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« Jsme nejvétsim dodavatelem
elektronove a iontove optickych
zarizeni pro sirokou skalu vyzkumnych
a vyvojovych laboratori i prumyslovych
podnikd.

e Celosvétové mame 2150 zaméstnancu
Z toho v Brné 500.

 Prodej a servis nasich pristroju
zajistujeme ve vice nez 50 zemich po
celém svete.

« Jsme listovani na trhu NASDAQ.

« 7 Brna - nejvetsi tovarna FEI -
dodavame asi Ctvrtinu (25%)
celosvétoveho obchodu s
elektronovymi mikroskopy
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Kde sidlime?

Nase tri vyrobni a vyvojova centra:
Ly Eindhoven - Nizozemi

Hillsboro - USA | il i
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Vize kam smeruje FEI ...

Predstavte si...
Za 20 let ...

Svet bez...
* Rakoviny

Cancer cell being attacked by the immune system

Prostate cancer cell

Breast Cancer Cell

“i‘ FEI evon vocmrsar. oo



Vize kam smeruje FEI ...

Predstavte si...
Za 20 let ...

Svét bez...
* Nedostatku energie




Vize kam smeruje FEI ...

Predstavte si..........
Za 20 let ....

Svet s vyzkumem
e v ohromném tempu
* Vyzkumnymi daty sdilenymi po celém svéte
* Porozuménim jak funguji molekuly
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Vize kam smeruje FEI ...

Elektronika v nasich rukach
* Internet

* Mobile communication

« Zabava

HEeLiOs NaNoLaB 1200

B HV WD HFW mode det mag L : Lﬁjm ;
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Fyzika ve FEI

Fyzika (Wikipedie) je prirodni veda, ktera zahrnuje studium
hmoty a jeji pohyb v Casoprostoru, spolu s pribuznymi pojmy,
jako je energie a sily. V sirsim meritku, je to obecna analyza
prirody, vedena s cilem pochopit, jak se vesmir chova.

Potfebujeme fyziky, aby pochopili nano-vesmir a nachazeli
nova a neznama:

 technicka

« technologicka reSeni

* Ve vyzkumu,

* Ve vyvoiji,

* Vinzenyrstvi,

« V aplikacich

vedouci ke kvalitnim a vykonnym produktum, k zakaznické
spokojenosti s produkty FEI.
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Od vyvojare po presidenta

Fyzikoveé nachazeji uplatneni jako

Vyrobni inzenyr - reSi technicka reseni v okruhu vyrobitelnosti, jakosti,
Vyvojovy inZzenyr — hleda nova reseni a jejich uplatnéni v produktech
Systémovy inZzenyr — hleda zpusoby fungovani celych systémd, jejich
vzajemnou vazbu

Projektovy manazer — ridi projekty

Produktovy manazer — fidi vyrobKky, jejich zivotni cyklus, vlastnosti
Aplika¢ni inZenyr — nachazi a zkouma zakaznické aplikace pfistroju
Leader — vedouci na vSech stupnich — fyziky jsou CEO Don Kania a
mnoho dalSich.

Prace v tymu — kli¢ k dosahovani vysledu - spoluprace

Komunikace — jak se umite vyjadfovat, pusobit na ostatni
Ridici schopnosti, schopnost ovlivnit svet kolem sebe
Jazyky

Pfizpusobivost, pruznost

Chténi dale rust
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Fyzika v prumyslu

« V primyslu pracuje mnohem vic fyzikd nez na skolach a v Ustavech
* Rozdil mezi fyzikou v pramyslu a v institucich:
- Je v poméru poctu fyziku, kteri se zabyvaji vyzkumem, a kteri se
zabyvaji vyvojem
« Je v rychlosti realizace vysledku

Vyzkum Vyvoj
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Priklad applikace fyziky v prumyslu - Moore’s law

« Jeden z nejvyznamnéjsich fenoménud dnesni doby je minituarizace
elektronickych obvodu a digitalizace

« 0Od samotného vynalezu tranzistoru je prevazneé rizen a realizovan fyzikou v
prumyslu

* Trend vyjadren Mooreovym zakonem:

« Kazdych 18 -24 mésicl se zdvojnasobuje vypocetni vykon Cipl
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Fyzici a Moore’s law

« Mooreuv zakon pomaha realizovat v kazdém okamziku stovky a tisice fyziku
v riznych oborech zabyvajicimi se materialy, nanostrukturami, vyrobnimi a
diagnostickymi pristroji

« FEl ma mimo jiné vedouci roli ve vyvoji pristroja pro diagnostiku
nanoelektronickych struktur

« Kazdé 3 az 4 roky musime byt schopni rozlisit dvakrat mensi struktury

« Musime adekvatné zrychlovat analyzu vzorku tak, aby pres narustajici
pocet technologickych kroku a testu se nezvysovaly naklady na Cip
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Titan Family — Tema 1

Titan" ETEM
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Titan ETEM technology and hardware components

Gas control unit with vales
for accurate control of the
gas pressure and mixture

Primary electron beam

+

Condenser Aperture

\\_ J Gas inlet

//_ — ] €—
=10

L Differential Aperture

E-cell with differential
pumping apertures and
additional oil free pumps

+
Mass spectrometer to .. \

determine gas composition A
g P O\\\\\\
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itan ETEM performance in various modes

Youngs fringe experiment HR-STEM image of Si110
at bmbar pressure in ETEM mode

Information Limit
Titan E-TEM
Image Corrector
5mBar gas inserted

EELS zero-loss peak
in ETEM mode

16




Where are we going...?

In situ experiments - down to the atoms
Heating + vapour

= MWNT from a FeCo crystal

In situ nucleation of carbon nanotubes by the injection of carbon atoms into
metal particles . by J.A. Rodriguez-Manzo et al. nature nanotechnology
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In situ experiments — down to the atoms

Heating + vapour (+ correctors)

Where are we going...?

Hofmann et al (2008) Nature Materials 7(5)

Au catalyst crystals on SiOx membrane, exposed to Si,H, vapour at T =
590 C. On melting an Au-Si liquid alloy is formed, before nucleation
of Si and growth of nanowires
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FEI Explore. Discover. Resolve.

Titan™ 80-300

See beyond at FEl.com

w5 FEI

New application results

Sorin Lazar Bert Freitag 2010

on Titan G2




Advantages of the new FEI triple On-axis BF/DF1/DF2 detectors

Position and geometry of the multiple STEM detectors on Titan G2

Detector positions Cross section Mechanical design

o
HAADF

DF1
ABF/DF2
BF

DF 1
ABF/DF2
BF

Entrance aperture
filter

e Optimized for simultaneous acquisition of BF/ABF/ADF/HAADF images
e Optimized geometry for simultaneous acquisition of ADF/HAADF/ signals
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Comparison between HR-TEM, ABF STEM and HAADF STEM imaging on the

same sample of LaB; in [100] projection The images are taken on C, corrected Titan G2

ABF HAADF
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The boron lattice can be visualized using HR-TEM and ABF
imaging, while it is invisible in the HAADF image.

_:.E.:, FEI‘m MW : S.Lazar,B.Freitag, FEI, J. Etheridge, Monash University, Australia



ABF/HAADF STEM on Cs-corrected Titan G2 at 200kV

SrTiO; in [110] projection
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The Strontium oxide, Titanium and the pure oxygen columns can be visualized in the

atomic resolution ABF STEM images in [110] projection.
A contrast difference between the titanium and pure oxygen columns is in the ABF images
8% FET oo oo rsane detectable.



ABF/HAADF STEM on Cs-corrected Titan G2 at 200kV
BaTiO5/SrTiO5 interface in [110] projection
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The Strontium oxide, Titanium and the pure oxygen columns can be visualized in the atomic resolution
ABF STEM images in [110] projection.

Hardly any contrast difference between the Ba and Sr columns is visible in the BaTiO;/SrTiO; interface
sample using ABF imaging , while it is clearly visible in the HAADF image taken at the same area.

Sample courtesy of C.L. Jia, Ernst Ruska Centre, Research Centre Juelich, Germany.
Image data courtesy of Prof. J. Etheridge, Monash University, Australia and S. Lazar



Téma 2 — touch the limits

SEM monochromator story
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The Magellan 400 - Unique electron optics

Elstar SEM column

Eer

Double
magnetic

shielding* e

Uncompromised stability

ConstantPower™

lens technology*

Beam at HV

Beam at landing V

* inherited from Titan developments

FEI Copyright © 2011



How to improve further SEM resolution?

Aim: better resolution at low kV'’s (< 2 kV)

— limiting contribution: chromatic aberration ~

Cc-AU/U

Correct | aberration Cc?—> Cc-corrector
needed: M

mechani ectronics/so re

Decrease AU?

—> usingq:o@EG: le ble and less max
current than-Scho G

— using monochromator: can we maintain
versatility of the column?

.g. FE I expior. tuscover Rt FEI Copyright © 2010

SEM Corrector



The UC Gun

Gun technology Energy spread

Schottky 0.5-1.0 eV
Cold Field 0.25-0.35 eV
3 beam modes
From: Henstra et al, M&M 2008 proc. Schottky-UC 0.15 eV
Schottky-FEG
extractor,
2 apertures
A [N\ < segmented
gun lens z
aperture
and slit 0 i 2 s 4

gererananens .. : : deflector

Standard High current UC mode (monochromated)

.g. FE I expior. tuscover Rt FEI Copyright © 2010



The Elstar UC Gun - Benefit of reducing the energy spread

U = 350 Volt
55 | = U =500 Volt

-=-U = 1000 Volt
< U = 2000 Volt

1.5 -

25-75% edge resolution [nm]

O I I I I I

0 0.2 0.4 0.6 0.8 1

Energy spread (FWHM) [Voli]
From: Young et al, SPIE 2009

.g. FE I expior. tuscover Rt FEI Copyright © 2010



Why a low-voltage, high resolution SEM?

50 nm
1kV

» Higher surface sensitivity

e Reduced edge effects

e More control over beam damage or charging
 Different contrasts

FLI I'H II

Nanowrres sample courtesy of Dr. Emanuel Tutuc niversity of Texas Austin

Monte Carlo simulations of electron scattering in silicon illustrate the effect of beam energy on interaction volume
over two orders of magnitude. Primary electrons are blue, back-scattered electrons are red.

D70 g
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Reduced edge effects

Range (1m)

250

.01'{

200

.001 . e g . L e e
i | 1 10

150 - Energy (keV)

100 +

50 -

Normalized SE yield

0 T T T T v
] 20 40 60

Tilt Angle (degrees)

Source: Joy and Joy, Micron
27(3-4), 247-263 (1996)
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Co muzete ¢ekat vy od nas?

Dovedeme pracovat se studenty - Internship program

Udelujeme kazdorocne FEI stipendium pro absolventy do
30let ve vysi 2 x 100tis.KC

Podporujeme Prednasky na skolach — nyni MU Elektronova
mikroskopie

ZapuijCili jsme pristroj Quanta 3D na MU PfF

Umoznime Vam ziskat mezinarodni zkusenosti.

V platovém ohodnoceni jsme na Spici prumyslu IT/Telco.
Systémem vyhod podporujeme zamestnance v kazdeé etapée
jejich zivota.

Zalezi nam na zivotnim prostredi a nasem okoli.
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...a hlavné s nami neni nuda ©




Imagine
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Dekuji Vam za pozornost

Jiri.Ocadlik@fei.com




