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Why do we need photoelectron microscopy? q

Elettra Sincrotraone Trieste

 To combine SPECTROSCOPY and MICROSCOPY to
characterise the structural, chemical and magnetic
properties of surfaces, interfaces and thin films

* Applications in diverse fields such as surface science,
catalysis, material science, magnetism but also
geology, soil sciences, biology and medicine.
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PRL 98, 268102 (2007)

DOI: 10.1103/PhysRevLett.86.5088 DOL: 10.1103/PhysRevLett.87.247201
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Why does PEEM need synchrotron radiation? q

* High intensity of SR makes measurements faster

* Tuneability — very broad and continuous spectral range from
IR to hard X-Rays

* Narrow angular collimation
* Coherence!
* High degree of polarization

* Pulsed time structure of SR — This adds time resolution to
photoelectron spectroscopy!

* Quantitative control on SR parameters allows spectroscopy:

* Absorption Spectroscopy (XAS and variants)
* Photoemission Spectroscopies (XPS, UPS, ARPES, ARUPS)
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Outline

* Synchrotron radiation and x-ray spectro-microscopy: basics
e Cathode lens microscopy: methods
* Applications

— Chemical imaging of micro-structured materials

— Graphene research.

— Magnetism

— Time-resolved XPEEM
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PEEM basics
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PEEM is a full-field technigue. The microscope images a restricted portion of the
specimen area illuminated by x-ray beam. Photoemitted electrons are collected at
the same time by the optics setup, which produces a magnified image of the
surface. The key element of the microscope is the objective lens, also known as
cathode or immersion lens, of which the sample is part
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The different types of PEEM measurements q
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PEEM Probe Measurement
threshold microscopy Hg lamp photoelectrons
Laterally resolved XPS, micro-spectroscopy X-ray core levels or VB ph.el.
Laterally resolved UPS, microprobe ARUPS /ARPES X-rays, He lamp VB photoelectrons
Auger Spectroscopy X-ray, or electrons secondary electrons
XAS-PEEM (XMC/LD-PEEM) X rays secondary electrons
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Simple PEEM instruments
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PEEM instrments with energy filter: NanoESCA
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Low energy electron microscopy (LEEM)
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 LEEM probes surfaces with low energy
electrons, using the elastically backscattered
beam for imaging.

e Direct imaging and diffraction imaging modes
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E. Bauer, Rep. Prog. Phys. 57 (1994) 895-938.

High structure sensitivity
High surface sensitivity

Video rate: reconstructions, growth,
step dynamics, self-organization
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Imaging dynamic processes in LEEM q
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540<T <750C

Ni growth on W(110): step flow and Ni growth on W(110): formation of a
completion of ps ML striped phase above 1 ps ML Ni

19/04/2016 X1l School on Synchrotron Radiation, Grado,2015. 11



Image contrast in LEEM q
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Different contrast mechanisms are available for strucutre characterization

SURFACE STRUCTURE

dark-field LEEM bright-field LEEM 8 eV

diffraction guantum size geometric
C()_I’]'[’Etsample contrast phase contrast
N A A
<:> objective ‘ ? l ?
[h,] , v contrast i E i _
001" aperture d m \\\\\\\% vi
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SPELEEM = LEEM + PEEM &y
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IR L The Nanospectroscopy beamline@Elettra
AN | v . Flux on the sample: 103ph/sec (microspot)
' intermediate energy resolution.
refocusing
mirrors .
i h t o
Sasaki type e "
undulator
entrancesslits
| specimen
pinhole (SPELEEM)
(double slit)
undulators with

phase modulation exit slit
electromagnet
|‘ monochromator

i mo:?ec;r;gfwr range 10-1000 eV
VLS gratings

] ] ' J LS > idal iFfor + spherical gratin
XPEEM - Chemical and electronic ; Sl P grating

e e . Ul.l Ul.2 PH HoS MP ExS VR HR
structure sensitivity e T L I O speLeem

| VmET A ™ VeS MG
Applications: A. Locatelli, L. Aballe, T.0. Mentes, M. Kiskinova, E.
characterization of materials at microscopic Bauer, Surf. Interface Anal. 38, 1554-1557 (2006)
Ievell magnetic imaging of micro-structures T. O. Mentes, G. Zamborlini, A. Sala, A. Locatelli;
|maging Of dynamica' processes Beilstein J. Nanotechnol. 5, 1873-1886 (2014)
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SPELEEM many methods analysis q
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Spectroscopic imaging microprobe-diffraction microprobe-spectroscopy
XAS-PEEM / XPEEM / LEEM ARPES / LEED XPS
a) imaging mode b) diffraction mode & ! 1 L . - _
4 — f -
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e E real space image i diffraction image T. 0. Mentes et al.
plane ! objective ! Beilstein J. Nanotechnol. 5,
— 1873-1886 (2014).
cloud )
\ energy resolution
UXPS : 0.11 eV
spatial resolution  energy resolution Limited: to 2 microns in dia.
LEEM : 10 nm XPEEM : 0.3 eV angular resolution
XPEEM : 25 nm transfer width: 0.01 A
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SPELEEM summary &y

Performance: lateral resolution in imaging: 10nm (LEEM)
30 nm (XPEEM)
energy resolution: 0.3 eV (0.1 eV muXPS)

Key feature: multi-method instrument to the study of surfaces and
interfaces offering imaging and diffraction techniques.

Probe: low energy e- (0-500 eV) <— structure sensitivity
soft X-rays (50-1000 eV) <— chemical state, magnetic
state, electronic struct.

Applications: characterization of materials at microscopic level
magnetic imaging of microstrucutres
dynamical processes

4/19/2016 15




Correction of spherical and chromatic aberrations q
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Electron optics

Round convex lenses Round concave lenses Electron Mirror

V.K. Zworykin et al, Electron Optics
and the Electron Microscope, John
Chromatic aberration Wiley, New York 1945
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The SMART AC microscope: calculation

resolution limit d (nm)
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Resolution limit without with
correction correction
Spherical o’ + ... o’
Chromatic AE o + ... AE o?
+ AE? o
Diffraction 1/a 1/a
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100

1000
acceptance angle o (mrad)

D. Preikszas, H. Rose, J. Electr. Micr. 1 (1997) 1

Th. Schmidt, D. Preikszas, H. Rose et al., Surf.Rev.Lett 9 (2002) 223

17



First results of the SMART microscope @BESSY

Atomic steps on Au(111),
LEEM 16 eV, FoV =444 nm x 444 nm

(18.09.06)
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Courtesy of Th. Schmidt et al.; 5th Int. Conf. LEEM/PEEM, Himeji, 15.-19. Oct. 2006
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Lateral resolution limitations: space charge q

Ni/W(100) hv = 181 eV

reasing photon flux
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photocurrent estimate for
SPELEEM@Elettra; Au/W(110)

440 bunches

rev. frequency: 1.157 MHz
bunch length: 42 ps (2GeV)
1 10%3 ph./s on sample =

= 20000 ph./bunch

Total photoionization yield:
about 2% photons resultin a
photoemission event

| peak = 400 €7/ 42 ps

= 1.5pA vs 20 nA (LEEM)

13 pA/um? versus 20 nA/pum?

1. Image blur can be observed with SR but only under very high photon fluxes.
Must Keep into account in beamline design. No space charge in LEEM

2. Both the lateral and energy resolution are strongly degraded by Boersch and
Loeffler effects occurring in the first part of optical path.

4/19/2016

Ultramicroscopy 111, 1447 (2011).
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Au/TiO,(110): controlling growth by vacancies q
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Creation of ordered oxygen vacancies Au growth on TiO,(110)
MEM
Work Function
XPEEM
@ Au 4f
A Irradiation at 720 K
13 pA/um?
2000 - =
plf Fo .
struc % o - WXPS
(1X1) (1X2) l\n\ .nr\(\l
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Surface Oxygen on Ag : e-beam “Lithography”

Full oxidation of Ag using NO, does not

ocCcur.

NO, = NO_,+0.,

Instead: e-beam (60 eV) stimulated
desorption of NO_, works at RT!

"vv..w./-j‘\

ﬁN“V

Intensity [arb. units]

532 A .5 &
Binding Energy (oV)

¥ - 4 i 0
Binding Energy (eV)

S. Glinther et al., App. Phys. Lett. 93, 233117 (2008).
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—

Low T: NO_, stays, prevents oxidation.

— High T: NO_, desorbs,

but Ag,0 unstable.

—

LEED reveals path towards Ag,0 under
e-beam
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Thickness dependent reactivity in Mg
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intensity (a.u.)
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L. Aballe et al., Phys. Rev. Lett. 93, 196103 (2004)
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Oxidation of Mg film and QWR &y
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N FACTS
f L 20 v’ Strong variations in the oxidation
&7 sp _o-® extent are correleted to thickness
Q 191 N~ l and to the density of states at E;
Zz' v' XPEEM is a powerful technique
't : for correlating chemistry and
S \ electronic structure information
- : ! SIGNIFICANCE OF THE EXPERIMENTS
§ 3 g v Control on film thickness enables
5 % g modifying the molecule-surface
s " ° S interaction
K 035K g 5 v Theoretical explanation: Decay
= o350 Nor™ length of QWS into vacuum is
© % : critical: it reproduces peak of
0.15} reactivity in experimental data.
0.06}- St See Binggeli and M. Altarelli,
I e Phys.Rev.Lett. 96, 036805 (2005)

4 6 8 10 12 14 16
Film Thickness (atomic layers)

L. Aballe et al., Phys. Rev. Lett. 93, 196103 (2004)
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XPEEM studies of the metal-graphene interface q
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adsorption, intercalation, Irradiation, functionalization, implantation

Vacancies & defects

Buffer layer

Substrate

* Understand and control the fundamental interactions occurring at the interface
» verify the properties (crystal quality, stoichiometry, electronic structure) at the mesoscale!

19/04/2016 25



High temperatrue graphene growth on Ir(100) q
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LEEM imaging microprobe-LEED: Ir

ML Y

# . "

ene

microprobe-LEED: graph

5 um

T > 800 C;P=2-10"° mbar ethylene

19/04/2016 A. Locatelli, G. Zamborlini, T.O. Mentes; Carbon 74, 237-248 (2014); 26



Graphene thickness determination &y
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3 layers

2 layers

Intensity (Arb. Units)

3layers A SN ' 115eVKE. %
334 336 338 340 342 0 1 2 3
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N, i N

2layers
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Intensity (Arb. Units)

1 Iaer

bare Ir

.....

A

. 0 o LI B N N O B
Growth on Ir(100) at 760°C: 114 116 118 4 8 2 18
formation of multilayers Start voltage (eV) Start voltage (eV)

19/04/2016 A. Locatelli, G. Zamborlini, T.O. Mentes; Carbon 74, 237-248 (2014); 27



Reversible graphene phase transformation q
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Upon cooling a new graphene phase The stripes disappear upon annealing
nucleates (dark stripes) to high temperature.

578.51C

1 pm

LEEM, Fov 4 um, S.V. 13 eV

19/04/2016 A. Locatelli et al; ACS Nano, ACS Nano, 7, 6955—6963 (2013) 28



Graphene/Ir(100): strucutre of FG and BG

>
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\4

<010>

G: flat graphene
G: buckled graphene

O  Room temperature B

19/04/2016 A. Locatelli et al; ACS Nano, ACS Nano, 7, 6955—6963 (2013) 29



Buckled graphene unit cell by ab-initio q
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buckled graphene unit cell Buckled Graphene
(b)

Exceptionally large buckling

GGA:
Min Ir-C distance of 1.9 A
Max Ir-C distance of 4.0 A

DFT-D:
Min Ir-C distance of 2.1 A
Max Ir-C distance of 3.7 A

C 1s intensity (Arb. Units)

80 s 18 atoms over 160 (i.e.

o Y ‘ ~ 11%) are chemisorbed, the

B - 8. others are physisorbed

0_
2870 2860 2850 2840 2830 2820 Ab-inito calculations by N.
Binding energy (eV) Stojic, N. Binggeli, ICTP;

Buckled graphene shows regular one-dimensional ripples with periodicity of 2.1nm.

60 —

19/04/2016 A. Locatelli et al; ACS Nano, ACS Nano, 7, 6955—6963 (2013) 30



Electronic structure: graphene doping S
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microprobe diffraction cannot resolve FG and BG!

1 — ARPES

Diffraction Imaging

P-type doping
E,=0.42 eV

Kinetic energy (eV)

35.5 ————
Microprobe measurements 04 00 04 0 100 200
limited to 2 um in dia. k,(A")

Intensity (arb.u.)

19/04/2016 A. Locatelli et al; ACS Nano, ACS Nano, 7, 6955-6963 (2013) 31



Electronic structure - experiment &l
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Issues: what is the difference in electronic structure between FG and BG?

do they both show the same Dirac-like dispersion?

df-XPEEM at K, E; = XPEEMatTl, E;

emission from the nt band at K allows quantifying local DOS of FG and BG phases.
DF-PEEM images at E; clearly indicate that only FG shows high DOS at K.

much reduced DOS and contrast inversion at > BG hybridization and metallicity.
* Microprobe-ARPES data are thus representative of the FG phase, not the BG one!

/
0‘0

e

*

J/
‘0

L)

o

19/04/2016 ACS Nano, ACS Nano, 7, 6955-6963 (2013); Mentes and Locatelli, J. El. Spec. Relat. Phenomena 2012. 32



Carbides formation/dissolution under rot. Graphene/Ni(111) q
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1: carbide nucleation 2: carbide growth 3: carbide growth

1 um 1 um 1 um

The Ni-carbide nucleates A uniform layer of Ni- The carbide is dissolved into

under rotated graphene, carbide is formed below the bulk at about 360°C. The
T < 340°C graphene in about two process is repeatable!

Patera et al., ACS Nano 7, hours

7901 (2013)
All movies: LEEM FoV 6 um, electron energy: 11 eV

19/04/2016 C. Africh, C. Cepek, L.Patera, A.L. Sci. Rep.2016 33



Electronic structure is by u-ARPES
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37 37
RGC at 25°C RG at 360°C

36 -
> >
0) ©)
~— 35— &
> >
5 5
C 34 =
o) [0)
2 9
-~ -~
Q 33- )
k= £
na n

32-

decoupled
31 I I |
05 0.0 0.5 05 0.0 0.5
-1 -1
k(A ") k(A ")
Rotated graphene with Ni-carbide Rotated graphene without Ni-carbide
underneath at room temperature; underneath at 365°C
There’s no double layer

19/04/2016 C. Africh, C. Cepek, L.Patera, A.L. et al, Sci. Rep. 2016 34



lon irradiation of graphene:

- NI EER R ENLee et al., Science 321
- Anvil cells (high presst Xuan Lim et al.,

- Exhotic magnetic pr N. Levy et al.

19/04/2016

35



2D heterojunction by low energy N,* irradiation q

. c)2 XPEEM
Not irradiated i
T N2
- L .
" =, - N 1s
P Sl . (pyridinic)

Mask

Lier oy
Ir(111)

Intensity [Arb.Units]

Position [um]

\/
0’0

Small damage to graphene lattice;

e

*

e

*

J/
0‘0

19/04/2016

Kinetic energy [eV]
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Not irradiated

Irradiated

05 00 05
-1
ky[A']

Thermal stability: graphitic: stable above 700°C; pyridinic stable up to 400°C;
Boundary also stable upon annealing (no migration/loss)
Negative doping = formation of doping patterns

A. Sala, G. Zambrolini, T.O. Mantes, A. Locatelli, Small 2015 (in press) 36



Morphology of Ar* irradiated graphene/Ir(100) q
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(a) LEED (b) STM Rough morphology, but ...
graphene is continuous
average height 0.15 nm!

before irradiation after irradiation

Loaaatasaalaaaat s basaatagaalisaataaaal

pristine graphene

Intensity (Arb. Units.)

5
2
<
=
)]
C -
2
£ | —island
= = « putside
{ ¥ 23 BREARAES | RASAELE SARRRAE R
S 1'_/2 " 176 180 184 286 285 284 283 282
LEEM 12 eV Kinetic energy (eV) Binding energy (eV)

Irradiation with 0.5keV Ar* 7 s

19/04/2016 G. Zamborlini et al., Nano Lett., 2015, 15 (9), pp 6162—-616 37



Evolution upon annealing: STM and p-XPS q
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STM Ar 2p

T Do s b e s ol e b e logoslesgy Lo e s taaaal

defects are
healed!
) —
-E .L_,-D_
= C
.d -
= o | 5mins 1.4% ML
< < | 575°C
< vac
= >
n -
5 :
€ i)
= =
Q. ) 0,
i 2 | 5mins 2.5% ML
10800 C ' < ) vac
e 3.1% ML
= vac
sn>=1-1. 5 nm room temp. room temp
D20k AT 2Dan
l ' ll'1l'l'l"'1'l" 'll|||'||l|l'llllllllll"]l‘lll'lllllll'l
245 244 243 242 241 240 286.0 2850 2840 283.0 2820
Binding energy (eV) Binding energy (eV)

19/04/20K¢radiation with 0.1keV Ar* 150 s and 5 min annealing; The XPS data were acquired at RT 38



LEEM & XPEEM formation of Ar nanobubbles q
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(d) XAS ArL, (e) XPEEM Ir 4f,, (f) XPEEM C1s
LEEM movie 12 eV

Intensity (Arb. Units)

244 246 248 250 252
Photon energy (eV)

19/04/2016 G. Zamborlini et al., Nano Lett., 2015, 15 (9), pp 6162-616 39



NB formation for g/Ne/Ir(100)

100 eV Ne+ ion irradiation was followed by 5 min annealing to 650 °C and subsequent cooling to RT

bright-field LEEM 12 eV

dark-field LEEM BG phase

=/
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XPEEM imaging Ne 2p

0.5 ym

* Wrinkles surround the
larger particles

* At RT, bubbles have a
polygonal shape = solid?

19/04/2016

0.5 um

G. Zamborlini et al, in preparation

0.5um

elemental composition
below graphene!

XPS from individual
particles

Shift to high BE for large
clusters

40
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Magnetic imaging: XMCD q
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Circular Dichroism - Ferromagnets
10

X-ray magnetic circular dichroism (XMCD) is
the dependence of x-ray absorption on the
relative orientation of the local magnetization
3 1 L | and the polarization vector of the circularly

) 2 polarized light

|
|

oo
T
mn
D
|

\_} v'Element sensitive technique
' ) v’ Secondary imaging with PEEM determine
large probing depth (10 nm), buried
interfaces.

"
4]

Intensity
[ N OO TN SO =

700 7’0 740
Photon Energy (eV)

'V'”AS/GaAS Magnetic domain imaging

At resonance, the secondary
1 t electron yield is proportional to the
E dot product between the
R ‘ magnetization direction and th
‘ ‘ gnetization direction and the
l
L
al

photon helicity vector, which is
parallel or anti-parallel to the beam
hv propagation direction

V

"4
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XMCD principles q
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By using circularly polarized
radiation, the angular momentum of
the photon can be transferred in
part to the spin through the spin-
orbit coupling. Photoelectrons with
opposite spins are created in the
cases of left and right handed
polarization. Spin polarization is
opposite also for p;/, (L3) and p,/,
(L2) levels.

* The spin-split valence shell is thus a
detector for the spin of the excited
photoelectron. The size of the

(a) d-Orbital Occupation ~ (b) Spin Moment (c) Orbital Moment

e We PROBE 3d elements by exciting 2p into dichroism effect scales like cos6,

unfilled 3d states where 0 is the angle between the

eDominant channel: 2p = 3d photon spin and the magnetization
direction.

eWhite line intensity of the L3 and L2
resonances with the number N of empty d
states (holes).

* Refs: IBM. J. Res. Develop. 42, 73
(1998) and J. Magn. Magn. Mater.
200, 470 (1999).
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XMCD image algebra q
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The size of the dichroism effect scales like cos6, where 0 is the angle between the
photon spin and the magnetization direction. Hence the maximum dichroism
effect (typically 20%) is observed if the photon spin and the magnetization

directions are parallel and anti-parallel. Sum rules allows measuring orbital and
spin moments

Geometry

the illumination geometry,
- in plane component of

4/19/2016 44



XMCD movies q
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Beamline settings

XPEEM
hv =778 eV

2.5+
2.0+
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0.5
0.0 -

Intensity (arb. u.)

2.5
2.0+
1.5
1.0
0.5+
0.0 -

Intensity (arb. u.)

2.5+
2.0
1.5
1.0+
0.5-
0.0 -

Time resolution about 25 s

F h A Y
v 3
. I B
y o'y (% A y

Intensity (arb. u.)

I > T
720 740 760 780
Photon energy (eV)

FoV 6 um; 12 sec/frame
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XMCD movie of a spin reorientation transition q
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XMCD movie @ Co L, edge in P.y=2-10"° mbar; frame acquisition 12 s, FoV 6 pm

4 atomic layers Co more reactive than 5 & 3
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Examples of XMCD-PEEM applications q
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MAGNETIC STATE using XMCD &

XMLD : :
Co nanodots on patterned domain wall motion

Si-Ge structures induced by spin currents

gk
o

o
@

o
(&)
1 .

Velocity [m/s]
o
T

o
[N}

A. Mulders et al,
Phys. Rev. B 71,
214422 (2005).

0.0+

70 75 80 85 9.0 95 100 105 11.0 115
Current density [1 o' A/m2]

Laufemberg et al,
APL 88, 232507(2006).

M. Klaeui et al,
PRL, PRB 2003 - 2010
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Magnetic imaging basics: XMLD q
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Linear Dichroism - Antiferromagnets |, the presence of spin order the spin-orbit

coupling leads to preferential charge order
4 LaFeO, relative to the spin direction, which is
L, N exploited to determine the spin axis in
| antiferromagnetic systems.

2 \//\_\ v'Element sensitive technique
/ v’ Secondary imaging with PEEM determine
1 _,/

. large probing depth (10 nm), buried
720 722 724 interfaces.

Photon Energy (eV) v'Applied in AFM systems (oxides such as NiO)

Absorption intensity at resonance
1(9,0,T) =a + b(3cos*d — 1){(0-.)

+ ¢(3cos?0 — )My + dZ@f © 8T
[.J

15t term: quadrupole moment, i.e.electronic charge (not

magnetic!) Linear vertical and linear
2"d term determines XMLD effect; O is the angle between E horizontal polarization of
and magnetic axis A; XMLD max forE || A; the photon beam
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Applications of XMCD and XMLD &y
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Direct observation of the alignment LaFeO, layer Co layer
of ferromagnetic spins XM LD Fe 3 XMCD Co L,/L,

by antiferromagnetic spins
F. Nolting~, A. Scholl*, J. Stohrt, J. W. Seois, J. Fompeyrines,

H. Siegwarts, J.-P. Locquets, 5. Anders~, J. Liining, E. E. Fullerton,
M. F. Toney+, M. R. Scheinfein/| & H. A. Padmore*

Nature, 405 (2000), 767.

ferromagnet/antiferromagnet
Co/LaFeO3 bilayer
interface exchange coupling
between the two materials

‘Normalized Intensity (a.u.).

705 710 715 720 725 730770 775 780 785 790 795 800
Photon Energy (eV) Photon Energy (eV)
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DW imaging in magnetic wires q
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Observation of Bloch-point domain walls in cylindrical magnetic

XMCD-PEEM image

Electrons

Supporting Wire
surface area

X-PEEM XMCD-PEEM XMCD-SIMUL

S. Da Col et al., Phys. Rev. B89, 180405(R) (2014)



Limited probing depth of XMCD: MnAs/GaAs q
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Experiment: Straight walls; Head to head domains

g type (11l § type (Il) g F J 1)
"E’ double § diamond state ;é ' state
e K — — 7] diamond state § e -~ E V

£ i {(
X XX D<= .,

)
g

<) (b)

Simulation: Cross sectional cut: diamond state

R. Engel-Herbert et al, J. Magn. Magn. Mater. 305, (2006) 457
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Time-resolved PEEM: the stroboscopic approach q
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Stroboscopic experiments combine high lateral resolution of PEEM with high time
resolution, taking advantage of pulsed nature of synchrotron radiation

pump

pump
~PEEM laser pulse
probe E _J
x-ray pulse |/ '
Ly . |jelectrons !g A

pump H H ‘ ‘ Choe et al., Science 304, 420 (2004)
detector
gating
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Detector gating for time-resolved XMCD PEEM q
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dynamic image: 7 ns after pulse start (plateau)
pulse amplitude: -2.4V, 10 ns; K.E. = 2 6eV

Multi-bunch image Single bunch image
32 images per helicity 24 images per helicity
Image exposure 4 s Image exposure 20 s
Acquisition time: 5:18” Acquisition time: 17’:40”
1‘0 1 - 1 ] 1 1 0 1 1 1 !
singlebunch - e singlebunch . e
05 ; 05 ' -
00 ~ 00
< >
> <
o 05 g 05 2 um
: 2 a
= -
£ € 0
( <

Current-induced motion of magnetic
domain walls in Permalloy (Fe20Ni80)
nanostripes, through the spin-

time (s x10%) time (6x10%) transfer torque (STT) effect. Our
il W S0RS pulse width 30 ns measurements reveal clear
eformations of the domain wall
shape

4/19/2016 J. Vogel, A. Locatelli et al., in preparation



Magnetic excitations in LFC structures

=/
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Quantitative Analysis of Magnetic Excitations in Landau Flux-Closure Structures
Using Synchrotron-Radiation Microscopy

J. Raabﬁ:,l'* C. 'Quitmzum,l C.H. E‘:a'.::]rc,2 F. Nolting,] 5. Johnson,] and C. Buehler'

The time dependent magnetization is described by the
phenomenological Landau-Lifshitz-Gilbert equation

d -~ - - o [ - d -
—M = —y M X H.g +—|MAX—M)])
dt Yo M ( dt )

The first term describes the precession of the magneti-
zation M about the total effective field H_+. The second
term describes the relaxation back into the equilibrium
state using the dimensionless damping parameter .

— - -
torque 1" = —y M = H, 4

M, (AD/M,

AM_ (A M,

Vortex displ. (nm)
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Summary q
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« XPEEM is a versatile full-field imaging technique. Combined with SR it allows
us to implement laterally resolved versions of the most popular x-ray
spectroscopies taking advantage of high flux of 37 generation SR light sources.

* In particular, XAS-PEEM combines element sensitivity with chemical sensitivity
(e.g. valence), and, more importantly, magnetic sensitivity. Magnetic imaging
has been the most successful application of PEEM (next tutorial lecture!).

« XPEEM or energy-filtered PEEM adds true chemical sensitivity to PEEM.
Modern instruments allow to combine chemistry with electronic structure
using ARUPS.

 XPEEM can be complemented by LEEM, which adds structure sensitivity and
capability to monitor dynamic processes.

e Lateral resolution will approach the nm range as AC instruments become
available. Limitations due to space charge are not yet clear

* Novel application field are being approached, such as biology, geology and
earth sciences. HAXPES will increase our capabilities to probe buried
structures (bulk).



Review work q
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Reviews and topical papers on x-ray spectromicroscopy and XPEEM
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