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OUTLINEOUTLINE

� Motivation and samples description

� Sample preparation

GaAs substrate preparation

Fe films growth

� Magnetic characterization

Magneto-optic Kerr Effect (MOKE)

X Rays Magnetic Circular Dichroism (XMCD)
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AIMAIM

Direct Direct comparisoncomparison betweenbetween XMCD and Electron XMCD and Electron EnergyEnergy LossLoss MagneticMagnetic

CircularCircular Dichroism (EMCD)Dichroism (EMCD)

Fe Fe thinthin films on GaAs(001) films on GaAs(001) substratesubstrate
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GaAsGaAs

��goodgood lattice match lattice match withwith FeFe

(mismatch(mismatch~1.4%)~1.4%)

��WellWell knownknown artifactartifact freefree TEM TEM 

samplesample preparationpreparation proceduresprocedures

Fe Fe 

��wellwell knownknown material systemmaterial system

��largelarge dichroic dichroic signalsignal at Lat L2,32,3 edgesedges

SYSTEMSYSTEM



GaAs SUBSTRATES PREPARATIONGaAs SUBSTRATES PREPARATION

1° step:

3mm diameter disks pre-thinned down

to ~ 90µm

GaAs (001)

(a0=0.56nm, space group F-43m)

ChiralTEM workshop, Wien, 19-20 April 2006

Substrate

TEM substrate preparation (plan view)

2° step:

Dimpling and polishing of the 

central area (final thickness ~20µm)

~~3mm3mm

GaAsGaAs ~~9090µmµm

[001][001]
1°1°

~~9090µµmm

~~2020µµmm
GaAsGaAs

surfacesurface
[001][001]

2°2°

FeFe growthgrowth surfacesurface untoucheduntouched



Ar+ ions

energy 4.5÷1.8 KeV

Incidence angle ~ 5°

3° step:

Final thinning by low energy ion milling until electron beam trasparency
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�Analysis of influence of GaAs substrate on Fe growth

�Studies of the influence of ion beam milling on Chiral properties of the 

samples.

GaAs SUBSTRATES PREPARATIONGaAs SUBSTRATES PREPARATION

Ion milling before Fe deposition

Ion milling after Fe deposition

two options

ArAr++ ionion beambeam

GaAsGaAs

3°3°
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Ar+ ions sputtering (750 eV, sputtering pr.1x10-6mbar)

Annealing at 580°C

C and O under detection limit (2%)

Traces of Mo

6x4 surface reconstruction

Auger Electron Spectroscopy (AES) 

Low Energy Electron Diffraction (LEED)

LEED on GaAs surface

BetterBetter surfacesurface qualityquality

Surface quality influences

Fe growth and its

magnetic properties

Substrates’ surface analysis

GaAs SURFACE PREPARATION BEFORE GaAs SURFACE PREPARATION BEFORE FeFe GROWTHGROWTH

[110][110] [1[1110]0]

[110][110]

[11110]0]

No No holehole holehole

(2x10(2x10--1010mbar)mbar)
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FeFe 1010--15nm15nm

GaAsGaAs

CuCu 44--6nm6nm

FeFe GROWTHGROWTH
Fe (bcc, a0=0.286nm, space group Im-3m)

� Molecular beam epitaxy (MBE) in UHV chamber

� Small lattice mismatch (~1.4%)

� Films thickness 10÷15nm

� Cu capping

Fe surface analysis

LEED on LEED on FeFe surfacesurface

[100][100]
[010][010]

GoodGood surfacesurface qualityquality

1x1 1x1 reconstructionreconstruction



PREPARED SAMPLESPREPARED SAMPLES
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YesYes15

In progressYes10

Yes*No*15*

In progressNo10

XMCD after XMCD after 

EMCDEMCD
HoleHoleFe Fe thicknessthickness

((nmnm))

*Sample*Sample withwith no no holehole waswas thinnedthinned againagain in in WienWien becausebecause Cu Cu cappingcapping waswas tootoo thickthick

nmnmS
tr

e
n
g
h
t

S
tr

e
n
g
h
t
o
f 

d
ic

h
ro

ic
 

o
f 

d
ic

h
ro

ic
 s

ig
n
a
l

s
ig

n
a
l

10nm10nm

15nm15nm WhyWhy 10 and 15 10 and 15 nmnm??

��10 10 nmnm: : maximummaximum dichroic dichroic signalsignal

��15nm: 15nm: lowerlower dichroic dichroic signalsignal
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MOKE ANALYSISMOKE ANALYSIS

Easy Easy axisaxis alongalong [100][100]

100% 100% remanenceremanence

remanence

Coercitive field

Fe

laserlaser detectordetector

B

hhνν

[100][100]TrasversalTrasversal geometrygeometry

Rotation of polarization plane of reflected

light is related to magnetization

Measurement of hysteresis loops



A LITTLE GLANCE AT XMCD TECHNIQUE A LITTLE GLANCE AT XMCD TECHNIQUE 
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J.Stöhr et a., New Direction in Research with 3°generation X-ray 
Synchrotron Radiation Source, 221-250, Kluwer Academic Publishers (1994)

1° step

Absorption of X-ray

Polarized X-Rays excite spin 

polarized e- with different rate

2° step

Spin-orbit coupling on 2p levels

core shells source

2p core shells 3d empty states
ee--

3° step
Exchange interaction on 3d band

Absorption of one spin polarization is

favored

Empty levels filter

EEFF

SS
SS

Majority 
e-

Minority
e-

leftleft rightright

FerromagneticFerromagnetic systemsystem

Dipole selection rule:  ∆JZ=±1

MM

2p2p3/23/2

2p2p1/21/2

3d3d



XMCD STEP BY STEPXMCD STEP BY STEP
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LL22

LL33

� Background removal

� Normalize post edge of + and - spectra to the same value

� Normalize sum spectrum maximum to unity

� Calculate difference spectrum I+(E)-I-(E)

� Rescale difference for polarization and sample orientation

DichrDichr(%)=(%)=
II++(E)(E)--II--(E)(E)

II--(E)+I(E)+I++(E)(E)

LL33 : 2p: 2p3/23/2 3d3d

LL22 : 2p: 2p1/21/2 3d3d



XMCD EXPERIMENTS ON 15nm XMCD EXPERIMENTS ON 15nm FeFe FILMSFILMS

No hole

Before EMCD

� Lower Fe signal

� % dichroism 12÷16%
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[110][110] [1[1110]0]GaAsGaAs

sample

Hole

� Higher Fe signal

� % dichroism 27÷33%

[110][110]

[11110]0]

GaAsGaAs
BetterBetter

surfacesurface

qualityquality

sample

hole
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No hole

After EMCD

AA
BB

CC

�� Dichroism :Dichroism :

NotNot uniformuniform over the over the surfacesurface and and 

smallersmaller ((~3%)~3%)

�� PreliminaryPreliminary analysisanalysis ::

mixturemixture of of differentdifferent ironiron oxidesoxides (Fe(Fe33OO4 4 ; ; 

FeFe22OO3 3 ; ; FeOFeO).).

BB
AA

CC

energyenergy (eV)(eV)



Regan et al., Phys. Rev. B, 64, 214422 (2001)
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IronIron oxidesoxides LL33 and Land L22



Hole

After EMCD
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AA

BB

BB�� Dichroism :Dichroism :

uniformuniform over the over the surfacesurface butbut smallersmaller ((~2%)~2%)

�� PreliminaryPreliminary analysisanalysis ::

mixturemixture of of differentdifferent ironiron oxidesoxides (Fe(Fe33OO4 4 ; ; 

FeFe22OO3 3 ; ; FeOFeO) and ) and metallicmetallic FeFe..

AA



CONCLUSIONSCONCLUSIONS

�� ThinThin FeFe films films havehave beenbeen preparedprepared withwith differentdifferent thicknessthickness toto

compare the compare the theoreticaltheoretical expectationexpectation of EMCD of EMCD depencencedepencence on TEM on TEM 

specimen specimen thicknessthickness..

�� AllAll FeFe films show films show goodgood crystallinecrystalline qualityquality

�� XMCD XMCD experimentsexperiments beforebefore and after EMCD and after EMCD havehave beenbeen performedperformed

toto studystudy ionion beambeam millingmilling influenceinfluence and and toto test the test the differentdifferent probingprobing

depthdepth..

FUTUREFUTURE

�� ImprovmentImprovment of of cappingcapping proceduresprocedures

�� XAS/XMCD XAS/XMCD microscopymicroscopy withwith Fresnel Fresnel diffractivediffractive opticoptic (spot (spot ~~100nm)  100nm)  

��Quantitative Quantitative comparisoncomparison betweenbetween XMCD and EMCDXMCD and EMCD

��StudyStudy of EMCD of EMCD asas a a functionfunction of of appliedapplied magneticmagnetic fieldsfields..

�� New New systemssystems
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mean ms = 1.70 +/- 0.03 Mbohr

mean ml = 0.084 +/- 0.003 Mbohr

mean moments ratio = 4.5 +/- 0.2 Mbohr

Calculations Calculations of of magnetic momentsmagnetic moments

Total M=1Total M=1.70+0.084=.70+0.084= 1.784 1.784 MbohrMbohr


