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U Radiation-Matter interaction
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synchrotron Radiaton Techniques
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K-ray Absorption Spectroscopy (KAS)
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X-ray Absorption Spectroscopy (XAS) +
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KAS: Measurements

Beer-Lambert law
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K-ray Rbsorption Edges
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Polarization dependent XAS

(a) Circular polarization (b) Linear polarization ||z (c) Linear polarization || x,y
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X-ray Magnetic Circular Dichroism (XMCD) K-ray Linear Dichroism (XMLD)
difference in absorption for left- and right difference in absorption for linearly polarized
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KMCD: magneto-optic effects
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U K-ray Magnetic Gircular Dichroism (XMCD)
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XMCD
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Exampie
KMGD on 2D magnets

An example of the use of XMCD to investigate the
magnetism of Fe(Ge, Ga)Te family of 2D materials



2D Magnets
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92D Magnets T

Predicted family of half-metal 2D FM
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T(K)

2D Magnets: The FeGeTe (FGT) family

Metallic character: itinerant ferromagnetism
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v Fe,GeTe, on Gr/Sic U

Magneto-transport 15 FGT Flakes
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FGT on Gr/SiC: MBE growth

(1) Epitaxial graphene on SiG(0001)
Si sublimation at 1600 °C in Ar/15 min
Single- (SLG), Bi-(BLG) and
few-layer graphene (FLG)
Buffer layer (BL) on SiC(0001)

SLG BLG

(2) MBE growth of Fe;_GeTe, (X = 2; 0)

Growth temperature 300°C
Fe:Ge:Te BEP* ratios: 1:1:20 (x = 2)
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v Fe,GeTe, on Gr/Sic U

Magneto-transport 15 FGT Flakes
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XMCD

Fe L2,3

10 nm thick
L, FGT thin film 4
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Fe,GeTe, on Gr/Sic I

Normalized XMCD (arb. units )

Microscopic magnetic properties by XMCD

1.0t i |
e = 40§§ i i e 6T
05 / g t < ot
= 30} 2
S ¢
0.0 p=
X 20t ;
0.5 T=3K 10l i ;e
1.0 ey
0 L P
2 1 0 1 2 0 100 200 300
B (T) T (K)

XMCD in agreement with magneto-transport results.
Application of sum rules yield magnetic moments:
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Fe,,-GeTe, on Gr/Sic

Magneto-transport
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Fe,;sGeTe, on Gr/SiC

Estimation of the Curie temperature, T, from magneto-transport
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Fe,;sGeTe, on Gr/SiC

Estimation T, from SQUID Comparison with previous works
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Estimation of T, and anisotropy from KMCD

Fe,;sGeTe, on Gr/SiC
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400

Ferromagnetic character with

T. above room temperature

Out-of-plane anisotropy observed at low
temperatures

Magnetization undergoes an in-plane
reorientation transition at ~ 220 K

TEY detection used for XMCD is surface
sensitive and probes the topmost FGT
layers (~ 5 nm)

Application of sum rules yield an
effective magnetic moments
Hess = 1.13 * 0.10 pg /Fe



v Fe,GaTe, on Gr/SiC

Macroscopic Magnetometry
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v Fe,GaTe, on Gr/SiC

Magneto-transport Microscopic Magnetometry: KMCD
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XAS and XMCD are powerful SR-based techniques to investigate 2D materials
High-quality epitaxial growth of vdW heterostructures combining 2D materials:
Large area growth of Fe(Ge,Ga)Te and films on graphene by MBE

Complementary magnetometries, including magneto-transport and XMCD, revealed
the macroscopic and microscopic magnetic properties of 2D Fe(Ge,Ga)Te
ferromagnets

Robust perpendicular anisotropy for different Fe concentration
Composition-dependent TC with values above 350 K for 15 nm Fe, ;5GeTe, and
Fe;GaTe, films



THANKS! |

Do you have any questions?
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