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lonic gating

Electric-field control of physical properties via gate-induced ion migration
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S.D. et al. Nano Letters 25(6), 2181-2187(2025)

Y. Guan Annu. Rev. Mater. Res. 53, 25-51 (2023)
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Magneto-ionics
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Ferrimagnets for spintronics

Two coupled antiparallel sublattices

M| + |M,| |Myyv| = |Mggl - Efficient SOT switching

Parameter tuning M _ » Ultrafast optical magnetization switching
¢ =
' ne
‘ Mpet # 0 or Apet =0

AFM-like fast domain wall motion
compensation

Strong magnon-mode coupling

SK. Kim et al., Nat. Mater. 21, 24-34 (2022)

Rare-earth 3d metal alloys Oxide compounds

- Amorphous, atomically disordered - Crystal, atomically ordered

- Tunable via composition - Low damping

- Electrically conductive - Tunable via strain and composition
X Easily deteriorated X Electrically insulating

Mn,N -
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+ Crystal, atomically ordered
+ Electrically conductive
+ Tunable via strain and composition

« Rare-earth free O
Perpendicular magnetic anisotropy STT: DWs speed up to 3 km/s
S. Gosh et al., Nano Lett. 21, 2580-2587 (2021)
X. Shen et al., Appl. Phys. Lett.105, 072410 (2014) T. Gushi et al., Nano Lett. 19, 8716-8723 (2019)

SPICE workshop 10 June 2026



Outline

d Synthesis and characterization of Mn,N thin film
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Mn,N thin films

Mn,N
antiperovskite

Z. Zhang, W. Mi, J. Phys. D: Appl. Phys. 55, 013001 (2022)
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Growth methods:
- MBE on STO/MgO

- (Facing target) sputtering on STO/MgO

- lonically driven synthesis on Si
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- Strain relaxes with increasing thickess
* PMA doesn’t scale with strain
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@ Magneto-transport

A R.=R + R, +
: H— I, 2w ot
Mn,N (37) . . .
‘ ' | CRD RY® = Raoypcos @ + Rpygsin?0 = sin2a
MgO

z - The magnetic anisotropy depends on capping layer material
1.0+ 1.0~ 1.0~
R S 05 T 05F
© & (b}
(O] N N
N —_ —_
= 0.6 - @© @
s £ 00 £ 00
5 o
204) S 2
eV
o ¥ 05" . r 0.5} —— Pt
——sim :
20 H,=300mT >
10l K H,=700 mT
1.0+ -10" K
00 r I . I . I . I . I | . | . | . | . |
L I L 0 90 180 270 360 0 90 180 270 360
-2000 -1000 0 1000 2000 o
() ()

H, (mT)

SPICE workshop 10 June 2026 10



‘ @ ‘ Magneto-transport
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d Tunable magnetic properties in Mn,N

Outline
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Magnetoionics
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Magnetoionics
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Tunable spintronic devices
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Tunable spintronic devices

Example of application: magnetoionic memory
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Summary

- High quality epitaxial Mn,N films can be grown by sputtering in N, rich atmosphere on a heated MgO substrate. The films display PMA

originating from a combination of strain and capping layer material, large AHE and good magnetotransport properties.

m T. Apetrei, E. Demiroglu, C. Deger, C.O. Avci and S. Damerio Phys. Rev. Mater. (submitted)

- Voltage-driven nitrogen ion migration in solid-state devices allows to reversibly tune the magnetic anisotropy of Mn,N films, increasing the SOT

switching efficiency in Mn,N/Ta bilayers and allowing magnetoionic memory functionality

m S. Damerio, T. Apetrei and C. O. Avci Appl. Phys. Lett. 127, 262405 (2025)

 Overall voltage driven ionic motion is a powerful tool to tune materials’ properties

THANK YOU!
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Can Onur Avci Teodor Apetrei
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