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I(x) = I0 exp(−µx)

Beer-Lambert´s Law: 

matter 

Calculated for E = 17500eV 
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ð  intensity I(x) of a beam with 
primary intensity I0 after passing 
a sampel with thickness x is 
given by the Beer Lambert law. 
 

µ.. lineare absorption coefficient 

µ/ρ... Mass absorption coefficient 

ρ ... density 

m/F.... Mass density 
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Interaction of photons with matter in the X-ray regime 

Beer-Lambert´ law 



Main problem for quantification in XRF, as Wi has to be 
determined!  



Penetration depth/ Information depth  

Penetration Depth is a measure of how deep X-rays can penetrate 
into a material.  
It is defined as the depth at which the intensity of the radiation 
inside the material falls to 1/e (about 37%) of its original value at 
the surface. 

For X-rays it is the reciprocal value of the 
linear absorption coefficient  

€ 

dpen =
1

µlin E( )

Information depth: depth from which 1/e of the  
fluorescence radiation can escape from the sample 



Information 
depth: 
Ca ~ 40µm 
Pb ~ 300µm 
Sr ~ 600µm 

200µm 

Information depth on bone matrix 

Ca 

Pb 

Incident beam 
(17 keV 
~800µm penetration depth) 

homogeneous sample 
Ca, Sr, Pb 

To detector 

Sr 

200µm 

3.6 keV 

10.5 keV 

14,2keV 



Characteristic X-rays is the non-continuous 
part of the emission spectrum of an X-ray 
tube. They occur by electron transitions in 
the anode material and are therefor 
characteristic for the anode material 

 
If an inner shell electron is ejected, an 

electron from an outer shell fills this hole. 
As the energy of the inner shell is higher 
than that of the outer shell the energy 
difference is liberated as a photon. The 
transition energies are between 1 – 100 
keV. 

 

Selection rules for 
dipole radiation 
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Energy of the emission line is the 
difference of 2 defined states: 

https://lp.uni-goettingen.de/get/text/6634 

€ 

E = E
1
− E

2
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Notation 
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L III 

L II 

L I 
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n Square root of 1/λ 
is proportional to Z 

n κ is ¾ ( transition 
from L- to K-shell)  

n b = 1 … shielding 
constant  

 

( ) κν
λ

bZR −==
1

€ 

1

λ
= k Z − σ( )

2

Fundamental of X-ray spectrometry 



Synchrotron Strahlung 

Synchrotron radiation is the electromagnetic wave, emitted 
tangentially to the direction of movement of light charged 
relativistic particles (electrons or positrons) after deflection by a 
magnetic field. 



12 From http://www.coe.berkeley.edu/AST/srms Attwood, Berkeley 

 
When the speed becomes relativistic (β = v/c ≈1) the electron emits a radiation in its moving frame, 
but in the laboratory frame a strongly distorted pattern is observed. 
Lorentz-tranformation of Larmor´s classical theory yields directly to the relativitstic solution 

€ 

1

γ

The total emitted power by 
a relativistic particle: 

€ 

P =
2ce

2

3R
2
⋅

E
4

(mc
2
)
4

P.....emitted power 
E... .electron energy 
R ... radius of the circulat orbit 
m… restmass of the particle 



Properties of synchrotron 
radiation 
•   high intensity; 
•   high degree of collimation     
(small angular divergence of 
the beam); 
•  wide spectral range from 
infrared to X‐ray region wide 
→ energy tunability by 
  Monochromatization; 
•   well defined time structure; 
•   high level of Polarization 
(linear, elliptical or circular); 
•   small source size 
(determined by dimensions 
of the electron beam). 
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http://www.lightsources.org/ 

LCLS 



X-ray optical elements  should tailor the spectral distribution of the X-rays 
corresponding to the required experiment and / or reduce the beam size and 
increase the flux: 
 
n Monochromatic X-rays 
n Low pass filter 
n Low energy absorption 
n Focussing 

 
 variety of techniques and devices to extract monochromatic beams from 
classical bremsstrahlung sources: 
 
n Crystals,  
n absorption filters, 
n total reflection mirrors  
n synthetic multilayers 
n focussing optics 
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The interaction of X-rays with atomic electrons in a substance is 
described by the complex dielectric constant:   ε = 1−2δ − 2iβ  
which yields the complex index of refraction: 
 

n = ε =1− δ − iβ 
 
The small quantities δ and β are related to dispersive and 
absorptive natures of the material and given at X-ray wavelengths 
for from the absorption edges by: 
 

δ = Ne2λ 2 / 2πmc2         β = µλ / 4π  
 
N ...total number of dispersive electrons per unit volume of the 
material  
µ ...linear absoprtion coefficient.  
As the refractive index is less than unity, X-rays incident on a 
material are totally reflected if the glancing angle Θ is less than 
the critical angle Θc: 
 

€ 

Θc = 2δ = 28.8 ⋅ 1
E

 ⋅ Zρ
A
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n (x-ray range )  = 1- δ - iβ  

δ ~ 10-6    decrement 
δ∝f1(Z) 
β ~ 10-8    absorption part 

ϕ critical ≈ √ 2 δ ∝ √ρ/E 

ϕ critical 
(Si, 17.5 keV) ≈ 0.1° ≈ 1.75 mrad 
(Si, 500 eV)    ≈ 3.7° ≈ 64.6 mrad 
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 As c is proportional to , a mirror set at a 

glancing angle  does not reflect wavelength 

shorter than  
 

λc = Θ
πmc2

ne
2      Ec(keV) =

32.2

Θc

Si
(mrad)

 

 
present in the incident beam.  

X-ray mirrors 

reflectivity curves for uncoated and 
gold coated quartz mirrors for 
1.5 Å (8.04 keV).  
èheavy metals, deposited on the 
mirror surface, degrade the 
sharpness of the cut-off as well as 
the reflectivity near the critical 
angle  
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www.axo-dresden.de 
www. Osmic.com 

 multilayer diffracts x-rays in a fashion 
analogous to a crystal. Alternating 
layers of high-Z and low-Z materials 
create a periodic structure of differing 
electron densities, like the atomic 
planes in crystals.  

A crystal monochromator is a device in 
X-ray optics to select a defined 
wavelength of the radiation for further 
purpose on a dedicated instrument or 
beamline. It operates through the 
diffraction process according to Bragg´s 
law 

Multilayer 
monochromator 



Energy (eV) 
Bandwidth of ML about 1 keV in comparison to CM 
with 2 eV at 17 keV – more photons for excitation 
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http://www.unisantis.com/kumakhov-
optics.html 

total 
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Interaction: 

 Photoeffect / Auger effect 

 Elastic (coherent) scattering 

 Inelastic (incoherent) scattering 

sample 

X-Ray 
source 

X-Ray detector 

X-ray tube 

Synchrotron radiation 

X-ray fluorescence spectrometry 

Energy dispersive 
detector 

Wavelength dispersive 
detector 

EDXRS WDXRS 



Energiedispersive detectors: Si(Li) detector  

E to produce 1 e/hole 
pair:  3.76 eV for Si 
FWHM(5.9keV)= 130 eV 

Window material: Beryllium 8 – 25 µm 
thick 



Energy dispersive detector Silicon Drift Detector 

Small size of output capacitance: 

Ø   high energy resolution 
Ø   high count rate capability 

Low leakage current level: 

Ø   operation at high temperature 



E D X R F 

Standard 
XRF 

Micro XRF 
(µ-XRF) 

Total Reflection XRF 
(TXRF) 

Absorption Spectroscopy 
in fluorescence mode (XAS) 

EDXRS 

Advantage 
•  simultaneous qualitative 
& quantitative 
determination of major, 
minor and trace elements 
(down to ppm level) 

Disadvantage 
•  scattering radiation 
from sample & 
sample carrier 
ð high background 
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Schematic components 	


Spectrum: intensity versus energy 



Net peak area 
Basis for 
quantification  

Peak overlap  
Deconvolution program 
required! 
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X-ray 
source
s 

sample 

Detector:  
 

Spectral modification 
X-ray optics 

q  X-ray tubes:  high power 
    low power 

q  Rotating anode tubes 
q  Radioactive  sources 
q  Synchrotron radiation sources 

§ Filter 
§ Secondary target 
§ Polarizer 
§ High energy cut-off 
§ Monochromator 
§ Focusing optics 

limited processable 
 countrate !! 
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âBackground	  Reduc.on	  

Detector 

X-Ray  
Source 

Source Filter 
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èImproved Fluorescence and lower background!

Sample	  

X-‐Ray Tube 
Detector	  

Secondary	  Target	  
Comparison of optimized direct-
filtered excitation with secondary 
target excitation for minor 
elements 

ENERGY (keV) 

Tube 
Target  
peak 

With Zn Secondary 
Target 

Continuum 
Radiation 



If the detector is arranged in the direction of the polarization vector, nearly 
no scattered radiation is seen as the scattered radiation is also linearly 
polarized 
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www.panalytical.com 

Epsilon 5 

detektor 

sample 

polarizer 

source 

Polarize
d 
radiation 

Direct 
excitation 
 

polarize
r 
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x dx 
x+dx x = d 

x = 0 

Detector 
dΩ2 

dΩ1 ψ φ 

Source 

€ 

⋅e
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µ (E)
ρ ⋅sinϕ

+
µ (EKα

i )
ρ ⋅sinψ

( 

) 
* * 
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, 
- - ⋅ ρ ⋅x

⋅G2 ⋅ f (EKα
i ) ⋅ε(EKα

i ) ⋅ dx ⋅ dE
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I(EKα
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x=0

x=d

∫ I0 (E)
E=Eabs

i

E=Emax

∫ ⋅G1 ⋅
ρ
sinϕ

⋅
τ K
i (E)
ρ

⋅ωK
i ⋅ pα

i ⋅ ci ⋅V i (E) ⋅

j
j

ji cE µµ ⋅=∑)(

Main problem of quantitative analysis 
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€ 

G1 =
F ⋅ sinϕ
4πr2

        

 
F irradiatied area of the sample 
r distance between source and sample 

 

The geometry factor G2 is defined by the arrangement of the detector to the 

sample and has to consider the distance between sample and detector ,the detector 
size and the fact that sometimes the illuminated area is smaller than the inspected 
area. 

The factor Vi(E) considers secondary excitation for element i by fluorescence lines 
with an energy above the absorption edge of element i. 

 

€ 

V i(E) =1+ Vijk
j ,k
∑        

The summation is done over all elements in the sample(Index j) and over all 
fluorescence lines of these elements (Index k).For the further considerations the effect 
of secondary excitation is neglected (Vi(E)  = 1). 
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σKα
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Absorption factor 
Fundamental parameters 
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Monochromatic excitation : E0 
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A(E) =
1

µ(E)
ρ ⋅ sinϕ

+
µ(EKα
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ρ ⋅ sinψ
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( 
) 
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+ 
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sinϕ

σKα
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i )ε(EKα
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x→0 

thin film approximation 

infinitely thick sample 

Linear Calibration curves 

Quantification: 
 Calibration only valid  for  
specific sample matrix, if  
Thin film approcximation is not valid 
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Si =
I i

c i ⋅m
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sensitivity 

€ 

Srel
i =

I i

I s
= E=Eabs

i

E=Emax

∫ I0(E) ⋅σKα
i (E) ⋅ f (EKα

i ) ⋅ε(EKα
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E=Eabs
s
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s ⋅(E) ⋅ f (EKα
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s ) ⋅ dE
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ci =
I i

I s
⋅
1
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i ⋅ cs

Quantification of unknown sample 

the relative sensitivities (sensitivity 
factors)  of various elements i referring 
to the intensity of a standard element 
Is  (internal standard 

Calibration curve 

Calibrationfactor vs Z 

Srel 



n Portable / handheld spectrometer 
n Total reflection XRF (TXRF) 
n Grazing incidence XRF (GI-XRF) 
n Synchrotron radiation induced TXRF (SR-

TXRF) 
n Micro-XRF ( µ-XRF) 
n 3D-methods:  Fluorescence tomography 

 Confocal XRF 
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40 www.niton.com 

25.000  spectromters 
sold   
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Application of portable instrument for 
Cultural Heritage investigations 



E D X R F 

Standard XRF Micro XRF 
(µ-XRF) 

Total Reflection XRF 
(TXRF) 

Absorption Spectroscopy 
in fluorescence mode (XAS) 

EDXRF at the Atominstitut 

Advantage 
•  simultaneous qualitative & 
quantitative determination 
of major, minor and trace 
elements (down to ppm 
level) 

Disadvantage 
•   scattering radiation 
from sample & sample 
carrier 
ð high background 



E D X R F 

Standard XRF Micro XRF 
µ-XRF 

Total Reflection XRF 
TXRF 

Absorption Spectroscopy 
in fluorescence mode (XAS) 

EDXRF at the Atominstitut 

Advantages 
•  spatially resolved 
analysis (10 – 60µm) 
•  2D & 3D resolution 

Disadvantages 
•  complex setup and data 
evaluation 
•   t i m e c o n s u m i n g 
measurements 



E D X R F 

Standard XRF Micro XRF 
µ-XRF 

Total Reflection XRF 
TXRF 

Absorption Spectroscopy 
in fluorescence mode (XAS) 

EDXRF at the Atominstitut 

Advantages 
•  background reduction 
•  double excitation of sample  
•  small distance sample ó 
detector (~1mm) ð large solid 
angle 

Low detection limits 
•  low sample mass 
required 

•  angle dependence of 
fluorescence signal 
ð information about type of 
sample (bulk, particle, film, 
implantation) 

EDX detector Collimator 



http://www.cat.ernet.in/technology/accel/srul/ctxrf.html 

http://www.labmate-
online.com/assets/
file_store/pr_files/11618/
images/thumbnails/800w-
bruker2.jpg 
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Fundamentals of TXRF 
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Analytical features 
•  only small sample volumes required (ng some µl) 
•  detection limits in the pg range (for medium Z elements using X-Ray tubes) 
•  Simple quantification ( thin film approximation) by adding an internal standard 

Fundamentals of TXRF 





Advantages 
•  background reduction 
•  double excitation of sample  
•  small distance sample ó detector (~1mm) ð large solid angle 
•  angle dependence of fluorescence signal 
ð information about type of sample (bulk, particle, film, 
implantation) 

GI / TXRF 

Copyright F.Meirer 
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•  bulk 
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Fundamentals of TXRF 



Environment: 

 water:  rain, river, sea, drinking water, 

 waste water. 

 air:   aerosols, airborne particles, dust,  

fly ash. 

 soil:   sediments, sewage sludge. 

plant material: algae, hay, leaves, lichen, moss, 

needles roots, wood. 

foodstuff: fish, flour, fruits, crab, mussel, 

mushrooms nuts,  vegetables, wine, 

tea.  

 various:  coal, peat. 

Medicine / Biology / Pharmacology: 

 body fluids: blood, serum, urine, amniotic fluid. 

tissue: hair, kidney, liver, lung, nails, stomach, 

colon. 

various: enzymes, polysaccharides, glucose, 

proteins,  cosmetics, bio-films. 

Industrial/Technical applications: 

 surface analysis: Si-wafer surfaces, 

GaAs-wafer surfaces 

 implanted ions depth and profile variations 

 thin films   single layers, multilayers 

 oil:    crude oil, fuel oil, grease.  

 chemicals:  acids, bases, salts, solvents.  

fusion/fission research: transmutational elements in 

Al + Cu,  Iodine in water 

Mineralogy: 

 ores, rocks, minerals, rare earth elements. 

Fine Arts / Archeological / Forensic: 

 pigments, paintings, varnish. 

 bronzes, pottery, jewelry. 

textile fibers, glass, cognac, dollar bills, gunshot residue, 

drugs, tapes, sperm, finger prints. 

C.Streli 2003 



•  Short distances: source-sample-detector 
•  Vacuum mbar range  (membrane pump) 
•  detection limits in the pg range (ng/L) 
•  sample changer  (12 samples) 
•  low Z option (from Carbon up) 
•  stability 
•  Si drift detector - no LN2 

WOBISTRAX!

53 



IfG  Berlin X-Ray generator and X-Ray tube 
 
Air cooling   -   light weight   -   easy mounting 
 
Anode material perfect for low Z elements    Cr 
Anode material perfect for high Z elements   Rh 
 
Focus size 1500µm  x  100µm   
 
Power 50 kV x 0,7 mA for both types  
 
Detector SDD with UTW 300nm polymer 

54 
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Design of the spectrometer 



Loading position 
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Control panel for measurements 
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Spectra TRIS and NaF 
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NIST SRM 1640  Water 

Cr excitation Rh excitation 
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Reprotest Calibration curve Sr 

Results 
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Conclusions 

•  Compact TXRF spectrometer  
•  Air cooled x-ray source 
•  Electrically cooled SDD 
•  Light elements detectable by UTW 
•  K and L-series allows detection from 

Carbon to Uranium using 2 excitation 
sources Cr- and Rh anode 

•  Sample changer and operating 
parameters PC controlled 

•  Adjustment of total reflection by 
micrometers CCD camera controlled  

62 





LLD =
3
S
⋅
IB
t

Influence of radiation source upon S and IB: 
•  Intensity (larger S and IB) 

•  Spectral distribution 
  (monochromatic excitation ð smaller IB) 

•  Linear polarization (smaller IB) 
Why Synchrotron Radiation?  

•  High Intensity 

•  High collimation vertical to the orbital plane (little angular divergence) 

•  Continuos energy distribution ð monochromators can be used over a wide 
 range of energies 

•  Photons are highly polarized in the orbital plane ð significant background 
 reduction in EDXRF 

Detection Limits in the fg range for medium Z Elements 



•     high flux 

•     wide spectral range - wide range of detectable elements 

•     linear polarisation in orbital plane - reduction of background 

•     low detection limits ( fg range) 

•     small sample mass required 



SR-TXRF @ HASYLAB beamline L 

Experimental Setup @ BESSY2 BAMline 

ML → intensity gain of 80-100 
only small increase of scatter peak 

CCD camera 

Vacuum chamber 

Detector (SDD) 

DORIS-III 

Si-111 
Multilayer Pair 
Si-113 

Δθ 

Δz 

Monochromator 
Cross 
Slits 

reflector 

collimator 

Ta-wedge 

Transferred recently to BESSY 



L	


detector 

Ta-wedge 

Si-reflector	


SR-TXRF: 

8 fg  detection limits in 1000s at 17keV 

assuming an inspected area of 1cm² this value corresponds to 8E7 atoms/cm² 



Motivation: 
To understand the effect of 
aerosols on global climate a 
detailed understanding of 
sources, transport, fate and the 
physical and chemical 
properties of atmospheric 
particles is necessary. 
 
The chemical speciation of the 
toxic elements is of relevance 
for the environmental impact.  

L	


Aerosol particle sampling device, 
12-stage, round nozzle Berner 
low-pressure impactor for particle 
sizes of 0.06-12 µm (aerodynamic 
particle size);  



L	

Advantages of SR-TXRF: 
•  only small sample mass required 

•  sampling time can be diminished 
  ð time resolved investigation of atmospheric events 

•  simple sample preparation 
  (aerosols directly collected on reflectors) 

•  TXRF offers good sensitivity for XANES speciation of traces 

TXRF from aerosols: 
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20 min day time sampling in the city of Hamburg 

8: 16 – 8 µm, 2: 8 – 2 µm, 0.13: 2-0.13 µm,  Pb  high in very 
small particles < 
130 nm! 



Comparison SRTXRF- TXRF in lab 



Size fractioned aerosol sampling 

• 7-stage May-type cascade impactor 

• cut-off diameters: 16, 8, 4, 2, 1, 0.5, 0.25 µm for stages 1-7 at 20 lpm flow rate 

• sampling 20-3200 l air depending on stages and aerosol concentration 

• Cr strip on the Si wafers exactly on the same position as particles from the air sample 

The deposited aerosol particles form a 200-500 µm wide 

strip in the middle of the Si wafer of 20x20 mm2  



• Detection limits in the pg/m3 range can 
be reached for a 20-min sampling time 

• Further potential 
1. Time resolved trace element analyses 
in havaria/emergency situation using 
portable TXRF 

2. Potential to use in industrial/traffic 
processes where the time scale of the 
event is similar to the typical sampling 
durations 
 
• Short time collection can allow one to 
study temporal variation of elemental 
concentrations in size-fractionated 
aerosol 

E lement R eg ular Ultimate

S 451.3 163 .96

C l 282 .8 102 .72

C a 70 .2 25.49

T i 48 .7 17.68

C r 23 .4 8 .51

F e 12 .4 4 .51

C u 4 .5 1.63

Z n 3 .5 1.26

S e 2 .6 0 .95

B r 2 .4 0 .88

S r 3 .4 1.23

Pb 5.3 1.92

Detection	  limit	  (pg /m3)

Conclusions: 

V. Groma, J. Osán, S. Török, F. Meirer, C. 
Streli, P. Wobrauschek, G. Falkenberg Trace 
element analysis of airport related aerosols 
using SR-TXRF Idõjárás112 (2008)  





XANES EXAFS The x-ray absorption spectrum shows a fine structure if it is 
sampled with a high resolution. 

absorption involves electronic transitions 

fine structure affected by energy and density of electronic 
states  and transition probabilities 

influence of the environment: 
neighbouring atoms (EXAFS), bond type (XANES) 

XANES EXAFS 

XANES: X-Ray Absorption Near Edge Structure, ends 50-100 eV above the edge 

EXAFS: Extended X-Ray Absorption Fine Structure, starts 50 - 100 eV above the edge 

Absorption spectroscopy 



Variation of excitation energy 

•  Spectrum at each energy 
•  Spectrum evaluation 
  (peak area; e.g. As-Ka ROI) 

Eedge Estart Eend 

•  XANES: bond type 

•  EXAFS: neighboring atoms 

XANES EXAFS 

EXAFS equation, Fingerprint method 
(XANES) 

Introduction: XAS experiment 

Copyright F.Meirer 



Speciation of arsenic in xylem of plants 

Xylem 

Motivation: 
Arsenic is contained in groundwater in Eastern Hungary (up to 
2µmol). Speciation of As in xylem is important to: 

•  understand how plants metabolise and transform As 

•  assess the health risk caused by As entering the food chain 
  (different As species have different toxicity; e.g. As(III) and As(V) ) 

Source: www.fairchildgarden.org 

Coop: Eötvös Univ. Budapest, Prof. Zaray, Dr. Mihucz L	


 Experimental: 

• At two leaf stage: 
  transferred in solution with arsenic compounds and 
  reduced phosphate concentration 
  
•  After 30 days from germination (17 d arsenic): 
   - stem cut 2 mm above root neck 
   - sap collected with micropipettes 
     ð for 1 hour into PE vials immersed in ice salt bath  

Speciation of As in xylem of plants 



Advantages of XAS in TXRF geometry: 
•  TXRF offers good sensitivity for XANES speciation of traces (ppb range) 

•  only small sample volumes are required 

•  simple sample preparation (just pipetting some µl on reflectors) 
  ð prevents unwanted oxidation of sample during preparation  

L	
Experimental setup: 



Results: 
•   Speciation of As was possible down to the 30ppb level 

•   As(III) in nutrient solutions oxidises easily to As(V) 

•   Cucumber roots convert As(V) to As(III) 

F. Meirer et al., Application of synchrotron-radiation-induced 
TXRF-XANES for arsenic speciation in cucumber (Cucumis 
sativus L.) xylem sap, X-Ray Spectrometry 36 (2007) 408-412.  

L	
Results 



TXRF XANES – particulate matter 

J. Osán1, F. Meirer2,3, S. Török1, D. Ingerle2, 

 C. Streli2 and G. Pepponi4  

Speciation of copper and zinc in size-fractionated 
aerosol samples using TXRF-XANES 

János Osán, Florian Meirer, Veronika Groma, Szabina Török, Dieter Ingerle,  

Christina Streli, Giancarlo Pepponi 

Speciation of copper and zinc in size-fractionated atmospheric particulate matter using total reflection 
mode X-ray absorption near-edge structure spectrometry 

Spectrochimica Acta Part B 65 (2010) 1008–1013 

1KFKI Atomic Energy Research Institute, P.O. Box 49, H-1525 Budapest, Hungary; osan@aeki.kfki.hu,  
2Atominstitut, Vienna Univ. of Technology, Stadionallee 2, A-1020 Vienna, Austria 
3Stanford Synchrotron Radiation Lightsource, SLAC National Accelerator laboratory, 2575 Sand Hill Road, Menlo 
Park CA 94025, USA 
4Fondazione Bruno Kessler, Via Sommarive 18, I-38123 Povo, Italy 



TXRF XANES – particulate matter 

Size fractioned aerosol sampling 

•  7-stage May-type cascade impactor 
•  cut-off diameters: 16, 8, 4, 2, 1, 0.5, 0.25 µm  

for stages 1–7 at 20 lpm flow rate 
•  sampling 20–3200 l air depending on stages and aerosol concentration 

The deposited aerosol particles form a 
200-500 µm wide strip in the middle of the 
Si wafer of 20x20 mm2  



TXRF XANES – particulate matter 





Motivation: 
 
•  Surface contamination levels are very 
low 
ð SR-TXRF (LLD in the fg-range)  
 
•  Not only the contaminating element is 
of relevance, also chemical information 
of the contaminant 
ð SR-TXRF XANES  

Aim: 
•   Determination of location and 
oxidation states of iron-contaminations 
to trace possible sources. 

Although wafers are encapsulated  metallic contamination still remains  major 
contributor to yield loss in semiconductor manufacturing 

Wafer surface analysis with SR-TXRF XANES 
Coop. M. Zaitz, IBM, Hopewell Junction, USA 



Experimental setup: 

Setup in clean 
environment at 
HASYLAB Beamline L 

TXRF-XANES 



SR-TXRF Wafer mapping to 
localize Fe-contaminations: 

IBM Wafer fluorescence maps: 
Laboratory TXRF Analyzer Rigaku TXRF 
300 

SR-TXRF spect ra o f Fe-
contamination found at P7 

TXRF-XANES 

F. Meirer et al., Surf. Interface Anal. 2008, 40, 1571–1576.  



Advantages of SR-TXRF XANES:  
•  multielement-analyis of Si-Wafer surface 
contaminations 
•  wafer surface mapping (time consuming) 
•  determination of contamination type 
(residual, surface layer, bulk) 
•  analysis of the oxidation state of an 
element of interest 
•  All analyses can be done 
nondestructiveley within the same setup  

TXRF-XANES 

F. Meirer et al., Surf. Interface Anal. 2008, 40, 1571–1576.  



F. Meirer et al., Surf. Interface Anal. 2008, 40, 1571–1576.  

TXRF-XANES 

Advantages of SR-TXRF XANES:  
•  multielement-analyis of Si-Wafer surface 
contaminations 
•  wafer surface mapping (time consuming) 
•  determination of contamination type 
(residual, surface layer, bulk) 
•  analysis of the oxidation state of an 
element of interest 
•  All analyses can be done 
nondestructiveley within the same setup  



E D X R F 

Standard XRF Micro XRF 
µ-XRF 

Total Reflection XRF 
TXRF 

Absorption Spectroscopy 
in fluorescence mode (XAS) 

Advantages 
•  spatially resolved analysis 
(10 – 60µm) 
•  2D & 3D resolution 

Disadvantages 
•   complex setup and data 
evaluation 
•   t i m e  c o n s u m i n g 
measurements 



2D and 3D Imaging of Human Tissue 
using confocal SR-microXRF 

B. Pemmer1, P.  Wobrauschek1, C.  Streli1, A. Roschger1,2, P. Roschger2, K. 
Klaushofer2, J. G.  Hofstaetter2, 3  
 
1) Atominstitut, Technische Universitaet Wien, Stationallee 2, 1020 Vienna, Austria   
2) Ludwig Boltzmann Institute of Osteology at the Hanusch Hospital of WGKK and AUVA Trauma 
Centre Meidling, 1th Med. Dept., Hanusch Hospital, 1140 Vienna, Austria 
3) Department of Orthopaedic Surgery, Vienna General Hospital, Medical Univ. of Vienna, Austria 

Ludwig Boltzmann 
Institute of Osteology 



Focal size: ~10-20 µm 
Depthresolution: ~15-20µm 

ML → intensity gain of 80-100 

   only small increase of scatter 
peak 

Beam 
stop 

Poly 
capillary 

Microscope 
+CCD Camera 

45o 

Cross 
Slits 

SDD-Vortex detector 

XYZ 
Sample 
stage 

45o 

Beam 
monitor 1 

ANKA  

W/Si 
Multilayer 

15 mm 

Monochromator 

bending magnet 

Poly 
capillary 

Beam 
monitor 2 

Confocal Synchrotron µ - XRF Setup 

Detection Limits: pg/mg (ppb) range 
Resolution down to 50 nm!! 



SR µ-XRF Mapping of Human Bone 



Results 

Ca Zn Sr 

Pb scatter 





Element Distribution in Double Tidemark - Maps 

Distribution of Zinc and Lead at the boarder of 
non calcified and calcified articular cartilage 

outer Tidemark 
(TMa) 

inner Tidemark 
(TMi) 

mineralized cartilage 
(MCAR) 

subchondral bone  
(BONE) 

non mineralized 
cartilage 
(NMCAR) 
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Speciation of Lead in Tidemark and Bone 

Fluorescence Scan across tidemark: 
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Results - Comparison Tidemark & Bone: 

Speciation of Lead in Tidemark and Bone 



98 98 98 

Results - Comparison with Standards: 

Speciation of Lead in Tidemark and Bone 



Elemental maps - Cortical bone: 
qBE
I 

Ca-Ka Zn-Ka 

Sr-Ka Pb-La FNX3-A1: 
Mapsize:  

 600µm x 500µm 
Pixelsize: 

 15µm x 10µm 
Counting Time: 

 10 sec. /Pixel 
Normalization: 

 cps & 100mA R-C 

Elemental Distribution in (Osteoporotioc) Bone 

Zn and Pb in cement lines sign.higher 



Sr uptake into bone during SrR treatment 

Effects of Strontium Ranelate Treatment: 
qBEI Strontium 

before 

Biopsy sample - singe 
case: 

•  12 month SrR treatment  
•  6 month stopped 

Biopsy Sample: 4567XB 

Serum levels determine Sr uptake 
during bone formation 
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Sr uptake into bone during SrR treatment 

Effects of Strontium Ranelate Treatment: 
qBEI Strontium 

after 

Biopsy sample - singe 
case: 

•  12 month SrR treatment  
•  6 month stopped 

Biopsy Sample: 4567XB 

Serum levels determine Sr uptake 
during bone formation 



•  Using SR offers the access to trace analysis 

•  SR-TXRF for samples with small sample 
amount ( eg.aerosols): LLD in the fg range 
with ML monochromator 

•  Micro-SRXRF offers trace element analysis 
with spatial resolution: 2D and 3D elemental 
imaging of trace elements 

•  Combination with XAS: 
•  Determination of chemical speciation at 

trace levels 

Conclusions: 


