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• Intro: TEM, STEM and T-SEM EDS

• Geometry Considerations

− collection / take off angle

− Sample position … tilt, mounting, shape

• TEM EDS Quantification

• TEM EDS Quantification and Display of Results: 

− ESPRIT implementation

− ESPRIT SW use for TEM-EDS explained in simple steps

• Problems, Tricks and Tips

Outline

24.09.2019
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EDS from
Electron Transparent Samples

24.09.2019

TEM STEM
Scanning TEM

SEM: „T-SEM“

Stray radiation

aperture

• TKD specimen holder
• Commercial STEM holders
• Home made versions



Solid Angle Correction for Flat SDD in 2D

24.09.2019

The solid angle of AD_Flat_vertical

Ω = Acorr / (r+Δr)2

Smaller detector closer to specimen
enables

- Larger Acorr
 Larger solid angle

A large take-off angle above the
sample is needed to avoid shadowing
and stray radiation > use small area!

Small detector areas can be
positioned higher above the sample 
due to geometric constraints in TEM.
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How to calculate geometric solid angle:

N. Zaluzec, on solid angle Microsc. Microanal., 15 (2009) 93;

Also check Nestors web page!

How to measure solid angle using standard: 

R. F. Egerton, S. C. Cheng, Ultramicroscopy 55 (1994) 43-54;

Also see formulas on later slides!

24.09.2019
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EDS port

upper pole piece

lower pole piece
(different for T-SEM)

sample

e-

24.09.2019

Useful solid 
angle for X-ray
collection

Geometric Limitations
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EDS port

Detector
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upper pole piece

lower pole piece

e-
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24.09.2019

Geometric Limitations



EDS port
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upper pole piece

lower pole piece

e-

Detector
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Geometric Limitations

− Optimize detector
position



EDS port
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upper pole piece

lower pole piece

e-

Detector
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Geometric Limitations

− Optimize detector
position

− Use specimen holders
with cutout towards
EDS detector



Geometric Limitations (TEM):
Solid and take-off angle!!

solid
angle
TOA
TOA

TOA

2124.09.2019



Geometric Limitations (TEM)

solid
angle
TOA
TOA

TOA
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Inverse solid angle! … how much of the surroundings do we see?
A small collimator opening is better to avoid system peaks.

24.09.2019
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Specimen Mounting

24.09.2019

− Thinnest part of specimen must point
towards EDS detector

− The specimen holder must have a cut
out towards EDS detector

− Make sure that the path for X-rays is
not obstructed by sample or grid parts
or holder

− Beware: most holders are turned
180°during insertion
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Detector

Image source: www

Specimen Mounting;
View along column
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Specimen Mounting;
View along column

24.09.2019

Detector Detector

− Thinnest part of specimen must 
point towards EDS detector

− Make sure that the path for X-rays
is not obstructed

− Consider tilt effects

Detector

Image source: www



Ix = NA σA ωA (Ω/4π) ε Ne = nA t σA ωA (Ω/4π) ε Ne

Ix number of X-ray photons in a characteristic peak of species A

N number of atoms per unit volume
n t number of atoms per unit area times thickness

σ ionization cross section (Casnati et al., 1982, Bote et al., 2009)
ω fluorescence yield (Hubbell et al., 1994, Krause, 1979)
Ω/4π solid angle / geometrical collection efficiency
ε detection quantum efficiency
Ne number of incident electrons
+ absorption

TEM EDS Quantification; R. Egerton
1994, line intensity for a particular element line / transition

CB

CA=
kAB

IA

IB ; kAB can be determined experimentally or theoretically
Cliff and
Lorimer:

2624.09.2019



Semiconductor Structure;
Standard STEM, 30mm2 SDD, ~ 0.1sr
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Semiconductor Structure; First View
Standard STEM, 30mm2 SDD, ~ 0.1sr
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Statistics!!



Semiconductor Structure; First View:
Specimen region of interest for quant.
Check composition / condition variations

3024.09.2019
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Semiconductor Structure; First View:
Specimen region of interest;
Check composition / condition variations

High Cu-L > Cu is real signal

24.09.2019



For Cliff-Lorimer quantification:
calculate theoretical Cliff-Lorimer factors
for the specific geometry and conditions

32

‚Standards‘ menu:

System geometry can also be found under ‚System‘ > ‚Data‘

24.09.2019
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Semiconductor Structure; First View
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Quantification setup

3524.09.2019



Element Mapping Results;
theoretical C-L factors
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net at%
4x4

at%
8x8

24.09.2019
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T-SEM 
with radially symmetric EDS;
fluorescence

24.09.2019 38
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T-SEM 
with radially symmetric EDS;
fluorescence, pseudo color
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T-SEM 
with radially symmetric EDS;
fluorescence >system peaks



For Cliff-Lorimer quantification:
calculate theoretical Cliff-Lorimer factors
for the specific geometry and conditions
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‚Standards‘ menu:

System geometry can also be found under ‚System‘ > ‚Data‘

24.09.2019



Qmap setup

24.09.2019 42



Display quant result in at% for Ti
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Display quant result in at% for W



Quant result with 4x4 pixel binning:
net counts, now check of 2 ROI
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Pt shell not closed 
due to fabrication procedure

Data courtesy:Dogan Ozkaya,
Johnson Matthey 
Technology Center

EDS for Catalysis, Quantification
Pt-Pd Core Shell Particles

50

mass%, 30 mm2, 0.12 sr (Standard EDS);  Cs-corr. STEM

24.09.2019
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Data courtesy:
Dogan Ozkaya,
Johnson Matthey 
Technology Center

EDS for Catalysis, Quantification
Pt-Pd Core Shell Particles
mass%, 30 mm2, 0.12 sr (Standard EDS);  Cs-corr. STEM

24.09.2019



Iron intake in food vacuole, 
since the parasite is digesting
hemoglobin

science.nationalgoegraphic.com science.nationalgoegraphic.com

Anopheles mosquito

The parasite multiplies 
by destroying red 
blood cells.

Data courtesy: C. Biot and C. Slomianny, Laboratory of Cell Physiology, University of Lille, France

EDS for Life Science at 0.1sr
Malaria Parasite: Plasmodium in 
erythrocyte treated with Chloroquine

52

Malaria can be
treated e.g.by 
Chloroquine

24.09.2019



Ix = NA σA ωA (Ω/4π) ε Ne = nA t σA ωA (Ω/4π) ε Ne

Ix number of X-ray photons in a characteristic peak of species A

N number of atoms per unit volume
n t number of atoms per unit area times thickness

σ ionization cross section (Casnati et al., 1982, Bote et al., 2009)
ω fluorescence yield (Hubbell et al., 1994, Krause, 1979)
Ω/4π solid angle / geometrical collection efficiency
ε detection quantum efficiency
Ne number of incident electrons
+ absorption

TEM EDS Quantification; R. Egerton
1994, line intensity for a particular element line / transition

CB

CA=
kAB

IA

IB ; kAB can be determined experimentally or theoretically
Cliff and
Lorimer:

Standard 
for Zeta-
Factor
Bulk, thick

53

ρ t ζA

IAAA

CA De

= …

24.09.2019
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Ix number of X-ray photons in a characteristic peak of species A

N number of atoms per unit volume
n t number of atoms per unit area times thickness

σ ionization cross section (Casnati et al., 1982, Bote et al., 2009)
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Ω/4π solid angle / geometrical collection efficiency
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Ne number of incident electrons
+ absorption

TEM EDS Quantification; R. Egerton
1994, line intensity for a particular element line / transition

CB

CA=
kAB

IA

IB ; kAB can be determined experimentally or theoretically
Cliff and
Lorimer:
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ρ t ζA

IAAA

CA De

= … With few ζ data points all ζx can be
calculated from existing k-factors!

Standard 
for Zeta-
Factor
Bulk, thick
…

24.09.2019



TEM EDS Quantification
Cliff Lorimer / Zeta-factor … + EELS!

The CL-method is a ratio method by
Graham Cliff and Gordon Lorimer:

G. Kothleitner, Micr. Microanal. 2014
M. Watanabe, J. of Micr. 2005:
For a standard with known density ρ
and known thickness t ζ can be determined:
De (total electron dose) must be known for
all measurements.

CA

CB

= kAB
IA

IB

ρ t ζA

IAAA

CA De

= …

AA

AB

absorption coefficients

CA CB =+ 1

(C1 C2 … =+ 1)+

ρ t
ζA IA +  ζB IB

De
=

CA = 
ζA IA

ζA IA +  ζB IB
CB = …

Then, for a sample CA, CB … and ρt are unknown
with:

IE
core

IE
0_low σ

AtWeight

NAvog
=

EELS: t/λ= loge (IE
total / IE

0)

55G. Kothleitner, Micr. Microanal. 20 (2014) 678, on assumption-less analysis24.09.2019



G. Kothleitner et al., Microsc. Microanal. 20 (2014) 678 
Towards assumptionless analysis …

EELS: t/λ t EELS: t/λ

1
x t = λ

G. Kothleitner, Micr. Microanal. 2014 56



EDS thickness

EELS t/λ
HAADF standard
region marked

XEDS net counts

100%

55%

0%

EDS net counts

EDS thickness variation
in nm

EDS at% (Zeta-F. Method)

10
20
30
40
50
60
70

90
100
110
120

40

90

140

O-K
Ti-K

Ti-K
O-K

2 40 μm

TEM Quantification in Esprit
Zeta Factor Method to Retrieve Thickness and Composition, 
EELS used here only as Reference

+ G. Kothleitner, Micr. Microanal. 2014 57

TiO2

EDS at%



TEM Quantification in Esprit 2.1
Zeta Method: GaP wedge

58

Spectrum
P in 
at%

Ga in 
at%

d_nom
nm

d_zeta 
nm

GaP_200kV_4,14
g_cm3_Q_145_1
20nm_104pA.spx 49.24 50.76 120 145

GaP_200kV_4,14
g_cm3_St_080_0
80nm_104pA.spx 50.04 49.96 80 80

GaP_200kV_4,14
g_cm3_Q_034_0
40nm_104pA.spx 46.69 53.31 40 34

Mean 48.66 51.34
Sigma 3 1.75 1.75

K. Volz Group, Philipps Universität Marburg

standard

Probe current and thickness variations in 
standard and sample cause deviations.
Product ρt can‘t be well disentangled.
Kothleitner et al. on assumptionless
quantification !

24.09.2019



Experimental C-L or Zeta factors:

24/09/2019 59



InAs Nanorods with P-rich layers:
Quantified Linescan,
30mm2 SDD, SLE window, 0.12sr
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In: ~50 at%
As + P together: ~50 at%

1.5nm

at%

AsAu P 30nmquant, filtered overlay on and HAADF

Single 
e- transistor:

Deconvolution
of P and Au: Meassured

Counts assigned

24.09.2019



Respective data set view;
see Ni-stray radiation from Ni grid:
no/low Ni-L line!

61

Low Ni-L > Ni is fluorescence

24.09.2019



Quantification: exp. Cliff-Lorimer factors

62

No Ni-L > Ni is fluorescence

24.09.2019
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Quantification: exp. Cliff-Lorimer factors,
Change the less well known factors:
(if overlapps, low energy, L-lines)

24.09.2019
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Quantification: Cliff-Lorimer factors,
Experimentally determined factor in red

24.09.2019



Zeta-factor method: Need beam current
and Standard with known c, t, 
ρ can be calculated or known

6524.09.2019



Get all Zeta-factors from the C-L factors

6624.09.2019



Left counts, right quantified;
Line Scan > Line Profile

6724.09.2019

Widen the line scan + 
moving average along
line scan
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In: ~50 at%
As + P together: ~50 at%

1.5nm

at%

Left C-L, right Zeta-factor method:
C-L underestimates P content

• The Zeta-factor method is particularly helpful in case of light/heavy element mixtures

• Cliff-Lorimer also offers some absorption correction suitable for K-lines

• Both are precise within few at% depending on materials

− C-L measures relative within one sample series under same conditions

− Zeta measures absolute values, beam current must be stable and standard well known

24.09.2019



10 nm lateral resolution of Ni and Ti distribution maxima

Extracted linescan from the map data
Effective measurement time of lineprofile: 8 s

T-SEM EDS;
Semiconductor Structure: 
Line Scan as well

6924.09.2019



Forbes, … Mc Comb et al.: Simulation needed, 
to correctly interpret atom column EDS!

SDD (30mm2, ~0.1sr) on
Cs-corrected JEOL 2100 STEM
First Atom Column Mapping with SDD

0.12 sr, 13 sec, 33 pA, 3 ms dwell

70

Indium missing in 
one atomic
column

M. W. Chu et al., Phys. Rev. Lett. 104, 196101 (2010)24.09.2019



Columns: easier than single atom ID: 
EDXS Mapping of Bi6TixFeyMnzO18

TCD (Trinity College Dublin) Nion 
UltraSTEM200XE 200 kV with
Bruker 100 mm2 X-Flash SD detector, 
100 mm2 windowless SDD; 0.7 sr
collection angle.

432x225 pixels, 4.1 msec/pix => 400 
sec for map.

No drift correction.  
Bi = green, Ti = blue.

courtesy Lynette Keeney, Clive 
Downing and Valeria Nicolosi. TCD, 
Ireland.

Atom column EDS needs simulation 
for correct interpretation
B. D. Forbes et al., PHYSICAL REVIEW 
B 86, 024108 (2012)

Raw data

3 nm

Smoothed data

L. Keeney et al., Scientific Reports 7, Article number: 1737 (2017) 7124.09.2019



Summary;
EDS for electron transparent samples

72

• Electron transparent samples can be analysed in TEM and SEM.

• Geometry must be determined completely to understand or avoid, if
possible, systematic errors.

• Careful analysis allows to determine most systematic errors.

• The Zeta-factor method delivers absorption correction and thickness
determination, density and thickness are still difficult to disentangle > 
combine with EELS.

• Atom column EDS needs theory support to account for channeling
and cross talk between columns.

• Use EDS to it‘s full potential, just element ID is not satisfactory! 

24.09.2019



Q & A

24.09.2019 73

EDS Quantification of electron transparent 
samples in TEM, STEM and T-SEM
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