density Functional Theory
Total Energy:

Secular Equation:

Density:

Force:



The Planewave Basis

Bloch theorem for periodic solid:

Use point symmetry

H.J. Monkhorst, J.D. Pack, PRB 13, 5188 (1976)



Perovskites (ABO3)
O
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magnetoelectric
effecteffect

Atoms at the interface moveAtoms at the interface move
to the new equilibrium positions:
change in electric & magnetic
polarizationpolarization



Thermal properties from the DFT

exchange interaction:
Heisenberg Model
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Calculate Jij 
within DFT

TC can be calculated within:
• Mean-field theory

Possibilities for calculation of Jij :

1. Lichtenstein’s formula        
(KKR Green function method)

Jülich – München code
http://olymp.cup.uni-muenchen.de/ak/ebert/SPR-TBKKRMean field theory

• Random Phase Approximation

2
3
1 MJTk ijCB ∑=

(KKR Green function method)

pp

• Monte-Carlo method%

( ) ∑ −− = 121 )(3 MJTk ijCB2. Frozen magnons, J(q), and 
Brillouin Zone integration 
(FLAPW method)

FLEUR code
http://www.flapw.de

( )



Example: Bi2NiReO6

Ground state, symmetry P1, can be switched to a ferroelectric one with strain

Possible room-temperature multiferroic



Summary & Outlook

• DFT can describe ground state properties of perovskites, 
giving a satisfactory answer to some questions, but can 
also be very unreliable for others (e.g. the value of the 
gap). g p)

• Efficient algorithm for the structural optimization is needed



Thank you!

Thank you!



Fleur code

Fleur-code
http://www.flapw.de

FLEUR:
FLAPW Method• FLAPW-Method

• LSDA, GGA, LDA+U
• Spin-Orbit Interaction
• 3D-bulk, 2D-Film, 1D-wire
• Total energy + Force
• Spin-polarized M. Bode et al., Nature 447, 190 (2007)

C t P F i i
• Non-collinear
• Massively parallelized

Courtesy P. Ferriani
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Basis sets and Eigenvalue Problem

To solve Kohn-Sham equation

introduce basis functions:introduce basis functions:
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Density Functional Theory

Electronic structure

“TheThe Computational Approach with predictive power”
in : Physics, Chemistry, Nanoscience, Materials Science, …

Walter Kohn

Electronic structure
Quantum transport 

Total Energy:
Molecular dynamicsMolecular dynamics
Structure determination

SSpindynamics
Magnetic structures



KKR Green-function method

No periodic supercell needed! GVGGG 00 +=
Can treat:

clusters on

00

random alloys semi-infinite crystals clusters on
surfaces



Vision : Nanoferronics
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Competence in spintronics computational physics and materials designCompetence in spintronics, computational physics and materials design


