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(a) a=0.915%

polissage
lonique
avec Xe

(d) a=0762%

lon polishing of copper: some observations

R. A. Hoffman, W. J. Lange, and W. J. Choyke
August 1975 / Vol. 14, No. 8 / APPLIED OPTICS 1803

Mirrors for high power laser application| must of
ity at the
appropriate wavelength(s). The mirrors must have
the proper optical figure, be smooth to minimize light
scatter, and have high thermal conductivity to pre-
vent surface damage and undesuable mechamcal
stresses. To obtginneas 2Qre y the
surface must alsol be smooth and damage free.l| Cer-
tain metals that—have—the : operties,
such as copper and molybdenum are candidates for
laser mirror substrates However conventional pol-

hardness 0 ek
the polishing grlt used In addltmn polishing grit
may be imbedded in or just below the surface. The
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Ions are extracted by a 6- kV potent1a1 drop across

ber 2.54-cm dlam, cyhndrlcal deceleratmg electro-
static lens whose resultant focal length is ~45 cm.
Aperture stops, 6.25-mm diam, located in the first
lens cylinder and on the exit end of the third assure
an ion beam of low divergence. Two orthogonal sets

of defle beam to be posi-
tioned |and rastered on the sample [by application of
suitabl ,ms ~I00 V). A phosphor
screen, mountedmva'bl'rprube,—pmﬁfﬂ conve-
nient alignment jand focusing of the beam. Tlhus the
ion spot and raster can be visually positioned on the
sample and any spillover observed. The ion spot is
approximately 3 mm in diameter for a 5-yA beam.
Attempts to obtain hlgher currents without increas-

ing the spot size by using electrons to cancel space
charge in the ion beam were unsuceessful

The ion beam is inciden i -
the sample, which is mchneE at an angle of 12° to thel
beam. Using Xe ions under these conditions the
penetﬁtrun-dvp'bh-whmm-ﬁ're' sample is estimat-
ed from LSS 1:heor;,r2 to be ~10 A. | Other useful fea-

tures incorporated in the apparatus include provision
for thermal evaporatlon and thickness monitoring to

E2Nanie t dena ON_O ms on samnleg and an
electron source to provide charge neutrality yhen
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« low kV »: 6kV (4kV)

Balayage: FIB !
Spot: 3mm

Source d’électrons:
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V. Conclusions
It is shown that ion polishing of single crystal cop-

per samples is capable of removing damage lavers of

material and contamination from surfaces that had

been prepared by other polishing methods, and that

the resulting surfaces are smoother than those pro-
duced by the initial polishing. Furthermore, the
combination of ion polishing and 450°C vacuum an-
nealing yields values of absorptivity that are signifi-
cantly lower than those before ion polishing.

Aujourd’hui:
BIB: Broad lon Beam: faisceau « large », 1-5mm (200V -10kV)

FIB: Focused lon Beam: faisceau focalis linm (30kV  —
UV

o00V),, souvent combine av.




profondeur de champs, contraste de
topographie, resolution...

* Imagerie avec des electrons rétrodiffusés,
contraste de masse, channeling

« Meéthodes de spectroscopie:
EDX, WDX, Auger....
Corrections ZAF, PROZA, XPP etc.

« EBSD, diffraction des électrons retrodiffusés

Préparation de I'échantillon:




Quand le poliss

Métaux doux: Au, Al, Cu, Pb etc.

Matériaux durs: Ceramiques, Carbides, Composites

Semi-conducteurs (circuits imprimes)
Polymeres, matériaux mous

Matériaux héterogenes, poreux

Polishing direction

zone endommageée,
distorsion,

grains arraches,
rugosite de surface,
remplissage de pores
etc.

a) On material with different hardnesses, the ) On soft material, pieces of hard polisher can ¢/ On soft material with a veid, the material
polished surface becomes uneven as the soft be buried in the material being polished. around the void stretches and deforms,
portion 18 cut faster and easier.

d) On material with a void, pieces of polisher )On metals, due to distortion caused by
get stuck in the void, mechanical polishing on the polished
gurface, information about the erystal

becomes difficult to obtain.
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Cable supraconducteur, multi-filaments Nb,Sn

Superconducting Nb,Sn cables for high magnetic fields 10-20T:
Increase current density, lower cost
Potential Applications:

NMR, Tokamak fusion reactors
Large Hadron Collider (LHC), CERN

Typical cable:

1 X 1.5mm cross-section
121x121 filaments of Nb,Sn
In a bronze (Cu/Sn) matrix

Prof. R. Flukiger, V. Abacherli, D. Uglietti, B. Seeber
Dept. Condensed Matter Physics (DPMC),
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Grains de Nb3Sn incrusté dans la
matrice de Cu.

Trace de polissage

Filaments déplacés dans la matrice
Ecrouissage empeche la formation
des patterns de lignes de Kikuchi
(EBSD)

Apres bombardement ionique (pour echantillon
TEM, Gatan PIPS)
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« Attaque physique: éjections d’ atomes de la « cible » par des cascades de
collisions
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« A partir de E > x00 eV O
 Energie des ions: 200V — 30kV
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Incident angle
ge e The theory of ion beam polishing and machining

G Carter and M J Nobes, Department of Electronic and Electrical Engineering, University of Salford, Salford
M5 4WT, UK

and

| V Katardjiev, Department of Technology, School of Engineering, Uppsala University, Box 534, S-751 21
Uppsala, Sweden
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*-Si  J. Vac. Sci.
. Technol. B,
10, 2675

Solid lineg»l 992)

Simulati
for Si
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Relative Milling Yield, Y(8)/Y(0)
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det ‘ curr Tn’iag' 1 tilt | . —— 50 pi i
ETD|0.13 nA |1 200x|52 | EPFL - det | curr mag | tilt |
ETD|0.13 nA|1200x |52 °|

det | curr mag | tilt | 100 pm —
ETD|0.13 nA |00 x| 52 | EPFL - CM

WD | HV
4.8 mm |10.00 kV
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Computer simulation of the topography evolution
on ion bombarded surfaces

M. Zier *, W. Haufle

Department of Physics, Dresden University of Technology, Dresden, Germany

Nuclear Instruments and Methods i Physics Research B 202 (2003) 182-187
ion incidence direction

Y ta lons reflechis 1+ g \

taux d’attaque

Fig. 2. (a) Typical forms of ¥Y(0) and R(0). (b) Assumed an- Fig. 5. Simulation of a noisy line profile (a) without ion re-

flection and redeposition, (b) with ion reflection and redeposi-

gular distribution of scattered ions. )
101,
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SAM PREP

http://temsamprep.in2p3.fr/
e Dbien établi
e polissage a faible angle (jusqu’a O degrée)
» tres faible tension 4kV, 2kV, x0O0V

couche amorphe a la surface / eépaisseur de I'échantillon
refroidissement possible, rotation de I’échantillon

taux d’'attaque faible

zones minces petites, optimisé pour eéchantillons MET

INZP3 CHRS | Annuaires || sites CNRS || Autres sites |

Microscopie Electrunlque en Transmission (MET) : gmde de préparation des échantillons

guides méthodologiques | t=cliniques | photothéque | lexique | livre | observations | actualité | partenaires | contactez nous | liens ‘




Le PECS offre les avantages suivants :
décapage et métallisation dans la méme chambre sous vide,
Métallisation haute résolution avec tout type de dépbt,
Temps de manipulation substantiellement réduit,
Contamination de I'échantillon réduite au minimum,
Introduction de taille d'échantillon élevée,

Energie des ions : 1kV a 10 kV
Diametres Faisceau (FWHM) : Canon décapafjem
Densité de courant : 10 A/cm2 par source (pic maxijnum

ETCHING

e GUN

TARGET

SPUTTERING = r r 7,7, /s =g - """
ION GUN oLt .

FARADAY CUP

SENSES ION

/ CURRENT

MANUALLY

SHUTTER
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1pm*
i EHT = 150kv  Signal A=InLens Output dev = Polaroid 545

MAG = 20.00 KX WD= 3mm Photo No. = 3760  Date :10 Jun 1999

1pm®
b EHT = 2.00kV.  SighalA=InLens  Outputdev.= Polaroid 545

MAG = 20.00 KX WD= 3mm Photo No. = 3783 Date :10 Jun 1999
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of Ceramic Composites

W. Hauffe* and R.J. Mitro**

Advances in Broad lon Beam Processing for 3D Microscopy and Microanalysi

‘s
Screen s
-
------------- e

Initial surface
e N o= RN E

I N
- -
WU~ A

Sputtered areq

A~~~

Microsc Microanal 9(Suppl 2), 2003

FIG 2. FESEM image of an ion beam cut through
BN/TiB, ceramic composite.

S Initial surface: A Slope cut area; R Sputtered
region




B D S oL T

FIG. 3. FESEM image of the ion beam cut area in
in FIG. 2 (Detail) with atomic number contrast
between the components BN (dark), TiB, (bright)
and the glassy phase (grey)

+ Cross-sections de grand envergure
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A New Method of Surface Preparation for High Spatial

)

295-300 (2006

155

Microchim Acta

L]

th an Argon Ion Beam

SEM w

EPMA/

Resolution

Hideyuki Takahashi'™, Ayako Sato!, Masaru Takakura', Norihisa Mori',

Juergen Boerder?, Walter Knoll>, and John Critchell®

! Application and Research Group, Electron Optics Division, JEOL Ltd.. Tokyo 196-8558, Japan

2 JEOL Germany GMBH: Oskaer-von-Miller Strasse |, D-85386 Eching, Germany
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JEOL

Table 1 Principal specifications
lon gun Penning type Argon ion gun
Accelerating voltage  |2to 6KV
lon beam diameter 500 wm (FWHM)
Milling rate 0.3 pemimin (6KY silicon, 100xm from edge)
Maximum specimen size | 11mm(W)x 10mm({D)x 2mm(H)
Specimen stage Xox3mm. Y : £3mm
Specimen alignment | £5°
Vacuum system TMP, RP

BA, REUNION PEDAGOGIQUE 29/30 nov. 2007 Mar
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BSS-CP-5kV-7h-02

Hig. 11 Surface of ceramic powder (Secondary electron -
il‘ﬂﬁg@l JEOL COMPO  5.0kV X50 100pm WD 10.0mm

BSS-CP-5kV-7h-06

Be gt : ; 1 0TS
Fig. 12 Cross section of ceramic powder (Backscattered
electron image)
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Sample — Pentium chip, milling time — 5 hrs

Overview of the cut.
Depth ~ 490 pm

NioTh ~ KO a8

(D
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ASaP functions in one chamber
» Plasma Cleaning (PC)
lon Beam Etching (IBE)
Reactive Ion Beam Etching (RIBE)
Reactive Ion Etching (RIE)
Ion Beam Sputter Coating (IBSC)

BAL-TEC RES120 SEM

GNMEBA, REUNION PEDAGOGIQUE 29/30 noyv. 2007 Marco Cantoni




suppressor ——» m hiquid-metal source

extractor ———

T lens 1
apcrtu::;
octupole 1
deflector plate
— «———lens 2

. Développé: 1970’s and 80’s (Escovitz, Levi-Setti, Orloff, p—
Swanson...) =

-~— octupole 2
sample stage =7



Dual Beam Nova 600 Nanolab FEI
Dual Beam = SEM

SEM: Schottky thermal field emitter
FIB: Ga LMIS
Samples, 4 and 6 inch wafers

4 Gas Injector Systems
— Pt deposition (COH16Pt)
— SIO2 deposition (TEOS)
— Insulator Enhanced Etch (XeF2)
— Selective Carbon Mill (MgSO4)

Charge neutralizer system

Omniprobe (in situ TEM lamella lift
out)

Fast Electron Beam Blanker (basic

GNMEBA, REUNION PEDAGOGIQUE 29/30 noyv. 2007 Marco Cantoni



d’électrons secondaire
iImagerie ionique

Usinage et polissage
— Attaque ionique
currants eleves

b) lo
Reactions chimique (assisté de gaz) 4
— FIB deposition
— Attaque préférentielle -

autres: _
Implantation d’ions
amorphisation

Emission de ions secondaires et a)

o o000
substrate
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“Industrial” applications

(semiconductor industry)

e sectioning for failure analysis
e prototype circuit rewiring
 mask repair

« TEM sample preparation

Research

e Micromachining
 Nanofabricated structures
« TEM sample preparation
 FIB Nano-Tomography




11.052006] WD | HV | det mag | HFW | tit | ——5pum

08:01:56 |49 mm|500kV | ETD 5000 x 240 pm| 52 EPFL - CMI
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Zone mine (10x5um) avec épaisseur
constante (typ. 50-80 nm)

Préparation d’échantillons
héterogenes

Précision dans la sélection d’endroit.
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Amorphous
Amorphous

D o S o
25-30nm 25-30nm

Zone amorphisée

Ga 5keV

Ga 1keV
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Electron Beam

L. HOLZER, F. INDUTNYI, PH. GASSER, B. MUNCH &

M., WEGMANN
EMPA, Swiss Federal Laboratories for Materials Testing and Research, Ueberlandstrasse 129, 8600
Diibendorf Switzerland

Journal of Microscopy, Vol. 216, Pt 1 October 2004, pp. 84—95

GNMEBA, REUNION PEDAGOGIQUE 29/30 nov. 2007 Marco Cantoni




e e
o

-

ey
WAy

e A '-.\\ ‘f"“b
' b

)

iy, =

ety

| —

tit | WD HV | det| curr | mag 20 ym
52° |48 mm 5.00kV|TLD 6.3 nA|5000 x EPFL - CMI

Preparation

i : 5 £ - :
tit [ WD | HV |det| cur | mag |- 40 pm ., [ 50 ym
52° |48 mm | 500kV|TLD|6.3 nA |1 500 x EPFL - CMI Y8 | 19.6 mm|30.00 kV|ETD |1 200 x| 52 EPFL - CMI
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Imaged

Image Processing and Analysis in Java

D.IMO.THIMN.JC NUEeX. LT
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SD VolUme: renaenng
feconstruction:

Orthogonal slices
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it WD HV det curr mag 10 um tit WD HV det curr mag 10 um
52 ° 4.9 mm 5.00 kV TLD 6.3 nA 10 000 x EPFL - CMI 52 ° 4.8 mm 5.00 kV TLD 6.3 nA 10 000 x EPFL - CMI

BSE detector (TLD)

wD HY  det| mag it
.7 mm 30.00 kV ETD 16 000 x 0 °

o5 WD HV det | mag |tilt 10 pm
¥8®|19.7 mm|30.00 kV|ETD |5 000 x| 0 ° EPFL - CMI
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chniques ,3D"

 xerayTomographyMicrescopy  Possibilités nouvelles

. Mechanical Serial Sectioning 3 - ) ;

Lro Loy dans la microscopie 3D:
Combination de FIB-nt

avec Cryo, EBSD, EDX

SEM goes 3D

nm
w
o

A\ J

¢0.1nm inm° 10nm 100nm 1pmf 10um 1500|.|m 1mm

- Approximate Voxel Dimensions




SEMEHT = 1.00 kv SEMMag = 68.25 KX Noise Reduction = Line Avg Signal A = ESB Date :25 Oct 2007
FIBEHT =30.02kv  FIBMag= 9.65K X Scan Speed =6 N=19  signalB=InLens Time :13:08:15
NVision 40-38-11 WD = 22 mm FIB Imaging = SEM FIB Probe = 30KV:80 pA System Vacuum = 3.46e-006 mbar

J‘“ﬂ T -
200 nm
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BIB: Broad lon Beam: faisceau « large », 1-5mm (200V -10kV)
« nettoyage », décapage, polissage des surfaces relativement
larges pour imagerie réetrodiffusée, spectroscopie e t EBSD
facile a utiliser

FIB: Focused lon Beam: faisceau focalisé, >4nm (30kV —500V)
Usinage et polissage avec haute précision pour prép  aration
des échantillons MET

Combiné avec toute la palette des techniques MEB:u ne
nouvelle dimension !




