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1. General classification of structure
of thin films

A. Crystalline state: amorphous,
crystalline, ordered polymers

Crystalline thin films: polycrystalline,
epitaxial

Polycrystalline thin films: with random
grain orientation, textured

B. Geometrical featuers: single layer,
multilayer

Multilayer: superlattice, heterogeneous
multilayer (ML)

Graded thin films: single layer,
superlattice, heterogeneous ML
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C. Scale of view: microstructure (zone
model), picostructure X R :D .
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2. Diffraction geometries
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3. Main differences between structure of thin films and powder samples

Say: (hkt)z (411) qavalle! &

Unique direction of the film growth = texture N T cubsk,
Adhesion to the substrate = stress // /// //// L
Thermodynamically unstable deposition conditons = unstable phases,
lattice distortions
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Residual macrostresses: thermal and
intrinsic, with the film in compression

or in tension T= 5007 =

Microscopic stress => microstrain
(deformations which can vary from
grain to grain or inside of grains) =
line broadening

[but line broadening can also be
caused by a small grain size)

e T

Natfice spacws %&Jz‘mﬁ‘mg %’i> — <%Q>/&/&%

aclomn a&



Residual stress measurements:

,sine square plots'
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Microstrain and grain size estimatioms:

Williamson-Hall plot
(or the Warren-Averbach approach)
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A note to grain size analysis from XRD

line broadening
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Texture analysis
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A comparison of micro- and picostructure of four TiN coatings
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4. Solid state reactions and phase transformations

Cu-Al couples, thermal annealing
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5. Comparison of XRD with structure imaging techniques

Microscopic techniques (SEM, TEM, STM, AFM, HRTEM) — local information

Problems: destructive, surface structures, structural changes caused by
sample preparation

Advantages: grain size, grain morphology, grain packing
XRD techniques — volume averaged information

Problems: low spatial resolution (interfaces, defects), indirect information

Advantages: nondestructive, fast

6. Basic methods of structure analysis of multilayers

General features of XRD patterns of multilayers
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Modified ,Bragg laws® = density determination, superlattice periodicity, the

average lattice spacing
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Reflectivity curves and their fitting = density, thickness, roughness
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High-angle groups of satellites (for crystalline ML only) = thickness,
roughness, texture, lattice spacings, residual stress, microstrain
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7. Advanced methods of structure analysis of multilayers

Diffuse scattering at low angles, area scans for a sampling of intensity
distribution in the XZ-plane of the reciprocal space (Au layer) . /;f"

[NiaOCom(S.BA)IAuUSA)] x 16 mulitlayer, an example:
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- XTEM

- high-angle XRD, satellites ’df‘.,%(""‘u

- electron diffraction

_  AFM: surface

. Area scan: vertical correlation of the
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