X-ray diffraction (XRD) is a non-destructive technique to reveal crystallographic information about materials such as bulk materi-
als, thin films and powders.

With powder XRD the crystal structure of materials (original or on purpose in powder form) is gathered. The XRD studies upon
bulk materials and films allow besides the definition of the crystal structure also other crystallopgraphic information as preferen-
tial orientation, residual stress, ...Combination of the XRD equipment with a temperature chamber under a controlled
atmosphere allows the study of phase transformations, oxidation reactions,....

Besides the above mentioned modes based upon the diffraction of X-rays on crystalline materials, also X-ray reflectometry (XRR)
measurements can be performed on the same equipment. Such XRR measurements are used to determine the thickness,
roughness and density of films. The XRR technique is applicable on crystalline and amorphous layers.

IMOMEC has a Siemens D5000 and a Bruker D8 Discover diffractometer. . - 4

The Siemens D5000 diffractometer is a high-resolution 3-29 powder diffracto-

meter with a focusing Bragg-Brentano geometry and is equipped with a primary
Ge(111) monochromator which allows the selection of a monochromatic Cu-Kg1
radiation. This diffractometer is suitable for powder applications which require
high resolution, such as microstructural characterization in terms of size and
strain, crystal structure determination and quantitative phase determination.

The Bruker D8 Discover diffractometer has several optics allowing the realization

of different experiment types under optimal conditions. This XRD diffractometer
has a parallel beam geometry using a Gobel mirror (line focus, Cu radiation) or a
poly capillary (point focus, Cr radiation) in the primary beam and a collimator in the diffracted beam. The diffracted beam is
measured with a scintillator or position sensitive detector. This geometry allows measurements on irregular and non flat samples.
The standard multifunctional eulerian cradle allows reflectometry, texture and stress measurements. On the cradle also a capillary
sample stage can be mounted for powder studies where the Bragg-Brentano geometry is limited, such as crystal structure
determination or quantitative phase determination on very small amounts of material (a few tens mg), or for samples with a
strong preferential orientation, very transparent materials (e.g. polymers or
alumina) or for samples which have to be protected against atmospheric
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influences. On the cradle also an eucentric goniometer head can be
mounted for accurate measurements of the orientation of single crystals.
There is also the option to mount a 2-bounce Ge(022) monochromator
(~0.006° divergence) so that high-resolution applications are possible.
Combination of the XRD equipment with a temperature chamber (up to
1200°C) under a controlled atmosphere (oxygen, nitrogen, air,...) allows the
study of phase transformations, oxidation reactions,... upon powders, thin
films and thick coatings.




Measurement example
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9-29 X-ray diffractogram of AIN film with SEM image of 9-29 X-ray diffractogram of mixed TiO2 powder with

surface morphology in inset (1x1 pm2 scanned area in SEM) anatase and rutile phases

SrBi,Ta,09 powder
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HT-XRD experiment : in-situ crystallization study during heat Experimental + simulated curve of XRR measurement upon
treatment of SrBi,Ta,Oq powder multilayer structure Si/TiN / HfO, / SiO, upon Si substrate
(thicknesses all given in nm)
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