9. MICROSCOPIO ELETRONICO DE TRANSMISSAO (MET)

9.1. APRESENTACAO DOS COMPONENTES E PRINCIiPIOS DE
FUNCIONAMENTO DO MET
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Fig. 2 The transmission electron microscope compared with a slide projector.
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Fig. 7 Cross-section of an electromagnetic lens.
Cis an electrical coil and P is the soft iron pole
piece.
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Fig. 8 Cross-section of the column of a modern transmission electron microscope.
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9.2. ARTEFATOS NAS IMAGENS DE MET

As imagens no MET sdo alteradas devido a artefatos similares aqueles vistos para o
MEV.

A amostra pode sofrer CARREGAMENTO se ndo for convenientemente preparada
e aterrada ao suporte de amostras. Caso necessario, pode-se fazer um recobrimento com
material condutor apos o afinamento da amostra. Pode-se usar carbono, ouro, etc.

A amostra pode sofrer CONTAMINACAO devido a impurezas presentes no sistema
devido a problemas no sistema de vacuo ou a limpeza inadequada dos componentes do
MET.

A amostra pode sofrer AQUECIMENTO e aumentar o deposito de contaminantes.
Para evitar este problema, pode-se fazer o recobrimento da amostra com material condutor

ou utilizar um suporte de amostras refrigerado com nitrogénio liquido.

De qualquer forma, a correta preparacao das amostras pode significar mais de 2/3 do
trabalho em MET e ser a diferenca em obter ou nao bons resultados.

9.3. MODOS DE OPERACAO DO MET
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Fig. 23. Three of the commonly used optical configurations of the JEOL JEM20_0CX.micr0-
scope, illustrating the many image inversions which may occur. (a) At low magnification the
second intermediate lens (12) is switched off. (b) At intermediate magnifications all lenses are
on and there are three image inversions. (c) At high magnification all lenses are strongly
excited and there are four image inversions,

9.4. FIGURAS DE DIFRACAO EM MET



Todos os microscopios de transmissao oferecem a possibilidade de visualizar-se o
padrao de difracdo (diffraction pattern) que inevitavelmente se forma no plano focal atras
da lente objetiva (back focal plane), como mostrado na figura 22(a) abaixo.

Mesmo se o usuario nao tiver interesse por difragdo de elétrons, esta facilidade ¢ util
no alinhamento da abertura da objetiva (objective aperture).

Em operacdo normal o padrio de difracdo ndo ¢ normalmente visto porque a
Primeira Lente Intermediaria (I1) esta focalizada na primeira imagem intermediaria, € isto
¢ o que finalmente € projetado na tela.

A mudanca da excitagdo das Lentes Intermediarias pode levar a projecdo dos
padroes de difracdo magnificados na tela. Isto € tdo frequente que € feito por um simples
botdo no controle do MET e o usuario pode ver o padrio de difracio em qualquer
momento. O diagrama de raios na difracdo pode ser visto na figura 24(b) abaixo.

A excitacdo da lente objetiva ndo ¢ alterada na mudanga entre condi¢ao de imagem e
condi¢ao de difracao.

A objective aperture deve ser removida para visualizacdo do padrdo de difracao
inteiro. Uma Selected Area Diffraction Aperture (SAD ou SAA) no plano da primeira
imagem intermedidria pode ser usada para selecionar a regido do objeto da qual o padrao
de difracao ¢ formado.
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Fig. 22. The objective lens. The main function of this lens is to form a magnified first inter-
mediate image. In the back focal plane of the lens a diffraction pattern is formed. (a) All rays
leaving the specimen parallel go through a single point in the diffraction pattern. (b) Ix}seruon
of an objective aperture in the back focal plane eliminates diffracted electrons from the image.

(a) ' (b)

Fig. 24. A comparison of optical configurations in (a) high magnification imaging and (b)
selected area diffraction. It should be noted that (a) is essentially the same as Fig. 23(c). The
ray indicated by broken lines in both (a) and (b) is stopped by the selected area aperture
(s.a.a.), illustrating that the diffraction pattern in (b) can arise only from the selected area.



9.5. PREPARACAO DE AMOSTRAS PARA MET

As amostras precisam ser seccionadas, polidas e afinadas até a transparéncia para
elétrons. Este procedimento de preparacdo das amostras corresponde, sem duvida, a etapa
para trabalhosa e consumidora de tempo nas analises em MET.

Os procedimentos adequados para preparacdo de uma certa amostra devem ser
desenvolvidos especificamente para aquelas amostras, apesar de apresentarem
caracteristicas muitas vezes comuns.

9.5.1. Corte e seccionamento das amostras

Model 850 with Model 85030 Abrasive Recirculating System and Model
85040 Microscape

Ultrasonic
Disc Cutter

SEM micrograph of a 3 mm disc punched
from near the cutting edge of a razor blade
(top) and a similar disc punched sub-
sequently from a 20pum thick aluminum faoil
(bottom)

Essential Parts of Model 659 Disc
Punch shown schematically:

1. Cutting piston with dimple in face
2. Spring-loaded support piston

3. Specimen (foil, sheet)




9.5.2. Lixamento, polimento e afinamento

Disc Grinder

Disc Grinder

Cross section of Disc Grinder: 1 specimen
mount, 2 base, 3 scale, 4 precision drive
screw, 5 control knob, B specimen mount
gjector.

-
e,

e

Tripod (Disc Grinder)

Dimple Grinder (Dimpler)




9.5.3. Afinamento final por Jet Polisher e Ion Milling

Jet Polisher (jato eletroquimico)

Model 550D

Jet Polisher (jato eletroquimico)
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Schematic ilustration of the PIPS™ work chamber showing the Penning ion gun, the
specimen exchange mechanism, the Faraday cup, the airlock and the specimen post.
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As each cathode aperture wears out, a fresh aperture is simply moved into position by
rotating an external knob. This is achieved without breaking the vacuum.

Dual Ion Milling (afinamento i6nico)

gun mount

The simple, effective design of the RIBE Octogun™ makes cleaning and maintenance
eagy.




9.5.4. Exemplos de suportes de amostras para MET

Double Tilt Analytical Holder with optional metor drive for second tilt movement.

Tip of the Model 646 Double Tilt Analytical Holder, showing the ToggleTilf™ drive for the
second tilt movement. Note the miniature Faraday cup and the cut-outs in the specimen
cup and surrounding tip which minimize shadowing of the X-ray signal.

Tip of the Twin Double Tilt Holder, showing the ToggleTill™ drive for the second tilt
maovement and the miniature Faraday cup between the two specimen cups.



EXEMPLOS DE ANALISE EM MET

Al 0.5%Cu thinned on a silicon substrate
at 3keV and 4°. Thinning time froma 5 m
thick dimpled specimen was 20min.

Si oxide

ORI

Cross seclion through an IC device. Thinning time at 3kV 25mins.
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Gahs/Si interface prepared with the Model 600 DuoMill™ . Micrograph taken by Robert
Hull on the Atomic Resolution Microscope, Mational EM Center, Berkeley. Sample
grown by S. M. Kuch, Stanford University

SIC whisker reinforced AL,O, composite prepared with Model 600 DuoMil™. Material
courtesy John Porter, Rockwell International Science Center. Magnification ~%60,000




EQUIPAMENTO LEO 1450VP

O MEV pode ser configurado com EDS e um canal WDS com 4 ou

6 cristais. A grande vantagem deste tipo de sistema é a possibilidade de
trabalhar-se tanto em alto quanto em baixo vacuo (Variable Pressure -
VP). Esta caracteristica € importantissima para a analise de amostras
que ressecam ou alteram sua morfologia sob vacuo. Além disso, existe
a possibilidade de analise de materiais nao condutores, sem grandes
preparacdes superficiais para aumento da condutividade e diminuicao
do carregamento da amostra.

As caracteristicas importantes deste equipamento s&o:

Resolugcdo maxima: 3,5 nm em alto vacuo e 5,5 nm em baixo vacuo
Filamento: W
Voltagem de Aceleragcao maxima: 30 kV
Magnificagdo: 15 a 300.000 vezes
Movimento do estagio: x=100 mm, y=125 mm, z=60 mm
Tamanho do estagio: L=300 mm, W=265 mm, H=190 mm
Estagio: Compucentric e motorizado em 5 eixos
Numero total de portas: Até 5 para acessoérios como WDS, EDS, BEI,
EBSP, Chamberscope, etc. (nossa especificacago € com 1 WDS,
1 EDS, 1 BEIl e 1 camara infravermelho para localizagdo do estagio)
Sistema de vacuo: Bomba turbomolecular com bomba mecanica
Sistema de Controle do microscopio: Pentium com Windows 95/98
Sistema EDS: Link ISIS 300 (OXFORD) rodando em Windows 95/98
Sistema WDS: Microspec WDX-600 (OXFORD) com 6 cristais e
integracdo com o Link ISIS 300 rodando em Windows 95/98
Integracdo WDS, EDS e MEV: total através de software da OXFORD
(configuracao inclui todos os programas de controle da coluna e do
microscopio via EDS/WDS)
Analises possiveis:
1) Imagens usando elétrons Retroespalhados e Secundarios em
alto vacuo e baixo vacuo. Para este ultimo modo, sera usado o
detector LEO VPSE - Variable Pressure Secondary Electron
2) Analise Semi-Quantitativa via EDS
3) Analise Quantitativa via WDS (de Boro a Uréanio)
4) Analise de Raios-X com Mapeamento, Line Analysis e puntual
Formas de impresséao e disponibilizacao de imagens e resultados:
1) Polaroid Digital Color Palette HR 6000; 2) Impressora jato-de-tinta
HP Deskjet 870 CXi; 3) Impressora Laser Lexmark Optra S; 4)
Gravador de CD-ROM; 5) Disquete de 3 '%".

o Sistema analisador de Imagem: KS300 Carl Zeiss Vision
Imaging System, rodando em computador independente e incluindo
funcdes basicas e avangadas de analise de imagens.
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— Optibeam

A improved electron optical column augmented by our unigue Optibeam
control algorithm provides continuous

probe current adjustment and
delivers the highest resalution
availzble from the selected
spot, Plus at the dlick of a
mouse Optibeam achieves
best depth of fickd for ‘all
in focus' imaging of
rougher surfaces.

Depth hode

Optibeam

Resolution Mot

Depth Mode

Chamber/Stage

Supported by an ultra stable pneumatic anti-
vitration platform, the different combinations of
chambers and stages provide a wide choice of
analytical and sample handling combinations.

Pumping

A1 LED SEMSs are equipped with turbo
melecular pumping as stardard. Turbo
meleculsr pumping means speed when
high specimen throughput is necessary,
cleanlingss when anglytical sensitivity is 2
key need gnd reliability day in day out.
LEQ /P SEMs provide instant aceess ta WP
mide at the touch of a mouse, and the
tyramic ability to sel the right pressure
for each specimen and then save Lhis
within an applications conditian file,




At LEQ we understand that simple specimen handling and responsive sample
navigation are essential factors for high SEM throughput and productivity.

That is why all of our large travel high precision gear stages are equipped with
all axis motorisation as standard... the advantages are clear,

By introducing direct drive motors to our
high precision  mechanies, a  stage
repeatability of 2ub for the most
demanding of applications s guaranteed
over the extensive 125mm  100mm of
stage fravel.

With 14 quick Tt sample holders
available, the largest to the smallest
samples can e quickly and easily
maunted  for  examination  and
hecause the stage znd sample holder
are fully indexed you can refum to a
saved point of interest on a sample
even if it has been remaoved from the
chamber,

Smooth and effective sample navigation
from the lowest magnification to over
100K s a certainty. Stage movement in all
awes s automaticelly requlated for joystick
displacement and magnification; couple
this with our high precision gearing and it
means that you may never use the beam
shift cantrol again,

Tilting & sample without oss of the region of
interest normally résults in a sample having
to be positioned at one fixed eucentric
wirking distance, that may be inappropriate
for best working conditions of détectors.
Imagine the flexibility of an option that nat
only allows vanable working distance
eucentric operation, ‘but introduces stage
rotation arsund the beam, not the centre of
the stage; & must when orienting & sample
to aspecific detector,
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