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* Heisenberg Ferromagnet
T.=70K and Mg =7 ug/Eu®*
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Depth profiling via HAXPES

Eu 4d Eu 4f Si2p Euds
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= EuO thin film chemical state:
Stoichiometry & homogeinity

» Excitation energy: 4.2 keV
* Energy resolution: 500meV

Normal emission:
100% information depth

450 Off-normal emission:
70% information depth




The 4fvalence bands

e Eu 4f : strongly localized & weak hybridization
e Divalent Eu?*: 4d'° 4f” — Ferromagnetic moment 7 ug
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e Eu 4f : strongly localized & weak hybridization
e Divalent Eu?*: 4d'° 4f” — Ferromagnetic moment 7 ug

e Trivalent Eu3+; 4d"0 4 —” Chemical shift + Anti-FM
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e Eu 4f : strongly localized & weak hybridization
e Divalent Eu?*: 4d'° 4f” — Ferromagnetic moment 7 ug
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The 3d core levels
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* Weak SO-splitting & large photoionization cross section

e 3d;, and 3d,, multiplet & Eu3* shake-up spectral contributions

e about 40% increased surface sensitivity compared to 4f
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Eu 4s
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* Exchange splitting
4s (inner shell) - 4f (localized moments)

45
Eu3+

30 Eu?* 4s

\ spins: spins:
15 [ plasmon |\ 4s t| 4f 4s || 4f
\ /“‘}“*

e W : “u

ot S
oxygen-rich EuO

20 | Eu?* 4s Eu?* 4s |
Eu3+ spins: spins:
15 + 4s || 4f A

4s 1} 4f

Photoelectron intensity (10 cps) —

10 |

o |
plasmon

0 . — _____
376.0 370.2 364.4 358.6 352.8 347,



The 4s and 4d core levels
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e Complex 4d Eu?* multiplet

e Strong 4d - 4f exchange, weak SO

e J=L -S components resolved

e 4s Eu?* doublet

* Exchange splitting
4s (inner shell) - 4f (localized moments)
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Chemical State of EuO on Silicon

e Complementing spectral information from
4f, 4s, 4d, 3d valence and core-level states

e Fit with convoluted Gaussian-Lorentzian curves

* Three tunable parameters:
Eu?*3* energy distance, intensity ratio & FWHM

—> Determination of EuO stoichiometry

Type | EuO Type Il EuO
divalent Eu?* 97% 40 %

trivalent Eu3* 3% 60%
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T T
O-rich EUO  ry” /;f

e Complementing spectral information from | oftroma eriaye
4f, 4s, 4d, 3d valence and core-level states

e Fit with convoluted Gaussian-Lorentzian curves

* Three tunable parameters:

Eu?* 4f
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o
3
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Eu?*3* energy distance, intensity ratio & FWHM i ¢ i o
v " 0 ginding e?xergy (eC) : °
—> Determination of EuO stoichiometry Integral spectral
.y . . intensity ratio:
Stoichiometric Oxygen-rich 4
3+
. 5 W+ AEu
divalent Eu¢* 97% 40 % rET = ABwT . ABCT
trivalent Eu3* 3% 60%

> Difference in Synthesis:
Apo, =2 x 10 mbar



The EuQO/Silicon Interface
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e Si 2p core level

 Normal (0°) and off-normal (43°) emission
Si bulk <> EuO/Si interface

e LEED: H-Si(001) surface (HF etching)

—» NO SiO, at interface !!

e Oxygen-rich EuO:

—» Si3*/Si4* at interface

= High-quality

magnetic oxide EuO
chemically stable on Si
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Eu 4d Eu 4f Si2p Euds

v’ Stoichiometric EuO stabilized directly on Si

v Proof of homoegeinity of EuO thin films

hard
x-ray
radiation

v Chemically clean EuO/ Silicon interface

=» Chemical integration of a Magnetic Oxide with Silicon
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