Analyses chimiques quantitatives
EDS au MEB par la méthode des
f ratios et par la méthode de
corrélation

Pr. Raynald Gauvin, Ph.D.
Nicolas Brodusch, M.Sc.A

McGill

Montreal, Québec,
Canada.



CASINO

https://www.memrg.com/programs-download

Si S

S

0.0 nm

,,,,,,,,,,,,,,,,, S _ i 38000

5700.0 nm

7600.0 nm

30974 nm 61948 nm

CASINO: A new Monte Carlo code in C language for electron beam interaction .1. Description of the program
P. Hovington, D. Drouin and R. Gauvin, SCANNING Volume: 19 Issue: 1 Pages: 1-14, 1997

913 Citations Google Scholar (3/11/25)

CASINO V2.42 - A fast and easy-to-use modeling tool for scanning electron microscopy and microanalysis users
D. Drouin, A. R. Couture, D. Joly, and R. Gauvin, SCANNING Volume: 29 Issue:3 Pages: 92-101, 2007

1960 Citations Google Scholar (3/11/25)

-6194.8 nm -3097.4 nm OO mm



http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=CitationReport&qid=2&SID=1EOjuHagqc8ki7dMw1J&page=1&doc=2
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=CitationReport&qid=2&SID=1EOjuHagqc8ki7dMw1J&page=1&doc=1

WIN X-Ray
ttps://www.memrg.com/programs-download

Mwxray =18l

Option Result Smulation  Gray

window  Help

R P

& Trajectory
~Interaction Yohme
5 B5E S ¥-Ray Spectrum
Depth
Radisl f \
Lati 1Erd
Lat m l
Energy
. i
Abs Electron g
Energy Loss = /—u\\\
e
- tRay 1B+
PRZ Curves l/
oAl
rat ’
fkaz 11 L
Kbl 2000 4000
=M 2 e E(sV)
okt | Rho Z Curves Kai (Ener
ka2 W Total
v Background
lsntenlswty PhiRho I Curves Kar I o Total 5 Mk
pectrum 22 Az Lo Background ' Min
“Lines 7 SR —
Charateristic ' Max
Energy: 2051,236 [ineensity: 5.61088+4
1
Ll
End Simuation [defauit.cfa - E (2¥): 20000 % {nm): 0 ¥ (nm): 0
11 [progress: 100.0% | [Flapsed Tme: 0:11:40 [Time Remaning: m:0 |n ¢ 01478000 & 0,0050191
hstart || 1] @ 9 X [ || Bewd., | Gywn., | Bwin.., | 8o ., | B, | @cvr,.[Ewin . | 99% @ (S STIE 1zs2em

Mlcrosc. Microanal. 12, 4864, H006

DOL: 10101775143 1927606060085 MiCFOSCOD‘ymn
Microanalysis

& MICROSCOPY SOOETY OF AMERICA HO0S

Win X-ray: A New Monte Carlo Program that
Computes X-ray Spectra Obtained with a Scanning
Electron Microscope

Raynald Gauvin,'* Eric Lifshin,® Hendrix Demers,' Paula Horny,' and Helen Campbell!

'Deparimenr af Metals and Materials Engineering, MoGill University, Montréal, Québec H3A 282, Canada
*College of Nanoscale Science and Frgineering, University at Albamy, CESTM, 251 Fuller Road, Albamy, NY 12203, 54



10000 - E 3
CuK 0. KeV —Sxp - 100s — i
Cul *  100s o  0342nA
' 0.155 nA TiKg
Cuky 1000 -
1000 - I s \/K(x AlG.1 WT%
/Au L, Ti90.5 WT%
s Au Lp %5 V3IAWT%
S— ¥a T
g £

10
10

g T Y R SR

0 5 10 15 20 25 0
E, (keV)

E. (keV)

Figure 18. Comparison between a simulated (Sim) and a mea-
sured (Exp) Ti (90.5 wt%)-Al (6.1 wt%)-V (3.4 wt%) X-ray
spectrum obtained at 15 keV. See the text for details.

Figure 16. Comparison between a simulated (Sim) and a mea-
sured (Exp) Au (20 wt%)—Cu (80 wt%) X-ray spectrum obtained
at 30 keV. See the text for details.



Microanalyse Quantitative par
Rayons-X - Etalons

EDS or
wDS

Detector
EDS or
WDS

I(i)

Sample Standard

Les mesures d'intensité, tant pour |'échantillon que pour
I'étalon, sont effectuées dans des conditions identiques :
courant et durée d'acquisition identiques.

Les échantillons doivent présenter une composition
homogene.

Les échantillons doivent avoir une surface plane.



Microanalyse quantitative par
Rayons X

b _ = 7,AF, f
Ciy Ly

* Meilleure méthode chimique quantitative, précisions de
1 % obtenues sur la microsonde électronique.

e Les facteurs de correction ZAF sont obtenus a I'aide de
modeles analytiques basés sur des simulations de Monte
Carlo.



Pouchou Database (1988
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Quantitative X-Ray Microanalysis
Pouchou Data Base (1988)
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Comparaison
Pouchou Database (1991)

577 Analyses

242 Analyses

Effect of Z Absorption

826 Analyses predominant predominant
Procedure m s m s m s
XPP 0.9997 1.79% 0.9983 1.58% 1.0023 2.17%
PAP 0.9982 1.91% 0.9975 1.60% 0.9993 2.50%
Love-Scott 0.9915 2.59% 0.9941 1.79% 0.9845 3.79%
Tanuma-Nagashima 0.9917 2.73% 0.9893 2.05% 0.9967 3.85%
Bastin 861 1.0090 2.92% 1.0138 2.84% 0.9976 2.83%
ZAF f(x) Heinrich 0.9850 2.74% 0.9881 2.01% 0.9765 3.84%
ZAF Philibert simpl. 0.9999 4.05% 0.9854 1.96% 1.0339 5.50%
ZAF Ruste-Zeller 1.0089 4.21% 0.9958 2.02% 1.0401 6.07%
Win X-Ray 1.002 2.74% 0.99 2.62% 1.01 2.69%



Comparaison

Pouchou Database (1991) Borures

k(calculated)/k (experimental)

Procedure w/p Ave. Standard Deviation
PAP P 1.0075 3.95
XPP P 1.0106 4.76
Bastin 861 B 1.0080 5.17
Bastin 861 P 1.0162 6.25
ZAF Ruste-Zeller P 1.0139 9.59
Love-Scott quadrilateral P 1.0148 12.24
ZAF + f(x) Heinrich P 1.0657 14.25
Tanuma-Nagashima P 1.1018 17.51
ZAF Philibert simplified P 1.1433 19.72
Win X-Ray 0.999 1.77%
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Sphere de 1 um de W sur C,
20 keV, 40° TOA




Sphere de 1 um de W sur C,
20 keV, 40° TOA
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Microscopes Electroniques en Balayage
a Cathode Froide. Gauvin’s Group.

Hitachi SU-8000 (2010) Hitachi SU-8230 (2014)
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0.5 nm at 30 keV 0.4 nm at 30 keV,
2 nm at 0.2 keV 1.8 nm at 0.2 keV



MgO sur substrat de Al
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MICROSCOPY RESEARCH AND TECHNIQUE 78:30-39 (2015)

Electron Backscatter Diffraction Applied to Lithium Sheets
Prepared by Broad lon Beam Milling

NICOLAS BRODUSCH, ' KARIM ZAGHIB,? ano RAYNALD GAUVIN®
Mining and Materials Engineering Department, McGill University, Montréal, Québec, Canada

2Institut de Recherche d’Hydro-Québec, Varennes, Québec, Canada
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X-Max

400000 cps @ 80 mm?2

In practice

Detector area 20mm? 50mm? 80mm?
Resolution (eV):

MnK, resolution 129 129 129
Operating angle 0° to 45°

Temperature range 10°C to 30°C

Altitude Sea level to 1,500m



Alliage Mg — Al — Ca
3 keV EDS, SU 8000, Oxford X-Max 80

ST 10 - 20 nm

Figure 7. (a) SEM-BSE image, (b) Mg, (c) Al and (Ca) X-ray maps



Courant de faisceau vs Temps
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Microanalyse des Films Minces
Sans Absorption et Fluorescence

N electron Y
S probe R

foil




Cliff et Lorimer (1975)

CA IA
L =K, =
Cp Pl

CA‘l‘CB:l

Pas de besoin de mesurer le courant.
Pas de besoin de mesurer I'épaisseur si I'absorption est négligeable.
K, mesuré expérimentalement.



Goldstein, Costley, Lorimer
et Reed (1977)

Upwpapepiy
QaWaa0844AB

Les facteurs K, mesurés expérimentalement
sont beaucoup plus précis que ceux calculés.

Kap =



La méthode des f ratios
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Microsc. Microanal. 16, 821-830, 2010 M.
doi:10.1017/514319276 10094018 ICTOSCOpy AND
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La meéthode des f ratios
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P. Horny, E. Lifshin, H. Campbell and R. Gauvin (2010), “Development of a New
Quantitative X-Ray Microanalysis Method for Electron Microscopy”, Microscopy
& Microanalysis, Vol. 16, No.6, pp.821-830.



La meéthode des f ratios

Microsc. Microanal. 18, 915-940, 2012 .
doi:10,1017/51431927612001468 MlCl'OSCOpy AND

Microanalysis
REVIEW ARTICLE

What Remains to Be Done to Allow Quantitative X-Ray
Microanalysis Performed with EDS to Become a True
Characterization Technique?

Raynald Gauvin*



Relative error (%)

f ratios Standardless
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La méthode des f ratios
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Calculs des f ratios avec un facteur
de correction Aprg_a;

(IMg)S

fmg= S
7 (Img) +Amg—a1UaD®



Détermination du facteur de

Calibration
frtg—ni= —2
M S
A _(1_fMg—Al) ( fMg—Al )
Mg-Al fMmg-al 1-fMmg-al



Mesure du facteur de calibration

* Un alliage 36% Mg — 64 % a été coulé a McGill.

* La composition a été déterminée par
spectroscopie d'émission atomique par
olasma a couplage inductif (ICPAS-AES)

* L'homogénéité de l'échantillon a été testee
oar des spectres de rayons X obtenus a
différents endroits sur |I'échantillon poli.

5 1.057
30 1.026






Courbe de callibration pour ¢y,

Cmg = afl\élg + bflglg + Cfl\é/;g + dfl\:/glg + efl\glg + thg

------“
(keV)

1.987 -5.4594 5.9389 -2.6802 0.3693 0.8463

“ 22.028 -54.858 49.618 -18.45 1.8496 0.8038 0.9997

Car =1 —Cpyy



——5 keV
— 30 keV
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5 keV, correction d’absorption
minime, la Fluorescence est
negligeable

R. Gauvin et al. Defect and Diffusion Forum Vols. 323-325 (2012) pp. 61-67




Coefficients interdiffusion Al-Mg 415 °C
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Determination of Diffusion Coefficients with Quantitative X- Ray
Microanalysis at High — Spatial Resolution

Raynald Gauvin" 2, Nicolas Brodusch'®and Pierre Michaud™*®



Géneéralisation de la méthode
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Diffusion Ternaire Mg-Al-Zn a 325 °C, 800 h
Cartes Quantitatives Standardless




Calcul des f ratios : Ternaires

f — IAl
Al=Zn" 1415
M
A _(1-fal-zn fai—zn \°
Al—-Zn fAl—Zn
- _AAl—Zn

Calcul avec facteur de correction

far= Al
=
LaitAal-mgIlmg+Dai-znlzn

fug=
Y IMg +AMg—AlIAl+AMg—ZnIZn



Al — Mg —27n, 5 keV
f Ratios simulés avec MC X-Ray




Analyses chimiques quantitatives EDS

Al - Mg -Zn, 5 keV

Al - Mg -Zn, 5 keV
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Carte Al quantitative — 5 keV
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Carte Mg quantitative — 5 keV
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Carte Zn quantitative — 5 keV
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Ternary Phase Diagrams
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Original Article

The f-Ratio Quantification Method for X-ray Microanalysis Applied to
Mg-Al-Zn Alloys
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Grain boundary diffusion of Al in Mg

Sazol Kumar Das, Nicolas Brodusch, Raynald Gauvin and In-Ho Jung”®

Department of Mining and Materials Engineering, McGill University, 3610 University Street, Montreal, QC H34 0C5, Canada
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SU-9000EA STEM




Si, Plans (022), 30 keV

BF HAADF

Espacement du réseau de 0,19 nm.



EDS X-Max Extreme d'Oxford
Angle solide de 0,78 Sr au SU-9000

EDS x-ray transmission curve
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Imagerie de nanomatériaux par EDS a
30 kV (détecteur EDS sans fenétre)

CNTs + TiO, . BF-STEM
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Analyses de surface par EDS a Tres Bas
Voltage

Anode LIB with SBR/CMC binder composite

C K series| g os

C K series O K series




Electron Channelling
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Microsc. Microanal. 15, 83-92, 2009
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Electron Channeling: A Problem for X-Ray Microanalysis
in Materials Science

Frederick Meisenkothen,"* Robert Wheeler,! Michael D. Uchic,” Robert D. Kerns,' and
Frank J. Scheltens'

‘Air Force Research Laboratory, Materials Characterization Facility, operated by UES, Inc., Wright Patterson Air Force Base,
OH 45433, USA

“Air Force Research Laboratory, Materials and Manufacturing Directorate, Metals Development Group, Wright Patterson Air
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Figure 3. TaC polished by conventional metallographic stepped grinding/polishing schedule. Overvoltage is 1.06
(10.5 keV). A: Backscatter electron image at 0° tilt. B: Backscatter image at 5° tilt. The significant contrast changes that
result from small specimen inclination changes is one way to verify that the contrast results from electron channeling
effects. C: Backscatter image at 20° tilt. D: TaLa WDS X-ray image, corresponding to image A. The average number of
X-ray counts per pixel for the darkest contrast is 385, while the lightest contrast regions yielded an average of 450 counts
(17% greater X-ray yield over the darkest grain).



Journal of

Microscopy

Journal of Microscopy, Vol. 267, Issue 3 2017, pp. 288-298 doi: 10.1111/jmi.12565
Received 8 December 2016; accepted 21 March 2017

The qualitative f-ratio method applied to electron
channelling-induced x-ray imaging with an annular
silicon drift detector in a scanning electron microscope
in the transmission mode
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Net intensity

f-ratio

Fig. 1. Low magnification net intensity x-ray and corresponding f-ratio images of a Ti-6Al-4V thin specimen. (A)—(C) Net intensity x-ray images for Ti
Ka (top) and corresponding f-ratio images (bottom). For the sake of clarity, only the Ti K& images are shown. The effectiveness of the f-ratio method in
cancelling the effects of specimen thickness (B) as well as defect density (A), (B) and channelling (C) is clearly demonstrated. The white squares in (C)
mark the areas used to calculate the contrast between high and low channelling conditions.
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Phase differentiation based on x-ray energy spectrum correlation with an
energy dispersive spectrometer (EDS)
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Cartes des Phases haute Résolution

* Annular detector
e 10kV, 20 min
* Magnification: 1500x
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Cast Al-Mg-Zn alloy, 5 keV
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Pulvérisation Thermique d’un Super-
Alliage de Ni

Lift-Out Massif par FIB-SEM (NX5000 FIB, SUS000EA — 2.5 keV)




NX5000 FIB, SUSOO0EA — 2.5 keV
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Electron Image 4
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