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EDX Microanalysis in TEM

a) Review (brush-up) generation and detection 
of X-rays, SDD detectors

b) Quantification
EDX in SEM, Interaction volume
ZAF matrix corrections
EDX in TEM (Cliff-Lorimer, thin film) 

c) Examples

MSE-735 2023 EDX Marco Cantoni

X-ray generation:
Inelastic scattering of electrons at atoms

Eelectron_in > Eelectron_out

• Continuum X-
ray production
(Bremsstrahlun
g, 
Synchrotron)

• Continuum X-
ray production
(Bremsstrahlun
g, 
Synchrotron)

SE

SE, 
BSE, 
EELS

inner shell ionization

•Characteristic X-ray 
emission

inner shell ionization

•Characteristic X-ray 
emission
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Forbidden transitions !
quantum mechanics:

conservation of angular momentum
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modern silicon drift (SDD) detector:
no LN cooling required

Right: Si(Li) detector
Cooled down to liquid nitrogen 

(LN) temperature
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X-Ray energy conversion to electrical charges:
3.8eV / electron-hole pair in average
electronic noise+ imperfect charge collection:
130 eV resolution / Mn Ka line

• Detector acts like a diode: at room temperature 
the leak current for 1000V would be too high !

• The FET produces less noise if cooled !
• Li migration at room temperature !
• ->Detector cooling by L-N
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Detection and artifacts

Take care when looking for 
“trace” elements (low 
concentrations). Don’t 
confuse small peaks with 
escape peaks !
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EDX spectrum in a SEM
of (K,Na)NbO3

10keV

Continuum,
Bremsstrahlung

Electron beam: 10keV

Duane-Hunt limit

Characteristic X-ray 
peaks
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Removal of Background…

Continuum,
Bremsstrahlung

Electron beam: 10keV

Duane-Hunt limit

Characteristic X-ray 
peaks
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c) Quantification

First approach:
compare X-ray intensity with a 
standard (sample with known 
concentration, same beam current of 
the electron beam)
ci: wt concentration of element i
Ii: X-ray intensity of char. Line
ki: concentration ratio istd

i

i
std
i

i k
I

I

c

c


Yes, 
but…..
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Quantification
When the 
going gets 
tough…..

  istd
i

i
std
i

i k
I

I

c

c
FAZ 

• "Z" describe how the electron beam
penetrates in the sample (Z dependant
and density dependant) and loose energy

• "A" takes in account the absorption of the 
X-rays photons along the path to sample
surface

• "F" adds some photons when (secondary) 
fluorescence occurs

Correction matrix
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Flow chart of quantification
Measure the intensities

and calculate the concentrations
without ZAF corrections 

Calculate the ZAF corrections
and the density of the sample

Calculate the concentrations with the corrections

Is the difference
between the new and the 

old concentrations smaller 
than the calculation 

error?

no Yes !
stop

MSE-735 2023 EDX Marco Cantoni

Correction methods for EDX
in SEM 

ZAF  (purely theoretical)
PROZA Phi-Rho-Z
PaP (Pouchou and Pichoir)
XPP (extended Puchou/Pichoir)

• with standards (same HT, current, detector settings)

• Standardless: theoretical calculation of Istd

• Standardless optimized: « hidden » standards, user 
defined peak profiles 
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Cliff and Lorimer 1972
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Ternary systems

kAB can be calculated 
from kAD and kBD
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depends on your detector, your microscope
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Typically Si as reference element
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In case of non neglectable absorption:

(µρ)A
sp and (µρ)B

sp-- The mass absorption coefficients of the characteristic X-ray lines A and B
kAB: zero thickness k-factor
: density
t: thickness
: take off angle
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Artifacts
how to recognize/minimize them
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EDS in TEM

Thin samples -> correction factors 
weak (A and F can be 
neglected)

Very weak beam broadening -> 
high spatial resolution ~ 
beam diameter (~nm)

High energy: artifacts !
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TECNAI OSIRISAnalytical TEM
Since 2012 @ CIME

OSIRIS/TALOS/THEMIS 5x

10x

electrons

Det. area

Be coated
pole-pieces
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New possibilities due to
SDD (silicon drift detector) technology

X-rays

SDD Si(Li)
Thickness 300-400µm 3mm

Area 30,50,80mm2 30mm2

Det. Interval 4-10µsec. 50-100µsec.
Speed: 100’000cps 10’000cps

Cooling Peltier Liq. N

SDD
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(from FEI ChemiSTEM Application note)

(von Harrach, EMAG 2009)

SUPER-X
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SUPER-X: take-off

Take-off angle
Osiris: 22°
Titan: 18°

42°

22°

Titan 18° take-off

18°

FIB 
omniprobe

shadow

azimuth 45° 16°

worse case  22°
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Cement sample
Resin embedding G2, hardening 1h at 80°C
Cutting 3 mm disc with an ultrasonic cutting machine
Mechanical polishing 3 faces
Bevelled edge polishing until 20 um
FIB  milling

TEM sample preparation

FIB milling

20 um

BSE SE
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Position of the lamella on H-Bar
Not OK for EDX OK for EDX
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400x400 pixels  (5umx5um)
160’000 spectra
4msec., (10min.)

2.5nA

Nb

Cu

Sn
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• 400x400 pixels (500nmx500nm)

• 160’000 spectra

• 4msec., (10min.), 2.5nA

CuSTEM DF Sn
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QUALITATIVE EDX Mapping:

GREAT!
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Chemical analysis on atom columns



October 2014: Titan THEMIS @CIME

EPFL Titan THEMIS
STEM HAADF atomic resolution

SrTiO3

Pb(Zr,Ti)O3



EPFL Titan THEMIS
STEM HAADF (z-contrast): atomic resolution

Atomic elemental mapping ..!
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STEM EDX analysis of Cr diffusion into the Cu 
stabilizer of Nb3Sn strand annealed for 200h 

TEM lamella was prepared by FIB. 30 microns 
wide area was lifted out next to the chromium 

plating. Three windows of 7 microns were 
thinned down to the electron transparency. 2-3 

microns thick areas were kept in order to 
ensure the stability of the sample.

In following slides STEM EDX analysis from 
each of the thinned windows is presented.

Marker made by FIB to recognize 
the Cr side of the lamella.

B. Bartova, G. Arnau Izquierdo, B. Bordini, P. Alknes, M. Cantoni
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1st window in TEM lamella – 3 microns from Cr plating

Cr S O

STEM EDS mapping revealed the presence of Cr-S rich precipitates that might contain 
also oxygen. However, oxygen was not taken into account since its proper quantification 

at very low quantities is difficult.  

BF and DF HAADF 
images of window 1
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1st window in TEM lamella – 3 microns from Cr plating

2

1

3 spectra were analyzed in window 1 
at higher magnification.

2 precipitates and the matrix.
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1st window in TEM lamella – 3 microns from Cr plating

Precipitate 1- window 1 Precipitate 2 – window 1

Element series [wt.%] [norm. 
wt.%]

[norm. 
at.%]

Error in 
wt.%

Chromium K-series 2.85 2.85 3.41 0.15
Copper K-series 95.50 95.50 93.39 2.08

Sulfur K-series 1.65 1.65 3.21 0.11
Sum: 100 100 100

Element series [wt.%] [norm. 
wt.%]

[norm. 
at.%]

Error in 
wt.%

Chromium K-series 3.40 3.40 4.08 0.18
Copper K-series 95.39 95.39 93.58 2.13

Sulfur K-series 1.21 1.21 2.34 0.11
Sum: 100 100 100

The precipitates contain chromium and sulfur and their ratio is close to 1:1. The peaks at 
K (5.411) and K lines for chromium and K for sulfur are evident.
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1st window in TEM lamella – 3 microns from Cr plating

Element series [wt.%] [norm. 
wt.%]

[norm. 
at.%]

Error in 
wt.%

Chromium K-series 0.0100 0.0100 0.0123 0.0003
Copper K-series 99.9900 99.9900 99.9877 2.0249

Sulfur K-series 0 0 0 0
Sum: 100 100 100

The quantification of the spectra from matrix is showing 
0.01 at.% of chromium. In order to verify chromium 

presence, original spectra needs to be magnified. For 
certain spectra the automatic background  

deconvolution was slightly ajusted. 

MSE-735 2023 EDX Marco Cantoni


