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SEM-XRF (XTrace):
Introduction
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SEM and Analytical Options: NS e
Electron and Photon Excitation for micro-XRF and EDS/WDS
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Analytical Parameters and Conditions
SEM-EDS vs SEM-XRF

E-beam Micro-XRF
Parameter
(SEM-EDS) (SEM-XRF-EDS)

e-beam
@: few um @:15-30 um X-ra
. . \'
\S/S?JL?]LReSOM'O” Stz Information depth: pm; Information depth: pm to mm; beam EDS
(depending primarily on electron energy) (depending on analysed element and matrix)
Detectable Elements Atomic number Z > 4 (beryllium) Atomic number Z > 6 (carbon)
Energy range K-L —M — Lines (up to 20 keV) K-L =M - Lines (up to 40 keV) WD -rays from
10 mm Sample
Concentration Range Down to 1000 ppm Down to 5 ppm
Quantification Standard less and Standard based Standard less and standard based Sample %
Data collection Simultaneously Simultaneously
. Sample needs to be electrically conductive Electrical Conductivity not required, samples doesn "t Rapid Stage
Sample Preparation I : :
(commonly carbon-coated), polishing required need to be polished
Sample stress Heated due to absorbed electrons minimal
SEM Stage

Spectroscopic resolution Downto 121 eV for Mn Ka Down to 121 eV for Mn Ka — —>—>

By continuously (Rapid) Stage movement since the X-

Distribution Measurements By rastering e-beam T :
ray optic is fixed in space
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Spatial Resolution and Analyzed Volume: BEER
Transmission and Attenuation
& The transmission of X-rays is important for excitation of samples as well as for the
e fluorescence radiation.

Information depth: the depth from which fluoresced X-rays can still reach the detector

\S‘OO
\ . ; ! Penetration depth: the depth that can still be excited

Information depths of selected element fluorescence lines in different matrices

Minsteel Minglass orstone [@in plastics or wood

10 keV 20 keV 30 keV lcm L&cm
30 kV Electrons Se K Mo K Te K 32
— b > .2mm
Rg % 2.5 um N - I 1mm
— o
3 - z
3 0]
é 100 um
Electron Photon ~ °
trajectory absorption 0 5 oo
dependence dependence - 2 2o 10um
3 & .
o N
= 3 1um
: 3
3 :
g 9
2 o 100 nm
S 3 Si-K Ti-K Au-L Zr-K Sn-K
2 1.74 keV 4.5 keV 9.7 keV 15.7 keV 25.3 keV
(0]
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SEM-XRF and Rapid Stage
Integration in ESPRIT Software

© 2023 Bruker
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Micro-XRF Installations:
Adaptable to Various SEM models

i )y num‘;ﬁ“
i| Jae
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Introduction to Micro-XRF and Rapid Stage
Differences to Electron Beam Excitation

Enhanced SEM

Electron
source

Micro-XRF Benefits:

X-ray « Non-destructive analytical technique

source

=bS * No charging effects

« Minimal Sample Preparation Required

* Lower detection limits (down to 5 ppm)

*  Wide elemental range (from Z = 6 to

X-rays from 92)
Sample « High Energy Lines Detection (Full
Spectrum Range up to 40 keV)
« Ideal for Low kV or Beam sensitive
samples
Rapid Stage - Fast Large Area Mapping " vyl
B . « Micrometer scale measurement over cm S _Cominuoussiage
=] W~ movement

« Versatility in Application

SEM Stage

» [ [
| | P4 P4

A
v
A
v
A
v
A
A 4
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B(I;‘l?lgE-)R
SEM-XRF : (>
Application Fields

The following Application fields will have benefits from the enhanced
functionality on the SEM:

« Materials Science

« Archaeology and Art Conservation

« Environmental Science

* Geology and Mineralogy

* Forensics

« Electronics and Semiconductor Industry
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Rare Earth Elements:
X-ray Energies

PROPERTIES FOR CERIUM

58 Ce

Rare Earth Elements have a

% None

. v KAl v 34.720 keV KA 34.692 keV
range of X-ray energies that are Color ¢ a2 34.275 ke B
. vl KB1 39.256 keV LA 4.837 kel
deteCtab|e by EDS : EE; ;g'fgg EEE LB 5.274 keV
7 KB4 40.334 kaV/ MAB 0.901 keV
¥ KBS 39.541 keV

v| Background

K-Series: 34 to 55 keV show line Al | |None

vilar 4.839 kev Re
Al v A2 4.821 keV & Medium (87%)
. vl LB1 5.262 keV N (55%)
. arrow %a
L-Series: 41010keV DENEE——Y ©E D
vl LB4 5.274 keV &7 %
v LB6 5.432 keV
. v LE 4.728 keV
M-Series: 0.5to 1.5 keV Z ==
v LG3 6.341 keV
v LG4 6.528 keW
. . v LGS 5.875 keW
L-Series detectable with both o 4287 ke
. . All None
electron and x-ray excitation : k || _
MZ2MN4 1.159 keV i
source. = ] -Tee] ] [ on nlisa - fonjusm e
v MB 0.902 kev a
‘ = e t:ﬁ MAG: 30x  HV: 50 kV _WD: 12mm S

K-Series detectable with x-ray Al (Rons
excitation source only. — automatic mode
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C><)
SEM-XRF Analysis of Rare Earth Elements (REE’s): BRUSER

Comparison with SEM-EDS SEM-EDS is better for low energy lines

SEM-XRF is better for high energy lines
Glass Spectrum: SEM (20 kV), XRF (50kV) ..

Bottom: 0 to 40 keV
Right: 0to 10 keV

cps/eV

|  SEM-XRF: RED

> SEM-EDS: BLUE o
| 7 | 4 SEM Image
4 showing charging
under e-beam:

5kV (left) and

ILJ-L-L = 1 2 e e s s e e - 20kv(right)

5 10 15 20 25 30 35 40
Energy [keV]

40

30
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C><)
SEM-XRF Analysis of Rare Earth Elements (REE’s): BRUSER
Applications — High Index Glass

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

Spectrum X-axis Range: « | Minor Elements: Y
Bottom: 0to 10 keV |

. : «
Right: 10to 30 keV :

cps/eV 5 } . | |
40 v U —
. Ti
20I Gd ‘Nb

Rh La Zn B = Rh Zn
= 'L il .u; ‘m.. A, : a4 wA - = H j

Energy [keV]
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SEM-XRF Analysis of Rare Earth Elements (REE’s):
Applications — High Index Glass . ' '
I e Major Elements: La, Ti, Nb, Gd, Zr, Si, Zn
35 La 1 o
Spectrum X-axis Range: | Minor Elements: Y
Bottom: 30 to 40 keV - Gd
Nb
Right:  1to 20 keV (Deconvolution) “5* %" « 1™ i_zn
x 0.001 cps/eV 10 .
450 5 31
400 La ol i.kh . 44 j.ét [fi‘a_;k s A ——— - =

Energy [keV]
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Analysis of Steels and Alloys
Excitation: Micro-XRF; Detector: EDS

C><)
BRUKER

Analytical Conditions Point Analysis: 50 kV, 600 uA, No Filter, 130 kcps,
under vacuum, Working Distance 12 mm, 120 seconds

All (wt%) Reconciliation

100 E :
90 bl i~
VY Py TV
o ’Lw L i }
(3\c> S |
E 70 i J
()]
g o0 &' b ol
L 50
O
£ 40 SAMPLES: Set of 51 ARMI
@ 30 steels with known
% 20 (certified) compositions
10 Cast in Epoxy Resin and
- Polished
0 . .
0 10 20 30 40 50 60 70 80 90 100 High-Fe, Cr-Ni steels, Cu-

alloys
Accepted Values (wt%)

—VY=X +10%

-10% @ Si Cr ¢ Mn e Fe e Co e N e Cu e Mo
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Analysis of Steels and Alloys
Individual Elements

Micro-XRF Excitation. EDS Detector. SEM-XRF-EDS.

Al (wt%) Reconciliation

Cr (wt%) Reconciliation
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Analysis of Steels and Alloys
Combined Analysis

Sample 32: AISI 422-205B

0.22 L ] SEM-

0.05 L ] EDS/WDS
0.01 L ]

o G o Low-2Z
[ P ] 0.01 L ] elements
0.00 o003 0.00

0.26  o2s 0.26

11.72 . 108 om0 1132

0.68 . o7em o087 0.75 SEM-XRF
83.70 . s3243 | 8ass | 8320 .

0.03 o004 os 0.02 High-Z
0.70 . oe2  o0sa 0.67 elements
0.15 o T 0.15

0.02 ooz 0.01

0.97 . os0 0.94
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Al Alloy
Improved LOD comparison EDS - XRF

2

4

Element concentration in mass% normalized

EDS mean
concentration
value

Micro-XRF
mean concen-
tration value

Certificied
values

© 2023 Bruker

0.85

Al

85.09

83.87

8452

Si

11.432

12.83

12.00

n.d.

0.03

0.01m

n.d.

0.01

0.0099

0.081

0.033

Fe

0.36

0.36

0.31

12

0.91

0.93

0.89

Cu

0.91

093

0.89

—— Electron excitation
—— Photon excitation

14

Zn

0.10

0.10

0.098

n.d.

0.01

0.02

16

©

n.d.
0.03

0.02e

Certifled aluminum standard

10 mm
]

Fig. 1 Photograph of the analyzed specimen Alcoa Deltalloy® 4032
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Large Area Maps
Rapid Stage + SEM Stage: SEM-XRF

TR R

© 2023 Bruker

Large Samples:
Concrete Block: 61.8 mm x 74.4
mm

Such  samples require a
combination of the Specialised
high speed stage + SEM Stage.

The sample is analysed in 4
maps which are mosaiced at the

completion of the analysis.

Image Extension: SEM is 14 x 22
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Archaeology and Art Conservation
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Analysis of Cu-bearing Ores
Atacamite

Analysis of Atacamite:
Use of Filters for Trace elements

MAG: 30x HV:50kV WD: 12 mm

MAG: 30x HV: 50 KV WD: 12 mm —— MAG: 30x _HV: 50 kV_ WD: 12mm E MAG: 30x _HV: 50 KV _ WD: 12 mm - &3

MAG: 30¢_HV: 50KV WD: 12 mm MAG: 30x_HV: 50KV WD: 12 mm MAG: 30¢_HV: 50KV WD: 12 mm
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Analysis of Ceramics:
Large Area Maps

Ceramic Samples from
Northern Chile

Identify different mineral
phases - probable
different source material

Top Row: SEM, Na, Mg; Second Row: Al, Si, K;
Third Row: Ca, Ti, Cr; Bottom Row: Mn, Fe, F1
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SEM-XRF:
Analysis of Roman Coins

MAG: 27x HV:50 kV WD: 12 mm

Dominated by XRF Signal

C

MAG: 27x HV:50 kV WD: 12 mm

Innovation with Integrity |

Webinar 2023

Dominated by eBeam Signal
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SEM-XRF (XTrace):
Environmental Science




: SEM-XRF (XTRACE)
Analysis of Soil Samples
Large Area Maps

WEBINAR
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Analysis of Soil Samples:
Large Area Maps

Pb

-
4000 um _| 6100 ym
ps/eV
25
152
20 1.0
0.8
1.5
0.6
1.0
0.4
0.5 0.2 i
i y
‘l 00 - L A WY WY JALSN |
0.0 - 10.5 11.0 11.5 12.0 12.5 13.0
10.0 105 11.0 115 12.0 125 13.0 135 Energy [keV]

Energy [keV]

After Maximum Pixel Spectra determines presence of Trace elements.

Detailed investigation confirms presence of both Pb and As
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Analysis of Soil Bedrock:
Large Area Maps

Polished Sections: Analytical Parameters:
Standard Size: 45 x 30 mm Tube Voltage: Rh at 50 kV
Such samples can be completely analysed Anode Current: 600 uA
using the Specialised high speed stage only. Pixel Spacing: 25 um
Example: Soil Sample from Korea Analytical Time: 755 mins

Top: Elemental Maps; Bottom Left: Mixed Elemental Map;
Bottom, Right: X-Ray Intensity Map.
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Geology
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Co<D)
SEM-XRF: Hypermap Results =ROKER
Analytical Parameters

Decreased Analytical Time:
(minutes)
o/ 7
23
11

., - 3
;.
+
'x‘
»

b_T200um

Mantle Peridotite: ‘ , ‘ﬁ'
Garnet T .
Chromite

Clinopyroxene

O | IVI ne 7‘10 um ‘ B 3500 um
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SEM-XRF-EDS: Hypermap Results
Analytical Parameters

o

Mantle Eclogite: Metasomatic el Trace Phases

Interaction

Clinopyroxene

Garnet
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C><)
Quantitative Microanalysis with SEM-XRF BRUKER
Point Analysis - major elements

Comparison XRF-EDS spectra for the same point: analytical precision All Elements (wt%) Reconciliation
50.0
45.0
XRF-EDS
Element Unit EPMA Values Values  Std. Dev. Maximum Minimum Range 40.0 /
35.0

0.18

39.48 38.89

TiO2 (%)  0.28 0.02 033 0.26  0.07 Ezgo y /4 o clmen
Al203 (%)  22.51 0.31 2221  21.23  0.98 2 200 :‘:;‘%

Cr203 (%)  0.12 0.01  0.11 0.09  0.02 156 10%

FeO (%)  21.00 020 2185 21.18 067 100

MnO (%)  0.47 0.01  0.50 0.46  0.04 5.0

MgO (%)  11.44 032 1262 1157 1.05 O e o0 100 150 200 250 300 30 400 #2000

Ca0 (%)  4.57 0.05  4.45 429  0.16 Accpeted Values
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Quantitative Microanalysis with SEM-XRF
Point Analysis — major and trace elements

wasfeV

Trace elements possible with Micro-XRF

Element Unit 90 sec 120 sec 180 sec
Si02 (%) 39.04 39.17 39.20
TiO2 (%) 0.28 0.28 0.29
Al203 (%) 22.23 21.97 21.87
Cr203 (%) 0.11 0.11 0.11
FeO (%) 21.16 21.05 21.02
MnO (%) 0.49 0.48 0.48
MgO (%) 12.29 12.57 12.63
Ca0 (%) 4.35 4.31 4.33
Ni ppm 26 18 28
Cu (ppm) 3 5 4
Zn (ppm) 173 143 150
Ga (ppm) 7 0 28
Ge (ppm) 17 22 17
As (ppm) 28 28 28
Rb (ppm) 41 69 59
Sr (ppm) 28 0 28
Y (ppm) 2 28 3
Zr (ppm) 157 157 171
Nb (ppm) 1 28 0

© 2023 Bruker

Enegy [kev]
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Case Study 1: Gold (Au)
Epithermal Gold

Mineral Formula

Native Gold Au
Native Silver Ag
Sulphides

Pyrite FeS,
Chalcopyrite CuFeS,
Galena PbS
Sphalerite ZnS

Gangue Mineralogy

Quartz SiO,
Adularia KAISi;Oq
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C><)
SEM Micro-XRF Analysis: Epithermal Au BRUKER
Large Area Mapping

Beam: X-ray

High Voltage: 50 kV

Anode Current: 600 pA

Analytical Spacing: 100 pm

Dwell Time: 64000 ps (64 ms)
Analytical Area: 4.5x4.5cm

L]

Total Analytical Time: 188 minutes

Spot Size: 25 um
Interaction Depth: 10 - 100 pm

Host Rock Elements: Al, Si,

Mineralisation: S, Fe, Cu, Zn, As

AN e mmm) Economic Mineralisation: Au,
W Ag, Se
Epithermal Gold-bearing rock sample from Karangahake, New Zealand
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Micro-XRF on SEM (X-ray Beam)
Identifying Gold (Au) in the Sample

Innovation with Integrity | Webinar 2023 |
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)
SEM-EDS (e-beam) BRORER
Identifying Gold (Au) in the Sample

Single Field 6
Large Gold Grain;

Associated with Silver

Other mineralization:
Pyrite (FeS2),
Chalcopyrite (CuFeS2),
Galena (PbS),
Sphalerite (ZnS)

; Pb Eu‘ sy Ag
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an
SEM-EDS (e-beam) and AMICS BT
Area: SF6 . 5 A [ Etectrum

- Zr : w ¥ [ |Uvtenbogaardtite
' > il [ ] Acanthite
[ Stromeverite
B Talpaite
[ |Pyrite
|:| Chalcopyrite
B Sphalerite
B Galena
: [ ] Quartz
., [ ] Adularia

[ |Other

dal Mineralogy - [Segment Layer]:[N/AL:[Weight%]

gﬁv?qe@@%ﬂwm‘wz

“a.’f’d’\“'"""
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Micro-XRF on SEM
NIST Standard Glasses

NIST Glass Standards an

Analysis of NIST Standard Glasses
with dopped concentrations in the
approximate range of:
NIST 610: 500 ppm
NIST612: 50 ppm
NIST 614: S ppm

Easily identify trace element

concentrations
1307 A L ;
Ch1 MAG: 30x HV:5kV  WD:12mm  Px: 30.07 pm
SE Image
Ce
La
‘ At
Nd - ;*‘ ‘;“i o o
N Husliot A - ol "'».";.N\-'};:; i
Eu !’ ' .“' . y ." .‘ ¥ ':x: s @ ‘w -:' r‘%ﬁr& o
W fnr .- e 7;_'0‘ % }" "‘[
ALPS T o JNEE SR PN }n.‘ﬁﬂwl:.’:',‘ﬁ
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an
Micro-XRF on SEM (<D
Applications: Trace Elements

Si JI8fivin | Fe R IEE] B2

Glass analysis: NIST 610 Forensics: Glass fragment analysis
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Micro-XRF on SEM
Applications: Analysis of Glass

Glasses mounted for analysis

Innovation with Integrity | Webinar 2023 [ 43
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an
SEM-XRF: (D
Analysis of Beach Sands

Analysis of Beach Sand

Loose Grains

Various Size Fractions
Uncoated

Large Area

High Speed Stage Movement
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Electronics and Semiconductor Industry




MICRO-XRF ON SEM: XTRACE

(C><)
Micro-XRF on SEM BRGBER
Applications: Electronics and Semiconductors (Layer Analysis)

Sample courtesy: I-EB, .
Zentrum Berlin

layerd - Normalized mass concentration [%]
Substrate  Layerl Layer 2 Layer 3
N Cu In Ga Se Spectrum Si Thickn. [nm] Mo Thickn.[nm] Cu In Ga Se Thickn.[nm] 2Zn
o " » 196 100.00 879 100.00 1774 29.01 16.55 5.65 48.39 260 100.00
197 100.00 878 100.00 1769 28.79 17.265.65 48.31 259/100.00
; El 198 100.00 880 100.00 1770 29.15 17.04 5.62 48.19 261/100.00
199 100.00 888 100.00 1778 28.96 17.18 5.59 48.27 260 100.00
" 200 100.00 880 100.00 1776 28.93 17.29 5.55 48.23 260 100.00
201 100.00 879 100.00 1773 29.08 17.17 5.62 48.14 262 /100.00
" Mean value 100.00 I 880.58 100.00 1773.43 28.99 17.15 5.61 48.25 260.25 1¢0.00
Std dev. 0.00 a9 .00 T80 U.13 U.13 000 Oo.09 LA 0.00
- std dev. rel. [%] 0.00 0.40  0.00 0.20 0.44 0.770.70 0.18 0.36  0.00
- E Conf. interval 0.00 142 0.00 145 0.05 0.050.02 0.04 0.38  0.00
2n L]
8 vE H mE 8 InGs o AR B XRF composition and layer quant results
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Electronic & Semiconductors: Thin film analysis on various layer
Electronics: Failure analysis on PCB structures (solar cells, electronic contacts etc.)
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C><)
SEM-XRF Analysis of Rare Earth Elements (REE’s): BRUSER
Applications — Electronics
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Image courtesy of Benjamin Monneron-Enaud, TU Bergakademie Freiberg, Germany.
© 2023 Bruker

Innovation with Integrity | Webinar 2023 | 47



WEBINAR: SEM-XRF (XTRACE)

C><)
SEM-XRF Analysis of Rare Earth Elements (REE’s): BRUSER
Applications — Electronics
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REEs Example: BROKER
Applications — Electronics
Nd

Innovation with Integrity | Webinar 2023 | 49



SEM-XRF (XTrace):
Summary and Conclusions




WEBINAR: SEM-XRF (XTRACE)

Summary and Conclusions:

Micro-XRF on SEM

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

X-ray
source

EDS

4

X-rays from
Sample

Sample

.

Rapid Stage

A
v

SEM Stage

» [ »a

v
A

» »
| | P4 ><€ P> <€ | |

A

A 4

Micro-XRF Benefits:

Non-destructive analytical technique
No charging effects

Minimal Sample Preparation Required
Lower detection limits (down to 5 ppm)
High Energy Lines Detection (Full
Spectrum Range up to 40 keV)

Ideal for Low kV or Beam sensitive
samples

Fast Large Area Mapping

Micrometer scale measurement over cm
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Workflow: Correlating Micro-XRF / e-beam / EDS / WDS analysis

X-ray beam (Micro-XRF):
Fast over large area
Sensitive for traces

E-beam (SEM-EDS):

Spatial resolution

E-beam (SEM-WDS):
Spectral resolution

Software:
Esprit (Elemental) and
AMICS (Mineralogical)

Correlation:
Compile, process and

interpret Hypermaps

© 2023 Bruker

Micro-XRF (M6 JETSTREAM, M4 TORNADO, SEM-XRF (XTRACE))
« Fast analysis over large area

« Confirm presence of elements of interest

 |dentify areas for further analysis

« Store stage positions of those areas

SEM-EDS

* High spatial resolution

* Fast analysis over small area

+ |dentify elemental and mineralogical relationships and
associations on the micro- nano- scale.

SEM-WDS

+ High spatial resolution (similar to EDS)

* Resolution of peak overlaps

* Low detection limits

» High sensitivity for low X-ray energy range

Innovation with Integrity | Webinar 2023
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Micro-XRF on SEM (XTrace):
Further Information

A

ELECTRON MICROSCOPE ANALYZERS

QUANTAX Micro-XRF

Trace Element Sensitivity with Minimal Sample Preparation

High-Speed
Elemental X-ray
Mapping even over
Large Areas

Film Thickness Analysis

PRODUCTS & SOLUTIONS ~ APPLICATIONS  SERVICES & SUPPORT

https://www.bruker.com/

Search for:
QUANTAX Micro-XRF

Large Area Mapping of Mineralogical
Samples

The new Rapid Stage is specifically designed for
SEMs to enable large area mapping over millimeter
{mm) to centimeter {cm) scales. This will eliminate
potential SEM X¥-ray intensity variation artifacts
associated with low magnification mapping and thus

enhance elemental and mineralogical information in &
timeous manor that was previously not possible

—+ READ MORE

Mantle Petrology and the Source of
Diamonds

We present & SEM-XRF element map of a mantle
garnet-zpinel peridotite from the diamond-bearing
Newlands kimberlite (Seuth Africa, Kaapvaal Craton)
The intensity of the various elements indicates
certain minerals that are present in the sample.

— READ MORE

Elemental and Mineral distribution in
Exotic-Cu Deposits

o observe elemental changes within
samples is important 1o understand geological
processes and ore deposit genesis. The dual source
system which incerporates a micro-XRF on a SEM
enahles elemental ¥-ray mapping over large areas,
which shows major, minor and also trace elements on
the ppm scale

—+ READ MORE

K LN
- K Y
Identification of Contaminants and Toxins
in Soils

Large Area Mapping (Hypermaps) using SEM-XRF can
be performed on samples with topography. That is,
minimal sample preparation is required and the
sample can be analyzed directly without any
degredation. This is particularly relevant in the
analysiz of oils, where any form of sample
preparation, such as mounting and polishing or
carbon coating, may alter the specimen.

Dual Source Applications for Exploration
and Mining: Au-bearing Epithermal
Samples

The combination of micro-XRF with SEM enables the
potential 1o analyze samples at muktiple scales, from
centimeters (cm) to millimeters (mm) to micrometers
{um) and below within a solitary system. Thus, by
adding the micro-XRF to an SEM you convert your
SEM to a dual source system, meaning that there are
2 excitations sources, the e-beam and photon beam
Either source can be used individually, or
simultansously, to generate sample X-rays that will be
measured using the same EDS detector.

— READ MORE

2640 nm Zn

0 s Cu-Tn-Ba-54

layerd
[Fres o G se
layers

#80 nm Mo —
Mo
Ja layer structurs Modallad layar structure
in XMethod

Thin Film Analysis with SEM micro-XRF

As ¥-rays may pass through matter, X-ray
Fluorescence (XRF) allows the determination of layer
thickness. Using micre-XRF on SEM, the layer analysis
(thickness and compositien) is rendered feasible with
spatial resolution at the micrometer scale. Layer
analysis is strongly based on quantification using
gromic fundamental parameter (FF).

— READ MORE

LinkedIn Posts: ghacer

#BrukerXTrace

m Q #BrukerXTrace ‘

Home

Posts People Jobs Companies Groups Products Serv

Posts

Stephan Boehm - 1st e
o Product Manager micro-XRF / SEM and WDS at Bruker Nano ...
mo- @

Are you interested to see a micro-XRF map collected using a SEM? Here is a
beautiful example of an Exotic-Cu deposit sample from El Tesoro in Chile. This
uncoated thin-section was measured using a Bruker micro-XRF excitati ...see more

& Like &) Comment [:)_J Repost 7 send
Stephan Boehm - st s
o Product Manager micro-XRF / SEM and WDS at Bruker Nano ...
omo + ®

It is general knowledge that the different colours of glasses are given by their
distinct compositions. But did you know that it is possible to analyze such glasses
in a SEM with minimal sample preparation? Here is an example of seve ...see more
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Micro-XRF General Information

Further Information

Web Site

https://www.bruker.com/

Search for:
QUANTAX Micro-XRF
'%‘ e« suiitions  aseuickvions  CuisH A IREONL jwsimg conetretia

uuuuuuuuuuuuuuuuuuuuuuuuuuu

QUANTAX Micro-XRF

Trace Element Sensitivity with Minimal Sample Preparation

High-Speed
Elemental X-ray
Mapping even over
Large Areas

ssssssssssssssssssss

Upcoming Webinars:

Back To The Roots, Part V:

Advantages of standard-supported micro-XRF
qguantification: Where are we today in terms of
performance of FP quantification?

Date: 02.05.2023 (10 am, 5 pm)

And a new SEM-XRF webinar in June

LinkedIn Posts:
#BrukerXTrace

m Q #BrukerXTrace ‘
Home

Posts ) ( People ) ( Jobs ) ( Companies ) ( Groups ) ( Products ) ( Serv
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More Information

© 2023 Bruker

For more information, please contact us:

Bruker Nano GmbH

iInfo.bna@bruker.com
Or

Andrew.Menzies@bruker.com

Stephan.Boehm@bruker.com

Innovation with Integrity | Webinar 2023 | 55


mailto:info.bna@bruker.com
mailto:Stephan.Boehm@bruker.com

Innovation with Integrity



WEBINAR: SEM-XRF (XTRACE)

BRUKER
X-ray Fluorescence and Electron Excitation Analysis
= Excitation with either electrons or X-rays generate fluorescence radiation Flectron
of the irradiated material. cource EDS
= Detection is normally performed with energy dispersive spectrometers '
(EDS), independent of the excitation source. Signal collection and

spectral presentation is identical, but quantification is different.

X-rays from
Sample

= Main differences:

> Spot Size Sample ‘
» Information depth

» Elemental Range (Energy)

> Limits of detection (Concentration)
» Spectral Background

» Sample Handling SEM Stage

» [
L} Lala ]

Rapid Stage

A
v

»d
Ll |

A

A\ 4
A
v
A
v
A
A\ 4
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Energy Dispersive Spectra
Comparison: Electron vs. X-ray Excitation

<)
BRUOKER
(>

[ X
e, . 5 i (med.) - =
&2 sample Standards &  wicro... =| &= xray..™| EH Scan =™ | Es = ™ wps = I Esp = Report Bg Project (o or coas 215 ks - | h e a rn et h a S .
e cooine None 66 WD 20,000 mm src Current 600 pA Dwelltime 8 ps 20 kev 0k Not initialized MP || Gz 1 (") Demo spectra .
Company DemoCo Ltd. Uncalibrated Magn. 2000x | |||  Filter Empty’ Frame time 4,3 s 180 kcps Tilt 00 ° Page 1
Batch AF-10/45 Uncalibrated Stage X 0,000 mm ¥FC Status — Drift qual — % -20,2 °C 0,0000 mm Board temp. — empty 0 M
SSSSSS 12 15KV Stage ¥ 0,000 mm Drift range — % - 0,0000 mm Camera temp. — ° 40 W't /0 S I O 2 a n
<4
~ Testsample - w=— ESL-506-1: . HV 15,0kV  + 5 HV 50,0kV  ~ 4 600 px - ICR 162kcps + 4 —eV . Size 80px Report_0

20 wt% FeO.

EDS

Preview ~ Acquire o Quantify - o Method0B-Garnet8s

!
s

l=]
E—
. Electron "= The different spectrum
- Excitation X-ray profiles are obvious.
Excitation For example, the e-beam
spectra (in green) the lighter
elements are more intense.

Whereas for the heavier
elements the X-ray
spectrum (in blue) has a
significantly more intense
signal.

1 2 3 4 5 6 7 8

[au [ﬂ [u {HH ‘ [r».: [L [s ‘ [u [ﬁ‘ [L H ‘ [;m

o ~
CEEREEE
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Overview:

Characterization Workflow of a multiscale approach

1 Mega iveim

Space- & Airborne analysis

Land and sea

Rock, soil, vegetation, water

optical & multi-spectral

visible light infra-red
Optical NIR cT

drill cuttings

3 M es(Q metrecm-mm

Laboratory analysis
2D surfaces; 30 volumes

- o

X-ray
Micro-XRF  Micro-CT

X X

visible light
Optical

M a C ro km-metre

Field analysis
Natural outcrop or man-made surfaces

Rock, sediment, soil, glacially-polished, joints, fractures, faults, drilled & blasted

é&-beam X-ray laser-beam
SEM EPMA  XPS SEM-EDS LA-ICP-MS

|

drill core

petrographic thin-section

4 Micro

1

polished thin-section polished block

mm-micron
Laboratory analysis

2D surface analysis

Butcher AR (2020) Upscaling of 2D mineralogical information to 3D volumes for geoscience applications using
a multi-scale, multi-modal and multi-dimensional approach. EMAS 2079 Conference Proceedings Volume,

Trondheim, 19-23 May 2019.
© 2023 Bruker

GTK
XRF, XRD, Raman
ion beam & é-beam
FIB-5EM TEM

ion

ion milling & SEM imaging ~ manufactured foil

A%
L)

5 N a n 0 micron-nanometre

Laboratory analysis
3D volume reconstruction & ultra
thin foil analysis

SEM-EDS-Micro-XRF-WDS
BIRd 1"

Innovation with Integrity |
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<)
Micro-XRF Possibilities SERSSR

Micro-XRF: XTrace

w
«

Mg

y =1.0288x
R?=0.9994

N N w
o o o

M4 FP / wt.-%
N
w

10

0 5 10 15 20 25 30 35
certified / wt.-%

No sample preparation | Information from the Trace element Reference samples and
depth of the sample sensitive standard supported

Rapid St
guantification options apld stage

= XTrace allows to combine the advantages of micro-XRF with the associated SEM options
(high spatial resolution of the E-Beam and resolution of the WDS)

= X-ray beam is fixed in space and cannot raster as a e-beam can do, element distribution

measurements will be performed via stage movement (either SEM stage or Rapid Stage)
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