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Heusler alloys 

Some are predicted  

Half Metal Magnet [1] 

Z Y X 

[1] R. A. De Groot, Phys. Rev. Lett. 50, 1983 

Full Heusler Z2YX :  

 

Co2MnSi, Pd2PbU…  
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Standard 

Ferromagnet 

Half Metal Magnet 

(HMM) 

Spin gap 

Exp. 1996 %  
H. Liu et al, App. Phys. Lett. 101, 2012 



Interest for spintronic devices : 
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Spin transfer torque (STT) and STT – MRAM : 

FM1 

Polarizer 

FM2 

Spacer 

STT 

Switching magnetization of the free layer using 

a spin polarized current. 

 
[Slonczewski, JMMM, 1996] 

Spin Transfer Torque - RAM 

e- 



Motivations 
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Our strategy : 
 

• Elaboration of epitaxial Co2MnX 

thin films by MBE 

 

• To confirm the predicted HMM 

behavior of Heuslers and tune the 

electronic structure (by switching XIV 

by XIII, XV etc.) 

 

 

• Measurement of the Gilbert 

damping by VNA-FMR 

 

• Link the HMM behavior and 

damping value 
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The Cassiopée Beamline 
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Mott detection SR-PES 

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

MBE 
(Rheed, AES) 

SR-PES 

AR-PES 

2 e-guns (5 

pockets) 

4 effusion cells 

= 

14 materials in 

the MBE 

Access to the 

total density of 

states resolved 

in spin 



MBE growth 
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Co2MnX (20 nm) 

MgO (500 μm) 

MgO(001) [100] // Co2MnX(001) [110] 

Typical  

RHEED patterns  

[100]Co2MnX 

[110]Co2MnX 

e- 

Co 

Mn 

X 

L21 

Co Mn / X B2 

Growth by co-evap. 

Controled by QCM (error : 5%) 

 



MBE growth 
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The [110] RHEED patterns 

Si 

Ge 

Sn 

Ga 

Al 

Sb 

   

      

X 

X 

Low chemical order 

Growth along (111) 

2 Hex. domains 

Co2MnX with  X =  

   



MBE growth 
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XRD : the (111) asymmetric peak 

Co2MnX with  X =  Si 

Ge 

Sn 

Ga 

Al 

Sb 

   

      

Low chemical order 

Growth along (111) 

2 Hex. domains 

   θ-2θ  

configuration 



Spin Resolved Photoemission 
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Results on Co2MnXIV  (XIV = Si, Ge, Sn) 

Co2MnSi  
Pol. = 100% just below EF 

(S. Andrieu et al. Phys. Rev. B, 2016) 

 

High spin polarization for Co2MnXIV  

Polarization at EF decreases because of a surface resonant state which 

disappears with Mn on top  

But there is a spin gap below EF 

Co2MnGe  
Pol. = 90% just below EF 

Co2MnSn  
Pol. = 60% just below EF 

not yet published 

not yet published 



Spin Resolved Photoemission 
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Results on Co2MnXIII  (XIII = Al, Ga) 

Co2MnAl 
60% spin polarization at EF 

Co2MnGa 
100% spin polarization at EF 

For the Co2MnXIII, the Fermi level slides down since there is 

one less valence e-  

Spin gap at EF for Co2MnGa  

not yet published 
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Ferromagnetic resonance 

April 12, 2023 14 

Perpendicular magnetic field VNA-FMR 

Vector 

Network 

Analyzer 

Waveguide  

Sample 



Ferromagnetic resonance 
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Low magnetic damping on Heuslers 

Co2MnGe 

Co2MnX : 

not yet published 



Summary 
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o How does the chemical disorder impact the physical properties ? 

 

o Link the SR-DOS with the calculated band structures 

 

o Find connections between the magnetic damping and the spin 

polarization (and the electric conductivity) 



Thank you for your attention ! 
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