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Electron probe Electron probe microanamicroana llysisysis (EPMA)(EPMA)
®®®®®®®® XX--ray spectroscopic method for local chemical ray spectroscopic method for local chemical 

composition of multiphase materials determinationcomposition of multiphase materials determination

HistoryHistory::

�� 19131913 Henry G. J. Henry G. J. MoseleyMoseley
relationrelation betweenbetween atomicatomic numbernumber ofof element element andand wavelengthwavelength ofof theirtheir
characteristiccharacteristic XX--rayray

�� 19411941 JamesJames HilierHilier
principleprinciple ofof electronelectron microanalysismicroanalysis waswas patentedpatented

�� 19481948--19501950 RaymondRaymond CastaingCastaing
constructionconstruction ofof thethe firstfirst electronelectron microanalyzermicroanalyzer

�� 19561956
firstfirst comercialcomercial microprobemicroprobe CamecaCameca

�� 19681968
energyenergy dispersivedispersive detectordetector
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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 ºººº REM (TEM) + spectrometer
(electron microscope for analytic work – high currents, 
equipped by spectrometer) 
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Signal used by SEM

Characteristic X-ray -
signal used by EPMA

� primary electron beam impact on selected locality � BSE, LEE, 
AE + characteristic X-ray are emitted from volume of the sample 
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- if EPE > Eexcit . � electrons from interior 
K,L,M  shells are released® atom is in 
excited state
- Return to the basic state ® vacancy is 
filled by electrons from higher energy shells
- X-ray quantum is emitted simultaneously

KL EEh -=n
l of characteristic X-ray depends 
on atomic number of element

Marking ® according to level of
electron release ® K,L,M series

Electron is released from K ® Ka,b,g,d formation
Electron is released from L ® La,b,g,d formation…etc.

//ForFor youryour memorymemory refreshmentrefreshment:/:/



TheThe dependence dependence ofof
emittedemitted XX--rayray on on 
atomicatomic numbernumber ZZ

2)( s
l

-
=

Z
K

K, s…constants
for atom layers



MicroanalyticMicroanalytic systemsystem
BrukerBruker X X FlashFlash -- detectordetector
( ( withwith PeltierPeltier coolercooler))
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From energy equation

� X-ray intensity measurement possibilities:
either as I(lll l ) or as I(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)

l
hc

E =
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Wave dispersive X-ray
analysis (WDAX)
- crystal spectrometer

Energy dispersive X-ray
analysis (EDAX)
- semiconductor
detector



EnergyEnergy dispersivedispersive analysisanalysis (EDA)(EDA)
PrinciplePrinciple : : selectionselection ofof XX--rayray quantaquanta energyenergy

�� 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
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� the distribution of the energy is
displayed on a monitor or recorded
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CoolingCooling::
-- LiquidLiquid NN
oror
-- PeltierPeltier coolercooler

BrukerBruker AXSAXS
UHVUHV--Si(Li)Si(Li)
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PeltierPeltier effecteffect: 
- 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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�� TECsTECs are are constructedconstructed usingusing twotwo dissimilardissimilar semisemi--conductorsconductors, , oneone nn--type type andand thethe otherother pp--
type (type (theythey mustmust bebe differentdifferent becausebecause theythey needneed to to havehave differentdifferent electronelectron densitiesdensities in in orderorder
forfor thethe effecteffect to to workwork). ). TheThe twotwo semiconductorssemiconductors are are positionedpositioned thermallythermally in in parallelparallel andand
joinedjoined atat oneone endend by a by a conductingconducting coolingcooling plate (plate (typicallytypically ofof coppercopper oror aluminium). aluminium). 

�� A A voltagevoltage isis appliedapplied to to thethe freefree endsends ofof twotwo differentdifferent conductingconducting materialsmaterials, , resultingresulting in a in a 
flowflow ofof electricityelectricity throughthrough thethe twotwo semiconductorssemiconductors in in seriesseries. . TheThe flowflow ofof DC DC currentcurrent acrossacross
thethe junctionjunction ofof thethe twotwo semisemi--conductorsconductors createscreates a a temperaturetemperature differencedifference. As a . As a resultresult ofof thethe
temperaturetemperature differencedifference, , PeltierPeltier coolingcooling causescauses heatheat to to bebe absorbedabsorbed fromfrom thethe vicinityvicinity ofof thethe
coolingcooling plate, plate, andand to to movemove to to thethe otherother ((heatheat sinksink) ) endend ofof thethe device device -- seesee diagram. diagram. 

..

MaterialMaterial: : alloyalloy ofof
BismuthBismuth Telluride Telluride 
(Bi2Te3)(Bi2Te3)
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SDD SDD detectordetector sectionsection
�� structuredstructured electrodeelectrode
�� chargecharge driftsdrifts throughthrough thethe electricelectric fieldfield

PrinciplePrinciple ofof SDD SDD detectordetector

BRUKER AXS XBRUKER AXS X--flashflash
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�� PeakPeak positionposition dependsdepends on on 
itsits energyenergy

�� PeakPeak sizesize ((flatnessflatness)) isis
respondingresponding to element to element 
amountamount

�� element element concentrationconcentration isis
calculatedcalculated fromfrom ratioratio ofof peakpeak
surfacesurface ofof unknownunknown phasephase
andand ofof peakpeak surfacesurface ofof
reference standardreference standard
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ED ED ((yellow spectrumyellow spectrum): counted ): counted 
en blocken block �� worse resolution worse resolution 
((ccacca 150 150 eVeV, wider peaks), , wider peaks), 
worse signal/signal noise ratio worse signal/signal noise ratio 
�� higher detection limit higher detection limit -- ccacca
0,1%0,1%

WDWD ((black lineblack line): much slower ): much slower 
counting  counting  �� better resolution (better resolution (ccacca
5 5 eVeV, narrow peaks), better , narrow peaks), better 
signal/signal noise ratio signal/signal noise ratio �� lower lower 
detection limit detection limit –– ccacca from 50 from 50 ppmppm
(Fe) to 0,X% (B) (Fe) to 0,X% (B) 
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ED spectrum of alloy with ED spectrum of alloy with 
0,15% Si addition (very small 0,15% Si addition (very small 
peaks in redpeaks in red--marked area)marked area)

Strong peak in WD spectrum Strong peak in WD spectrum 
of the same alloyof the same alloy
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DifferencesDifferences betweenbetween ED a WD ED a WD spectraspectra ::

ED (ED (yellow spectrumyellow spectrum): counted ): counted 
en blocken block �� worse resolution worse resolution 
((ccacca 150 150 eVeV, wider peaks), , wider peaks), 
worse signal/signal noise ratio worse signal/signal noise ratio 
�� higher detection limit higher detection limit -- ccacca
0,1%0,1%

WD (WD (black lineblack line): much slower ): much slower 
counting  counting  �� better resolution (better resolution (ccacca
5 5 eVeV, narrow peaks), better , narrow peaks), better 
signal/signal noise ratio signal/signal noise ratio �� lower lower 
detection limit detection limit –– ccacca from 50 from 50 ppmppm
(Fe) to 0,X% (B) (Fe) to 0,X% (B) 



Spectrum profiles 
differences in the 
dependence on the
accelerating voltage:

Spectral lines interference:



Specimen Specimen preparationpreparation forfor electronelectron microanalysismicroanalysis

Basic terms:

� acceptable size

� stability compared with electron beam

� charge accumulation prevention

� sufficient ability of X-ray emission

� perfectly flat surface

HighHigh sensitivity sensitivity ofof methodmethod to to surfacesurface roughnessroughness ®®®®
using of clean and undamaged specimens for this type 
of analysis is necessary



Specimen Specimen preparationpreparation forfor electronelectron microanalysismicroanalysis

PPrreparationeparation process:process:
•• clearing clearing 
•• mounting mounting -- must be conductive must be conductive 
•• metalographicmetalographic preparing for preparing for 
phase visibilityphase visibility
•• carboncarbon or or metallmetall coatingcoating

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


