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FULL RANGE EDS ANALYSIS IN THE SEM

Full Range EDS- Introduction

A Full Range EDS is Bruker's name for analysis using
dual excitation of electron beam (from the SEM) and

photon beam (micro-XRF) sources combined with
an EDS detector.

A Converts the SEM to a dualexcitation system, where
samples interact with either the electron beam of
the SEM or the Xray photons from the micro-XRF
source, or both.

A The EDS can benefit from the advantages of each
individual source and can now see sample
information which cannot be obtained by
conventional electron beam EDS analysis

X-ray
source

Electron
source

4

<)
BROKER
(<)

2 Excitation Sources:

1 Detector:

A

10 mm X-rays from
Sample Energy Dispersive
‘ Spectrometer (EDS)
Sample
Rapid Stage 2 StageS:
« , SEM Stage
Rapid Stage

SEM Stage

» [ [

\ 4
A
v
A

L | Ll | L |

v
A
A 4
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EDS Electron Beam (ebeam)

Micro-XRF (xray beam)



FULL RANGE EDS ANALYSIS IN THE SEM

SEM setup

XFlash n
- , X-ray
Electron e || 1l | Excitation
Excitation . » :
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FULL RANGE EDS ANALYSIS IN THE SEM

What is micro-XRF?

AKvXu"c"ykfgn{" c ededructivgdnalyticalg 1
technique

A Combines the element sensitivity of %ray fluorescence
with the spatial resolution given by a focusing xray optic

A Uses photons (instead of electrons) for exciting the
specimen

A ldeal technique for determining the composition of
unknown samples and for studying non-homogenous
sample types

A Applicable for a wide range of application

:> After the measurement you have the compositional information of the sample with the original sample
T Nno prep, no damage, no problems!

Innovation with Integrity | | 5



FULL RANGE EDS ANALYSIS IN THE SEM

Full Range EDS- Introduction

Which additional sample information the EDS detector can see

A Trace levels information
A
A

New possibilities:

A No sample coating or expense sample polishing required

A

> > > > D>
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FULL RANGE EDS ANALYSIS IN THE SEM

BRUKER

I / N\ \ I
. H He
Trace element detection 8lc n|olF Ne
Ar
A Glass fragments placed on the sample stubA no polishing, no coating Cr Mn Fe|Co Ni|Cu|Zn Ga Ge As|Se  Br |[Kr
and mapped with micro-XRF/SEM Rb|[Sr Y Zr Nb Mo|Tc Ru|Rh|/Pd|Ag|(Cd In |Sn Sb|Te | |Xe
. ) . . . Cs|/Ba La Hf[Ta W |Re Os|Ir Pt Au|(Hg Tl Pb Bi|Po At|Rn

A Different colors of the glasses are given by their distinct composition "Er | Ra | Ac| - | :
A Micro-XRF clearly identify those trace elements (concentration range Ce Pr|Nd Pm|Sm Eu | Gd|Tb Dy Ho Er|Tm Yb | Lu
down to 5 ppm A depends on sample matrix ThiPa| U |Np|PuAm|Cm|Bk | Cf|Es FmMd|NojLr

!U.l% 3%

A Spectrum data can be taken directly out of the map for quantification

Glass classification can be done in 3 different ways:
A Qualitative T visual (colourful images) J
A Semi-quantitative T Intensity ratios

A Quantitative T FP quantification

100 ppm - 1000 ppm

5 ppm - 100 ppm
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FULL RANGE EDS ANALYSIS IN THE SEM

Full Range EDS- Introduction

Which additional sample information the EDS detector can see

A Trace levels information v/

A

A High energy Kk line detection (positively identify peaks with SEMEDS overlaps)

New possibilities:

A No sample coating or expense sample polishing required v/

A

> > > > D>
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FULL RANGE EDS ANALYSIS IN THE SEM

Tctg" Gectv)] " Gnoghidghhdey Glassd GG X

Spectrum X-axis Range:
Bottom: 30 to 40 keV

Right: 1 to 20 keV (Deconvolution
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34

Energy [keV]

C><)
BRUKER
(<O
u + 11
Major Elements: La,Ti, Nb, Gd, Zr, Si, Zn
La Minor Elements: Y

minimal overlap in that high
energy range

w
. - L
l:ne;m, ey 12 14 16 18 20
Ability to see high energy X
ray lines will help for
deconvolution
e ——— e SRS |
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pure metals Zn, Cu
30 mm? EDSA 110 kcps

60 mm?2 EDSA 220 kcps
100 mm?2 EDSA 400 kcps

400

350

Intensity cps/eV
]
8

FULL RANGE EDS ANALYSIS IN THE SEM

Detectable elemental X-ray lines

10

Intensity comparison between EDS and micro-XRF (K lines)

—@—FEDS (15kV, 6nA)  —@—XRF (50kV, 1000uA)

|
|

- JFL_L.L".AAA_"__A

15 20 25 30 35 40 45 50

Atomic Number

© 2024 Bruker

H He
Li Be B|C N|O F [Ne
Na | Mg Al | Si P | S CI|Ar

Periodic table showing which elemental lines series can be observed using conventional EDS.

H He
Li Be B|C|N F Ne
Na | Mg Al | Si P|(S|CI | Ar

-Am Cm Bk Cf|Es Fm|Md | No Lr

Periodic table showing element lineseries detectable with XRF
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FULL RANGE EDS ANALYSIS IN THE SEM

Full Range EDS- Introduction

Which additional sample information the EDS detector can see
A Trace levels information v/
A Information from a much greater sample depth

A High energy K- line detection (positively identify peaks with SEM-EDS overlaps) v/

New possibilities:

A No sample coating or expense sample polishing required v/

A Light atomic number materials (powders, plastics A samples which could be damaged by the ebeam)

A Large area samples even with rough surfaces or topography

A Beam sensitive / valuable samples / no sample charging”A samples which are not allowed to coat or polish
A

A

A

© 2024 Bruker Innovation with Integrity | | 11



FULL RANGE EDS ANALYSIS IN THE SEM

Large area mapping on (thin) beam sensitive samples

MAG: 180x  HV:50kV WWD: 10,0pnmp,

Sample courtesy of Jeffrey Hannon,
Bruker Madison, Wisconsin

How to positioning samples like this in the SEM:

A E-beam will be set to very lowkv (1 -3 KV) and low beam current

A Since the WD for SEMXREF is fixed, sample will be positioning by moving SEM Z until the image is sharp
A For XRF mapping the ebeam will be blanked or switched off

Innovation with Integrity | | 12



FULL RANGE EDS ANALYSIS IN THE SEM

<)
BRUKER

(<D
Large area mapping on (thin) beam sensitive samples

Why Andrew Jackson is peeking at us from the other side of the bill?

¥ - -

ol

#30M3T

3TAVISS GHA

s

L TT # AN SN
(484 AN T e8] o'wz i s
A g0x HY: 60'KV J- 100@mme w4 ) J\‘\ N = §'_‘ "‘i:r.\

Simply, because FeK can travel up to 460 um trough the cellulose before
Information Depth BREER being completely absorbed.

Calculate XRF information depths of traces/minor elements in a given matrix for a specific excitation configuration!

[More

484
MAG: 180x | HY: 50KV WD; 10,0mmp,

2e+4

le+4
Spectrometer Sspecimen o OOW
o
r voltage Matrix Density 2e+3 OooOOO(pm
w  [o]w s ~460pmforFeK 0%
R R O 0‘00
sl - mesenEre pah lengh pth of a certain x.ray line is defined as the the thickness Ej 22 o° "+ FeK(26)
s I o R = g = & 1 -6akev
5 (e) - (o,
Excitation filters B sent o} | 0000
2 o . le)
Composition Thickness  Density 2e+1 00 [ OOOOO
Te+1 o 000
No layers defined (o] OO
Se+0 o | OOO
h k o . (e}
i XRF Checker w0 0 0 o 1o
. 1e+0 o C o;
PolcaplaryOpiic n exctatin connel URL:xrfcheck.bruker.com E= &
5 10 20 0 0 50 50 70 20 % g

Atomic number
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FULL RANGE EDS ANALYSIS IN THE SEM

X-ray attenuation / Sample holder requirements

[ c6H1005_110 ym [ Filter 2
100

: ; : : 90
BRUKER
(<D W For cellulose with a

) thickness of 110 um,

Filter Transmission

Calculate and compare the energy dependence of the x-ray transmission for two different absorber configurations!

P ~75 % of the Fe K
Composition Thickness Density Composition Thickness Density % ! Signal Can paSS trough
100%C6H1005 110pm 1.5g/cm? & o No layers defined ) the ma'trix and hencel

20

amero ] . 25 % will be absorbed.
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FULL RANGE EDS ANALYSIS IN THE SEM

Large area e-beam mapping vs. micro - XRF with Rapid Stage

Innovation with Integrity |



FULL RANGE EDS ANALYSIS IN THE SEM

Sample courtesy of Jeffrey Hannon,
P Y Y BRUKER

Bruker Madison, Wisconsin LN

Best practices for large area XRF mappin(

Fast scan
Low number of pixels and max. stage speed

Tube at max. conditions
A Map finished after ~ 1 hour

() Microscope = 2 XTrace?2 = Rapid Stage = Scan =
D  12.002 =T Current 1000 pA Po: n Y
te Aperture_500 40000 pm/g
EIn5 Status OK 7 <
= 59 ms Drift range — %
15°C
v |\ CHY 30KV | v | = HV 50.0kV ~ Position X -0.1pm ~ ¢ Size 30 px 300 ",
MAG: 78x HV: 50 kV

WD: 10,0 mm

Precise scan
This will typically an overnight scan with data ready after 77

12 hours
higher pixel number and slower speed for better statistics

2 XTrace? = Rapid Stage = Scan =
ST Current 1000 pA Position Y - 4
te Aperture_500 7000 umys 03
e Status oK Jas0 oo -
338 ms -
15C »
v o HV 50.0kV -~  Position X -0.1um  ~ | »« | Size 300 px

Innovation with Integrity | | 16



FULL RANGE EDS ANALYSIS IN THE SEM .
Cu mineral

Scanning samples with topography

Original Aperture 500

30 %of the nominal intensity 8 %of the nominal intensity

Innovation with Integrity | | 17



FULL RANGE EDS ANALYSIS IN THE SEM

Full Range EDS- Introduction

Which additional sample information the EDS detector can see

A Trace levels information v/
A Information from a much greater sample depth v/

A High energy K- line detection (positively identify peaks with SEM-EDS overlaps) v/

New possibilities:

A No sample coating or expense sample polishing required v/

A Light atomic number materials (powders, plastics = samples which could be damaged by the e-beam) v/

A Large area samples even with rough surfaces or topography v/

A Beam sensitive / valuable samples / no sample charging = samples which are not allowed to coat or polish v/
A

A More complete sample information by combining EDS and XRF quant

A

© 2024 Bruker Innovation with Integrity | | 18



FULL RANGE EDS ANALYSIS IN THE SEM

SEMT XRF Quantification

Quantitative Xray Fluorescence analysis is based on sample properties and the physical processes of known

<)
RUKER
(<)

probability. These are known as the Fundamental Parameters (FP). The Sherman Equation is the basis for all

XRF FP quantification

—

Emax D
—is(E)-psx —ts(En)-ps-x
Iﬂri =|K: | f f IO(E) e sin(@in) |. Ci TiE - Qi(E; Eﬂ) le sin(@out) |.J— . ED dx dE

Egps,i X=0

Attenuation of excitation radiation when penetrating into the sample
Sample composition and interaction probabilities

Attenuation of fluorescence radiation when leaving the sample

Solid angle of detection and detector sensitivity

Instrument sensitivity for the respective element

(1 Advanced Quantification Methods
_IXRF

L1 Default.mtdx

(] Oxides.mtdx

(] standards.mtdx

L1 TEM.mitdx

T edx\Methods\XRF

[] combined EDS-XRF.mtdx
[] XRF-Cr-Ni-Steel.mtdx

[ XRF-Oxides.mtdx

] XRF.mtdx

Innovation with Integrity |

19



FULL RANGE EDS ANALYSIS IN THE SEM

Combined EDS XRF quantification

Cast iron

© 2024 Bruker

2.51
0.013
0.829
0.027
0.01
0.022
0.036
0.507
1.94
93.7
0.03
0.075
0.023
0.016
0.051
0.071
0.011
0.025
0.066
0.011
0.014

w2

o B 2]

0num
o |>

2.84
0.022
0.91
0.044
0.036
0.025
0.033
0.495
1.84
93.0
0.02
0.058
0.013
0.023
0.057
0.067
0.005
0.005
0.077
0.042
0.002

Haschke , M, and Boehm, S, 2017, Micro -XRF in Scanning Electron
Microscopes. In: Advances in Imaging and Electron Physics, Hawkes,
P. W. (ed.), vol 199, Academic Press, pp. 1 -60

SEM-
EDS/WDS

Low -Z
elements

SEM-XRF

High -Z
elements
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FULL RANGE EDS ANALYSIS IN THE SEM

Full Range EDS- Introduction

Which additional sample information the EDS detector can see

A Trace levels information v/
A Information from a much greater sample depth v/

A High energy K- line detection (positively identify peaks with SEM-EDS overlaps) v/

New possibilities:

A No sample coating or expense sample polishing required v/

A Light atomic number materials (powders, plastics = samples which could be damaged by the e-beam) v/

A Large area samples even with rough surfaces or topography v/

A Beam sensitive / valuable samples / no sample charging = samples which are not allowed to coat or polish v/
A Layer thickness analysis (Analyze multiayered plating & film stacks)

A More complete sample information by combining EDS and XRF quant v/

A

© 2024 Bruker Innovation with Integrity | | 21



FULL RANGE EDS ANALYSIS IN THE SEM

Film thickness analysis

© 2024 Bruker

SEM cross section

view

Electron

Sample

XRF

X-Ray

XRF

SEM (on plane):

1. Only for very thin single layers applicable

SEM (cross section):

1. Sample often prepared, time consuming
(sample destroyed during cross-sectioning)

2. Sufficient SEM resolution required to make
thin layer visible

XRF (on plane):

1. Fast and non- destructive, without any
sample preparation

2. Composition of layers determined at the
same time

3. Large numbers of samples or areas can be
measured quickly

Innovation with Integrity |



FULL RANGE EDS ANALYSIS IN THE SEM

Analyze multi -layered plating

layerl layer2

o Copper Iron [Thickness Mickel Thickness
ectrum
? (%] 1%]| [m] |01 | [nm]

1 97.59 2.41 0.99 100.00 26.8
97.61 2.39 0.95 100.00 26.7
3 97.62 2.38 0.90 100.00 23.5
Mean value 97.5612.39 0.95 300.00 25.64
 Horizontalreqon ., | |
base layerl layer2 layer3
Spectrum Copper Iron [Thickness Mickel Thickness Palladium|Thickness | Gold
[*%] [%]| [pm] J[%] | [nm] [%] [nm] ] [%]
4 97.51 2.49 1.29100.00 23.9 100.00 5.7|L00.00
3 97.48 2.52 1.33100.00 254 100.00 6.0 |L00.00
i) 97.52 2.48 1.32 100.00 24.0 100.00 6.9 [L00.00
Mean value 97.50 2.50 1.31 100.00 25.43 100.00 6.19 [100.00
MAG: 35x HV: 50 kV
L
base layerl layer2 layer3
Spectrum Copper Iron [Thickness Nickel Thickness Palladium|Thickness | Gold
[%a] [%]] [pm] [%a] [nm] [%] [nm] [%a]
7 97.61 2.39 0.97 100.00 22.4
8 97.59 2.41 0.98 100.00 25.0
9 97.552.45 1.03100.00 22.0

Mean value 07.58 2.42 \ 0.99 J00.00 23.14

Innovation with Integrity | | 23]



FULL RANGE EDS ANALYSIS IN THE SEM

Analyze multi -layered plating

\ertical

Flat Region

Horizontal

MAG: 35x HV: 50 kV
WD: 12.0 mm

© 2024 Bruker

Layer thickness distribution comparison

Au/nm
Pd/nm
Ni/(um*10)

0 5 10 15 20 25

Vertical Region Horizontal Region  m Large Flat Region

Innovation with Integrity |
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Real world application examples (Material science,
Culture heritage, Geology)




Detect and quantify trace elements at lower
concentration with Full range EDS




FULL RANGE EDS ANALYSIS IN THE SEM
BRUKER

Trace elements detection: Catalyst

Original sample Prepared sample

/» Can trace level Platinum be detected? \

What other elements can be detected for failure
analysis?

Catalytic active

material Is it possible to do measurement without any

\ sample preparation to avoid second contamination?/

© 2024 Bruker Innovation with Integrity | | 27
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BRUKER

Easy element identification by micro -XRFin catalyst sample

» cpsfeV

=
=]

Micro-XRF Spectrum

=
-

Pt L line series show clearly peak

b T

g e = e
o o (- (¥}

o
'S

o
¥

e
o

» Energy [keV]

be resolved with high energy line series.

Pt L line series are clearly observed by micreXRF although they
are overlapping with W. Also, Sr, Zr and Nb in trace level can also

“ Pt

Color

I -

Text options
Background

] Show line
names

| oan |

Close

Element lines
Lines Symbols

Kol 66.831 keV
ka2 [Oe5.122kev
KB1 [0 75.750 keV
Kp2 O77.786 kev
K3  O75.368 kev
KB4 [0 78.063 keV
kKBs [76.193 kev

|_ All | | None]

Lal 9.442 keV
La2 O 9.362kev
LB1 011.071 keVv
LB2 11.232 kev
LB3 [011.235 keV
LB4 [010.853 keV
LB5 [011.561 keV
LB6 [010.839 keV
Ln O 9.977 kev
Lyl [012.941 keV
Ly2 [013.271 kev
Ly3 [013.361 keV
Ly4 [013.828 keV
Ly5 [012.552 kev

L O 8.268 kev
| All ||None|

MIN3 O 2.780 kev
M2N4 O 2.695 kev
M3N1 O 1.921 kev
M3045 O 2.641 kev
MaN3 O 1.682 kev
Ms503 O 2.071 kev
Mal 2.050 keV
Ma2 O 2.047 kev
MB 0O 2127 keVv
My O 2.330 kev
M1 O 1.602kev
mMz2z O 1.592kev
| All ||None|

MN4ASNE7 ¥ 0.251 keV
[_an ] [none]

Automatic mode

Spectrum region

i None

® Lo 9.435 keV
O LB 11.110 keV
1 L 8.268 keV
2 Map 2.112keV
O Ma 2.050 keV
) MB 2.127 keV
0 MT 1.600 ke
Peak area

O Wide (99%)

® Medium (87%)
2 Narrow (55%)

o[ w]w

© 2024 Bruker
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FULL RANGE EDS ANALYSIS IN THE SEM

BRUKER
Overlap elements in trace level is challenging with EDS
» cps/eV ‘ . - i : » cpsfeV
. EDS Spectrum ; EDS Spectrum
& Zrlp" 40264" mg X e "
i PtM¢ll40272lmé°X \t Pd M nkpgu ecva

\ 08|
Bw s

1 | | 4| ] | | i { | [ | U
1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 8 10 12 14 16 18
» Energy [keV] + Energy [keV]

When using electron beam as excitation source, we can use low accelerating voltage to gain high
spatial resolution result. Then, we have to use Pt M line. However, it overlaps with Zr L line and Zr K line

jcu"pg"rgcm. "ugq"yg"ecpXv"vgnn"yjgvjgt"\'t"gzkuvu
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FULL RANGE EDS ANALYSIS IN THE SEM
BRUKER

Overlap elements in trace level is challenging with EDS

» cps/eV
16 Micro-XRF Spectrum | trum
- Micro-XRF makes more lines visible! gu"ecpXv
12
10-
0.8 -
0.6:
4 _J-‘—‘v—
1.20 1.40 1.60 0.4;
0.25
When us jain high
spatial re®® 10 1 " 6 1e and Zr K line
j cu” » Energy [keV] t "gzkuvu'
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Valuable samples
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Metal stamp from ancient China
4
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