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ll Magnetoelectric Spin-orbit (MESO) Device 4
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l MESO Device: Physical Mechanism 5
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l MESO Logic: Advantages 6
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© suitable for series connection
© low switching energy, switching time and switching voltage
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l MESO Logic: Advantages 7
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l MESO Logic: Recent Progress S
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l MESO Logic: Recent Progress 9

Voltage-based writing and reading
in MESO nanodevices
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ll Magnon: New media for MESO 10
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l Magnon: Transport in Antiferromagnets
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l Magnon-mediated MESO Device 12
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l Magnon-mediated MESO Device
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ll Magnon: Voltage Controlled Spin Transport 14
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Magnon: Voltage controlled Magnetization 15
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MESO Logic: Recent Progress S
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B Ferron: Definition

Ferroelectrics

« Collective excitations of the ferroelectric order
 Carry energy as well as (constant) electric dipoles

Ferrons enable

e electric polarization transport

o electric-field-tunable heat transport

« nonlocal drag-induced thermoelectricity

19



Il Ferron: Theoretical Predictions
Ferrons: excitations of the ferroelectric order

Prof. G. E. W. Bauer

Tohoku University
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Il Ferron: Theoretical Predictions

Non-local Ferron-drag Peltier effect
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I Ferron: Excitation and Detection 22
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B Ferron: Excitation
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N Ferron: Transport in Ferroelectrlcs
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ll Ferron: Transport in Ferroelectrics 25
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Ferron transport is observed in several ferroelectrics.

Ferroelectric susceptibility matters.
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N Ferron: Electric F|eId Modulatlon
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----jfit ; O-oo%eu_q@g;—o-o—o—-o_—o-g
- o - Voo % it ey
—~ '//’ —~~ —-Q--Vn O:.\
2, ! U I
NEN //o’ EN
a 2
//;ee =2
0 2 4 6 8 10 0 2 4 6 8 10 -3 -2 -1 0 1 2 3
jing (x10° A cm™) jing (X10° A cm™) HoH (T)
. . Lock-in based repeated
No signal in PMN-PT/Pt P

experimental result

K. Shen, P. Tang, X. Chen*, G. E. W. Bauer, M. Liu. et a/. arXiv:2505.24419 (2025).



B Ferron: Diffusion
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[l Ferron: Infrared Imaging
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B Ferron: Evidence of Existence
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ll Conclusion _3l

Magnon-mediated MESO Device

Key results:

« Electric field controlled chiral magnon transport is realized in multiferroic BFO, and the spin
torque that the magnons in BFO carry is used to efficiently switch the magnetization of adjacent

magnets.
« An all-oxide, energy-scalable magnon-mediated MESO logic is demonstrated composed of

spin—orbit injection, detection and magnetoelectric control.

Ferron Transport in Ferroelectrics

Key results:

« Ferromagnetic metal/ferroelectric insulator bilayer enables efficient ferron injection and
detection, achieving non-local signal transmission up to tens of micrometer distances in several
ferroelectric materials.

« The transmission efficiency can be modulated by external magnetic fields and switched by gate
electric fields that control the ferroelectric polarization.

Publications
[1] X. Huang, X. Chen*, R. Ramesh*, et al Nat. Mater. 23, 898-904 (2024).
[2] K. Shen, P. Tang, X. Chen*, G. E. W. Bauer, M. Liu, et al. arXiv:2505.24419 (2025).
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