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Electron probe microana lysis (EPMA)

® X-ray spectroscopic method for local chemical
composition of multiphase materials determination

History:

1913 Henry G. J. Moseley
relation between atomic number of element and wavelength of their

characteristic X-ray

1941 James Hilier _
principle of electron microanalysis was patented

1948-1950 Raymond Castaing
construction of the first electron microanalyzer

1956
first comercial microprobe Cameca

1968
energy dispersive detector
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Principle of the method:
Measurement of intensity of characteristic X-ray
excited from specimen

® primary electron beam impact on selected locality
BSE, LEE, AE + characteristic X-ray are emitted from
volume of the sample

® emitted X-ray spectrum is detected by spectrometer

® characteristic spectrum analysis  qualitative,
semiquantitative and quantitative analysis of chemical
composition



Electron microprobe ® REM (TEM) + spectrometer
(electron microscope for analytic work — high currents,
equipped by spectrometer)
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primary electron beam impact on selected locality = BSE, LEE,
AE + characteristic X-ray are emitted from volume of the sample

Electron beam

,.-—1{}.3. Auger electrons

50-5004 Secondary electrons
Signal used by SEM
Backscattere

electrons

\ ) Continuum X-rays
\\ ‘ } Secondary fluorescence W,
/E et Characteristic X-ray -
i o« signal used by EPMA
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The dependence of
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atomic number Z

K
(Z-5)?

K, s...constants
for atom layers

/

Atomic Nymber (Z)

&

4 5 B
Energy (keV)



Microanalytic system
Bruker X Flash - detector
( with Peltier cooler)
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X-ray intensity measurement possibilities:
either as I{l ) or as I(E)

From energy equation E

I(l ) ® based the diffraction of X-ray
crystal spectrometers using
wave dispersive analysis (WDA, WDAX, WDS)

I(E) ® semiconductor spectrometers using
energy dispersive analysis (EDA, EDAX, EDS)






Energy dispersive analysis (EDA)
Principle : selection of X-ray quanta energy

X-ray signal from specimen comes through Be window into cryostat
with Si(Li) detector

absorption of X-ray inside of crystal couples electron— hole
formation

couple = impulse, that is transformed to energy impulse

distribution of energy is recorded



the distribution of the energy is
displayed on a monitor or recorded
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Cooling:

- Liquid N

or

- Peltier cooler

Bruker AXS
UHV-Si(Li)



Peltier effect:

- a temperature difference created by
applying a voltage between two electrodes
connected to a sample of semiconductor
material

- this phenomenon can be useful when it is
necessary to transfer heat from one
medium to another on a small scale

How it works :

When two conductors are placed in electric contact, electrons flow out of the one in
which the electrons are less bound, into the one where the electrons are more bound.
The reason for this is a difference in the so-called Fermi level  between the two
conductors. When two conductors with different Fermi levels make contact, electrons
flow from the conductor with the higher level, until the change in electrostatic potential
brings the two Fermi levels to the same value. (This electrostatic potential is called the
contact potential.)

Current passing across the junction results in either a forward or reverse bias, resulting in
a temperature gradient.

If the temperature of the hotter junction (heat sink) is kept low by removing the generated
heat, the temperature of the cold plate can be cooled by tens of degrees.
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TECs are constructed using two dissimilar semi-conductors, one n-type and the other p-
type (they must be different because they need to have different electron densities in order
for the effect to work). The two semiconductors are positioned thermally in parallel and
joined at one end by a conducting cooling plate (typically of copper or aluminium).

A voltage is applied to the free ends of two different conducting materials, resulting in a
flow of electricity through the two semiconductors in series. The flow of DC current across
the junction of the two semi-conductors creates a temperature difference. As a result of the
temperature difference, Peltier cooling causes heat to be absorbed from the vicinity of the
cooling plate, and to move to the other (heat sink) end of the device - see diagram.

Material: alloy of
Bismuth Telluride
(Bi2Te3)



BRUKER AXS X-flash
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SDD detector section
structured electrode
charge drifts through the electric field
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Principle of SDD detector
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Peak position depends on
Its energy

Peak size (flatness) is
responding to element
amount

element concentration is
calculated from ratio of peak
surface of unknown phase
and of peak surface of
reference standard
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ED (yellow spectrum): counted
en block  worse resolution
(cca 150 eV, wider peaks),
worse signal/signal noise ratio

higher detection limit - cca
0,1%

WD (black line): much slower
counting better resolution (cca
5 eV, narrow peaks), better
signal/signal noise ratio  lower
detection limit — cca from 50 ppm
(Fe) to 0,X% (B)



ED spectrum of alloy with Strong peak in WD spectrum
0,15% Si addition (very small of the same alloy
peaks in red-marked area)



Differences between ED a WD spectra : |

ED (yellow spectrum): counted
en block  worse resolution
(cca 150 eV, wider peaks),
worse signal/signal noise ratio

higher detection limit - cca
0,1%

WD (black line): much slower
counting better resolution (cca
5 eV, narrow peaks), better
signal/signal noise ratio  lower
detection limit — cca from 50 ppm
(Fe) to 0,X% (B)
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Spectrum profiles Spectral lines interference:
differences in the
dependence on the
accelerating voltage:




Specimen preparation for electron microanalysis

High sensitivity of method to surface roughness ®
using of clean and undamaged specimens for this type
of analysis Is necessary

Basic terms:
acceptable size
stability compared with electron beam
charge accumulation prevention

sufficient ability of X-ray emission

perfectly flat surface




Specimen preparation for electron microanalysis

Preparation process:

® clearing

® mounting - must be conductive
® metalographic preparing for
phase visibility

® carbon or metall coating

Encapsulating and polishing material should not contain
elements expected in the specimen ® spectral lines
Interference!




