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OutlineOutline
• Motivation: examples presenting the state-of-art 

of Mössbauer effect methodology in magnetic thin 
film studies

• Brief overview of relevant Mössbauer techniques 
(CEMS, GIMS, MES, NRS)

• Arbitrarily chosen methodological highlights of 
the past decade

• Two topics in somewhat more detail:
• Orientation of the layer magnetisation

• Domain structure of coupled multilayers

• Outlook



Most applications are based on the 
giant magneto-resistance (GMR) effect

Magnetic thin films: applicationsMagnetic thin films: applications

Introduction of 
GMR read heads

A. Fert and P. Grünberg
Nobel Prize in physics, 2007



Some properties affecting the Some properties affecting the 
performance of GMR devicesperformance of GMR devices

Property
Chemical composition of 

layers and interfaces

Mössbauer parameters
Hyperfine parameters

Mössbauer methods
Phase analysis: 

transmission, CEMS, 
emission, NRS

Orientation of layer and 
interface magnetisation

Angular distribution and 
polarisation of resonant 

transitions: line intensities 
and beating depths

Mössbauer polarimetry, 
CEMS polarimetry, NR 

magnetometry, NR 
polarimetry

Superparamagnetism
Diffusion

Distortion of the shape of 
energy- and time-domain 

spectra

Mössbauer transmission, 
CEMS, NRS

Magnetic domain 
structure, magnetic 

roughness

Width (shape) of the 
diffuse nuclear resonant 

scatter

Off-specular synchrotron 
Mössbauer reflectometry

Lattice vibrations in 
layers, surfaces and 

interfaces

Intensity of nuclear 
resonant inelastic 

scattering vs. energy

Nuclear resonant inelastic 
scattering



Mössbauer techniques for magnetic Mössbauer techniques for magnetic 
thin film studiesthin film studies

Technique
Transmission and nuclear 

resonant forward 
scattering

Advantages
Simple arrangement, wide 

possibilities for sample 
environments

Drawbacks
High absorption by the 

substrate

CEMS and DCEMS (gas-
flow counter)

Inherent thin-film 
sensitivity, high efficiency

Poor depth resolution of 
DCEMS, limitations for 
sample environment, not 

applicable in vacuo
CEMS and DCEMS 

(channeltron or 
microchannel plate)

Inherent thin-film 
sensitivity, good depth 
resolution of DCEMS, 

applicable in UHV

Low efficiency, limitations 
for sample environment

GIMS (laboratory 
sources)

Inherent thin-film 
sensitivity, excellent 

depth resolution

Very low efficiency, 
limitations for sample 

environment, not 
applicable in vacuo



Mössbauer techniques for magnetic Mössbauer techniques for magnetic 
thin film studiesthin film studies

Technique
Emission spectroscopy

Advantages
Sensitivity to very thin 
layers and to very low 
impurity concentration

Drawbacks
Complications in sample 
preparation, limitations 
for sample environment

Grazing-incidence nuclear 
resonant scattering, 

synchrotron Mössbauer 
reflectometry

Inherent thin-film 
sensitivity, excellent 
depth resolution, high 

efficiency, sensitivity to 
magnetic layer and domain 

structure, wide 
possibilities for sample 

environment, applicable in 
UHV

NRS synchrotron 
beamline, possibly 

equipped with in-situ UHV 
sample preparation is 

needed

Nuclear resonant inelastic 
scattering

Sensitivity to lattice 
vibrations, wide 

possibilities for sample 
environment, applicable in 

UHV

NRS synchrotron 
beamline, possibly 

equipped with in-situ UHV 
sample preparation is 

needed
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Mössbauer holographyMössbauer holography

α-Fe thin film: P. Korecki et al., Fe3O4 thin film: PRL 79, 3518 
(1997), P. Korecki et al., PRL 92, 205501 (2004)



ILEEMSILEEMS

Integral low-energy electron Mössbauer spectroscopy, ILEEMS 
(E. de Grave et al., Hyp. Int. 161, 147 (2005)): detecting low-
energy (15 eV) electrons using a biased channeltron. 
Information depth: a few nm.



UHV chamber for in-situ NRS studies of UHV chamber for in-situ NRS studies of 
surface nanostructuressurface nanostructures  at ESRF ID18at ESRF ID18

European Community FP6 Specific Targeted Research Project 
Contract No. NMP4-CT-2003-001516 (DYNASYNC)

S. Stankov et al., PRL 99, 185501 
(2007)



The radiation of 57Co in the 
electrolyte contributes only to 
the non-resonant background!

In-situ Mössbauer emission spectroscopy of In-situ Mössbauer emission spectroscopy of 
electrodeposited magnetic thin filmselectrodeposited magnetic thin films

I. Dézsi, Cs. Fetzer, Electrochem. Commun. 9, 1846 (2007)



Polarised photonsPolarised photons

• Linearly polarised photons may only see the 
alignment of Hhf.
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

• Circularly polarised photons may also see the 
sign of Hhf — possibility for measuring the 
direction.
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H║easy axis

H nearly║hard axis

M. Major et al. 

F. Tanczikó et al., NIM B 226, 461 (2004)
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L. Bottyán et al.

K. Schlage et al.R. Röhlsberger 

The same 
effects may 

be also seen by 
SMR!



Circular (elliptic) CEMS polarimetryCircular (elliptic) CEMS polarimetry

detectorabsorbersource
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F. Tanczikó et al., Hyp. Int., in press 20 µm 57Fe foil

Alternative solution: single-line, circularly 
polarised source: W. Olszewski et al., 

Nucleonica 52, S17 (2007)
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Circular (elliptic) polarimetry by NRSCircular (elliptic) polarimetry by NRS

F. Tanczikó et al., to be published

160 nm 57Fe film on mica



L’abbé et al., PRL 93, 037201 (2004)

Nuclear resonant Nuclear resonant 
magnetometry using magnetometry using λλ/4 /4 
phase-retarder plate and phase-retarder plate and 
constant-velocity single-constant-velocity single-

line referenceline reference

56Fe(50 Å)/Cr(11 Å)/57Fe(50 Å)/Cr(11 Å)/56Fe(50 Å)



Magnetisation reversal Bext = 100 mT
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Spin-flop Bext = 20 mT
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Patch domains in AF-coupled multilayersPatch domains in AF-coupled multilayers

Layer magnetisations:

The ‘magnetic field lines’ 
are shortcut by the AF 
structure → the stray 
field is reduced → no 

‘ripple’ but ‘patch’ 
domains are formed.
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Domain ripening: off-specular SMRDomain ripening: off-specular SMR

ESRF
ID18

Correlation length:
ξ = 1/∆Qx

 ξ ≈ 370 nm
ξ ≈ 800 nm

MgO(001)[MgO(001)[5757Fe(26Å)/Cr(13Å)]Fe(26Å)/Cr(13Å)]2020

22Θ Θ @ @ AF reflection, hard axisAF reflection, hard axis



Spin-flop-induced domain coarsening (SMR)Spin-flop-induced domain coarsening (SMR)
MgO(001)[MgO(001)[5757Fe(26Å)/Cr(13Å)]Fe(26Å)/Cr(13Å)]2020

22ΘΘ @  @ AF reflection, easy axisAF reflection, easy axis
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D.L Nagy et al., PRL 88, 157202 (2002)



A.Q.R. Baron (SPring-8),
A. Chumakov,

T.H. Deschaux-Beaume,
R. Rüffer (ESRF)

2D SMR: APD array and simplified DWBA2D SMR: APD array and simplified DWBA

ESRF
ID18

Native domains Ripened domains

Coarsened domains
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L. Deák et al., PRB 76, 224420 (2007)
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OutlookOutlook
• Special CEMS detectors for high-field and 

low-temperature experiments

• In-situ laboratory and synchrotron UHV 
Mössbauer setups

• Lateral structures
• Mössbauer microscopes (laboratory and 

synchrotron)

• APD-arrays for diffuse SMR

• Micro- and nanobeams

• New beamlines (PETRA III)…
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ConclusionsConclusions
• Mössbauer spectroscopy has recently made a major 

impact to thin-film magnetism and, conversely, thin-
film magnetism has generated a significant 
development in the methodology of Mössbauer 
spectroscopy.

• Magnetic thin films may be efficiently studied with 
Mössbauer spectroscopy both in laboratories and at 
synchrotrons. The development of these two 
approaches mutually stimulates each other and, 
nowadays, a surprisingly wide range of experiments 
can be performed with laboratory sources.

• Do not hesitate to go to a synchrotron when it is the 
only way of performing the experiment. But only go 
to the synchrotron if you are really sure that your 
experiment cannot be done in the laboratory. Are 
you sure indeed?
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