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Theoretical prediction (2010, PRL) Experimental realization

IR, PRB (2014)

SHG, Nature 
Nanotechnology 

(2015)

Neutron, PRB (2015) TEM, Nano Lett. (2016)
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 Flexible nano
 Ultralow power
 Fast computation

Simplified deviceComplex device

Memcapacitor

0 V
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0 V
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Von Neumann --> Neuromorphic architecture

MemcapacitorCapacitor

No materials found yet with multi dielectric constants 
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S. Kamba (Academic of 

Sciences of the Czech Republic)

IR exp. (ceramic)

Lee & Rabe,  PRB 84, 104440 (11)

un : atomic displacement,  Ji,j : magnetic interaction

Mean-field

Measurement of the coupling in cubic SrMnO3
PM

Slater

Last
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Genome map 

(SrMnO3)

AFM 

Paraelectric

(exp)

I4/mcm
R(0,0,a)

P4mm
Γ(0,0,a)

P4/mbm
M(0,0,a)

Imma
R(0,a,a)

Single gene

I4cm
Γ(0,0,a) R(0,0,b)

Ima2 
Γ (a,a,0) R(b,b,0)

Amm2
Γ(0,0,a) M(0,0,b)

Pnma
M(a,0,0) R(b,b,0)

Double gene

Pna21

Γ(0,0,a) M(0,0,b) R(c,c,0)

Pmc21

Γ(a,a,0) M(0,0,b) R(c,c,0)

P21

Γ(0,0,a) M(0,0,b) R(c,d,0)

R3m
Γ(0,0,a) M(0,0,b) R(c,d,0)

Triple gene

Ferroelectric & Ferromagnet !



SrMnO3

with 

epitaxial 

strain

 How does the electric P evolve?
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SrMnO3 (Dipole-Spin)

Multiple- vs. single- order parameter transition
cf) SrTiO3 (Dipole)

Exp: Nature (04), Theo.:PRB (05)

N
e
t m

a
g

n
e

t. (m
B
)

0

1

2

3

Tc > 100 K

strain

Pz=50mC/cm2

M = 3 mB

c = 4.2 Å

Eg = 0.5 eV

Pz=30mC/cm2

M = 0 mB

c = 4.0 Å

Eg = 1.0 eV

E-field

H-field

Pressure



Experimental Conformation 

SHG, M. Fiebig et al, Nat. Nanotech (2015)

D. Schlom

(Cornell)

TEM, Guzman et al, Nano Letters (2016)
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P1
vs 
P2 ?

Completely New 

Multiferroic Phases !



CrPS4 (Low Dimension Mag)

- Anisotropic structure (Polar)

- Many competing 

magnetic phases



CrPS4 (FM semiconductor)

- Competing AFM vs FM at 4 % uniaxial strain



Bulk – monolayer band gap – direct gap

Slight increase in band gap of monolayer

Charge transfer gap



Ferroelectric Ferromagnetic Semiconductor

Robust Ferromagnetic Semiconductor

Eg increases with uniaxial strain



Direction – Completely New states from Materials genome

Ground state

One combination

Meta states

Different combinations 

of order parameters

“Order parameters changed more easily in multiples than single.” 

Smart dielectric constants from metastates

Multi-bits memory, memcapacitors at room-T

Candidates of graduates/postdocs are welcomed!

(Quantum Materials for Energy Conversion (QMEC), 

junhee@unist.ac.kr)


