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1 Multiferroic thermal diode
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Magnetoelectric coupling two phase multiferroics
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Magnetoelectric coupling single phase multiferroics
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The sinusoidal spin wave does not induce
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Electrical control of magnetism two phase multiferroics BaTiO3Fe
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Hamiltonian of model: Coarse-grained approach for system
Ginzburg-Landau-Devonshire (GLD) potential

H=H,+Hg+V,,

N(1dP? oFF _, BT ., 1 2 j
H, = —— s —— P P =R =5
P ;[2 dt2 2 n A n 2( n+1 n) pn
M . 2
Ho= > (—JMkMk+1—D(M,f) —BMkZ)

k=N-+1

Vie = _gl(PNleHl)_ 9, (PNMIle)Z '

R. Ramesh and N. Spaldin Nature 6, 21 (2007); M. Fiebig J. Phys. D: Appl. Phys. 38 R123 (2005)
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Soliton solutions
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Transfer of the soliton through the interface
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L. Chotorlishvili, R. Khomeriki, A. Sukhov, S. Ruffo, and J. Berakdar Phys. Rev. Lett. 111, 117202 (2013)
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Thermal diode

Thermal diode .
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N. Li, J. Ren, L. Wang, G. Zhang, P. Hanggi, and B. Li, Rev. Mod. Phys. 84, 1045 (2012).
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Advantage of the electric field

a) Tetragonal phase can be enlarged b) Ferroelectric frequency spectrum can be
controlled
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Equations of motion

Ferroelectric, part in tetragonal phase Ferromagnetic part
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L. Chotorlishvili, S. R. Etesami, and J. Berakdar R. Khomeriki, Jie Ren, Phys. Rev. B 92, 134424 (2015)
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Inverting the thermal bias
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L. Chotorlishvili, S. R. Etesami, and J. Berakdar R. Khomeriki, Jie Ren, Phys. Rev. B 92, 134424 (2015)
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Heat Current 10277 (d.u.)
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L. Chotorlishvili, S. R. Etesami, and J. Berakdar R. Khomeriki, Jie Ren, Phys. Rev. B 92, 134424 (2015)
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Heat current as a function of magnetoelectric coupling

We observe asymmetry g—>-90

0.0}
|~ T,=321 (K), Typ0=36 (K

| e Ti=36 (K), Tio0=32
—0.5}

~1.0f

Heat Current 10°J7 (d.u.)

E=0.4 {d.1), B=0.0
V=—g (pso M3\ )—g (ps M5,)

3

—1.5}
1. —08 06 —04 —02 0 02 04 06 08
FE—FM coupling coefficient g (d.u.)

VME:_g(PNMIle)’ g>0, = M{,—>1

yA

For large M, currentis suppressed

L. Chotorlishvili, S. R. Etesami, and J. Berakdar R. Khomeriki, Jie Ren, Phys. Rev. B 92, 134424 (2015)
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Parameters

Parameter SI units Dimensional unit (d.u.)
Bulk BaTiO; single crystal
P, 0.265C/m? p, = P,/ Py
o) 2.770 x 107 Vm/C at = %L ~0.213
s 1.7 x 108 Vm® /C3 BFE = 0~ 0.0918
Yo 2.5 %x 1077 Vms/C Vm = 222 7~ 0.192
apg 1.02 x 10 m
K 1.3 x 10° Vm/C |
E parameter (V/m) E — x_l!hE 2 3.4 x 10'E
r parameter (K) I — K—;g%;—?" ~ 1.4 x 107°T
0™ FE
J joules/s J— H’ﬁ“f ~ 10°
1} FE
Bulk bce Fe
Ms 1.71 » 10° A/m 5 = ﬂ}k/Mg = (3;;;’5}
y 1.76 x 10" (T s)~!
apy 1.0 x 107 m
s = Msazy, 1.71 x 1072 1T
OFEM 1.0
K, 2.0 x 108 /m’ D = 2 — 0206
A 2.1 x 107" J/m J =108 — 216
B parameter (T) B — %B ~ 0.17B
T parameter (K) T — %T ~ 1.4 % 107°T
J joules/s J — LT = 10°7
il g

613. WE-Heraeus-Seminar 10 - 15 April 2016 Bad Honnef



Acknowledgements

Jamal Berakdar, Alexander Sukhov,
Seyyed Ruhollah Etesami

Martin Luther University Halle-Wittenberg,
GERMANY

Ramaz Khomeriki Thilisi State University

Jie Ren Centre for Phononics and Thermal Energy Science, Tongji University

Stefano Ruffo Universit a di Firenze

Funktionalitat

N / Oxidischer Grenzfliche

‘ISFB 762

613. WE-Heraeus-Seminar 10 - 15 April 2016 Bad Honnef



