X-ray and Neutron Microdiffraction
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Two words

Spatial Resolution
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Materials characterization begins 3 questions

7 What is the elemental
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1 What is the crystal/local
structure?

1 What are the defects?

X-rays and neutrons probe structure and
defects through scattering (diffraction)
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Spatial resolution essential!

1 Most materials polycrystalline(0.1-50 nm)

1 Even within single and perfect crystal:
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Spatial resolution essential for most
advanced energy systems
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New X -ray/ Neutron Sources Changing
the Possible
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Spatial Resolving Optics Improving Rapidly

1 X-ray focal spot size
routinely below 100 nm

1 Neutron focusing

optics below 100

Neutron optics

8 Managed by UIBattelle
for the Department of Energy

wi t h

1

Nanometers

B. 10 keV Spot Size

000
500

100 -
50
- ® KB Mirrors
A Zone Plate
10E o Multilayer Laue

T TTT[T

5
1996 2000 2004 2008 2012
Year

<70 em Focus




X-ray micro/nanofocusing optics rapidly
evolving

T CRL-50 nm
1 FZP<30 nm D. Fresnel
Zone Plates
1 Kinoform <70
nm C. Compound Refractive Lenses
7 MLL <15 nm
1T KB <7 nm F. Multilayer

Laue Lenses

E. Kinoform
Refractive Lense

1T NMM<80 nm Chromatic

G. Kirkpatrick-Baez
elliptical mirrors

H. Nested Montel mirrors
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Diffraction mapping emerging area in
electron and X  -ray microscopy

1 EBSD-transformed study of
polycrystals

I Surface phase
I Surface orientation
I FiB-3D mesoscale structure

1 4D X-ray microscopy Lienert et al.

i Time resolved —

I Deep penetration

1  Coherent X-ray Diffraction (Robinson
et al.)

I Simple structures

1  Polychromatic X-ray microdiffraction
I Phase/texture/strain /
I Nondestructive
I Submicron
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