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X-rays Production : classically by excitation of 
external electronic level with electron beam
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Bragg's law

d
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For a given source (sun), and a sample (Alpes)

Sun
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Instrumentations using radiation for material analysis need to be optimized :
- source characteristics
- detection characteristics
- sample environment
- mechanical design

… and eye detector
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The energy of photons used for optical spectroscopic measurements of various quanta
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Source

Matter

Detection

Enclosure

f

fobservation fexcitation
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Matter

Matter holder fsample holder

fsample

foperatorThe only unknown function is fsample. -> to be determined
The other functions should be known -> calibration, calculation …

=> Need to establish a formalism and methodology
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Defining and listing parameters make description easier !
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http://www.iucr.org/__data/iucr/cifdic_html/1/cif_core.dic/index.html
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A light emission characterized by :

- a spectral range
- a solid angle
- intensity
- dimension and shape of the source

Optimizing the characteristics of a source allows to focus on a given interaction
Molybdenum spectrum vs the 
applied
voltage
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fluorescence imaging diffraction reflection diffusion

Spectral range large large Monochromatic
(excepted Laue) 

monochromatic monochromatic

Solid angle Few degrees Large (60� ) Small to parallel 
or focusing

Very small Very small or 
focusing

Source size Small or large Small for resolution 
improvment

small small small

Source shape point/linear point Point or linear linear Point or linear

voltage

This is achieved by using appropriate optics (1D, 2D, monochromator, mirror, collimator, slits ...)
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Flat graphite
ka1+ka2 Flat Ge or flat Si

Channel-cut

Divergent beam

pin-hole
An optic is characterized by :
- mosaicity �  spectral range

Monochromaticity
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Kirkpatrick Baez
Convergent
beam

Single collimation

pin-hole - mosaicity �  spectral range
- a capture angle �  beam size
- divergence �  resolution F
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Radiation emission

Source Optic Collimation Sample
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Deeper in the CIF !
Ones doing programming will see « object oriented programming »
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2 t h e t a
4 44 24 03 83 63 43 23 02 82 62 42 22 01 81 6

In
te

ns
ity

3 2  0 0 0

3 0  0 0 0

2 8  0 0 0

2 6  0 0 0

2 4  0 0 0

2 2  0 0 0

2 0  0 0 0

1 8  0 0 0

1 6  0 0 0

1 4  0 0 0

1 2  0 0 0

1 0  0 0 0

8  0 0 0

6  0 0 0

4  0 0 0

2  0 0 0

0

Graphite
monochromator

Ge111 monochromator

pozzolana

Blue Green

ACQTIME        300
VOLTAGE 35       
CURRENT 35       
WAVELENGTH 
1.54056000
COMMENT1 inc=10 SFspin

ACQTIME      27815
VOLTAGE 35       
CURRENT 35       
WAVELENGTH 1.54056
COMMENT1 inc=8 spin 
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f i l e  n a m e  :  C : \ a _ c l i e n t \ a l c o b e \ A L C 4 _ B . D A T

f i l e  n a m e  :  C : \ a _ c l i e n t \ a l c o b e \ A L C _ 5 C . D A T

2 t h e t a
4 84 64 44 24 03 83 63 43 23 02 82 62 42 22 01 81 61 41 21 0864

In
te

ns
ity

1 1  0 0 0

1 0  5 0 0

1 0  0 0 0

9  5 0 0

9  0 0 0

8  5 0 0

8  0 0 0

7  5 0 0

7  0 0 0

6  5 0 0

6  0 0 0

5  5 0 0

5  0 0 0

4  5 0 0

4  0 0 0

3  5 0 0

3  0 0 0

2  5 0 0

2  0 0 0

1  5 0 0

1  0 0 0

5 0 0

Graphite
monochromator

Ge111 monochromator

zeolite

Blue Green

ACQTIME        1800
VOLTAGE 35       
CURRENT 35       
WAVELENGTH 
1.54056000

ACQTIME      18000
VOLTAGE 35       
CURRENT 35       
WAVELENGTH 1.54056
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Mixture of 
minerals

Cuk�

Cok�
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Flux ratio
Ge(111) 1
Graphite 5
parab. Mirror 15
Elliptical mirror 20
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With graphite, ka1/ka2 doublet is considered as a single peak. 
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If both is not possible, is it necessary to perform resolution or intensity? Depends on the need!
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A detector is characterized by :
- spacial resolution
- dynamic range
- energy resolution
- dimension

Optimizing the characteristics of a detector allows to improve the measurement

fluorescence imaging diffraction reflection diffusion

Spacial resolution none good good none medium

Dynamic range 3 4~5 3~5 6~8 3~4

Energy resolution ~200eV None
Filtering possible

None or 1KeV None or 1KeV None or 1KeV

22 ����������	
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Filtering possible

dimension 0D 2D (1D) 0D, 1D, (2D) 0D(1D) 1D-2D
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3 detector types

�)� 3������� �)���� 3�-��3( �� �)� ��12���*���( �# �)� *��(2 �� �� +� *�3� 
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Gas

Liquid

Solid

Amorphous

Cristalline
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whatever the state,
XRD allows to evidence and measure 

structural parameters in matter
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New
matter

pharmacy

cosmetic

electronic

energy

food

biology

academic

medical

Pure
matter

forensic

plasturgy pigments
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Education Nanotech
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matter

mining

energy

metallurgy

environment

spacearcheology

geology

composite
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forensic

cement

ceramic

corrosion
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0-D : thin powder
1-D : fiber stacking
2-D : multi-layer coating
3-D : bulk agglomerate

Mineral, organic, vegetal, animal …
All can be complex arrangements
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H. Gleiter, Acta. Mater. 48 (2000) 1-29
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Micro

Multi-scale strategy
For a better understanding, correlations should be done at a multi-scale:

CM – sample scale: profiling + imaging
Identification of global texture of sample, surfaces, porosity …

MM - grain scale : XRD + XRF
Characterization of surfaces composition
=>    phases and       elements

MIC – micro grain scale: Raman

S                 S
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Milli

MIC – micro grain scale: Raman
Identification of individual phases
=> individual phase distribution

decimetric



XRD : powder vs crystal

Diffraction 
circles

Powder sample :

• Large number of grains probed by X-rays

• Grains are small according to beam size (20µm)

• Each grain is able to diffract according to its orientation 

=> several diffracted beam for a fixed sample orientation

Diffraction plane intercepts all diffraction cones

Diffraction 

Single cristal :

• 1 unique grain probed by X-rays

• 1 unique diffacted signal for a given orientation of cristal

=> only possibilities to record several diffracted beam

• Moving cristal by using a goniometer and monochromatic beam

• Not moving cristal, but using a polychromatic beam 
�  Laue method (consult us to define the instrument)
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circles
Diffraction 

dots
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9 �--��-����� (�*-.� ���3�������'

9 �--��-����� ��.�+������( N ����������(

Type of solid

Single crystal polycrystalline

Type of 
monochromatic

Rotating crystal
Method Powder XRD

32 ����������	
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Type of 
radiation

polychromatic
Laue

Method ED-XRD
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Overall analysis of peaks shape, 
position and intensity and 
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l = 2dhkl sin(qhkl)

I = I 0 . P . L . F2 .m . A .e� 2M .1
V 2

position and intensity and 
background function
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Powder

GIXRD

SAXS

XRR

Stress

QAXRD Laue

Crystal 
orientation

Size & shape

fibers

PDF Texture

bulk Crystal

Epitaxy

Rocking
curve

Capillary

RSM*
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Transmission

SAXS

Dynamic Mapping

disorientation

fibers

Envir cell

RSM*

Each techniques requires an appropriate:

- instrumental setup
- calibration procedure
- data treatment algorithm
- and finally an appropriate skill!
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Sample 16 17 18 19 20 21

STPP I 17,67% 25,9% 40,9% 51,35% 51,17% 60,2%

STPP II 82,33% 70,7% 56,93% 45,23% 46,57% 37,93%

Other 0,0% 3,3% 2,17% 3,43% 2,27% 1,87%
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Microdiffraction, mapping...
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Coating on stainless steel

Thin film analysis
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Sample characteristics :
•Diameter max =128mm
•Thickness max = 10mm
•Weight max = 1kg

Sample holders

For bulk
(max30x30x8mm)

For powder

Extension :
•Possibility to set the furnace : DHS 1100 AP
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Goniometer
head
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Granted projects to develop ideas
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Software in the future
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UNIVERS : from 2013, transition to more universal 
software :
- data storage (configuration, sample description, raw data 
and refined data in a unique SQL database)
- sub-programs drive components (servers)
- Master communicates with servers in TCPIP
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- different level of administrations
- CFR 21 part 11 compliance (not totaly)
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UNIVERS : from 2013, transition to more universal software :
- data storage (configuration, sample description, raw data and refined data in a unique SQL database)
- sub-programs drive components (servers)
- Master communicates with servers in TCPIP

Raman

DRIFT
Fit CFG

data

DRIFT
data

historical



Innovative software for search-match

Not yet launched.
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Innovative software for Rietveld refinement

Free software
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Originalities :
- combined refinement with XRD method (powder, texture, stress, grazing …)
- combined refinement with other techniques (XRF)



New concepts for the future

Light instruments

Expert system because of measurement/modeling combination

Low power

Applications designs

Technics combination
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Technics combination

Unique software for expertize : MAUD



Thank you for your attentionThank you for your attention
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This presentation has been made using only opensource software, so if it didn't work as expected that's normal...
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