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History Basics

How AES is evolved Principles of Auger
Effect and Kinetic

Energy of Electrons



AES EVOLUTION

1969

Paul Palmberg

1923

Lise Meitner

1953

J. J. Lander

Pierre Auger w/ Andrew Harris




SAM by MacDo
and Waldrop, 19




Principles

e Ejected K electron @ Auger Electron

ionized
twice

Internal
transition

(a) lonization (b) Relaxation (c) Emission



Naming

X+n - X-IC-areState + e then Xz'-oreState e ng:-l_ e +ezuger

X = An Optional Element

hd = Energy of Primary Beam
Core State = The letter of the shell, on which the vacancy was formed
B = The letter of the shell, from which the electrons filled this vacancy

C = The letter of the shell, from which the third electron (Auger electron) was emitted

Final Electron Configuration Auger Transition

KL,L,

KL,L,
KL, L;




Kinetic Energy

= EKin & ECore State — EB - EC _ EAtomic Bondings — ELoss @ Analyzer

k N X174
E C depends on Fermi Levels

Ekp. 1. Transition @ Aluminium : ~ — _
i Eg., ~E —E -FE_

~1560—-118—-73
~1369¢V.

Experimentally Measured 1354 eV = Eutomic Bondings T ELoss @ analyzer = 1369 — 1354 = 15 eV



Fluorescence Yield vs. Auger Yield
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Atomic Number

Probability of X — ray Emission ~ 1 — Probability of Auger Electron Emission



Instrumentation

o Electron Guns: produces electron beam

o Electron Optics: a set of electron optics is used to deliver electrons

o Analyzer: a chamber which is responsible for the delivery of auger electron to
detector

o Detector: provides multichannel detection of the number of electrons and
their energy

o Sample Stage

o UHV Chamber: ultra high vacuum chamber (Pressure=10" torr)

o lon Gun: depth profile measurement

o Secondary Electron Detector: SAM mapping and imaging

e And...

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



Instrumentation

L Field
—Emission
LY

Modern instruments nearly always inc GunLens +—J | L Microchannel
0

. . Plates with
mirror analyzers because their Ring Anodes

Beam

efficiency leads to better signal-tc Steering <

schematic shows a cross section o Deflectors [

analyzer in red. The primary elect s
sample surface at the source point of Cylindrical

electrons move outward in all directi o

through the grid covered aperture In E]Stcitgarﬁglt%r'_jens

variable negative potential on the o

the Auger electrons back through a gﬁg{g‘?ﬁ;— \\;
the inner cylinder and then through Sample
the analyzer axis. The energy of trans

proportional to the voltage (-V) on the

Auger Tutorial: Instr
https://www.eag.co

Ohjective Lens
(magnetic)



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

Anode 2

I - DN D D e
— —\ — 1 [ lanodes

Wehnelt | ;

Cylinder LaBg or CeBg
Tungsten - Crystal Tungsten
Filament Tip

Tungsten Field Emission

A Tungsten wire filament Lanthanum hexaboride (LaB8) cathodes Field Emission electron sources consist of very

bent in the shape of a provide higher current densities because sharp tungsten points at which electrical fields can

hairpin LaB6 has greater emissivity than be >10E7 V/cm. At these fields, electrons tunnel
tungsten directly through the barrier.




Electron Spectrometers

/Aspectrometer 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).

\4 %




ANALYZERS

Electron Gun

Electron source

Hemispheres

Analyzer ;E

B

Inner eylinder |_—Electron detector

N

Trajectories of emitted
electrons

L—Magnetic lens

Outer cylinder ~

|_—Primary electron beam

Detector
Sample

Sample

“Practical Application to Materials Analysis and Characterization of Surfaces, Interfaces, and ThinFilms”

ohn Wolstenholme



Electron Detector

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

. . Side
(Ground

Front

L +: Iv:::_lll.l.iII

Electrons Microchannel plate detector

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



“Effective Applications Of Auger Electron”, H. Golnabi

imited 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




Application

o Qualitative and quantitative surface analysis

o 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

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

o (Grain boundary segregation, corrosion, insulating samples and mineralogy studies

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

e Scanning Auger Microscope



AES vs.

Relative
Analysis Area

, 1 nm
Information 10nm

Depth 100 nm
1 pm

XPS

AES TOF-SIMS

Raman EDS

WFTIR




Applications

Detection and quantification of elements with atomic number 5 or
higher.

Detection limits for bulk determinations are normally a few parts per
million (ppm) to a few tens of ppm, depending on the x-ray energy
used and the sample matrix composition.

For thin-film samples, detection limits are approximately 100
ng/cm2.

Analysis of surface contamination of materials to investigate its role
in properties such as adhesion. wear, corrosion, secondary electron
emission, and catalysis

Identification of chemical-reaction products, for example. in
oxidation and corrosion

In-depth compositional evaluation of surface films, coatings, and
thin films used for various metallurgical surface modifications and
microelectronics applications

Evaluation of surface and buried defects in microelectronics
Analysis of grain-boundary chemistry to evaluate the role of
precipitation and impurity segregation on mechanical properties.
corrosion, and stress-corrosion cracking

Can detect all elements expect hydrogen and helium

L oL = J ol o e)o

General Use

Qualitative and quantitative chemical analysis for major and
minor elements in metals and alloys.

Determination of composition and thickness of thin-film
deposits.

Compositional analysis of the 0.5 to 5 nm region near the
surface for all elements except hydrogen and helium.
Chemical-state analysis is possible in selected cases.
Depth-compositional profiling and thin-film analysis
High lateral-resolution surface analysis in areas > 20 nm

Samples

Samples may be bulk solids. powders, pressed pellets, glasses,
fused disks. or liquids.

Bulk metal samples typically are ground to produce a flat,
uncontaminated surface for analysis. Typical samples have
dimensions of several centimeters; however, most instruments
can accommodate samples 10 cm (4.0 in.) or more in
diameter.

Powder samples are typically attached to a non-x-ray-
producing substrate or are pressed into pellets.

The technique is completely nondestructive.

Sampling depth may range from a few micrometers to a
millimeter or more, depending on the x-ray energy used and
the matrix composition of the sample.

Form: Solids (metals, ceramics, and organic materials with
relatively low vapor pressures). High-vapor-pressure materials
can be handled by sample cooling. Many liquid samples can
be handled by sample cooling or by applying the sample as a
thin film onto a conductive substrate.

Size: Individual powder particles as small as 20 nm in
diameter can be analyzed. Maximum sample size depends on
the instrument: typical is 6 cm (2.4 in.) in diameter by 1.5 cm
(0.6 in.) in height.

Surface topography: Flat surfaces are preferable, but rough
surfaces such as fracture surfaces can be analyzed.
Preparation: Frequently not necessary. Samples must be free
of fingerprints, oils, and other high-vapor-pressure materials.




Data interpretation

Secondary

clectrons
Elastically
scattered electrons

Auger Inelastically
electrons h

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



terpretation

In

Data

_.."_________
bl
NN

UL
NN
il
AN
Nl

ingsss

TPy -' 1..1

_ ___.__‘_‘_..... ._______
_________ it
_ ] L _

_____.,,____

_
.l
-,
[

S S S S A S S S — — —
—
1
1
—
—
1
1
—
1
1
1
1
I—
—
—

F o
1
—J A

NI

600
Kinetic Energy (eV)

Electron Energy |

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



Chromium, Cr

" [
What is this? r [

. 529 eV

i 848 eV 7
i 529 eV T703 <l
848 eV T 1 1 1 1 1 1 1 1 1
529 eV T 0 100 300 500 700 900
Zoe Electron energy (eV)

0 100 300 500 700 900
Electron energy (eV)

uclear University MEPhI



Quantitative

If we assume a homogeneous

of atoms, x; = auger transition prc
path and o= ionization(scattering)
write:

o N=A/ax (1+)T(E) A (E)

It is difficult to determine, A, and r, so they are usL
below:

o C=(A/S)/ (ZA/S;)

C;is the concentration of element i and S; are sensitivity factors




Depth profiling

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




(b)

a CMnAl TRIP-Assisted Steel, E.M. Bellhouse, Joseph R. McDermid




Summary

o Elements: Liand above
e Limit of detection: 0.1-1 atomic percent

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

o Sample type: UHV-compatible
e Lateral Resolution: 500nm
o Depthresolution: 0.5-5bnm

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