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Interaction of Electrons, X-rays, and Neutrons with matter 
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Doing Spectroscopy with Electrons 
Most electron diffraction is performed with high energy electrons whose 
wavelengths are orders of magnitude smaller than the inter-planar spacing  in most 
crystals. For example, for 100 keV electrons  λ < 3.7 x 10-12 m. Typical lattice 
parameters for crystals are around 0.3 nm.
Electrons are charged, light particles and their penetration into solids is very
limited.
LEED and RHEED are therefore considered to be surface science techniques.  
A typical electron diffraction pattern for a crystalline specimen is shown here:

λ= h/p = h/(2mE)1/2

E = 20 eV → λ ≈ 2.7Å;  
100 keV → 0.037 Å

Small penetration depth (few tens of Å) 
– surface analysis 4
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Photoelectron spectroscopy
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Photoemission spectroscopy
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Photoemission spectroscopy
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Photoemission spectroscopy

Electron excitation probability:

Escape function:

Transmission  function:
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Photoemission spectroscopy
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Photoelectron spectroscopy
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Electron Energy Loss Spectroscopy (EELS)
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Electron Energy Loss Spectroscopy (EELS)
In electron energy loss spectroscopy (EELS) a material is exposed to a beam of electrons with a known, narrow range of 

kinetic energies. Some of the electrons will undergo inelastic scattering, which means that they lose energy and have 
their paths slightly and randomly deflected. The amount of energy loss can be measured via an electron spectrometer and 
interpreted in terms of what caused the energy loss. Inelastic interactions include phonon excitations, inter and intra band 
transitions, plasmon excitations, inner shell ionisations, and Cherenkov radiation. The inner shell ionizations are 
particularly useful for detecting the elemental components of a material. For example, one might find that a larger-than-
expected number of electrons comes through the material with 285 eV (electron volts, a unit of energy) less energy than 
they had when they entered the material. It so happens that this is about the amount of energy needed to remove an 
inner-shell electron from a carbon atom. This can be taken as evidence that there's a significant amount of carbon in the 
part of the material that's being hit by the electron beam. With some care, and looking at a wide range of energy losses, 
one can determine the types of atoms, and the numbers of atoms of each type, being struck by the beam. The scattering 
angle (that is, the amount that the electron's path is deflected) can also be measured, giving information about the 
dispersion relation of whatever material excitation caused the inelastic scattering.

Rotational stage
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Electron Energy Loss Spectroscopy (EELS)
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Electron Energy Loss Spectroscopy (EELS)

Electron Energy Analyzers
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Electron Energy Loss Spectroscopy (EELS)
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Electron Energy Loss Spectroscopy (EELS)
Surface plasmons:

Maximum condition:

Can be used to measure
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High ResolutionElectron Energy Loss Spectroscopy (HREELS)

Surface vibrations:
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Electron Energy Loss Spectroscopy (EELS)
Interband transitions:
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Example of Electron Energy Loss Spectroscopy (EELS)
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Interaction of Electrons, X-rays, and Neutrons with matter 

Diffraction peaks occur if :  2d·sinθ = mλ
Or:                                where      is a reciprocal lattice vector of the crystal f ik k G− = G
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Features of High Energy Electron Diffraction
There are three particularly important features of 

diffraction using high energy electrons:
(1) Since l is very small, Bragg angles are also small, 

so the Bragg Law can be simplified to:
2d·θB = λ

(2) The diameter of the Ewald sphere is very 
large compared to the size of the unit cell in the 
reciprocal lattice.

(3) Lenses are able to focus the diffraction pattern 
and to change the camera length, which is 
equivalent to moving the film in an x-ray 
experiment 
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Geometry of Electron Diffraction 
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Geometry of Electron Diffraction 
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Geometry of Electron Diffraction 
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Focused beams and Electron Diffraction 

Conventional electron diffraction techniques use a parallel beam of incident radiation, these techniques 
are called Selected Area Diffraction (SAD). In contrast Convergent Beam Electron Diffraction (CBED) 
uses a convergent beam of electrons to limit the area of the specimen which contributes to the diffraction 
pattern. 

Each spot then becomes a disc within which variations in intensity can usually be seen. Such patterns 
initially seem more difficult to interpret but they contain a wealth of information about the symmetry and 
thickness of the crystal and are widely used in TEM. 

The big advantage of CBED over SAD techniques is that most of the information is generated from small 
regions beyond the reach of other techniques. 
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Inelastic Scattering and Electron Diffraction 
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Kikuchi lines in Electron Diffraction 
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Kikuchi lines in Electron Diffraction 
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Reflection high Energy Electron Diffraction (RHEED)

•Glancing incidence: despite the high energy of the electrons 
(5 – 100 keV), the component of the electron momentum 
perpendicular to the surface is small 

•Also small penetration into the sample – surface sensitive technique

•No advantages over LEED in terms of the quality of the diffraction 
pattern 

•However, the geometry of the experiment allows much better 
access to the sample during observation of the diffraction pattern. 
(important if want to make observations of the surface structure
during growth or simultaneously with other measurements 

•Possible to monitor the atomic layer-by-atomic layer growth of 
epitaxial films by monitoring oscillations in the intensity of the 
diffracted beams in the RHEED pattern. 
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MBE and Reflection high Energy Electron Diffraction (RHEED)
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Real time growth control by 
Reflection High Energy Electron Diffraction (RHEED)
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Low Energy Electron Diffraction (LEED)
λ= h/p = h/(2mE)1/2

E = 20 eV → λ ≈ 2.7Å;  
200 eV → 0.87 Å

Small penetration depth (few tens of Å) 
– surface analysis


