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Ternary Semiconductors
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Materials: ... to half metallic ferromagnets
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Ferrimagnetic Heusler compounds
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Mn.-Heusler compounds
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Tunability Mn,YZ

m (Mn) ~ 3,
m (Mn) ~ 2, Exchange coupling: ferri
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Expected properties

100% spin polarisation
Properties sensitive to pressure
... gating ... electrolyte gating
=>» new devices

Wang PRL 100, 156404 (2008)
Ouardi et al., PRL 110 (2013) 100401




Mn,CoAl a semiconducting ferromagnet
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More semiconductors
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d = € aM HUd J.C. Slonczewski:"Current-driven excitation of magnetic multilayers(1996)",
'hg S Journal of Magnetism and Magnetic Materials Volume 159 (1996) L1-L7

Spin torque devices

= High Spin polarization

= Materials with High T,

= High perpendicular anisotropy
= Low magnetic damping

= Low saturation magnetization

Problems:

Better lattice match new Mn2-Heuslers

Higher spinpolarization

Resonant tunneling

interface engineering - smooth
= atomic structure - disorder

= magnetic structure — non collinear




Designed Materials
= Materials with low magnetic damping

= Materials with low magnetic moments
= Materials with high perpendicular anisotrop

Tetragonal Heusler compounds: Mn;Ga, FeMn,Ga ...
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d = € aM HUd J.C. Slonczewski:"Current-driven excitation of magnetic multilayers(1996)",
'hg S Journal of Magnetism and Magnetic Materials Volume 159 (1996) L1-L7

Spin torque devices

= High Spin polarization

= Materials with High T,

= High perpendicular anisotropy
= Low magnetic damping

= Low saturation magnetization
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Problems:

= Better lattice match new Mn2-Heuslers
= Higher spinpolarization
= Resonant tunneling
" interface engineering - smooth
= atomic structure - disorder
= magnetic structure — non collinear

Pt/ColPt ,
N
A Kk [ ] f{.”g‘”)ﬁ
* t [ al [Co/Pd], ";,r.- ;
A A
0.1 | Pt/CoFeB/Pt *[ColPt], | e 8
: o TOHOKU
e CoCrPt +
* |
[ FePt
o® i
0.01F CoCrTa(Pt) Mn,,Ga
E
0.01 0.1 1 10
ff
K,” (Merg/cm?)



RILKEF

TOHOKU UNIVERSITY

the Handbook of Binary Phase Diagrams (W.G.Moffatt ed.)
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Structural distortion
I14/mmm (DO,,) Fm3m (L2,) P6,/mmc (D0,,)

tetragonal cubic - hexagonal

Out of plane magnets
Antiferromagnets: Mn,Ge
Ferromagnets: Fe;Sn

STT-RAM with out of plane Half metallic ferro/i
Compensated ferrimagnets Spin gapless

Permament magnets mag. semiconductors

. . . Anomalous Hall effect
Non-collinear magnetism compensated ferrim. Soin reorientation t tion?
Topological Hall effect QAH pih reorientation transttion:
Skyrmions mag. shape memory J. F. Qian, et al., J. Phys. Cond. Mat. 47 (2014)

Magnetocalorics — CDW? J. Kibler and C. Felser EPL 108 (2014) 67001
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Mn,_Ga: Tunability
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More complex magnetism at low T
Removing one sort of Mn (octahedral) leads to ferromagnetism

Winterlik et al. Phys. Rev. B 77 (2008) 054406



Tetragonal Heusler
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Design of compensated ferrimagnetic Heusler
alloys for giant tunable exchange bias
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Magnetic orderings in Heusler compounds

Half-metallic ferromagnetism: Co,MnZ... ﬁﬁﬁ
Half-metallic ferrimagnetic: = Mn,YZ ﬁ;ﬁi
Antiferromagnetic: Mn,Si, Fe,VSi, Ru,MnGe, lﬁlﬁ

Compensated ferrimagnetic: Mn-Pt-Ga, Mn-Co-Ga ﬁlﬁl




Skyrmions on the track

Albert Fert, Vincent Cros and Jodo Sampaio

Stuart S. P. Parkin, et al.: Magnetic Domain-Wall Magnetic skyrmions are nar.wscal‘e spin c.onf|gurat|ons that hold pro.rnlse as'mformatlon carriers in
ultradense memory and logic devices owing to the extremely low spin-polarized currents needed to

Racetrack Memory, Science 320 (2008) 190-194 move them.



* Large spin orbit coupling

* Dzyaloshinsky—Moriya interaction
— Non centro symmetric structure
— Helical magnetism

* Topology: Berry phase in real space
*  RT Skyrmions — high T,

e Skyrmion in zero field via high magneto
crystalline anisotropy

e For data storage: bulk materials

Skyrmions, C. Felser, Angewandte Chemie 125 (2013) 1673, Int. Ed. 52 (2013) 1631

3.2 ; . . | | |
3OJ: r‘.P’S ® l
1.0+ SOC
s ¢ ® Mn. .Fe. .Ga
B 0.8} MnaC2 2:‘ MO-SF
£ n, eGa
< 06} o i 4o G0
% 0.4+ ® Mn, sNigsGa | o vinoirsn
0.2 AE ® Fe,MnGa ® Mn,RhSn
| ® Mn,NiGa
0.0 ) 2 . . |
24 25 26 7 S
Nv

B

05 5 o1 Py

2 B //<100>
0.4 -\

e conical
o

\l
02 ‘«A-phase

0.6} field-polarized 5 90

helical Ty paramagnetic

a2

T(K)

35

\




Mn.,RhSn — non collinear magnet
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Skyrmions
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Mn-Pt-Sn — Skyrmions
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»The infocus Lorentz TEM image shows the structural
microstructure (martensitic like plates).

» The stripes in the out of focus images correspond to the
helical magnetic structure.

» They disappear completely for fields > 0.3 T.

» The helix propagates along [110].



Graf, Felser, Parkin, IEEE TRANSACTIONS ON MAGNETICS 47 (2011) 367
Graf, Felser, Parkin, Progress in Solid State Chemistry 39 (2011) 1




