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Introduction

wobble stick as sample holder

Imagine you have an idea for a thin film system which you want to
measure with polarised neutron reflectometry. But you do not have
the expertise and/or the equipment for thin film fabrication.

nonevaporable getter and ion pump

We can help you!
The JCNS thin film laboratory runs an oxide MBE system for the
growth of various types of samples, i.e. “classical” magnetic thin
films, transition metal oxide heterostructures or thin metal films for
soft matter studies, acting as defined surfaces.
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Examples
Questions to be solved:
• complexity of sample
fabrication?
• is growth investigation
required?
• handling of the
deposition material:
question of toxicity and
vapor pressure

Hydrogen detection in thin Films by Neutron Waveguide
• Sample with staircase like scattering potential
enclosing Nb layers, a well-known hydrogen
absorber and form a neutron waveguide
• Pt(3nm)/Nb(25nm)/Co(3nm)/Nb(25nm)/Al2O3.
When Nb absorbs H, its scattering length density
decreases, changing the shape of the potential.
• The Neutron wave amplitude is modified and
shifted in Q.
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Access to the transfer chamber,
sample fabrication with the MBE system
and beam time at MARIA is provided via
proposals at MLZ in Garching (http://mlzgarching.de/) and at
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The magnetic moment of epitaxial Fe4N/LaAlO3

Molecular Beam Epitaxy (MBE) setup for sample fabrication
Main chamber: base pressure < 10-10 mbar
Sources: 6 Effusion cells, 2 e-guns (each 4 crucibles), plasma source
Growth control via Quartz micro balances and Reflection High Energy
Electron Diffraction (RHEED)
Substrate manipulator temperatures up to 1000 °C
High reproducibility of sample growth:
Automated control of the growth procedure by scripts
Supplied evaporation material:
Ag, Al, Au, Co, Cr, Cu, Fe, La, Mn, Ni, Nb, Pt, Sm, Sr, and Ti, other
material on request
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RHEED assisted determination of the stoichiometry of SrCoxO2.5+!

MBE grown sample C. Such La diffusion may also cause the
gradient in concentration of Fe and N as found for sample C
15 keV
and discussed above.
Moreover, the film-substrate interdiffusion region is fitted
with a Gaussian function and FWHM comes out to be about
20, 7, and 14 nm, for sample A, B, and C, respectively, and
reflects the thinnest film-substrate interface in sample B (HiPIMS) while highest in sample A. In these results it is evident
that La diffuses more into films through grain boundaries to
a larger length scale quite substantially in dcMS and MBE
grown samples (sample A and C) but not so much in sample B
and also play a major role in forming a broad interface.
The diffusion of La into Fe4 N films can also be understood
in terms of the interfacial excess. Interfacial excess (Z # ) of a
species is defined as the excess number density of atom caused
by the interface. Z # of reactive species at the interface has been
proficiently quantified in the polymer glasses using SIMS
measurements. The change in the Z # reflects as an increase of
concentration around the interface realm in the concentration
depth profiles and has been fitted using Gaussian function,
expressed as [47,48]:

x=1.00

AFM

Z # = 1.064 × h × $

(2)

where h and $ is the height and FWHM of the Gaussian peak.
In the present study also, we can see that the SIMS depth
profile of 57 Fe shows a cusp/plateau near the film-substrate
interface in all samples as shown by the shaded region in
Fig. 4(c). This clearly reflects that the matrix effect for Fe
sputtering is significantly modified here and results in variation in Fe sputtering yield. It is apparent from Fig. 4(c) that

peak correspond to the film-substrate interface region of La
depth profile is the highest in sample A and the smallest in
sample B, indicating that the higher the interfacial excess,
15 keV
the lower La diffusion. This clearly indicates that a densely
packed region forms near the film-substrate interface in case
of sample B which will act as a barrier to interrupt diffusion
of La into the film. Thus, a relatively narrower film-substrate
interface and inferior diffusion of La are observable for the
HiPIMS grown sample.
Such interdiffusion of La has been previously probed in
SrTiO3 /LAO heterostructures and it was found that La forms
a broader interface (compared to Al in LAO) and has been
described in terms of the stability of LAO compound with
oxygen vacancies [49,50]. Oxygen depletion from LAO induces the Al diffusion into subsurface regions but a change of
valency of La from 3+ to 2+ acts as a driving force leading to
segregation of La to much larger length scales [50].
To further confirm SIMS results, depth profiles were also
obtained from XRR measurements as shown in Fig. 5(a). Fitting of XRR data were performed (using Parraatt32 [51]) considering a three-layer model: (i) L1—surface region, (ii) L2—
the bulk of Fe4 N film, and (iii) L3—film-substrate interface.
As shown in Fig. 5(b), the width of L3 is substantially small
in HiPIMS grown sample B as compared to samples A and
C. This behavior is in agreement with SIMS depth profiling
results and the width of the interface is also similar. As discussed before, such variations can be understood due to larger
La interdiffusion when the microstructure is porous in dcMS
and MBE grown samples but due to denser microstructure, La
diffusion gets suppressed leading to sharper interface in the
HiPIMS grown sample. In addition, it can be seen that surface

x=1.12

While XRD is not able
to distinguish between
perfect stoichiometry
and Co excess RHEED
shows distinct features
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