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X-ray magnetic circular dichroism (XMCD)
in core-level x-ray absorption spectroscopy (XAS)
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Magnetization ( £45/Co0)

Ferromagnetic and paramagnetic components
In magnetization and XMCD signals
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Surface- and bulk-sensitive detection modes
of XAS and XMCD measurements

Total electron yield (TEY ) mode
probing depth ~ 3-5nm

Auger electron

~
% Transmitted light

Fluorescence o
Transmission mode

Total fluorescence yield (TFY) mode Bulk

_ _ _ Prohibited by ~mm thik substrate
probing depth ~ 100nm ~ film thickness

Disadvantage: Self-absorption - Partial fluorescence yield (PFY) mode
A. J. Achkar, PRB ‘11
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Prototypical diluted magnetic semiconductor
Cd, Mn,Te
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Prototypical diluted magnetic semiconductor

Cd,,Mn,Te
Magnetic susceptibility Phase diagram
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Enhanced magneto-optical properties of
Cd, Mn,Te by Cr doping

Faraday rotation
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MCD (arb. unit)
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Enhanced magnetic and magneto-optical
properties of Cd,  Mn,Te through Cr doping

Vis-MCD vs H curves Magnetization vs H curves
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Mn and Cr 2p - 3d XMCD of Cd,,  ,Mn,Cr Te
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Mn and Cr 2p - 3d XMCD of Cd,,  ,Mn,Cr Te

XMCD intensity vs H XMCD intensity vs Cr content
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Co,MnGe/MgO/Co,MnGe magnetic tunnel junction

TMR ratio of CMG/MgO/CMG DOS at interface
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Co,MnGe/MgQ “half junction” samples for XMCD
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Mn 2p core-level XMCD of Co,MnGe/MgO
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Research directions with oxide thin films

Finite thickness
Epitaxial strain

Interfaces




Metal-to-insulator transition in SrVQO,
with decreasing film thickness
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Metal-to-insulator transition in SrRuQO,
with decreasing film thickness

Intensity (arb. units)
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Concomitant ferromagnetic-to-
paramagnetic transition in SrRuQ, thin films
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Magnetization (10 "emu)

Magnetization measured
by SQUID
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Intensity (arb. units)

Ru 3p =2 3d XMCD of SrRuQ, thin films near
critical thickness

XMCD spectra XMCD intensity vs H
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LDA+U calculation of SrRuQO, thin films
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Metal-to-insulator transition in La,_ Sr,MnO,

with d
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Intensity (arb. units)

X-ray absorption spectroscopy (XAS)
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XMCD Intensity

Mn 2p = 3d XMCD of La,_ ,Sr,MnO, thin films

XMCD intensity vs H

IR A L Magnetization
0.28F- 7 o | TTI0/L2g Sy MO (1 MLYSITiO, |
e _ .:.-_:_:'='-":'=’:'-'==':-'-'., -'-'-':'-=-'=-"'.:.;='-._-._. "":-':.._l SUML

024 “c L 20ML %
2w ASML | H%0.05T
0.20 H "
S 0l 12ML |
N
|-
0.16 - S L 10ML
E 1{}0 | = -:=::::n::========“_ —
y ML _
T s M 1 a0
Temperature (K)
K. Yoshimatsu et al., APL ‘09

Magnetic Field (T)

G. Shibata et al.



Summary of oxide thin films

Metallic transition-metal oxide undergoes an MIT with
decreasing film thickness. Critical thickness for MIT is:

~6-8 ML (La,_,Sr,MnQO,)

Orbital states evolve as:

Band metal = Quantum well = Orbital ordering
MIT

Spin states evolve as:
PM = intermediate phase?M? AFI (SrVOy)

FM > FM(+AFM?)=> AFI (SrRuO,)

MIT
FM > H-induced CAFI? ... > AFI (La,, Sr,MnO,)
MIT
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Magnetization (10 'emu)

La,  Sr,MnO,FIROEIRATIE

Magnetization measured

by SQUID
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Ga,, Mn,As (HERE) ORARSH

Magnetization measured XMCD intensity vs H
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Magnetization measured by SQUID
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