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Heusler compounds

Half-Metal Magnets (HMM)

F. Heusler, DPG 5, p 219 (1903). R. A. De Groot et al., PRL 50, 2024 (1983).
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Xz Z: Standard FM Half Metal
Magnet
Cu,MnSn, W,PdSb, D1(Er) — Dy(EF) _
Zr,TiGe ... D1(Er) + Dy(EF)
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Half Metal Magnet

Interest for spintronics

« Magneto-resistive devices :
Ex: Spin valves, MTJ, STT-MRAM...

e Nano-oscillators

* Spin injection: P
Half metal

ISHE, Spin transistor

« Magnonics:

Logic gates & processing  y 4 4 ¢4y AWMB Y &
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Motivations

Why Co,Mn- based Heusler compounds? “Lﬁ?‘
(e
o High Curie temperature W ...... e oo*
o Convenient lattice parameters | ' """"""" Sl
ot®——go® g0

o Predicted HMM (ab initio calc.)
5,6 < acounz < 6 A

o Ultra low damping
T.>800K

o Spin gap confirmed in Co,MnSi s. Andrieu et al.,
Phys. Rev. B 93, 094417 (2016)
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Elaboration

Molecular Beam Epitaxy features

e

Co-evap of each element
Co: e-gun
Mn: K-cell
X: it depends

Growth temperature: = 450°C Co,MnZ [100] (001) // MgO [110] (001)
Annealing = 800°C
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Surface structure

L2, RHEED patterns

2D real lattice: 2D reciprocal lattice:
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Surface structure

B2 RHEED patterns

2D real lattice: 2D reciprocal lattice:

[:I-OO]CMZ>
® ® ® |
; t o o {”’ 1R
© A !
a Mn/Z \

[110]CMZ
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[110] RHEED patterns

Co,MnZ with Z = Al, Si, Ga, Ge, Sn, Sb
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HR-TEM

Cross sections

(110)z plan (110)y,z atomic columns
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O Co ® Mn O Co o Mn

° : INSTITUT % @umvsksnt
. |J JEAN LAMOUR DR ReAE

13/05/2019 11



Co,MnAl

Co,MnSi

nm-toquo-.;é;

EEEEEEEE-ERE®NE®E®ESEH®E.
CEEEEE R®E®E®S®E®NI®E§B§N
A 222 B EEEEREERE DN

nlo

SR A A EEREEERESAN

- -
& =

- -
-

-
-
-
-
-
-
=
-
-
-
*

AR B BB EEEEREDEDEERENED®E.
T E R EEEEEEENENE§N§N
B R R EEEEEEEREENRE®NE®N.

il BaE BEE R TERE TES BEE RS
A SRE SRS SR8 saE w
B BRE SRS SeE el FERE FRE Fae
' g BeE GRd FRE R s @
A BEaE SRE $RE RS BEE EE
FEE EEE PR FaE @
&l @EE FEE WEE WEE
EE ERE FEE PEE w6
Wl @EE FER PR e
SRE A8 Wa8 sae =
Wil SRE BEE BRE e
BERE ERE e SEs =
il RS RS EE e
§aE @RS RS $RE @

&E @RS FEE SES R
@RE 88 '-:-m-, e

Wil aE BaR @ LR

&
L &k SRR SR8 e l!imui -
LY @S SRS aE = -

BRE BEE BEE 9RE PRE e - [
A R BRE SR8 PRE e L] LR ]
PEE SR TS $RE RS e e @

aaEm W%
LT ]
i 8%
(LT ]

L]
" W
(L1}

L] L
L & L
LY & s

- - i
LA R W
4 -
* ’
LB BN RN RN RN N

® 6 6 o o
©C @& O @ O
e 6 o o o
® O e O o
® 6 6 o o
® Co/Mn

® O € O o
o O O O O
O @€ O @ O

o o O O O

Mn / Al

O Co/Mn @Sn ® Co

O Si

UNIVERSITE
DE LORRAINE

12

@0

o
o
—E S
og
- 5
0% -
Zw

—

)



Outline

1. Heusler alloys & spintronics
2. Crystal growth and structure
3. Testing the Half Metal Magnet behavior by SR-PES

4, Ultra-low damping materials

e+ iiNsTITUT @ © s
.. |J JEAN LAMOUR

13/05/2019 13



Spin-Resolved PES

The Cassiopée Beamline

SOLEIL : 2,75 GeV storage ring, Saint Aubin, Fr.

Mott detection SR-PES

Angular aperture of + 8°
7

2 e-guns (5
pockets)
’ eﬁu”S o & Access to the
e total density of
14 materials §tate_s resolved
in the MBE In spin

(RHEED, AES)
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Spin-Resolved PES

Co,MnZ,, with Z,,=SI, Ge, Sn

Co,MnSi Co,MnGe Co,MnSn
S | S | S— |\
— it LI ~ — ~_ 1 |
3 |2 1 E . |« Same shape
z Majority spins | |1 z ? 'S,
= : = g /
3 | 3 3
7] 7] 7]
&3 &3 m
oy ¥ A L
U v r—— 10 10 | * Surface resonant

mority spms s | .

0.8 | !.: ______ 0.8 . (.8 [ : —————— State. [S Andrieu et al.,
206 ko f :1 2 0.6 D06 i Phys. Rev. B 93, 094417
g pNeGa, N L = 04 bt o (2016)]
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Symmetry & Spin-Resolved PES

Co,MnZ,, with Z,,=SI, Ge, Sn

— Co,MnSi1 | - T .
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Spin-Resolved PES

Co,MnZ,, with Z,=Al, Ga
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Spin-Resolved PES

Co,MnZ,, with Z,,=Sb

e v Weakly polarized
é’ v Certainly due to Sb segregation
A . ! and/or reconstruction at the

.l E surface \

4 3 2 -

0
Binding energy (eV)

Co,MnSh
hv=37 eV
P polarization
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LVNA-FMR

Set-up
Vector .t © HpruUpto25T
Network
Analyzer >
—* fr ! « Kittel law :

fr = vo(Ho — Mcgs)

* Gilbert damping given by HWHM
Af = 2af. + 2Af,

RF
probe

« 2-magnons scattering avoided

CP-Waveguide

Hpc : out-of-plane static magnetic field * No corrections (raw effective
values)

ﬁRF . in-plane RF magnetic field
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LVNA-FMR

Ultra-low magnetic damping

a)
Co,MnGe & Co,MnSi
A | wH=19T WH=238T \ J I
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LVNA-FMR

Co,MnZ damping results

T. Devodler et al., Appl. Phys. Lett. 103, 242410 (2013)
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Summary

Elaboration of epitaxial films precisely controlled & chemical order
resolved

. Trouble with Sb !

Co,MnZ are high spin polarized materials with very small
damping

Reduction of the damping when E¢ far from any minority DOS

Next step is to get PMA
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Thank you
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