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overview

1. cerium oxide ultrathin
films on Pt(111)

<4 growth of Ag nanoparticles

= jntroduction
2. the Fe/NiO interface

= morphology, composition
and structure

= the CeO,/Pt interface




cerium oxide

store, transport and release oxygen

oxydizing CeO, & Ce,0;
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cerium oxide

model systems

eO,

CaF, - structure

= understand and optimize
the properties
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1. oxygen vacancy formation mechanism

2. metal/oxide interaction
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experimental

evaporators
gas line

substrate CeO, growth conditions

PE(111) — ap=2.775A pemEpmm  Rc. = 3x10°3 R/sec @ RT
A

Ace0,=3.826 Po>=1%x10"7 Torr




Ce 3d XPS
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M. Romeo, et al. Surf. Interface Anal. 20 (1993) 508.
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stoichiometry
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LEED
E=80 eV

clean Pt(111)

structure

2 ML CeO, / Pt 11 ML CeO,

CeO,

epitaxial films P

(111) CeO,
<110>(e02//<110>,
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morphology

20V M. cepositBd K@, 1. Large islands — CeO,
; 3 67 > 30-50 nm wide

6 R (2 O-Ce-O ML) high
atomically flat

preferentially at Pt step edges
straight edges, kinks at 120°
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morphology

0.2 ML ann. 1040 K O,

1. Small islands

> ~ 5 nm wide
~ 3 A high
atomically flat
e uniformly distriubuted
, et 4 triangular shape (kinks at 60°)
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morphology

Pt (111) 0.2 ML CeO,
clean Pt(111) ann. @ 1040 K O, ann. @ 1040 K O,
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morphology

a-PtO,(0001) nanoislands

o

S.A. Karsnikov et al.
Nanotech. 21 (10) 335301

PtO, islands may act as a
template for the stabilization
of CeO, in the observed
epitaxial orientation

Pt atoms in Pt(111)
O atoms in PtO,(0001)
O O atoms in CeO,(111)
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morphology

> flat CeO, terraces
> straight edges 120°

> linear defects




- decoration of CeO,-CeO, steps

- hexagonal shape — (111) orientation
epitaxy

Ag film on CeO,




Ce 3d

— Ceo, ceria reduction
— 0.2 A Ag/CeO,

higher Ag 3d BE

XPS intensity

5 nm Ag/CeO2

Ag 3d binding energy (eV)

normalized XPS intensity
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motivation

F/AF interface — exchange bias

heating up to T ]

cooling in H > s
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Magnstization{a.u.)

Applied Field (Oe)
pinning of the magnetization of one exchange bias

of the FM layers in magnetoresistive
devices extra source of anisotropy to shift the SPM

Antiferromagnetic limit in ultrahigh density magnetic memories

Exchange Film

 Sqpauctng V. Skumryev et al., Nature 423 (2003) 850.

Free Layer b

* no complete and quantitative physical model of exchange bias
e strong dependence on the structure of the interfaces

— study of atomic-scale characterized systems
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maghnetic
MOKE
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P. Luches et al., PRB 81 (2010) 054431
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magnetic properties

exchange bias

oM role of the interface

oxidized Fe phase
uncompensated moments in NiO

[Hep (O€)]
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coercive field

—A— 10 ML Fe
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depth resolved magnetic

characterization by NRS
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P. Luches et al., PRB 81 (2010) 054431 P. Luches et al., NIMB 268 (2010) 361.




experimental

Substrate: Ag(001)

Ry~1 A/min  Pg,~1X10~7 torr
Tpg=460K

Ree~vl A/min RT

IF-sample
4+ NRS measurements
@ ESRF 1ID18

' hv=14.4 keV At=176 ns
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NRS data

.0 10 ML Fe / 50 ML NiO
H // Fe[100]
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fit by NRS package

by C. L'abbe
W. Sturhan, HH 125 (200) 149

20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
time (ns) time (ns)

Component # | IS (mm/s) | Byg(T)

1 0 fixed 332 (2) metallic

0 fixed 335 (2) metallic
0.42 (5) -37.2 (3D } oxidized

P. Luches et al., PRB 83 (2011) 094413




comparison with theory

4Fe/1FeO/NiO 3Fe/2FeO/Ni10O
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dip
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asymmetry in positive and
negative B,

Component | IS By (T)
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1/2€ (£8) SE 9¥d “le 3@ 19bnig 'S

-37,-37 24 -37,- 2.5

-32,-28 2.5 -25,- 2.7

0 fixed |[-33.5 (2)

TN

24 - 3.1

042(065) [-37.2)(3)

——

AFM config. for Fe atoms in FeO

3.1 SR 3.5

042 (5) [(+25.3) (5)

= antiferromagnetic FeO phase

P. Luches et al., PRB 83 (2011) 094413




summary

CeO,

- CeO,(111) films with wide flat terraces can be obtained on Pt(111)

« the Ce3* concentration in the films can be reversibly modified by
thermal treatments in UHV or O,

« Ag nanoparticles reduce ceria and have a higher 3d BE than the bulk

Fe/NiO

« an antiferromagnetic Fe oxide layer is present at the interface

« DFT calculations can be of great help to interpret the NRS data
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