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AES EVOLUTION

Lise Meitner
1923

Pierre Auger 
1925

J. J. Lander
1953

Andrew Harris
1968

Paul Palmberg
1969



HOW DO WE DO IT?

SAM by MacDonald 
and Waldrop, 1971

Paul Palmberg, 
1972



Principles

ionized 

twice



Naming

You can delete this slide when you’re done editing the presentation.



Kinetic Energy

● 𝑬𝑲𝒊𝒏 ≈ 𝑬𝑪𝒐𝒓𝒆 𝑺𝒕𝒂𝒕𝒆 − 𝑬𝑩 − 𝑬𝑪 − 𝑬𝑨𝒕𝒐𝒎𝒊𝒄 𝑩𝒐𝒏𝒅𝒊𝒏𝒈𝒔 −𝑬𝑳𝒐𝒔𝒔 @ 𝑨𝒏𝒂𝒍𝒚𝒛𝒆𝒓

𝑬𝑲𝑳𝟏𝑳𝟑𝑻𝒓𝒂𝒏𝒔𝒊𝒕𝒊𝒐𝒏 @ 𝑨𝒍𝒖𝒎𝒊𝒏𝒊𝒖𝒎 ∶

𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙𝑙𝑦 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 1354 𝑒𝑉 → 𝐸𝐴𝑡𝑜𝑚𝑖𝑐 𝐵𝑜𝑛𝑑𝑖𝑛𝑔𝑠 +𝐸𝐿𝑜𝑠𝑠 @ 𝐴𝑛𝑎𝑙𝑦𝑧𝑒𝑟 ≈ 1369− 1354 = 15 𝑒𝑉

𝑬𝑪
∗ ≈ 𝟒 𝒆𝑽

𝑑𝑒𝑝𝑒𝑛𝑑𝑠 𝑜𝑛 𝐹𝑒𝑟𝑚𝑖 𝐿𝑒𝑣𝑒𝑙𝑠



Fluorescence Yield vs. Auger Yield

𝑷𝒓𝒐𝒃𝒂𝒃𝒊𝒍𝒊𝒕𝒚 𝒐𝒇 𝑿− 𝒓𝒂𝒚 𝑬𝒎𝒊𝒔𝒔𝒊𝒐𝒏 ≈ 𝟏 − 𝑷𝒓𝒐𝒃𝒂𝒃𝒊𝒍𝒊𝒕𝒚 𝒐𝒇 𝑨𝒖𝒈𝒆𝒓 𝑬𝒍𝒆𝒄𝒕𝒓𝒐𝒏 𝑬𝒎𝒊𝒔𝒔𝒊𝒐𝒏



Instrumentation

“Practical Application to Materials Analysis and Characterization of Surfaces, Interfaces, and Thin Films”, John Wolstenholme

● Electron Guns: produces electron beam
● Electron Optics: a set of electron optics is used to deliver electrons
● Analyzer: a chamber which is responsible for the delivery of auger electron to 

detector
● Detector: provides multichannel detection of the number of electrons and 

their energy
● Sample Stage
● UHV Chamber: ultra high vacuum chamber (Pressure=10-9 torr)
● Ion Gun: depth profile measurement
● Secondary Electron Detector: SAM mapping and imaging
● And...



Instrumentation

Modern instruments nearly always incorporate cylindrical
mirror analyzers because their high transmission
efficiency leads to better signal-to-noise ratios. The
schematic shows a cross section of a cylindrical mirror
analyzer in red. The primary electron beam hits the
sample surface at the source point of the analyzer. Auger
electrons move outward in all directions and some pass
through the grid covered aperture in the inner cylinder. A
variable negative potential on the outer cylinder bends
the Auger electrons back through a second aperture on
the inner cylinder and then through an exit aperture on
the analyzer axis. The energy of transmitted electrons is
proportional to the voltage (-V) on the outer cylinder.

Auger Tutorial: Instrumentation overview | EAG Laboratories

https://www.eag.com/resources/tutorials/auger-tutorial-instrumentation/

https://www.eag.com/resources/tutorials/auger-tutorial-instrumentation/


Electron Gun

Tungsten

A Tungsten wire filament
bent in the shape of a
hairpin

Field Emission 

Field Emission electron sources consist of very 
sharp tungsten points at which electrical fields can 
be >10E7 V/cm. At these fields, electrons tunnel 
directly through the barrier.

LaB6

Lanthanum hexaboride (LaB6) cathodes
provide higher current densities because
LaB6 has greater emissivity than
tungsten



Electron Spectrometers

A spectrometer consists of an electron energy analyzer with an electron detector at its
output. All practical electron energy analyzer concepts are based on retardation or
deflection of electrons as they pass through an electric or magnetic field, the degree
of retardation/deflection being in some manner proportional to their energy or velocity.
Two mostly used analyzers are:

Cylindrical Mirror Analyzer (CMA)

Concentric Hemispherical Analyzer (CHA).



ANALYZERS

HSA CMA

“Practical Application to Materials Analysis and Characterization of Surfaces, Interfaces, and Thin Films”, John Wolstenholme



Electron Detector

“Practical Application to Materials Analysis and Characterization of Surfaces, Interfaces, and Thin Films”, John Wolstenholme

An electron multiplier consists of a series of electrodes called dynodes connected along a resistor string. The

output end of the resistor string is attached to a positive high voltage. The other end of the string goes to the

electron multiplier case and ground. The dynode potentials differ in equal steps along the chain. When a particle

(electron, ion, high energy neutral, or high energy photon) strikes the first dynode, it produces secondary

electrons. The secondary electrons are accelerated into the next dynode where more secondary electrons are

produced. A cascade of secondary electrons ensues. The dynode acceleration potential controls the electron gain

Microchannel plate detector



Samples

Size
Limited by the sample stage, 2*1*1 
cm is typical

Preparation
Frequently none; samples must be 
free of fingerprints, oils, and other 
high-vapor-pressure materials

Forms
Solid with low vapor pressure

Topography
Flat surfaces are preferable; rough 
surfaces may be analyzed either in 
small areas or averaged over large 
areas

“Effective Applications Of Auger Electron”, H. Golnabi



Application

● Qualitative and quantitative surface analysis

● Distribution of chemical species: AES can detect almost all elements except H and 

He and also is used for extraction of composition of some surface components

● This film studies: detection of surface elements up to 2nm

● Grain boundary segregation, corrosion, insulating samples and mineralogy studies

● Depth profile measurement: using Ar gun to study depth, layer by layer 

● Scanning Auger Microscope



AES vs. 



AES vs. XRF 



Data interpretation

Auger Electron Spectroscopy(AES), Prof. Paul K. Chu



Data interpretation

Auger Electron Spectroscopy(AES), Prof. Paul K. Chu



Data interpretation

Methods of Surface Analysis by National Research Nuclear University MEPhI



● If we assume a homogeneous sample, Ni=atoms/cm3,  Ai = detector count rate, concentration to be a ratio 
of atoms, ꭕi = auger transition probability, r=secondary ionization coeff, λi = inelastic electron mean free 
path and σi= ionization(scattering) cross-section and T as the analyzer transmission function, we may 
write: 

○ Ni= Ai / σi ꭕi (1+r)T(Ei) λi (Ei)

It is difficult to determine , λi and r, so they are usually neglected. Modern software uses the equation 
below: 

○ Ci= (Ai/Si)/ (ΣAi,j/Si,j)

Ci is the concentration of element i and Si are sensitivity factors and are determined with standards.

Quantitative Analysis



Depth profiling

K. Žužek Rožman et al.; J. Magnet. Magnet. Mat. 314 [2] (2007) 116-121.

The presence of an ion gun on an AES instrument allows the analyst to make depth profile measurements, 

measuring elemental concentrations as a function of depth. In an AES instrument, depth profiling is almost

exclusively conducted using argon ions. Pictures show Co-Pt films before and after annealing



Imaging, using auger electron

Selective Oxidation and Reactive Wetting during Galvanizing of a CMnAl TRIP-Assisted Steel, E.M. Bellhouse, Joseph R. McDermid

Elemental mapping of the 278 K (+5 °C) dp steel with scanning Auger

microscopy: (a) secondary electron image, (b) Fe, (c) O, (d) Mn, and (e)

Al



Summary

● Elements: Li and above

● Limit of detection: 0.1-1 atomic percent

● Chemical composition: quite hard, but chemical comp. is available for some 
components

● Sample type: UHV-compatible 

● Lateral Resolution: 500nm

● Depth resolution: 0.5-5nm

● Depth profile measurement: using Argon gun to study depth, layer by layer 



● E. Wyroba, S. Suski, K. Miller, R. Bartosiewicz, “Biomedical and agricultural applications of energy dispersive X-ray spectroscopy in electron 

microscopy”, Cellular and Molecular Biology Letters, 2015.

● https://en.wikipedia.org/wiki/Cathodoluminescence

● https://en.wikipedia.org/wiki/Auger_electron_spectroscopy

● http://www.xpsfitting.com/2009/03/auger-process-and-notation.html

● https://www.coursera.org/lecture/methods-surface-analysis/auger-spectroscopy-operating-principles-facility-scheme-LHR4s

● Richard P. Gunawardane and Christopher R. Arumainayagam, “Handbook of Applied Solid State Spectroscopy”, Chapter 10 (Auger Electron 

Spectroscopy), Springer, Boston, MA, 2006.

● Auger Electron Spectroscopy(AES), Prof. Paul K. Chu

● K. Žužek Rožman et al.; J. Magnet. Magnet. Mat. 314 [2] (2007) 116-121.

● Methods of Surface Analysis by National Research Nuclear University MEPhI

RESOURCES

https://www.coursera.org/lecture/methods-surface-analysis/auger-spectroscopy-operating-principles-facility-scheme-LHR4s

