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Theme description:

In a wider sense the termmultilayer (ML) describes a stack of thin (homogeneous) films of several
materials! The thickness of the individual layers reaches from a feup to thepm-range; The layer
materials can be insulators, metals, polymers, peptidéiseolike. This wide variety already tells that
this is a wide field, reaching from biology (cell membranes rmultilayers) over chemistry (sensors) to
physics (optical devices, storage media). Here we refendmanic systems, used as reflective optical
devices or as models for the investigation of magnetic duslibn properties.

A. Properties of multilayers and reflectometry

A characteristic feature of multilayers is the strong atmguy of their structure. In the direction perpen-
dicular to the interfacesz(direction) the chemical composition changes and the ctexistic length-
scale is of that of 1 to several hundred unit cells. The dmratfrom a mean in-plane structure are due
to formation of domains, non-smooth interfaces and strdiithin a layer the mean electron density or
the mean scattering length density are constant. This nibahthe interfaces are of great importance
for the properties of a ML.

An appropriate method for the investigation of interfacesspecular and non-specular reflectivity.[1, 2]
The deviation of the refractive index of matter from 1 foratokeutrons (or for x-rays) is of the order of
§ =1—n ~ 105 This means that most materials show a total external reftedp to6, ~ /26

of the order 0f0.1°, or in reciprocal spacg. = 4nsinf./A ~ 0.01 A. Forq > q. the reflectivity R
decays withR(q.) x (¢, — q.)~* for an ideal smooth (no lateral variation) and sharp (stepdhange

in the density) interface. Any deviation from a step-likansigy profile leads to an even faster decay. The
specular reflectivityd = ¢,) contains information about the laterally averaged stmgcbnly! This has
the consequence that a sharp, but rough interface leads sathe reflectivity curve as a diffuse smooth
interface. The difference shows up in the off-specujgr# 0) region, where only the lateral structuring
contributes.

If not only one interface is present the reflected wavesfieterandR becomes modulated. This mod-
ulation is proportional to the Fourier transform of the stune factor squared of the scattering length
density inz direction. If the layer sequence is periodR(f) is comparable to the diffraction pattern of
a 1-D crystal. Because of this similarity the maximaRrare calledBragg peak, too. Periodicities of a
length scale from 18 to 1000A can be resolved with cold neutrons.

B. Multilayers as optical devices

One application field for periodic MLs is the use as monoclatars for neutrons (4.1) or x-rays (4.3).
Unlike with crystals the lattice spacing can be adjustechorteeds and higher harmonics can be sup-
pressed by adequately choosing the layer thicknesses oodifyimg the interfaces (4.1). A third ad-
vantage is, that the lattice constant can be laterally grad#owing for the production of focusing
monochromators or the reduction of divergen@®bel mirroj).

If several multi-bilayers with different periodicity areposited on top of each other several Bragg peaks
occur. Thus the range of total external reflection can begetato highep,. by an appropriate tuning of
the layer thicknesses. Coatings of this kind are cadlggermirrorSM).[3, 4] They are used as coatings
for neutron beam guides, or in optical devices where a wideelgagth band or a wide divergence is to
be treated (4.4). Typical SMs consist of several hundreertagind reachy™ ~ 4 x 9%,

1Sometimesnulti-bilayer systemsre called multilayers to distinguish them frampermirrorswhich of cause also fit the
definition.



C. Magnetic multilayers

If one of the layer materials is ferromagnetic, it is possitd design neutron optical devices with spin-
dependent properties (4.4).

Another application field for multilayers is as model syssdior the investigation of magnetic coupling
(4.5, 4.6). E.g. bilayer systems consisting of materials of different maigngroperties (hard FM, soft
FM, AFM, PM) are used to study coupling and exchange progeitke exchange bias. Or trilayer
systems, where hard and soft FMs are separated by a spacesedrto investigate the RKKY coupling.
(4.5)

The project 4.6 is primarily concerned with the new physjg@nomena that emerge when alternating
layers of cuprate HTSC and manganite CMR materials or feagpratic SrRUO3 layers are brought in
contact with each other. The goal is to understand the widgrphysical interactions and ultimatively to
tailore thin-film based materials with novel electronic anagnetic properties. These films have already
been studied by magnetization, low energy muon spin rotatitd optical techniques. It is expected to
obtain valuable and complementary information by mappingtlee field profile by neutron reflectivity.

D. Non-ideal multilayers

Real interfaces in a ML are neither sharp nor smooth. As roeatl in A, it is possible to deduce diffu-
sion and roughness from reflectivity measurements. Irffesittn between the adjacent layers causes a
reduction of the Bragg peak height. This effect in turn caubed to determine interdiffusion with an
effect to external treatmengé(g. heating, applying pressure, etc.). In particular, withfdet that scatter-
ing length densities vary significantly from isotope to oqus, it is possible to extract self-diffusen. An
example for this is given in section 4.2.

E. Production

In our laboratory we have two sputtering plants which allowd¢posit metallic or semiconducting mate-
rial giving layer thicknesses down to®% The layers normally are amorphous or micro crystalline g@
to smaller thicknesses and to obtain crystalline films, rothethods like MBE or CVD have to be used.

The advantages of sputtering the films are, that thick laftgrd¢o severalsm) are achievable, it is a fast
process, and by an adequate choice of the geometry strosgfrapic in-plane stress can be induced in
the films. This stress is the origin of an easy axis of magaiis in ferromagnetic layers. This allows
for the production of neutron beam polarisers (4.4).

In short the sputtering process goes as follows: In the eputt chamber a glow discharge of Ar is
induced. The cathode is formed (or covered) by the materibktsputtered. The Ar-cations are accel-
erated towards the cathode and hit neutral atoms out of ies@ fiast atoms hit the substrate and form
the layer. The layer thickness can be adjusted via the pofutiegglow discharge, the velocity of the
substrate underneath the cathode and the number of repstiti
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