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outline

AMR in ferromagnets
AMR in antiferromagnets (FeRh, IrMn, CuMnASs)
antiferromagnetic semiconductor MnTe
- saturated anisotropic magnetoresistance
- spin flop transition
- harmonic AMR above spin-flop
multiple stable AMR memory states
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AMR in ferromagnets
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AMR in antiferromagnets

- L. Néel: “Effects in antiferromagnets depending on the square of the spontaneous
magnetization should show the same variation as in ferromagnetic substances”
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AMR in antiferromagnets

- L. Néel: “Effects in antiferromagnets depending on the square of the spontaneous
magnetization should show the same variation as in ferromagnetic substances”
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Ny 8’\, AFM field rotation field

¥ 4 for triaxial M, ,M,
‘\‘{4 system (MnTe)
field < spin-flop ~ 2 x spin-flop ~ 4 x spin-flop

Néel-order:

wobbling around rotating, but following perpendicular
easy axis “skipping” of hard axis to the applied field
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field cooling of IrMn: D. Petti et al. Appl. Phys. Lett. 102, 192404 (2013)
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antiferromagnetic semiconductor MnTe

epitaxial single crystalline thin films (MBE)
hexagonal structure

- FM c-planes
bulk T,=310K




antiferromagnetic semiconductor MnTe

epitaxial single crystalline thin films (MBE)

hexagonal structure
- FM c-planes
bulk T=310K
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antiferromagnetic semiconductor MnTe

» epitaxial single crystalline thin films (MBE)

* hexagonal structure
- FM c-planes

. bulk T,=310K
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antiferromagnetic semiconductor MnTe

« epitaxial single crystalline thin films (MBE)

* hexagonal structure N=__ a'_}
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harmonic AMR In MnTe
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moment m (10“2 us/Mn)

spin flop in MnTe

spin-flop field at 200K < 2T
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field rotations at T=5K
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field rotations at T=5K
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« R,y shows
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iIsolation of crystalline AMR

* Corbino disk geometry |
« dominiately 6-fold signal ' B
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* Corbino disk geometry |
« dominiately 6-fold signal /§ B
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field cooling of MnTe

« Komatsubara et al., J. Phys. Soc. Jap. 18, 356 (1963)
 1cms single crystalline sample
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field cooling (FC) « “writing”

VLong

e procedure:

- apply magn. field
atT>T,

— cool to 5K

expect maximum splitting for FC in
olue/red directions:
AR, sin(ZAmp(L,j))



field cooling (FC) — “writing”
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setting of multiple states
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FC magnitude dependence

« FC with different field strength
 AMR splitting increases (no saturation up to 2T)

* negative effect in small fields?!
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model for field cooling

T>Ty éT<TN

Brc B=0T

[ I ' easy axis

1) get L direction based on Stoner-Wohlfarth:
E=E +E +E

Zeeman anisotropy exchange

2) calculate domain occupation by Boltzmann distribution
3) use

—  ARyxamr = N Ryc cos(24(L.j))

—  ARyyuamr = Rye sin(24;, (L,j))



multidomain AFM field rotation

 all three domains populated

* below spin-flop: field
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shape of zero-field AMR

known FC strength
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shape of zero-field AMR
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stability of the continuous state
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stability of the memory

AMR splitting can not be removed at 5K (with 2T)
@200K: 2 T destroys memory

memory states stay distinct
also in applied fields (<2T)
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iIsothermal field writing
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summary

antiferromagnetic semiconductor MnTe
- band gap 1.46eV
- p-type: p=1.8x10-4 Qm, p ~ 6x1028 cm-3
AMR in AFM above spin-flop field
splitting of states upon field cooling
- FCinY gives low Ry, state
multiple stability in zero field
— continuous zero field AMR
- 0.65%@150K
stability of the frozen state

- “undestructable” at 5K

- destroyed above spin-flop field
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ARxy (Q)
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AMR-ratio vs. field & temperature
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Note about spin-flop field vs. temperature

« temperature behavior complicated - anisotropy, magnetic moments
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structural analysis

MnTe grows as mosaic thin film
block size ~20-30nm

rotation of domains:
Gaussian distribution
~0.2-0.3degree
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lattice parameter vs. temperature

* thermal expansion of distance of
AFM stacked FM-ordered atomic planes
IS changing at T
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comparison longitudinal/transversal

difference from Hall:

normalized by R, :
no aspect ratio considered!
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ingredients for a continuous state at zero field — 5
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iIngredients for a continuous state at zero field
continuous zero field AMR needs breaking into multiple magnetic

domains upon the release of the field and at least biaxial anisotropy! M
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spin flop in SQUID
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