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TEM Resolution vs Time
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Figure 1| Sequential STEM-ADF Z-contrast images of the Sig cluster embedded in a graphene pore (a-h) The images have been low-pass filtered in
order to reduce random noise. Scale bar, 0.2 nm.

Lee, J.; Zhou, W.; Pennycook, S. J.; Idrobo, J.-C.; Pantelides, S. T. Direct
Visualization of Reversible Dynamics in a Si6 Cluster Embedded in a Graphene
Pore. Nature Communications 2013, 4, 1650-7.



TEM/STEM Modernes

Tres dispendueux !!!

Nombre limite !!]

Que peut-on faire ????
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CASINO: A new Monte Carlo code in C language for electron beam interaction .1. Description of the program
By: Hovington, P; Drouin, D; Gauvin, R
SCANNING Volume: 19 Issue: 1 Pages: 1-14 Published: JAN 1997 795 Citations Google Scholar (26/11/22)

CASINO V2.42 - A fast and easy-to-use modeling tool for scanning electron microscopy and microanalysis users
By: Drouin, D.; Couture, A. R.; Joly, D. and Gauvin, R.
SCANNING Volume: 29 Issue: 3 Pages: 92-101 Published: MAY-JUN 2007 1590 Citations Google Scholar (26/11/22)



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

Low Voltage SEM
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Monte Carlo Simulations
10 nm MnS Inclusion in Fe
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FiG. 24 Simulated profile for a 10 nm radius hemispherical inclusion of
the MnS/Fe systemat E_ =35 and 15 keV.

R. Gauvin, P. Hovington, D.Drouin (1995) SCANNING, Vol. 17, 202-219.



Electron Probe Diameter

The relationships between the probe
diameter d and the convergence angle a
are
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Commentaires du présentateur
Commentaires de présentation
Now the electron probe size including the aberrations.
The astigmatism was corrected, if not we need to add another term (proportional to α).
How the probe diameter change with the convergence angle?



Cold Field Emitter
Invented by Albert Crewe in 1968

E=2

r

U=3kVto5kV
r=100 nm
E>10’V/cm

High vacuum needed (108 or 10 Pa) to avoid tip erosion


Commentaires du présentateur
Commentaires de présentation
With a cold field emitter, we use a strong electric field and sharp tip to lower work function but also the width of the energy barrier.


Electron Emission
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Field emission by quantum tunnel effect

True for cold field and thermal field only



Comparison of Electron Sources

Table 2.1. Comparison of Electron Sources at 20 kV

Beam
Energy current
Brightness  Lifetime spread stability
Source (A/cm? sr) (h) Source size AE (eV) (%/h)  Ref.
Tungsten hairpin 10° 40-100  30-100 um 1-3 1 a.b
LaBg 106 200-1000 5-50 pum 1-2 1 bie
Field emission
Cold 10° >1000 <5 nm 0.3 5 d.e
Thermal 10® >1000 <5 nm 1 5 ¢

Schottky 10® >1000 15-30 nm 0.3-1.0 ~1 ¢
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Commentaires de présentation
Resume of all the electron sources.
Depending of the application, a source is better than the other.
Tungsten is less expensive.
Schottky is a good high end SEM for most of the applications.
Cold field is needed for the best spatial resolution.
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Commentaires de présentation
Comparison of different emitters and different accelerating voltages.


Cold Field Scanning Electron
Microscopes, 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



Current SU-8000 (1/10)

SU-8230, Auto Flash
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HITACHI SU-8XXX Series

Electron beam Electron beam
Top detector
Upper detector Backscattered
electron
(HA-BSE)
Secondary
electron (SE
Backscattered (SE)

Thin-film specimen

electron 3
Lower detector (LA-BSE) Y | VA |
within 10nm
Control electrode l Transmitted electron
nple (DF-STEM)
Scattering region Transmitted electron
of incident electrons (BF-STEM)
STEM detector Signal Abbrev. Detector Included information
SE BSE Backscattered electron HA-BSE Top Compositional + Crystal
Backscattered electron LA-BSE Upper Compositional + Crystal

+Topographical (with Charge reduction)

TE Secondary electron SE Upper surface

(incl. Voltage contrast)

Secondary electron Lower Lower Topographical

Transmitted electron BF-STEM STEM Internal + Crystallographic

Transmitted electron DF-STEM Lower Internal + Compositional




Al — Li alloy, 2199
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2 kV 1.7mm X10k LA100(U)


Al - Li Alloy 2099

& (Al,Li)

LA100(U) LA100(U)

FOV 1270 nm FOV: 635 nm
100 kX 200 kX
SNR: 1.5 SNR: 1.6

Resolution: 10.0 nm Resolution: 6.6 nm
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Al-Li 2099 - 3kV_0005.tif 100kX
Al-Li 2099 - 3kV_0004.tif  200kX


Nonconductive Materials
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Alumina, 0.7 keV

SU8230 0.7kV-D 1.4mm x100k SE+BSE(U)




Low Accelerating Voltage and Charging
effect: Alumina spheres

Upper TOP
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High resolution micrographs of alumina spheres at Vland = 0.7 kV using deceleration

Al2O3-Griffin_0037.tif SE+BSE(U)
Al2O3-Griffin_0038.tif SE(T)
The signal collected with this detector is emitted in a direction almost parallel to the optic axis of the SEM and are assumed to be mostly composed of SEIs and low-loss BSEs which carry the high resolution information from the surface. 

This, combined to the surface sensitiveness improvement due to low EL, make the nanoscale surface details more visible, especially when the top detector is used.
Here, the growing facets and slip planes at the surface of an alumina sphere are clearly visible with a nanometer resolution, especially with the top detector.
from Brendan



Effect of Auto-Flash
Alumina Powder

SU-8000 SU-8230



MgO ash on Al substrate

SU8230 0.2kV-D 1.4mm x150k SE+BSE(U)

3 ik LY bl @1 A e
SU8230 0.2kV-D 1.4mm x150k SE(T) I SU8230 0.2kV-D 1.4mm x500k SE(T)
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2 kV 1.7mm X10k LA100(U)


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



40 nm Al Zr Precipitate, 3 kV, Al 2099

Experiment Monte Carlo MC X-Ray
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Mg — Al — Ca alloy
3 keV EDS, SU 8000, Oxford XMax 80

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



Quantitative X-Ray Microanalysis
The f Ratio Method

fy=- 2
A+IB

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.



Grain Boundary Diffusion

8 T T T T T T T T T /{;)\
] — Model O Grain I(STEM) R
7 v Grain 2(EPMA) _ g
] ©  Grain Boundary 1(STEM) g‘o“
6 - £ Grain Boundary 2(STEMH s
. <> Grain Boundary 3(STEMN “Q“
51 _
< 4 .
SO
3 3 ]
24 .
1 - N i
] S5

0 10 20 30 40 50 60 70
Towards HCP Mg (um)

10

17

|[ooorp

0 15
62
o) 37 __ 49 e} 6 1

O 67

a-axis: Diffusion Couple [5]
c-axis: Diffusion Couple [5]
grain boundary:Diffusion Couple
in grain : Diffusion Couple

1.40

| I I | ! I
145 150 155 160 165
10%T (K™

S. K. Das, N. Brodusch, R. Gauvin and I.-H. Jung (2014), “Grain boundary diffusion
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Electron Channelling
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I11Dislocations in SEM 11

SU8230 30.0kV 6.9mm x30.0k PDBSE(CP) | 1.00pum



STEM, Al, 30 kV, 80 nm
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Al, 30 keV
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SUB8000 30.0kV 5.9mm x50.0k TE
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Aperture 3 (B = 3.3 mrad)

=
&
LN
—
]
0O
=

d e |
_.;.-.<' il

SU8230 20.0kV 1




CNT covered with Pt/Ni nanoparticles
EO =10 kV

SE BF



Al 2099, 30 keV, BF

kS

SU8230 30.0kV 6.0mm x100k BFSTEM
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Ajouter en annexe la figure bright stem Butelfly contrast…


Al 2099, 30 keV, DF

SU8230 30.0kV 6.0mm x400k SE(L)




0’ (ALLLi) in 80 nm Al, 11 M e
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Dislocations in Ti-6Al-4V

SU8230 30.0kV 7.3mm x120k BFSTEM




Bruker Flat Quad XFlash 5060F (BFQ)

Quad detector
— 4x15 mm? =60 mm?

Annular design (below
objective lens)
Equipped with Mylar
windows

— Internal window (1 pum)

— Additional 2 um or 6 pm
windows (on a special
changer)

High count rate
capabilities with high
collection efficiency Image from Bruker Nano GmbH.
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Need to prevent BSE to hit the SDD.
The 1um allows an accelerating voltage up to 6 kV
The 1um + 2 um allow an accelerating voltage up to 12 kV
The 1um + 6 um allow an accelerating voltage up to 20 kV






Pt Particulates on WCNT

SU8230 20.0kV 10.5mm x200k SE(L) 200nm




Pt Particulates on WCNT, 7 minutes

6 nm

Pt

Nechalacho ore - SDD 6160 1
SE MAG: 200kx HV: 20kV WD: 10.4mm
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6nm, 12 nm, 18 nm , 60 nm
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Electron diffraction in the SEM/STEM
(semi-immersion type)

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

* High sensitivity
 Large collection angle

* Adjustable camera length
(L)

* Mapping capability of the
EBSD system

e Allows TKD and CBED

45



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

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

1 layer graphene, 3 kV !!



SU-9000EA STEM (2017)




Symmetrical Immersion Lens
with Analytical Design

Small specimen, 3mm or
less of radius.

Small focal length, 3 mm,

low aberrations coefficients, o Beam Limiting Aperture
. 1 —>{Detector]

smaller probe diameter. lg_.

SE electrons spirals above
the lens because of strong
magnetic field.

Highest resolution lens. N

0.7 Sr Solid Angle for
Extreme EDS Detector.



Fe,O, Nanocubes

SU9000 30.0kV 0.0mm x100k SE(LA10)



Fe,O, Nanocubes

0.0mm x2000k SE(LA10)



Lattice Imaging of Ni-Pt CNT

0.34 nm

51
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Need to have an overlap of diffracted beam and primary beam
Contrast is relative week, so less feature is better.

Lattice imaging of a multi-wall carbon nanotube, the inset shows a Fourier transform of the interference fringes and the 2 red circles give a spatial resolution of 0.34 nm.
Lattice imaging of a multi wall carbon nanotube in BF mode was also obtained at low voltage (30 kV). Previous study has explained the method and give other sample examples [3]. The Fourier transform of the lattice fringes indicates a distance of 0.34 nm which is in agreement with previous observation [4]. 
[3] M. Konno et al, Ultramicroscopy 145 (2014) pp. 28-35.
[4] V. Van Ngo et al, Microscopy Today 15 (2007) pp. 12-16.




Spatial Resolution with x-rays — 30

kV

* T1 (Al,Culi) 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 Ka

BF intensity (gray value)
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X APPLIED
NANO MATERIALS

WWW.acsanm.org Article

Plasmon-Enhanced Hydrogenation of 1-Dodecene and Toluene
Using Ruthenium-Coated Gold Nanoparticles

Luis Carlos de la Garza, Nicolas Brodusch, Raynald Gauvin,” and Audrey Moores*

Cite This: ACS Appl. Nano Mater. 2021, 4, 1596—1603 I: I Read Online

(a) Au L series (b) Ru L series

25 nm 25 nm

Figure 3. STEM-EDS images of Au@Ru NP. (a) Au L signal, (b) Ru
L signal.



SU-9000 - EELS Detector

Sample Two part detector, with CCD
array on one side and the three
HAADF detector diodes on the other. By careful
selection of the energy range,
the diodes can be used for fast muv

N |
Retractable diffraction
camera

plasmon mapping. r

" eB

E = -mv? (E < 30 keV)

N =

Magnetic
prism

eyl
|

me2 [—— -1
- (Jl-'é—i )

Figure 1: Simplified diagram of the microscope, showing the HAADF detector,
the diffraction camera and the dual mode EELS/EF-STEM detector.



AA 2099

|
SU9000EA x 400 k HAADF 21/05/12 16:15 80.0nm SU9000EA x 400k 2W 21/05M12 16:15 80.0nm

Li Jump Ratio




EELS Lattice Imaging of TiO,

Surface Plasmon (2) Bulk Plasmon (3)

R
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Hitachi Ethos NX-5000 Triple Beam FIB
- 2020




First Results FIB

Low C Martensitic Steel. Pr. Yue
100 nm thin film — 30 keV

fﬁl“ ﬁ‘;*

SU9000 30 OkV 0.0mm X50 Ok BFSTEM 1 1/25/2020




SU - 8230 EBSD In Transmission

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

MAG: 18.0kx Px: 7 nm

Smallest grains 10 — 15 nm



30 keV,D=1nm, t=80 nm, 5 Me
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Si FIB lamella SU9000 at 30keV

Thickness map (nm)
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Si, (022) planes, 30 keV

BF HAADF

Lattice spacing of 0,19 nm.



Spodumene EELS - 30keV
Cryo-holder, 77 K

Spodumene EELS
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Field Emission Scanning Electron Microscopy
New Perspectives for Materials Characterization

SPRINGER BRIEFS IN

APPLIED SCIENCES AND TECHNOLOGY o Authors
Nicolas Brodusch . — N | CO I a S

Hendrix Demers

RanaIdGauvin — BrOdUSCh
 Field Emission Hendrix D

Scanning Electron — HAendrix bemers

Microscopy — Raynald Gauvin

~ New Perspectives

for MateriaiSH——

Characterization

* Available now at
Springer or Amazon

http://www.springer.com/gp/book/9789811044328
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This book highlights what is now achievable in terms of materials characterization with the new generation of cold-field emission scanning electron microscopes applied to real materials at high spatial resolution. It discusses advanced scanning electron microscopes/scanning- transmission electron microscopes (SEM/STEM), simulation and post-processing techniques at high spatial resolution in the fields of nanomaterials, metallurgy, geology, and more. These microscopes now offer improved performance at very low landing voltage and high -beam probe current stability, combined with a routine transmission mode capability that can compete with the (scanning-) transmission electron microscopes (STEM/-TEM) historically run at higher beam accelerating voltage

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

Bas Voltage SEM - STEM

Moins Dispendieux

Plus de temps de microscopie
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