ENS DE LYON

UNIVERSIT% D= LyoN ( LYM

=

Microscopie a balayage a double
faisceaux (FIB/SEM)

N. Blanchard', A. Descamps®, T. Douillard® and B.Van de Moortole’
TLM, Uni. C. Bernard Lyon1, Université de Lyon, France

2INL, INSA de Lyon, Université de Lyon, France

SMATEIS, INSA de lyon, Université de Lyon, France

*L.GL, ENS de Lyon, Université de Lyon, France




dec.2012

TEM™ commercial

‘ vt U\E_,:INSA de Lyon o
instruments 100% CLLYM instruments labos
rmni, Nancy, November 15, 2013




jeudi 23 Mai 2003 vendredi 24 Mai 2013
Le bureau de CaZaC oo — s
8h30-10h30 anedoined Discous: iR LUisseny ) | anio-sohso dévelooomesnt
- . -, s v ] De Reims) ! des ¢l P. Gnauck (ZEISS) : Or Nanofab
Bertrand Van de Moortéle - ENS Lyon : Président ) 9130 10k = o sty I e e
10h30-11h00 Pavie ate. 10h30-11h00 Dause cate
. . pe s o . Unitisation
Eric Gautier - CEA Grenoble : Vice-Président woums | 1001200 Ay s e . 110001130 [rs e s ey e i e
remp— Tabla Torde, QueStions sy ConSTraCtewt  CONTATE
" < . i o0 17030 v )
Sergio Sao-Joao - EMSE Saint Etienne : Trésorier * o e
1200 14000 RePAS + photographie de groupe 1203018000 REPAS (4 résultat concours photos)
Christophe Rose - INRA de Nancy : Trésorier-adjoint i \anoo sangs | -5 GoW (FPEN) : pportde a préparation pa polssage
£ Robln - EDX Bruker  cadans lonique pour es observations MEB
. 1. Guyon, N. Gey (LEM3, Univ. D¢ Metz) : prémices de.
N—— . 13020 10000 e p
Emmanuel Cadel - Université de Rouen : Secrétaire 18n00-15030 fbrations, _— TEBSD-30 en mode statigue
1ansoashoo | SNt o 14h35-15h00 Debrietfing Workshop FIBICS
sssisiées par 8
. e et V- Courtade (CNES) : € anespata
Michel Amez-Droz - HES : Secrétaire-adjoint 15h00-15h30 (,_ml‘w:‘m::;:‘:;:! B 15h00-15h30 présentation libre
1m0 16000 sausacre 153016000 Frank stiets (Zeiss) - Trends in Charged particle
sz Te Univ de Lilke 1]7 T sk *
sonovimmag | UHO17R0 Nils (DME) - ArM s
Soirée offerte par ZEISS

Bristol e S TN e =
‘ / ) o Plan | satelite | mide }!
South_gmpton Antwerpen SR
Bdur thied o ~ameBrighton Belgique o (Gers
ournemou Southsea g q__. Zentrum
o~ dTorquay i1e Frankfl.[rt
Lo F outh English am Main
Channel o
Létzebuerg
Le Hoavre - ‘ boyirg)
Gue";’;:w c%e" Bois-Glillaume [ Regns agrbriicken
| Karlstuhe o Stutt
w gart
Morlaix Saint-Dizier Naoay Stra ﬁrg o
t ‘ o
oBrest Rehnes Troyes Tubingen
Quig\per o Le hgans Freiburg im
Breisgau
Loriento Var‘\)nes "

Angers Qs Dijon Bage|RerKrels 11
% Chemillé O . ?
a Schweiz  fGechte
\ Suisse
P France oon | Lusa® Svizzera
B gr Switzepland)
ST "‘*; Bourg-en-Bresse 8

Limoges Geneve
Q

yon
* Ghle

Nantes

NVision40-CLYM

Mgho ™3 Ateliers, CaZaC 2012, Lausanne

CaZaC 2014

Niieeilon — G Institut Pasteur

Toulon

p TR 22, 23 et 24 Mai 2014

Torino
(o]

Toulouse
Q Montpelliero

www.gemcazac.fr rmut, Nancy, November 15, 2013



FIB = Focused Ion Beam

1ion column

Mag= 482X

INSTITUT PASTEUR

Rescarch in Microbiology 162 (2011) 820-831
wwwelseviercom/locate/resmic

*
s
o
L
{
- X

Stéphane Uroz “"*, Phil Oger ©, Cendrella Lepleux

Bacterial weathering and its contribution to nutrient cycling in temperate

forest ccosystems

“P_Christelle Collignon **, Pascale Frey-Klett *,
Marie-Pierre Turpault

“INRA, UMR 1136 INRA Nancy Universite *Interactions Arbres Micro-organismes”, Centre INRA de Nancy, 54280 Champenowx, France

A UR 1138 “Biogcochimie des Ecosysiémes Forestiers”, Centre INRA de Nancy, 54250 Champenow, France
UMR 5570, Laboratoire des Sciences de la Terre Ecole Normale Superieure 46, Alleé & halie, 69364 Lyon Cedex, Frnce
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1979: R. Seigler, Hughes Research Laboratories, Malibu, California, USA
“ High-resolution, ion—beam processes for microstructure fabrication”,

Seliger et al, |. Vac. Sci. Technol. 16 (1979) 1610

1979-1992: Focused Ion beam (single beam)

fault diagnostics, mask repair, TEM lamella, gas
deposition, patterning, contrast orientation image,

etc... -
1993: 15t FIB dual beam, DualBeam 620 (Philips)

> EDX
EBSD
1998: Development of an Ion and Electron Dual Focused Beam

Apparatus for Three-Dimensional Microanalysis
T. Sakamoto et al., Jpn. J. Appl. Phys. 37 (1998) pp. 2051-2056

~ 2000: in-situ umanipulateurs
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detectors : SESI, BSE, Inl.ens, EsB, STEM
pmanipulators : 2 KlockeNanotechnik
EDX : SDD 50 mm?, Oxf. Instr.

EBSD : camera Nordlys F, Oxf. Instr.
GIS : W, SiO,, C, H,0, XeF,

Flood Gun

External Scan generator : FIBICS

EBSD-3D

EHT=2000 k¥ Fi Probe = 30KV:700pA |  Date :16 Jan 2013
FiBImaging=SEM  Signal A= SESI R.FULCRAND

Nano-patterning
rmni, Nancy, November 15, 2013
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A Comparison of Conventional Everhart-Thornley Style and In-Lens BRENDAN J. GRIFFIN

Secondary Electron Detectors—A Further Variable in Scanning

Electron Microscopy

SE2 detector

— ::': EsB detector

———- | ———- FilteringGrid

Beambooster 1 :!:: InLens detector

Magnetic lens lens

Electrostaticlens

W BSE detector

SCANNING VOL. 33, 162-173 (2011)
© Wiley Periodicals, Inc.

o [ Ec:)

Variable grid
Voltage

Electrostatic lens

Lower SE detector
SWD BSE detector

23 :
(SRBEI) :

Specimen Specimen
BIAS Voltage

rmni, Nancy, November 15, 2013



Ga LMIS

(Ga ion source

,+— Condenser Lens

m +<— Beam Blanker

4 Apertures

&S

‘ +~——— Objective Lens

Ion pump

Pole piece \ )

rmni, Nancy, November 15, 2013



am GILBERT (1544-1603), English medical
r and physicist. The first to observe the
ation of a cone when a fluid is subjected to a

electrostatic field. This observation was

1bed 1n his treatise « De Magnete » (1600).

Gu:helmo er‘lg CoIceﬂreﬂﬂ

45 24, E':'l malmalr:jrrfmf  pluri. i ;

dum gm " m’ﬂgggm fig;- ’

/LUD.

Aira.’mug unxsrdfdzfc‘@z y//

Tt Rerserm f Vabm fanrp
EXCVSVE S

“Cambridge Scientific Minds”, Edited by P. Harman &
S. Mitton, Cambridge University Press, 2002

“... 1t is probable that amber exhales
something  peculiar that attracts the
bodies themselves,  and not air. It
plainly attracts the body itself in the
case of a Sspherical drop of water
standing on a dry surface; for a piece of
amber held at a suitable distance pulls
towards itself the nearest particles and
draws them up into a cone;...”

rmni, Nancy, November 15, 2013



314 years later...

-LENY (1872-1951), American physicist.

TO VOLTMETER
w AND STATIC MACHINE

Ethyl alcohol

[3 O

N
N\\\\\\\\.N
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O r 11100020 h7 0 12127 2T
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T TN

Gz gigdgdz 7z

/ it

{

] TO0 EARTH THROUGH
TELEPHONE AND
GALVANOMETER

Fig. 1.

Diagram of apparatus.

J. Zeleny, Physical Review , 3 (1914) 69-91
J. Zeleny, Physical Review , 10 (1917) 1-6

920 wm

Liquid forms a cone

Thread dia. ~ 4 pm

Thread breaks up into
droplets

Photograph taken with an
exposure time = 30 s

|

Oscillations of meniscus during intermittent discharge.
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eoffrey Ingram TAYLOR (1886-

b
h physicist/mathematician,

Taylor was interested by the behaviour of water
droplets in the presence of strong electrostatic
fields such as storm clouds. With this
problematic in mind he found an analytic
solution to the equations of electro-
hydrodynamics.

alised in the field of fluid mechanics.

Surface Pressure Jump

Pout |
Ap = pin _pout = 7C_§€0F2

Where:
Y = surface tension

c = surface curvature

F = electric field

The Taylor cone is the only conical shape which

satisfies the condition
y gE* =2 7/
270 r

130,7°

rmni, Nancy, November 15, 2013



Ga reservoir

i

Rough W tip

¥ W'\W W W O A A

Taylor cone

Flow of liquid Ga
towards the apex of

the tip

Orsay Physics Ga-LMIS

Driesel et al. — MPI Halle 1MeV TEM (1996)
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Principle of an electrostatic lens

-)tential or Einzellens

Ga LMIS

«— Condenser Lens

m +<— Beam Blanker

i +«— Apertures

<— Aligner (Quadrupole)

0 Stigmator (Octopole)

always
convergent

J } Scanning Deflector (Octopole)

«—— Objective Lens

.\ ; oV 8000V oV

From Rasser, CNRS formation entreprises, Lyon, mars 2013
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=8I Si lab. de Géologie FIB Imaging = SEM Signal A= SESI T Angle = 00°
IR bt~ SEM ; . B. Van de Moontéle e Sgal A=SESL g Mag= 189X 100 um

EHT = 5.00 KV de Lyon EHT= 500 kV WD = 51mm High Currert = On

[T FIB Imaging = SEM Signal A=SESI | ¥ FIB Imaging = SEM
%, B.VandeMoortsle  Eny= 500 kv WD= 51mm — EHT= 500 kv
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% B. Van de Moortéle

L ."". B. Van de Maortéle

volatile
a) &2"&?;}’. dissociation

products
adsorbed
molecules Oxo

Y Sk T Y

exiting secondary _» ‘-
electrons ANA «  back scattered
' electron
] trajectory

secondary
electron
trajectories

S

primary electron

el trajectory
. volatile
b) PTarY  dissociation

products

adsorbed
molecules !

X Y

secondary electron *
trajectories _,

’

trajectories of dislocated ot oy
target atoms

Gas-assisted focused electron beam and ion beam processing and fabrication
1. Utke

Journal of Vacuum Science & Technology B, Vol.26 No 4, Jul/Aug 2008
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FIB Imaging = SEM Signal A= SESI FIB Imaging = SEM

Mag= 158 KX EHT= 500KV WD = 50 mm B-Vando Mourtéle o o kv

FIB Imaging = SEM Signal A= SES|  MAndes 00°
5 B.Van de Moortél =g =)
. on e Hoarle EHT= 5.00 kv WD = 50 mm

High Current = On
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Thisgle® 4b

LGL  Ven de tanide _: , : " ""‘ . womacn  Mag= 267KX 10 pm LGL v tetvzan s ~ - by =yt MEgE 135X

Liftout Gluing on copper grid

rmni, Nancy, November 15, 2013



e Meg= 420K [ ROL s S U g s BT
200
180
|
P
> 160
<)
p—
2 140
=
=Ty
120
~ linearity
106 >

50 100 150 200

lamella thickness (nm)

rmni, Nancy, November 15, 2013



SES|  tanges %ot

FIB Imaging = SEM -
E®L 6 van de Mooriéle EHT = 5,001 Wo= 50 mm ::;gv;;to?m Mag= 442KX

Tit Corrn. = On

(Giw EmFi FIB Imaging = SEM Signal A= InLens 1 Ande = 3607
9, B. Van de Moortéle EHT = 5.00 kV WD = 50 mm Nosigrss i

M EMFIB FIB Imaging = SEM Signal A=SES| WA= 00° 2um
T Conm. = 0y =
@ B. Van de Moortele  £y7 = 2000 kv WD = 52mm L R Mag= 981 KX i i

S. Chalal, Zeiss France, is thanked for giving us the oppottunity to use the X2 sample holder rmut, Nancy, November 15, 2013



Edge view of first step

“'Z-line

Second step

Cryo-focused-ion-beam (FIB) preparation
of vitreous specimens for cryo-TEM

Mike Marko
Wadsworth Center, New York State Department of Health

http://www.wadsworth.org/3d-em/ctyo-focused-ion-beam-fib rmui, Nancy, November 15, 2013
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