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Microanalyse des Films Minces 
Sans Absorption et Fluorescence 
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Cliff and Lorimer (1975) 

𝐶𝐴

𝐶𝐵
= 𝐾𝐴𝐵

𝐼𝐴
𝐼𝐵

 

𝐶𝐴 + 𝐶𝐵 = 1 
Pas de besoin de mesurer le courant. 
Pas de besoin de mesurer l’épaisseur si l’absorption est négligeable. 
𝐾𝐴𝐵 mesuré expérimentalement. 



 Goldstein, Costley, Lorimer  

and Reed (1977) 
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Les facteurs 𝐾𝐴𝐵 mesurés expérimentalement 
sont beaucoup plus précis que ceux calculés.  
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Ratio des Facteurs KAB 
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Watanabe et Williams (2006) 
Les Zeta Factors 
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Watanabe et Williams (2006) 
Les 3 Équations 

 
       Avec    𝐶𝐴 + 𝐶𝐵 = 1 
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Watanabe (2016) sur la correction 
d’absorption 

In Chap. 35 of W&C, different approaches to quantitative X-

ray 

analysis are described for thin specimens in the AEM. 

Since the 

development of the ratio method by Cliff and Lorimer 

(1995), 

this particular method has become the standard approach 

and 

is widely used due to its simplicity. Unfortunately, even in 

thin specimens, X-ray absorption may need to be corrected 

for 

quantification and the simple Cliff–Lorimer approach is 

found 
wanting. 

Philibert (1962) 
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Goldstein, Costley, Lorimer  
and Reed (1977) 
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Goldstein, Costley, Lorimer  

and Reed (1977) 
 

𝜑 𝜌𝑧 𝐴 = 𝜑 𝜌𝑧 𝐴 ≅ 1 
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Les Zeta Factors et Cliff and Lorimer 
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Quantitative X-Ray Microanalysis 
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The f Ratio Method 
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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. 
 



The f Ratio Method 

𝑓𝐴 =
𝐼𝐴

𝐼𝐴 + 𝐼𝐵
 

 

𝑓𝐴 =
1

1 +
𝐼𝐵
𝐼𝐴

=
1

1 + 𝐾𝐴𝐵
1 − 𝐶𝐴

𝐶𝐴

 

 

𝐶𝐴 =
1

𝑓𝐵
𝑓𝐴

𝐾𝐵𝐴 + 1
=

𝜁𝐴𝐼𝐴
𝜁𝐴𝐼𝐴 + 𝜁𝐵𝐼𝐵

 



The f Ratio Method 
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f Ratio Method Standardless 

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. 
 



Cold Field Scanning Electron 
Microscopes, Gauvin’s Group 

Hitachi SU-8000 (2010) Hitachi SU-8230 (2014) 

0.5 nm at 30 keV 
2 nm at 0.2 keV 

 
0.4 nm at 30 keV,  
1.8 nm at 0.2 keV 

 



Quantitative X-ray mapping of  
Mg-Al-Zn casting alloy 

5 kV 30 kV 
22 

BSE images 



Mg 

High Resolution X-ray mapping 
5 keV 

5 um 

Zn Al 

C. Teng, H. Demers, X. Chu, R. Gauvin (2019),Microscopy and Microanalysis, 25, 
(1), pp. 58-69. 
 



SU-9000EA STEM (2017) 

24 



SU-9000EA STEM (2017) 

• Premier au Monde avec EELS 30 keV fabriqué 
par Hitachi – Naka Factory. 

– Détection du Li 

• EDS SDD Extreme Detector de Oxford: 

– Détection du Li 

– 0.7 Sr d’angle solide 

– TOA 16 Degrés 



Fe2O3 Nanocubes 



Fe2O3 Nanocubes 



X-ray detector transmission 

Li K 

28 



Core-shell nanocomposite  

STEM-BF 30kV 

TiO2 



Spatial Resolution with x-rays – 30 
kV 

• T1 (Al2CuLi) precipitates in Al-Li-
Cu alloys ≈ 1 – 2 nm thick  

• 1.6 nm in BF imaging 
• 1.9 nm across a T1 precipitate at 

30 kV with Cu Kα 

 
 

AA2099 alloy 
t ≈ 50-70 nm 
BF, 30 kV 

1.6 nm 1.9 nm 

Cu Kα 

BF-STEM 

30 





Lithium X-ray production 

• Maximum emission at 
low voltage (E0 < 5 kV) 

• Different intensity for 
similar Li weight 
fractions 

• Complex emission 
process 
 

32 

Compound 
Theoretical Lithium 

minimum weight 
fraction 

LiO2 0.1782 

LiF 0.2676 

LiCl 0.1637 

Li K 



Lithium Chloride: Intensities vs 
irradiation time 

• Peak area normalized 
on noise peak 

• E0 = 2 kV 

Cl Ll 

Li K 
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Beam damage on lithium chloride 

Before irradiation After 200s irradiation SE image 
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EDS Extreme (SU-9000) on cycled  
Lithium Lanthanum Zirconate (LLZ) 

1 

2 

3 

• Ion milling cross-section (IM-4000plus) 6 kV 
• E0 = 3 kV 
• Processing: Richardson-Lucy deconvolution* 

* Brodusch, N.; Zaghib, K. & Gauvin, R.; Improvement of the energy resolution of energy 
dispersive spectrometers (EDS) using Richardson-Lucy deconvolution; Ultramicroscopy, 
2020, 209, 112886   

Li K 
O K 

Zr Mζ 
La Mζ 

F K 

C K 

? 

La Mα 



• Effect of pressure 

• Dendrite chemical analysis 

• Dendrite morphology 
Chapter 4 

Chapter 4 9 



Chemical analysis of dendrite Results 13 

Exterior of needle dendrite wall 

Exterior of mossy dendrite wall 

Chapter 4 

Needle morphology 
dendrites are hollow 

 Dendrite lift out 
with the 
nanomanipulator 

 Milling dendrite 
using gallium source 
FIB 

 Observing hollow 
morphology 

nanomanipulato
r 





Effect of Fast Secondary Electrons on X-Ray 
Microanalysis 
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Joy, Newbury & Myklebust (1982), Journal of Microscopy, 128, RP1 – RP2 



Effect of FSE on KAB 

R. Gauvin and G. L'Espérance (1992), Journal of Microscopy, 

Vol. 168, pt. 2, pp. 153-167  
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Li 40 % 
FSE ? 



X-Ray Emitted by Auger Electrons 



Effect of Auger Electrons on Li 
Emission 

R. Gauvin et al. (2021), Microscopy & Microanalysis. 



The EELS Detector 



Li Detection in LiO2 



Chemical Analysis with STEM-EELS at Low Voltage 
(SU-9000) Li2FeSiO4 (LFS) – Low-Loss 

BF 

----- Li K edge 
----- Si L2,3 edge 
----- Fe M2,3 edge 



AA 2099 

HAADF Li Jump Ratio 



Ethos NX-5000 Triple Beam FIB - 2020 



Épaisseur Film Mince – EELS 
Malis, Cheng, Egerton (1988)  

𝑡 = 𝜆𝑙𝑛
𝐼𝑇
𝐼0

 

 

𝜆 =
106 𝐹 𝐸0 𝐸𝑚 

𝑙𝑛 2𝛽 𝐸0 𝐸𝑚 
 

 
𝐸𝑚 = 7.6𝑍0.36 
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Si FIB lamella 
SU9000 at 30keV 



CBED Indexed FFT 

Si FIB lamella 

SU9000 at 30keV 
(111) 0,34 nm 
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Field Emission Scanning Electron Microscopy 
New Perspectives for Materials Characterization 

• Authors 
– Nicolas 

Brodusch 
– Hendrix Demers 
– Raynald Gauvin 

 
• Available now at 

Springer or Amazon 
 

 

http://www.springer.com/gp/book/9789811044328  

http://www.springer.com/gp/book/9789811044328
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Alloy 2099 T83 – 80 nm Thin Film 
FIB performed with Hitachi NB-5000 

2011 
HD – 2700 200 kV 

0.2 µm0.2 µm

SU-8000 30 kV 



N. Brodush, M. L. Trudeau, P. Michaud, J. 
Boselli, R. Gauvin (2012), Microscopy & 
Microanalysis, 18, 6, pp. 1393 - 1409. 
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Conversion of graphite to graphene 
oxide 

BF-STEM 

amorphous region semi-crystalline region 

EELS CBED 

EELS C K edge profile fitting  

59 



Three-windows mode on Al NPs 
Low-loss EELS – Plasmon imaging 

1 0 0  n m

SE 

1 0 0  n m

Surface plasmons 

1 0 0  n m

Volume plasmons 

1 0 0  n m

ZLP 
Post 

PreL PreH 

ZLP 

Surface plasmons 
Volume 

plasmons 

Spatial plasmon 
decay 

60 



Quantitative X-Ray Microanalysis 
The f Ratio Method 

BA

A
A

II

I
f




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. 
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Microanalyse des Films Minces 

• Tixier et Philibert (1968) ont développé une 
méthode de ratio des intensités de films 
minces mais avec une correction ZAF avec des 
témoins massifs. 

• Duncumb (1968) 



Fast Secondary Electrons 
Bulk Oxygen, 100 keV 

R. Gauvin (1990), Ph.D. Thesis 



Imaging of nanomaterials with EDS at 
30 kV (windowless EDS detector) 

100 nm 

SE BF-STEM CNTs + TiO2 

65 



Li2CoSiO4 (LCS, precursor: CoCl2): Low 
Voltage (3 kV) X-ray Imaging (SU-9000) 



STEM-BF Ti Kα - Net Ti Kα – f_ratio 

Al Ti 

V Fe 



Mg-Ca-Zn alloy 
STEM 30kV – Bright-field Imaging 

0 % Mn 0.3 % Mn 



STEM 30kV – EDS mapping (Extreme 
detector) 

0 % Mn 0.3 % Mn 



STEM 30kV – EELS Elemental mapping 



Lithium X-ray production 

• Maximum emission at 
low voltage (E0 < 5 kV) 

• Different intensity for 
similar Li weight 
fractions 

• Complex emission 
process 
 

71 

Li K 

Cl Ll 

C K 

O K 

Compound 
Theoretical Lithium 

minimum weight 
fraction 

LiO2 0.1782 

LiF 0.2676 

LiCl 0.1637 

Li K 



Al64Mg36 powder  



SEM et STEM à Bas Voltage 

Moins cher que TEM 
à Haute Énergie 

Plus de Temps de  
Microscopie 

Pour les mêmes dollars 



h - BN 



Si FIB lamella 
SU9000 at 30keV 

HAADF raw HAADF processed 



Dual – Beam FIB 

• TEM thin film preparation 
• 3D Imaging 
• Nano fabrication 



Applications : Bulk lift-out for ECCI 
microstructure Imaging of localized 

subsurface features 
• Lift-out of thick lamellas to transfer in other SEMs 

for further analysis 

In the FIB-SEM system: liftout and fine polishing Transfer to SEM for imaging (ECCI) and or 
further analyses (EDS, EBSD etc) 

Specimen: Courtesy of Sima Alidokht, Prof. Richard Chromik Group 
Acquisition : Stéphanie Bessette 



Superimposed SEM signal : BSE L+U (composition contrast) 

Légende: 
Jaune = Cathode 
Rouge = Pores 
Bleu = Carbon Black 

Pr. Jinhyuk Lee’s Cathode 

We use Deep Learning to improve image segmentation 
with DragonFly. Stéphanie Bessette FIB + DragonFly.  



Pores 

y=-2.68*x +55.21 
R2=0.9564 

m = 2.68 
D =  0.60 

𝑓 𝑟 = 𝐾𝑟− 1+𝐷 ∝ 𝑟−𝑚 

𝑟 ∝ 𝑉1 𝐷  

𝐷 =
1

𝑚 − 1
 



First Results FIB   
Low C Martensitic Steel. Pr. Yue 

100 nm thin film – 30 keV 



TKD map on low carbon martensitic steel 
(T. Das / S. Yue) 

DF (colorized) 

Band contrast map 

Grain map 

SU – 8230 EBSD in Transmission 

Smallest grains 10 – 15 nm 



Increased ionization damage 
(radiolysis) at low accelerating voltage 

Limitation for electron sensitive materials 

Ugurlu, O., et al. (2011). "Radiolysis to knock-on 

damage transition in zeolites under electron beam 

irradiation." Phys. Rev. B 83: 113408. 

Radiolysis 

Knock-on 

Cross-sections for SiO2 in zeolite 

Radiolysis dramatically increased for E0 < 100 kV 
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Elemental imaging mode of EELS 

Elemental map (3-windows) Jump ratio map (2-windows) 

• ISignal = IPost – IBacground 

• IBackground extrapolated with 

preL and PreH windows 

 

• ISignal = IPost / IPreH 

• Higher contrast 

• Only qualitative 

Carbon K edge Post PreL PreH 
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Thin film preparation Al36Mg64 powder  

Al64Mg36 Al36Mg64 

Polishing Punch disk Ion milling 
Dimpler 

Procedure steps :  



Al64Mg36 powder  
One point of the line scan spectrum  

Background subtraction function (y = Ax-r)  
Is good for near low-loss ?  
 
 



Electron diffraction in the SEM/STEM 
(semi-immersion type) 

• Convergent beam diffraction (on-axis TKD set-
up) 

• High sensitivity 

• Large collection angle 

• Adjustable camera length 
(L) 

• Mapping capability of the 
EBSD system 

• Allows TKD and CBED 

 

L 
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Kikuchi pattern (high gain) 

30 kV 

Electron diffraction in the SEM/STEM 
(semi-immersion type) 

• Convergent beam diffraction (on-axis TKD set-
up) 

Spot pattern (low gain) Spot pattern – 2 beams condition 

Gold, 30 kV 1 layer graphene, 3 kV !! 
88 



Lattice Imaging of Ni-Pt CNT 

0.34 nm 

89 



Electron diffraction in the SEM/STEM 
(immersion type) 

• Convergent beam diffraction 

• Thickness 
measurement 

• Lattice constant 

• Strain measurement 

 

MgO nanocube 

HOLZ lines 

Thickness fringes 
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Graphene Spot Diffraction 

1 Layer 2 Layers 
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High Resolution Imaging 
Control of Convergence Angle 



Li2FeSiO4 

0.356 nm 
d(011) = 0.365 nm 

Tecnai 12 BioTwin 
TEM at 200 kV 



Al 2099, 30 keV, BF 


