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Line Broadening causes
Instrumental broadening

Main contributions
Evolution of FWHM with x

Extraction of the sample contribution
Peak profiles

constant wavelengths
TOF neutrons

Calibration of the instrumental contribution
Back on diffraction expression
Simple peak broadening characterization

Full-Width at Half-Maximum
Integral breadth

CrystalliteÕs size effect
accounts for instrument in simple cases
what is size?

Microstrains effect
Williamson-Hall analysis
Whole-pattern analysis
Warren-Averbach-Bertaut analysis
Anisotropic sizes and microstrains
Two examples
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- Instrumental broadening

- Finite size of the crystals 
acts like a Fourier truncation: size broadening

- Imperfection of the periodicity 
due to dh variations inside crystals: microstrain effect

- Generally: 0D, 1D, 2D, 3D defects

- All quantities are average values over the probed volume
electrons, x-rays, neutrons: complementary
distributions: mean values depend on distributionsÕ shapes
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FWHM2 = U tan2! + V tan! + W (Thermal neutrons, Caglioti et al.1958)

Evolution of the FWHM versus x: Laboratory X-rays and thermal neutrons
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m: Lorentzianorder,[0,! [
m = 1 "pure"Lorentzianfunction
m = 1.5 "intermediate"Lorentzianfunction[MalmrosetThomas1977]
m = 2.0 "modified" Lorentzianfunction[SonneveldetVisser1975], PearsonVII
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! and " : account for rising and falling exponential behaviours of the 
neutron pulse
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FWHM (! , " , 2# É)
2# shift
gaussianity
asymmetry
misalignments ... 
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Scherrer formula(1918):
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Accounts for instrument in simple cases:

Considering Gauss functions: )x(g)x(f)x(h !=
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Usually ! L can be neglected (Delhez et al.1993, Langford et al.
1993, Lutterotti et al.1994)
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Williamson-Hall analysis:
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Whole-Pattern (Rietveld)analysis:
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And, assuming Voigt profiles (Langford 1978, De Keijser et al.1982, Balzar 
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More elegant, mandatory for whole-pattern: Stokes deconvolution

Warren-Averbach-Bertaut analysis:

Let construct a crystal as an integral of column-heights of the crystals:
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m: integer coordinate of the columns
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