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Auger electron spectroscopy 
From Wikipedia, the free encyclopedia 

Auger electron spectroscopy (AES; pronounced [oʒe] in French) is a common analytical 
technique used specifically in the study of surfaces and, more generally, in the area of 
materials science. Underlying the spectroscopic technique is the Auger effect, as it has come 
to be called, which is based on the analysis of energetic electrons emitted from an excited 
atom after a series of internal relaxation events. The Auger effect was discovered 
independently by both Lise Meitner and Pierre Auger in the 1920s. Though the discovery was 
made by Meitner and initially reported in the journal Zeitschrift für Physik in 1922, Auger is 
credited with the discovery in most of the scientific community.[1] Until the early 1950s 
Auger transitions were considered nuisance effects by spectroscopists, not containing much 
relevant material information, but studied so as to explain anomalies in x-ray spectroscopy 
data. Since 1953 however, AES has become a practical and straightforward characterization 
technique for probing chemical and compositional surface environments and has found 
applications in metallurgy, gas-phase chemistry, and throughout the microelectronics 
industry.[2][3][4][5] 
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[edit] Electron transitions and the Auger effect 
The Auger effect is an electronic process at the heart of AES resulting from the inter- and 
intrastate transitions of electrons in an excited atom. When an atom is probed by an external 
mechanism, such as a photon or a beam of electrons with energies in the range of 2 keV to 50 
keV, a core state electron can be removed leaving behind a hole. As this is an unstable state, 
the core hole can be filled by an outer shell electron, whereby the electron moving to the 
lower energy level loses an amount of energy equal to the difference in orbital energies. The 
transition energy can be coupled to a second outer shell electron which will be emitted from 
the atom if the transferred energy is greater than the orbital binding energy.[2][3][4][5][6][7] An 
emitted electron will have a kinetic energy of: 

Ekin = ECore State − EB − EC' 
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materials and thin films. AES is also used extensively as an evaluation tool on and off fab 
lines in the microelectronics industry, while the versatility and sensitivity of the Auger 
process makes it a standard analytical tool in research labs.[10][11][12][13] 

Despite the advantages of high spatial resolution and precise chemical sensitivity attributed to 
AES, there are several factors that can limit the applicability of this technique, especially 
when evaluating solid specimens. One of the most common limitations encountered with 
Auger spectroscopy are charging effects in non-conducting samples.[2][3] Charging results 
when the number of secondary electrons leaving the sample is different to the number of 
incident electrons, giving rise to a net polarity at the surface. Both positive and negative 
surface charges severely alter the yield of electrons emitted from the sample and hence distort 
the measured Auger peaks. To complicate matters, neutralization methods employed in other 
surface analysis techniques, such as secondary ion mass spectrometry (SIMS), are not 
applicable to AES, as these methods usually involve surface bombardment with either 
electrons or ions (i.e. flood gun). Several processes have been developed to combat the issue 
of charging, though none of them is ideal and still make quantification of AES data 
difficult.[3][6] One such technique involves depositing conductive pads near the analysis area 
to minimize regional charging. However, this type of approach limits SAM applications as 
well as the amount of sample material available for probing. A related technique involves 
thinning or "dimpling" a non-conductive layer with Ar+ ions and then mounting the sample to 
a conductive backing prior to AES.[14][15] This method has been debated, with claims that the 
thinning process leaves elemental artifacts on a surface and/or creates damaged layers that 
distort bonding and promote chemical mixing in the sample. As a result, the compositional 
AES data is considered suspect. The most common setup to minimize charging effects 
includes use of a glancing angle (~10°) electron beam and a carefully tuned bombarding 
energy (between 1.5 keV and 3 keV). Control of both the angle and energy can subtly alter 
the number of emitted electrons vis-à-vis the incident electrons and thereby reduce or 
altogether eliminate sample charging.[2][5][6] 

In addition to charging effects, AES data can be obscured by the presence of characteristic 
energy losses in a sample and higher order atomic ionization events. Electrons ejected from a 
solid will generally undergo multiple scattering events and lose energy in the form of 
collective electron density oscillations called plasmons.[2][7] If plasmon losses have energies 
near that of an Auger peak, the less intense Auger process may become dwarfed by the 
plasmon peak. As Auger spectra are normally weak and spread over many eV of energy, they 
are difficult to extract from the background and in the presence of plasmon losses, 
deconvolution of the two peaks becomes extremely difficult. For such spectra, additional 
analysis through chemical sensitive surface techniques like x-ray photoelectron spectroscopy 
(XPS) is often required to disentangle the peaks.[2] Sometimes an Auger spectrum can also 
exhibit "satellite" peaks at well-defined off-set energies from the parent peak. Origin of the 
satellites is usually attributed to multiple ionization events in an atom or ionization cascades 
in which a series of electrons is emitted as relaxation occurs for core holes of multiple 
levels.[2][3] The presence of satellites can distort the true Auger peak and/or small peak shift 
information due to chemical bonding at the surface. Several studies have been undertaken to 
further quantify satellite peaks.[16] 

Despite these sometimes substantial drawbacks, Auger electron spectroscopy is a widely used 
surface analysis technique that has been successfully applied to many diverse fields ranging 
from gas phase chemistry to nanostructure characterization. Very new class of high-resolving 
electrostatic energy analyzers recently developed – the face-field analyzers (FFA)[17] can be 
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used for remote electron spectroscopy of distant surfaces or surfaces with large roughness or 
even with deep dimples. These instruments are designed as if to be specifically used in 
combined scanning electron microscopes (SEMs). "FFA" in principle have no perceptible 
end-fields, which usually distort focusing in most of analysers known, for example, well 
known CMA. 

Sensitivity, quantitative detail, and ease of use have brought AES from an obscure nuisance 
effect to a functional and practical characterization technique in just over fifty years. With 
applications both in the research laboratory and industrial settings, AES will continue to be a 
cornerstone of surface-sensitive electron-based spectroscopies. 
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