Effective model of antiferromagnetic MnTe
and anisotropic magnetoresistance
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solid state physics materials science

anisotropic iron, permalloy, (Ga,Mn)As

magnetoresistance
(AMR) antiferromagnets



MnTe: an antiferromagnet

Magnetometry
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MnTe: a semiconductor

absorption on thin layers
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The goal:

e construct an effective model

® analyse magnetic anisotropies
e AMR modelling

e non-crystalline components (Hall)
e crystalline components (Corbino)
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AMR: an “old” phenomenon
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e discovered in mid 19th century

e more recently: epitaxial films (here, Fe)

van Gorkom et al. '01
doi: 10.1103/PhysRevB.63.134432



AMR: an “old” phenomenon - still explored

(Ga,Mn)As - ferromagnetic semiconductor, here ~10% Mn
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AMR: the idea of analysis
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AMR: the new twist



AMR: the new twist
antiferromagnets!
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Figure 5. Structure of bulk FeRh. In the AF phase (left), the Rh atom (grey) has no magnetic moment while the Fe magnetic moments 04 N )'~ ym

are ordered as indicated. Except for a different lattice constant (see text), the crystal structure remains unchanged in the FM phase

(right); magnetic moment of the Rh atoms is then non-zero and parallel with that of Fe atoms. Temperature (K)
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MnTe in hexagonal NiAs structure
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FIG. 1. Sketch of the atomic and possible magnetic structures
of antiferromagnetic hexagonal MnTe. (a) In-plane/c plane (ground
state) and (b) out-of-plane/c-axis (hard axis) orientation of the
magnetic moments of Mn with the Néel vector L along (1100) and
(0001) are shown. The hexagonal basal plane, i.e., the ¢ plane is
indicated by a gray plane, while red, green, and blue arrows show the
directions of the unit cell axes.
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detail of the VB (no SO)

TN T e warping in kx,ky plane neglected
~_/| ® d=0 for simplicity (warping away
from kz=0)
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competing maxima at the VB top: the idea
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competing maxima at the VB top: ab initio

DFT+U
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how to deal with exchange

ferromagnetic semiconductor
H = Hgr, + (Jpa/pp)M - §

but in an antiferromagnet???



how to deal with exchange - a toy model
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how to deal with exchange - a toy model
wavefunctions
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how to deal with exchange - a toy model
wavefunctions
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H:Hb_l_Hso+Hex
changed to

H = Hb€_|_HSO

& matrix els. of Hso recalculated



H = Hy. + Hy,

detall of the VB - effect of spin-orbit (SO) int.
(zero order eff.)




detail of the VB - effect of spin-orbit (SO) int.
(zero order etft.)
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detail of the VB - effect of spin-orbit (SO) int.
(next order eff.”?)

splitting along
A—T line

0

-10

_20_
similar to Rashba”

Energy [meV]

-30 -

40 -

-50




detail of the VB - effect of spin-orbit (SO) int.
(first order eff.)

splitting along block structure
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splitting along
A—T line
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detail of the VB - effect of spin-orbit (SO) int.
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More realistic toy model: 12 bands

based on toy model (4 atoms) e« 3 orbitals (x,y,z)
downfolded to two Te atoms e 2 spins, incl. SO



More realistic toy model: 12 bands
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detail of the VB - effect of spin-orbit (SO) int.
(first order eff.)
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anisotropic bands (due to exchange+S0)

001 T T T T T T T T T

0.008 | aky 0 0 ko :
0.006 | o 0 e /) iy 1
0.004 r 1
0.002 1
0= 1
-0.002 | T~ ;
-0.004 r | ]
-0.006 | _

-0.008 | .
. \\

-0‘01 | | | | | | | | |
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

0=A ke, ky



anisotropic bands (due to exchange+S0)
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conductivity: Boltzmann approach
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conductivity: Boltzmann approach
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Conclusions

competing VB maxima - to be resolved

by advanced ab initio

effective model components: band, SO, exchange
(band+exchange go together)

complicated structure in the vicinity of A-point
conductivity can easily be evaluated, scattering
treated e.qg. by Fermi golden rule
some symmetry-breaking terms still to be identitied







how to deal with exchange - a toy model




Crystalline Hamiltonian

* Lowest order expansion
akZ+b ka, (a — b)k,k,
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AMR: crystalline and non-crystalline components
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