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.
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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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0L 0z 05 OF

...|J|:|-_|.ui:1|.=;|._-.!u|.|.|:.! |...|.-_|l.

0

il

0g 0

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




