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Abstract
We describe the use of neutron scattering techniques such as reflectivity and diffraction for the
study of oxide thin films. We first describe how neutron reflectivity can complement x-ray
reflectivity for the study of some oxide materials. We then emphasize magnetic thin films which
have become an important field of study in the 1990s, following the discovery of new
phenomena in heterostructures: magnetic exchange coupling, exchange bias coupling at
antiferro/ferromagnetic interfaces, enhanced magnetism in ultrathin films or tunnel
magnetoresistance for example. We show how neutron scattering can provide detailed
quantitative information about the magnetization depth profiles of thin films and about the
magnetic order in epitaxial films.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

During the early 1980s, advanced techniques for the deposition
of ultrathin films were developed. This led to the
fabrication of new artificial materials comprising the stacking
of different materials in thin sandwiches (heterostructures).
The combination of different types of materials gave rise to
new physical phenomena: magnetic exchange coupling in
rare-earth [1] and metallic superlattices [2–6] (figure 1(a)),
exchange bias coupling at antiferro/ferromagnetic interfaces
(figure 1(b)) [7–9], enhanced magnetism in ultrathin films [10],
giant magnetoresistance in metallic spin valves [11] or tunnel
magnetoresistance [12] (figure 1(c)).

Neutron reflectometry is a relatively new technique
[13, 14] which developed in parallel with the fabrication of
these new systems. Owing to the large magnetic coupling
between the neutron and the magnetic moments, neutron
reflectometry emerged as a powerful tool for obtaining
information about the magnetic configurations in these
systems. In the early studies, reflectivity was used to probe
the ferromagnetism of metallic layers. Even though oxide
layers were part of the heterostructures, especially in exchange
bias systems such as pinning layers or in tunnel junctions as
tunnel barriers, they were not directly characterized by neutron
scattering.

However, since the late 1990s, more and more studies have
been devoted to the study of oxide layers. It appeared that
some oxide materials were likely to have high spin polarization
which could make them candidate materials for use in devices
using spin injection. Manganese oxide perovskites, which can
be ferromagnetic, as well as more classical ferrites started to be
deposited as thin films. These materials were used in magnetic
tunnel junctions (ABMnO3 perovskites [15] or Fe3O4 [16] as
injection electrodes, or CoFe2O4 as a ferromagnetic tunnel
barrier).

After the early studies of Eu based magnetic semiconduc-
tors (EuO and EuS) in the 1970s, the field was dormant un-
til GaMnAs magnetic semiconductors were synthesized in the
middle of the 1990s. Since then, a number of new systems have
been synthesized in order to find room temperature magnetic
semiconductors. The discovery of a suitable material could
boost the field of spintronics. These new materials range from
diluted semiconductors (GaMnAs) to magnetically doped in-
sulating oxide materials (ZnO:Co, TiO2:Co).

We can also mention studies performed on high Tc

superconductors such as the penetration of the magnetic flux in
superconductor thin films [17] or the proximity effects between
magnetism and superconductivity [18].

In a first part, we will describe the technique of polarized
neutron reflectivity. The use of this technique will then
be illustrated with several studies on non-magnetic and on
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Figure 1. (a) Exchanged coupled superlattice with an antiferromagnetic order; (b) exchange bias between a ferromagnet and an
antiferromagnet; (c) GMR system or magnetic tunnel junction.

Figure 2. (a) Specular reflectivity geometry. The reflection angle is equal to the incidence angle; the scattering wavevector Q is perpendicular
to the sample surface. (b) Interface between two surfaces. In the optical approximation, the interface is approximated as a continuous medium.
(c) Reflection on a thin film deposited on a surface. The reflectivity measures the Fourier transform of the interaction potential V (z).

magnetic systems. We will finish by showing that neutron
diffraction can be used to probe antiferromagnetic oxide thin
films.

2. Neutron reflectivity and polarized neutron
reflectivity

2.1. Specular reflectivity

Neutrons can be reflected on surfaces in the same way as x-
rays or electrons [19]. All the formalisms developed for x-
ray reflectivity can be transposed to neutron reflectivity [20].
In a reflectivity geometry (figure 2(a)), the incidence angle
θi on the surface is small (typically ranging from 0.5◦ to
5◦). The reflection angle θr is the same as the incidence
angle θi . As a consequence, the scattering wavevector Q is
perpendicular to the surface. The typical neutron wavelengths
are in the range 2–20 Å. Thus the range of accessible scattering
wavevectors Q = k f − ki is in the range 0.05–3 nm−1. This
corresponds in real space to typical length scales between 2
and 100 nm. Neutron reflectivity is thus a technique adapted
for the study of thin films but does not probe structures at
the atomic level. In a reflectivity geometry it is possible to
do the ‘optical approximation’ [20] and to model the neutron
interaction with the material as a continuous potential. The
details of the atomic structure are smoothed out (figure 2(b)).
The interaction potential V with a material is given by

V = h2

2πm
ρ with ρ =

∑

i

Ni bi (1)

where h is the Planck constant and m is the neutron mass; ρ

is called the ‘scattering length density’ and is the sum of the
atomic density of the nuclei in the material Ni multiplied by
their individual nuclear scattering lengths bi .

In the case of a magnetic system, the interaction between
the neutron spin and the material magnetization is of the form

Table 1. Nuclear and magnetic optical index n = 1 − δN ± δM for
some materials at λ = 0.4 nm.

Element δN (10−6) δM (10−6)

Fe 20.45 12.8
Co 5.7 10.5
Ni 24 3.8
Gd 5.0 14.5
La0.7Sr0.3MnO3 9.4 4.4

V = −µ · B where µ is the neutron magnetic moment and B
is the magnetic induction inside the thin film. One must note
that neutrons are only sensitive to the magnetic induction and
thus cannot distinguish between spin and orbital moment.

In the reflectivity geometry, the equivalent of a neutron
‘optical index’ can be derived from the Schrödinger
equation [20]. Neglecting absorption, the value of this optical
index is given by the following expression:

n± ≈ 1 − δN ± δM = 1 − λ2

2π
ρ ± mλ2

h2
μ · B (2)

where δN is the nuclear contribution to the optical index, and
δM is the magnetic contribution to the optical index, the sign of
the magnetic contribution depends on the relative orientation of
the neutron spin with respect to the magnetization (parallel or
antiparallel). Table 1 gives values of optical indexes for some
typical materials. One should notice that the magnetic optical
index is of the same order of magnitude as the nuclear optical
index. Both optical indexes n+ and n− can be measured by
using polarized neutrons and thus detailed information about
the magnetic structure of the sample can be obtained.

In a specular reflectivity measurement, it is assumed that
there are no inhomogeneities along the film surface. Thus the
interaction potential V is only a function of the depth z in
the multilayer system (figure 2(c)). In a first approximation,
the specular reflectivity measures the Fourier transform of the
optical index profile n(z).
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Figure 3. (a) Reflectivity on a multilayer system Si ‖ Cu(50 nm)/Cr(9 nm). The short period oscillations are characteristic of the total
thickness of the layer (59 nm); the long range modulation is characteristic of the thin Cr layer (9 nm). Inset: optical index profile as a function
of the depth in the film. (b) Reflectivity of a magnetic film Si ‖ Ni(40 nm). The reflectivity depends on the relative orientation of the neutron
spin with respect to the magnetization. Inset: optical index profile for both neutron polarizations (parallel and antiparallel).

However, at low incidence angles, there is total reflection
up to a critical wavevector Qc = 4

√
πρ and thus the Born

approximation is not valid at small scattering wavevectors. The
Born approximation can be applied only above a scattering
wavevector of about 3Qc. Below this limit, one must solve the
Schrödinger equation and perform a full dynamical calculation.
The detailed theoretical treatment of the polarized reflectivity
can be found in [20–24]. Figure 3(a) presents the situation of
the reflection of a neutron beam on a multilayer Si ‖ Cu/Cr:
above the critical wavevector of total reflection, the reflected
intensity decreases as 1/Q4. Modulations of the reflected
intensities are observed. They correspond to constructive and
destructive interferences of the neutron waves scattered by the
different interfaces of the multilayer system. These oscillations
are called Kiessig fringes. Their pattern is characteristic of
the multilayer system. Figure 3(b) presents the situation of
a magnetic thin film on a substrate. In this case, the optical
index depends on the relative orientation of the neutron spin
with respect to the thin film magnetization. The measured
reflectivity is very different for neutron incident with a spin
parallel to the magnetization (optical index n+ = 1 − δN +
δM) and for neutrons incident with a spin antiparallel to the
magnetization (optical index n− = 1 − δN − δM).

The measure of the reflectivity probes the profile of
optical index n(z) along the normal (Oz) to the thin film
system. Numerical models must be used to reconstruct the
thickness of the different layers of the system as well as their
individual scattering length densities which is characteristic of
their chemical composition. Interdiffusion and roughness at
interfaces can be quantified with more detailed models. In
the case of magnetic systems, information on the amplitude
and the direction of the magnetization of the different layers
can be obtained using polarized neutrons. In practice, it is
possible to measure four quantities in a polarized reflectivity
experiment: two non-spin-flip reflectivities, R++ (resp. R− −),
corresponding to the number of incoming ‘up’ (resp. ‘down’)
neutrons reflected with an ‘up’ (resp. ‘down’) polarization;

two spin-flip reflectivities, R+− = R−+, corresponding to
the number of neutrons experiencing a spin-flip during the
reflection on the sample. In a first approximation, the non-
spin-flip signals probe the components of the magnetization
which are parallel to the applied field; the spin-flip signals are
sensitive to the component of the magnetization perpendicular
to the applied field. Combining this information it is possible to
reconstruct the magnetization direction and amplitude through
the depth of the film. The depth resolution is of the order
of 2–3 nm in simple systems. Among the advantages of
polarized neutron reflectivity we can mention: (i) the very large
and simple magnetic interaction, (ii) it is a surface technique
and thus is not sensitive to paramagnetic or diamagnetic
contribution from the substrate, (iii) there is no absorption,
(iv) there are no phenomenological parameters. All these
characteristics make neutron reflectivity data easy to model and
interpret.

2.2. Real experiments

One has to keep in mind that most existing reflectometers
are designed to perform experiments on samples which have
a surface of the order of 10 cm2. In the case of optimized
reflectometers with focusing systems (such as PRISM at the
LLB), it is possible to perform experiments on samples which
have a size of the order of 1 cm2. These limitations in size
imply that the studied samples need to have a very good
homogeneity over a very large surface: the thickness of the
layers needs to be homogeneous and the substrate needs to
be flat over the whole sample surface. If this is not the case,
only averages over the sample surface will be measured and
the information that can be obtained about the sample will be
limited.

The reflectivity signal drops very quickly with the
scattering wavevector value. For a perfect interface, at large
Q values, the reflectivity is proportional to 1/Q4. Q values of
the order of 2–3 nm−1 typically correspond to reflectivity of

3
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Figure 4. Comparison of the neutron reflectivity and the x-ray reflectivity on a SiO2 ‖ Si structure. The contrast between the layers is much
larger in the case of neutrons, leading to higher amplitude oscillations, which on the contrary are very small in the case of x-rays.
Sub-structures in the oxide layer, due for example to an oxidation gradient, give measurable effects in neutron reflectivity.

Table 2. Optical indices of different oxides. Note the large
difference between δSi and δSiO2 in the case of neutrons.

Element δneutrons(10−6) δx−rays(10−6)

Si 5.3 7.6
SiO2 10.1 8.11
SiC 13.3 10.43
Al 5.29 8.45
Al2O3 14.23 12.9

the order to 10−6 and require measuring times of the order of
2–6 h.

The absorption of neutrons is negligible in most materials.
The typical penetration depth for materials such as silicon
or aluminum is of the order of 50 mm (depending of
the wavelength). This makes it easy to set up complex
sample environments on neutron spectrometers. The available
ancillary equipment includes: cryomagnets (temperature range
1.6–300 K; magnetic field range 0–7 T), furnaces (temperature
up to 800 ◦C); closed liquid cells (made of quartz or silicon).

3. Neutron reflectivity studies

3.1. Probing oxide layers

Neutron reflectivity can be used to probe oxide layers since
the neutron optical index of oxides are usually very different
from non-oxidized materials (table 2) [25]. This makes neutron
reflectivity much more sensitive to details in an oxide structure
than x-ray reflectivity.

For example, the preparation of SiO2 oxide films
on silicon substrates by three different methods (thermal,
chemical and electrochemical oxidation) have been compared
by Bertagna et al [26] (figure 4). Depending on the preparation
method, the obtained films give very different reflectivity
results. Anodic and chemical oxides are found to be not very
dense (60–75% of the theoretical density). Thermal oxides are
the densest (95%).

Neutron reflectivity may also be useful in the case of some
specific materials such as boron which is strongly absorbing

Figure 5. Oxidation profile as a function of the annealing time at the
surface of a Ti film. (a) As prepared and annealed at (b) 150 ◦C for
60 min, (c) 200 ◦C for 30 min, (d) 250 ◦C for 20 min (e), 300 ◦C for
15 min and (f) 350 ◦C for 15 min. Adapted from [33].

neutrons (ex: the study of borophosphosilicate glass thin films
used in microelectronic circuit devices [27]) or titanium which
has a negative scattering length (such as TiOx coatings for
glazing [28–30]). Neutron reflectometry has sometimes been
used to characterize the oxidation of metallic thin films [31–33]
(figure 5).

Another key advantage of neutrons is their high sensitivity
to D2O (compared to x-rays). Neutron reflectivity has for
example been used to characterize the moisture transport
through Al2O3/polymer multilayered barrier films for flexible
displays [34]. It has also been used to characterize the
adsorption of water on hydrophobic/hydrophilic TiO2 surfaces
under UV illumination [35].

Another advantage which must be mentioned is that in
neutron reflectometry it is easy to set up complex sample
environments. This is especially true in the case of solid/liquid
interfaces where the neutron beam can be sent through the
substrate and probe the solid–liquid interface with negligible
absorption [36–38].
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(a) (b)

Figure 6. (a) Reflectivity on a superlattice [(LaMnO3)a/(SrMnO3)b]n . (b) Magnetic profile in the superlattice.

4. Polarized neutron reflectivity studies

4.1. Superlattices

The first example illustrates the use of the magnetic
contrast to measure the chemical segregation in manganite
heterostructures: [(LaMnO3)a/(SrMnO3)b]n (with 8 < a <

12; 4 < b < 8 unit cells). These superlattices are deposited
layer by layer in order to enforce a cationic order between La
and Sr and a cationic segregation between Mn3+ and Mn4+.
The first material is antiferromagnetic in its bulk form, the
second is ferromagnetic. The objective of the measurement
was to check if the cationic segregation (La/Sr) effectively
induced a (AF/F) stacking. The reflectivity on one of these
systems is presented on figure 6(a). Around the angle θ =
1.3◦, a super-structure peak corresponding to the system’s
periodicity can be observed. The contrast between the two
reflectivity curves ‘up’ and ‘down’ is characteristic of the in-
depth magnetization profile. In order to model the reflectivity
curves, it is only necessary to introduce a small modulation
of the magnetization in the system (figure 6(b)): the cationic
segregation does not lead to a clear magnetic segregation. The
magnetization modulation is only 25% between the two types
of layers.

4.2. Magnetic oxide thin films

Polarized neutron reflectivity has also been used to probe the
magnetism of individual thin films of magnetic oxide layers
(manganites [39, 40] or Fe3O4 [16–41]). We show here the use
of the magnetic contrast to probe the structure of a multilayer
in which the components are very close: iron oxides, Fe2O3

(antiferromagnetic) and Fe3O4 (magnetic). These oxides have
an interest in the fabrication of magnetic tunnel junctions using
spin polarized currents. The Fe2O3 layer is used as a pinning
layer for the Fe3O4 electrode. The structure is presented on fig-
ure 7(a). X-ray reflectivity does not distinguish the two layers
because the difference in optical index is of the order of 1%.
For neutron reflectivity, the optical contrast is very large since
one material is magnetic and the second is not. The expected
stacking is described on figure 7. Surprisingly, instead of ob-
serving a clear segregation between the two layers, an oxido-
reduction has taken place between the two layers. The Fe2O3

α

α

-Al2O3

-Fe2O3 (0001)

Fe3O4 (111)

2.5 nm 

M = 2.5 μB/f.u.

M = 0 μB/f.u.

M = 3.5 μB /f.u.

Expected    Measured 

M = 1.75 μB/f.u.

(a) (b)

Figure 7. (a) Bilayer Fe2O3/Fe3O4. (b) Expected and measured
magnetic profiles.

has been reduced and has turned magnetic; the Fe3O4 has been
oxidized and has lost some of its magnetism. It must be noted
that during the growth, RHEED diagrams indicate that the cor-
rect phases are growing. These oxido-reduction phenomena
take place over timescales of the order of a week.

4.3. Manganites

The hysteresis cycle of La0.7Sr0.3MnO3 thin films shows a
region with a low coercivity on which is superimposed a
contribution which requires 0.3 T to be saturated. This
suggests that the films are not homogeneous and that they
are composed of several phases having different coercivities.
Neutron reflectivity measurements were performed on single
La0.7Sr0.3MnO3 thin films in order to probe the magnetization
profiles through the depth of the films as a function of
the temperature. Figure 8 shows the reflectivity on a
16 nm La0.7Sr0.3MnO3. Modeling using a homogeneous
magnetic layer does not provide satisfactory fits. In order
to quantitatively model the data, it has been necessary to
introduce a model taking into account different magnetizations
at the interfaces. We considered a three layers model with
magnetizations M1, M2 and M3 in the depth of the films.
Figure 9 shows the variations of the magnetizations M1, M2

and M3 as a function of the temperature. One can note that the
interface magnetization is reduced by 25–30%.

4.4. Superconductors—proximity effects

Since superconductivity and magnetism are closely related,
polarized neutron reflectivity has been applied to the study of
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(a) (b)

Figure 8. (a) Reflectivity of a La0.7Sr0.3MnO3 (16 nm) film deposited on SrTiO3. (b) Fitted spin asymmetry.

(a) (b)

Figure 9. (a) Modeling of the system: (top) perfect system, (bottom) more realistic model. (b) Magnetization profiles as a function of the
temperature for the system LSMO(16 nm) ‖ STO.

high Tc superconductor thin films and heterostructures. One
of the first topics to be studied was the penetration of the
magnetic flux and magnetic vortices in high Tc YBa2Cu3O7

thin films [17–43].
A second topic which is presently of interest is the study of

proximity effect in superconductor/magnetic heterostructures.
Polarized neutron reflectivity has been applied to probe the
interface between a superconductor and a magnetic layer in
order to validate theoretical models [18–45]. It is suggested
that an antiphase magnetic proximity coupling could exist
where a ferromagnetic moment is induced in YBa2Cu3O7

that is oriented antiparallel to the one in La0.7Ca0.3MnO3

(figure 10, model 1). Another possibility is the existence
of a ferromagnetic ‘dead layer’ either paramagnetic or
antiferromagnetic within the La0.7Ca0.3MnO3 region.

5. Neutron diffraction

In the previous examples, we discussed experiments performed
at grazing incidence. In this geometry, the interaction between
the sample and the neutron beam is maximized but it limits the
characterization to nanoscale ferromagnetic properties.

One of the unique features of neutron diffraction is that
the magnetic order can be probed at the atomic scale [46].
As it has been mentioned above, the neutron magnetic
scattering length is of the same order as the nuclear scattering

Figure 10. Model potentials that reproduce the experimental neutron
reflectivity data measured on a [LCMO(16 nm)/YBCO(16 nm)]6
heterostructure. Left: antiphase magnetic proximity effect; right:
‘dead layer’ model. δ(z) ∼ V (z) is the deviation of the refractive
index from 1, λ is the neutron wavelength. Adapted from [18].

length. Diffraction experiments can be performed with short
wavelength neutrons (from 0.5 to 2.5 Å). It is thus possible
to measure the magnetic structure factor of a crystal, that
is the location of the magnetic atoms. Neutrons provide
information about the absolute value of the magnetization
but also about their directions (Fe moments in YBa2Fe3O8

for example [47]). It is thus possible to unravel complex
magnetic orders (antiferromagnetic, helicoidal or with several
magnetic sublattices). It is also possible to measure the

6
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Figure 11. Measured CoO ordering temperatures, TN (diamonds)
and blocking temperatures TB (squares and dots) are given versus the
thickness of the CoO layer for a Fe3O4/CoO system. Note the
divergence of the two curves, indicating that the measured reduction
of TB is not due to a reduction of the ordering temperature at low
tCoO. Adapted from [53].

magnetic form factors which gives the spatial distribution of
the magnetic electrons. This permits to reconstruct spin density
maps in magnetic crystals [48]. Following the dependence
of the magnetic scattering as a function of the temperature
can give fine information about magnetic phase transitions:
spin reorientation phenomena [49] or the order parameter of
magnetic sublattices (Er in ErBa2Cu3O7 for example [50]).

The volume of magnetic matter is very small in thin
films, but nevertheless, the performances of modern neutron
spectrometers are such that high angle diffraction experiments
can be performed on epitaxial thin films. Since the absorption
is negligible, any direction in the reciprocal space can be
probed and the sample substrate is not an issue, which is
interesting compared to the use of x-rays. In practice, it is
possible to probe epitaxial thin films with thicknesses down to
10 nm. Neutron diffraction is especially unique when probing
antiferromagnetic crystals. Another advantage in the case of
antiferromagnetic crystals is that it often gives rise to purely
magnetic diffraction peaks which are not superimposed with
structural peaks [51]. In the case of oxide films, the AF order
in single layer NiO films as thin as 20 nm has been probed [52].

Neutron diffraction can be used in various situations for
thin films. It has been used to follow the Néel transition
temperature of thin films and correlate it with the apparition
of exchange bias in systems such as Fe3O4/CoO. It has been
demonstrated [53] that the blocking temperature at which the
exchange coupling appears is not trivially correlated with the
Néel temperature of the AF material (see figure 11). For very
thin films (below 5 nm), while the blocking temperature drops,
the Néel temperature increases significantly.

In [NiO/CoO] superlattices, the propagation of the
antiferromagnetic order throughout the superlattice as a
function of the thickness of the bilayer period (ranging from
4 to 9 nm) [54] was probed by neutron diffraction. Neutron
diffraction can also be used to check the influence of epitaxial
strain on the AF order in epitaxial films. For example, in
CoO films, an epitaxial strain of 0.5% increases the Néel
temperature by about 15 K [54]. This is a rather general trend.
More recently, neutron diffraction showed that the epitaxial

strain destroys the helical order in BiFeO3 films [55]. This is
an important piece of information since the knowledge of the
magnetic order is a prerequisite for the understanding and use
of magnetoelectric materials [56].

Beyond the information about the magnetic order, more
refined information may be obtained about the sizes of AF
domains by analyzing the diffraction peak widths. This
information is of particular interest in exchange bias systems
in which the antiferromagnetic microstructure is likely to
play a key role in the exchange bias mechanism. This has
been demonstrated in Fe3O4/NiO superlattices [57]. The
field dependence of domains in the antiferromagnetic NiO
is correlated with the presence or absence of exchange
biasing. The data suggest that in this system, exchange biasing
originates from domain walls frozen in the antiferromagnet
upon field cooling.

Polarized grazing incidence diffraction geometry has been
also been used [58, 59], but in practice, such experiments are
much more difficult to set up and also prevent scanning in
arbitrary directions in Q-space which in practice is essential,
especially in the case of antiferromagnetic crystals.

6. Conclusion—the future

Neutron scattering offers several techniques that are direct
probes of the magnetization in thin films. At a nanometric
scale, the polarized neutron reflectivity technique is a good
choice. The depth dependence of the magnetization can be
probed. It can easily be used to measure antiferro-type,
ferro-type or helical ordering in superlattices, probe complex
magnetic ordering in multilayers, give detailed insights into
problems such as the magnetism of ultrathin film or the bias
exchange mechanism. The technique is now well established
and a wealth of literature is available. A large number of
neutron reflectometers are available across the world [60]. The
Web site [61] gives you links to neutron reflectivity simulation
and fitting programs. Current developments are connected to
probing the lateral nanomagnetic and micromagnetic structures
of thin films using off-specular [62, 63] or grazing incidence
small angle scattering [64, 65]. These techniques are still in
development and have rarely been applied to oxide layers.

One of the limitations of neutron reflectivity is that the
technique is not element specific. Another issue is that the
neutron fluxes are still low. Big efforts are being made
to increase the flux on neutron reflectometers. Flux gains
ranging from 10 to 100 can reasonably be expected in the next
decade through the implementation of new types of neutron
reflectometers. Quantitative gains in the measuring time and in
the minimum sample size will be achieved.

At the atomic scale, diffraction experiments are possible
on very small quantities of matter (down to 0.001 mm3).
Magnetic structures specific to thin film heterostructures
(∼20–100 nm thick) can be characterized. Rapid progress is
being made in this field through the use of high resolution
position sensitive detectors on single crystal diffractometers
which allow reducing the acquisition times by an order
of magnitude: several diffraction peaks are measured at
once, the shapes of the diffraction peaks are measured at
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once and complex magnetic structures can be very quickly
disentangled [66].

Other opportunities may appear in the next five years when
new neutron spallation sources come into operation.
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