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2 Excitation Sources: 

Electron Beam (e-beam)

Micro-XRF (X-ray beam)

1 Detector: 

Energy Dispersive 

Spectrometer (EDS)

2 Stages:

SEM Stage

Rapid Stage

Electron 

source

SEM Stage

X-ray 

source

WD

10 mm

Rapid Stage

EDS

Sample

X-rays from 

Sample

ÁFull 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. 

ÁConverts the SEM to a dual-excitation system, where 

samples interact with either the electron beam of 

the SEM or the X-ray photons from the micro-XRF 

source, or both.

ÁThe 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

Full Range EDS - Introduction

FULL RANGE EDS ANALYSIS IN THE SEM
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FULL RANGE EDS ANALYSIS IN THE SEM

SEM setup
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What is micro-XRF?
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ÁKvҲu"c"ykfgn{"ceegrvgf."xgtucvkng"pqp-destructive analytical 

technique

ÁCombines the element sensitivity of X-ray fluorescence 

with the spatial resolution given by a focusing x-ray optic

ÁUses photons (instead of electrons) for exciting the 

specimen

ÁIdeal technique for determining the composition of 

unknown samples and for studying non-homogenous 

sample types

ÁApplicable for a wide range of application 

After the measurement you have the compositional information of the sample with the original sample 
ҭno prep, no damage, no problems!
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Full Range EDS - Introduction
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Which additional sample information the EDS detector can see:

ÁTrace levels information

Á

Á

New possibilities:

ÁNo sample coating or expense sample polishing required

Á

Á

Á

Á

Á

Á

FULL RANGE EDS ANALYSIS IN THE SEM
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Trace element detection
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ÁGlass fragments placed on the sample stub Ą no polishing, no coating 

and mapped with micro-XRF/SEM

ÁDifferent colors of the glasses are given by their distinct composition

ÁMicro-XRF clearly identify those trace elements (concentration range 

down to 5 ppm Ą depends on sample matrix

ÁSpectrum data can be taken directly out of the map  for quantification

Glass classification can be done in 3 different ways:

Å Qualitative ҭvisual (colourful images) J

Å Semi-quantitative ҭIntensity ratios

Å Quantitative ҭFP quantification

Å
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Which additional sample information the EDS detector can see:

Á

Á

ÁHigh energy K- line detection (positively identify peaks with SEM-EDS overlaps)

New possibilities:

Á

Á

Á

Á

Á

Á

Á

FULL RANGE EDS ANALYSIS IN THE SEM
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Spectrum X-axis Range:

Bottom: 30 to 40 keV

Right: 1 to 20 keV (Deconvolution)

Major Elements: La, Ti, Nb, Gd, Zr, Si, Zn

Minor Elements: Y

La

La

Gd

FULL RANGE EDS ANALYSIS IN THE SEM

Tctg"Gctvj"Gngogpvu"*TGGҲu+"ҭHigh Index Glass 

minimal overlap in that high 
energy range 

Ability to see high energy X-
ray lines will help for 

deconvolution  
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Typical XTrace 2 count rates on 

pure metals Zn, Cu

30 mm2 EDS Ą 110 kcps

60 mm2 EDS Ą 220 kcps

100 mm2 EDS Ą 400 kcps

Detectable elemental X-ray lines

Periodic table showing element lineseries detectable with XRF

Zn

Ar

FULL RANGE EDS ANALYSIS IN THE SEM

No overvoltage 
needed !
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Which additional sample information the EDS detector can see:

Á

Á Information from a much greater sample depth

Á

New possibilities:

Á

ÁLight atomic number materials (powders, plastics Ą samples which could be damaged by the e-beam)

ÁLarge area samples even with rough surfaces or topography

ÁBeam sensitive / valuable samples / no sample charging Ą samples which are not allowed to coat or polish

Á

Á

Á

FULL RANGE EDS ANALYSIS IN THE SEM
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Large area mapping on (thin) beam sensitive samples

~ 11 cm

6
 c

m

How to positioning samples like this in the SEM:

ÁE-beam will be set to very low kv (1 -3 KV) and low beam current

ÁSince the WD for SEM-XRF is fixed, sample will be positioning by moving SEM Z until the image is sharp

ÁFor XRF mapping the e-beam will be blanked or switched off

Sample courtesy of Jeffrey Hannon, 

Bruker Madison, Wisconsin Thickness: 110 µm

FULL RANGE EDS ANALYSIS IN THE SEM

Rapid 
Stage
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Large area mapping on (thin) beam sensitive samples
Why Andrew Jackson is peeking at us from the other side of the bill?

Simply, because Fe-K can travel up to 460 µm trough the cellulose before 
being completely absorbed.  

FULL RANGE EDS ANALYSIS IN THE SEM

Fe-K (26)
~ 6.4 keV

~ 460 µm for Fe-K

XRF Checker
URL: xrfcheck.bruker.com
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V
V x

For cellulose with a 
thickness of 110 µm, 
~75 % of the Fe- K 
signal can pass trough 
the matrix and hence, 
25 % will be absorbed.

FULL RANGE EDS ANALYSIS IN THE SEM

X-ray attenuation / Sample holder requirements
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Large area e-beam mapping vs. micro -XRF with Rapid Stage
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Spot size

FULL RANGE EDS ANALYSIS IN THE SEM
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Fast scan 
Low number of pixels and max. stage speed
Tube at max. conditions
ĄMap finished after ~ 1 hour

Best practices for large area XRF mapping

sample size: 55 x 45 mm

FULL RANGE EDS ANALYSIS IN THE SEM

Precise scan
This will typically an overnight scan with data ready after 7 ҭ
12 hours
higher pixel number and slower speed for better statistics. 

Sample courtesy of Jeffrey Hannon, 

Bruker Madison, Wisconsin



|© 2023 Bruker |
-Bruker Confidential-

© 2024 Bruker || 17Innovation with Integrity

FULL RANGE EDS ANALYSIS IN THE SEM

Original Aperture 1000 Aperture 500

total X-ray intensitys

Scanning samples with topography

Cu mineral

30 %of the nominal intensity 8 % of the nominal intensity
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Which additional sample information the EDS detector can see:

Á

Á

Á

New possibilities:

Á

Á

Á

Á

Á

ÁMore complete sample information by combining EDS and XRF quant 

Á

FULL RANGE EDS ANALYSIS IN THE SEM
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SEM ҭXRF Quantification
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Quantitative X-ray Fluorescence analysis is based on sample properties and the physical processes of known 

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

XRF FP quantification

FULL RANGE EDS ANALYSIS IN THE SEM
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SEM-
EDS/WDS

Low - Z 
elements

SEM-XRF

High - Z 
elements
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Element Certified SEM - XRF SEM - EDS Combined

C 2.51 2.84 2.84

Al 0.013 0.023 0.022

Si 0.829 1.11 0.708 0.91

P 0.027 0.016 0.044

Si 0.01 0.364 0.053 0.036

Ti 0.022 0.024 0.025

V 0.036 0.034 0.033

Cr 0.507 0.476 0.52 0.495

Mn 1.94 1.91 1.84 1.84

Fe 93.7 95.7 94.0 93.0

Ni 0.03 0.023 0.02

Cu 0.075 0.063 0.058

Zn 0.023 0.013 0.013

As 0.016 0.025 0.023

Nb 0.051 0.061 0.057

Mo 0.071 0.072 0.067

Sn 0.011 0.005 0.005

Sb 0.025 0.005 0.005

W 0.066 0.066 0.077

Pb 0.011 0.045 0.042

Bi 0.014 0.001 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

FULL RANGE EDS ANALYSIS IN THE SEM

Combined EDS-XRF quantification

Cast iron
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Which additional sample information the EDS detector can see:

Á

Á

Á

New possibilities:

Á

Á

Á

Á

ÁLayer thickness analysis (Analyze multi-layered plating & film stacks)

Á

Á

FULL RANGE EDS ANALYSIS IN THE SEM
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FULL RANGE EDS ANALYSIS IN THE SEM

Film thickness analysis
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Pd

Au

Ni

Cu/Fe

Ni Pd Au

Large flat region

Horizontal region

Vertical region

FULL RANGE EDS ANALYSIS IN THE SEM

Analyze multi -layered plating
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0 5 10 15 20 25 30

Ni/(um*10)

Pd/nm

Au/nm

Layer thickness distribution comparison

Vertical Region Horizontal Region Large Flat Region

Flat Region

Horizontal

Vertical

FULL RANGE EDS ANALYSIS IN THE SEM

Analyze multi -layered plating



Real world application examples (Material science, 
Culture heritage, Geology)



Detect and quantify trace elements at lower 
concentration with Full range EDS
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Trace elements detection: Catalyst
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Catalytic active 
material

Original sample Prepared sample

Can trace level Platinum be detected?

What other elements can be detected for failure 
analysis?

Is it possible to do measurement without any 
sample preparation to avoid second contamination?
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Easy element identification by micro -XRF in catalyst sample

28Innovation with Integrity

Pt L line series show clearly peak
L‌, L‍, L‎

Pt L line series are clearly observed by micro-XRF although they 
are overlapping with W. Also, Sr, Zr and Nb in trace level can also 
be resolved with high energy line series.

Micro-XRF Spectrum
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Overlap elements in trace level is challenging with EDS
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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"pq"rgcm."uq"yg"ecpҲv"vgnn"yjgvjgt"\t"gzkuvu"qt"pqv0

Zr Lɸ"40264"mgX
Pt Mɸ"40272"mgX \t."Pd"M"nkpgu"ecpҲv"dg"uggp

EDS Spectrum EDS Spectrum
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Overlap elements in trace level is challenging with EDS
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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"pq"rgcm."uq"yg"ecpҲv"vgnn"yjgvjgt"\t"gzkuvu"qt"pqv0

Zr Lɸ"40264"mgX
Pt Mɸ"40272"mgX \t."Pd"M"nkpgu"ecpҲv"dg"uggp

EDS Spectrum EDS Spectrum

Micro-XRF makes more lines visible!

Micro-XRF Spectrum



Valuable samples
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Metal stamp from ancient China


