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Introduction:
Why electron microscopy?
Sensitivity:
Beam/solid (specimen) interaction
(Spatial) Resolution:
Microscopy vs. microprobe
Wavelength, properties of lens
Beam/solid interaction
Information other than the image

A brief history of electron microscopy
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MAJOR COMPONENTS OF A TEM

1. electron optics column A5
2. electronics and controls wr 3 %
3. vacuum system £E3m

4. high voltage power supply iz &2
5. accessories %4¢.

The Electron
microscope

Structure and major
components
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Anode chamber

Cathode assembly

Anode chamber airlock valve
Beam deflector coil 1

Beam deflector coil 2
Condenser lens pole piece

15t condenser lens coil

2nd condenser lens coil
Condenser lens stigmator coil
Image wobbler coil

. Beam displacement

compensating coil 1

Beam displacement
compensating coil 2

Beam deflector coil 3
Specimen holder

Beam deflector coil 4
Objective lens pole piece
Objective lens stigmator coil
Obijective lens coil

1st intermediate lens coil
Intermediate lens pole piece

. 2nd intermediate lens coil

Projector lens coil

. Projector lens pole piece
. Viewing chamber
. Camera chamber

; JEOL TEM-1e0C

The Electron Optics Column
of JEOL JEM-100C

The Lens System:
Condenser Lens:

Controls beam intensity, density,
convergence, coherence.

Objective Lens:

Maghnification, introducing
contrast.

Intermediate Lens:

Further magnification, imaging
or diffraction.

Projector Lens:
Final maghnification

Apertures
Specimen chamber
Camera










The electron gun:

An electrostatic lens +
an electron accelerator

Fra, 2% The rubher-membrane model fur experimen

Fi Ia me nt: Tu n gste n paths (exaggerated vertical seale).

LaB,
Field emission

Acceleration voltage:
(HV or HT)
100kV - 1MV

inad with the rubber-mcmbrane
n grid. The grid potential is increns-
¢ Tech. Iev., Hef. 2.)

C.E. Hall, "Introduction to Electron Microscopy", 2nd ed.
P.W. Hawkes, "Electron Optics and Electron Microscopy".
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The electromaghnetic lens

Fig. 1. Electron trajectorics in a uniform (a) and in a non-uniform (c¢) magnetic ficld, issuing from an
axial point of the specimen for different azimuth angles, but making the same angle with the lens axis.
(b) Field distributions corresponding to (a) and (c¢). #
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"The early development of electron lenses and electron microscopy',
Ernst Ruska., 1980, §. Hirzel Verlag Stuttgart




OPTICAL MICROSCOPY

ABBE’S PRINCIPLE




Abbe’s principle of imaging

Ernst Abbe, 18401905 | Abbe’s Principle of image
formation
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Principle of image formation

Fundamental geometrical and physical optics
Abbe’s principle and the back focal plan (BFP)
Contrast: Beam/solid interaction

BFP and the objective aperture:
Bright field (BF) and dark field (DF) images.




Contrast: Beam/solid interaction
BFP and the objective aperture:

Bright field (BF) and dark field (DF)
Images.
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Figure 1.1.

Ray paths in the electron microscope (a) under microscopy conditions
and (b) diffraction conditions
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Electron micrographs
(EM, TEM images)

And

(Transmission) electron diffraction patterns
(TED patterns, DP)




Diffraction Pattern

Diffraction Contrast

What is Diffraction?
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Plate X.  Bright and dark-field micrographs of stainless steel, obtained with the Toulouse 1:5 MV microscops
12000%x ; @ = 1 MV.

(Courtesy of Professor (. Dupouy, Laboratotre d’Optique Electronique du C'.N.R.S., Toulouse)

Ref: Hawkes, P.W. (1974), Electron Optics and Electron Microscopy, Taylor & Francis, London.



Third of the series of articles by Dvorak and Monahan on the use of electron microscopy in pathology.
Weight Loss, Fatigue, Diarrhea, Fever and Lymphadenopathy
in a Forty-Eight Year Old Male Industrial Engineer.

by Ann M. Dvorak and Rita A. Monahan, Electron
Microscopy Unit, Department of Pathology, Beth
Israel Hospital, Boston, Massachusetts

Clinical Summary

The patient, a 48-year-old male industrial engineer, was ill for 10
months before a definitive diagnosis by electron microscopy
allowed specific antibiotic therapy to be given. The illness was
characterized by severe weight loss (70 Ibs.), diarrhea, night
sweals, fevers, lymphadenopathy, and fatigue, all of which
necessitated that he discontinue working. At the time of
diagnosis he could barely walk or sit and exertional dyspnea had
become severe. The medical workup at two institutions was ex-
tensive. Diagnoses entertained were in excess of twenty and he
was treated unsuccessfully for one 'of these — sarcoidosis.
Diagnoses and problems that were considered included the
following: lymphoma, sarcoidosis, industrial exposures (o
plastics, polyvinylchloride and asbestos; duodenal ulcer, in-
terstitial lung disease snrua nannraatic insufficiancv Crnhn'e

NORELCO R=PORTER
Il LEM CApr. 1184 20

(Figures 7-9). Intercommunication of individual lipid bodies and
the appearance of irreqular losses of lipid from lipid bodies was
also characteristic of these lipid-laden, lyscsome-poor
macrophages.

Other host inflammatory cells were either closely involved
with, or surrounded by viable bacteria. Plasma cells (Figure 10)
were surrounded by organisms. Mast cells showed focal losses
of granule content and surface attachment of unaltered bacteria
(Figure 11). Neutrophils (Figure 12) characteristically revealed
phagocylosis and alteration of bacteria, loss of their cytoplasmic
granules, and a marked increase in the number of lipid bodies
— allchanges we have regularly observed in reactive, activated
neutrophils in tissues involved with inflammatory processes.

Electron Microscopic Diagnosis: Whipple's Disease

Comment
Whipple first described the disease which bears his name in
1807 in a 36-year-old male physician who presented with symp-




tions with nearly pure screw character, in Si, lying approxi-
taken in 022, the dislocations A, B, C are all zxisiﬁ; in (),
; s A vanishes, which is consistent with a screw dislocation
reflections dislocations B and C were also found to be

rgers vectors $[101] and 4(110] P
S : &f‘mm Booker, 1965,

by courtesy of The Faraday Society)




Figure 10.10. Bright-field (a) and dark-field (b) images of a stacking fault with a = +2=/3
in Cu+ 79 Al alloy, [101] orientation. The reflection g=[111] i5 shown. Compare with
Figure 10.8

(From Hashimoto, Howie and Whelan, 1962,

by courtesy ol The Royal Society)
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What is DIFFRACTION?




Feynman “Lectures on Physics” Ch. 30. Diffraction

This chapter is a direct continuation of the previous one, although the
name has been changed from Interference to Diffraction. No one has
ever been able to define the difference between interference and
diffraction satisfactorily. It is just a question of usage, and there is no
specific, important physical difference between them. The best we can
do, roughly speaking, is to say that when there are only a few sources,
say two, interfering, then the result is usually called interference, but if
there is a large number of them, it seems that the word diffraction is
more often used. So, we shall not worry about whether it is interference
or diffraction, but continue directly from where we left off in the middle
of the subject in the last chapter.




We don’t even need the word “diffraction”. What we observe experimentally
is the result of wave propagation. When there is an object in the way of the
propagating waves, a pattern associated with the shape and nature of the
object and the nature of the wave is formed. This can be called the Fresnel

pattern or the Fraunhofer pattern, depending upon the approximations used
In describing it.

Related terms:

Scattering (of particles)
Reflection (by atom plans in a solid)




WAVE PROPAGATION, SCATTERING, AND SUPERPOSITION

Electrons fly through the vacuum = electron wave propagating
through the vacuum.

Electrons (electron waves) can be scattered by electrostatic potential
of atoms.

When two or more electron waves meet, their amplitudes are added.




How to add waves:

Direct method
Amplitude-phase diagram (vector method)
Fourier transform

Optical bench (Atlas)

Computer

Diffraction Patterns from 3D objects

Bragg’s Law nA = 2d sin 0




DigitalMicrograph




Examples of electron micrographs and

(transmission) electron diffraction (TED) patterns




Contrast mechanism:

Beam/specimen interaction
Amplitude and/or phase of the electron waves are altered by the specimen

Properties of lens

Waves (rays) initiated from a point on the object cannot be converged by
the lens to a point on the image.

Aperture limitation (“diffraction” related)
Spherical aberration

Chromatic aberration
Defocus (“diffraction” related)
Astigmatism

Detector: Fluorescence screen, Film, CCD, eyes
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Rayleigh’s criterion

Balancing the spherical
aberration effect and the
diffraction effect:

Smaller aperture produces
o0 crad) larger Airy disc (diffraction
o X c,"’ X% pattern of the aperture).

“ \ Larger aperture produces more
diffused disc due to spherical
aberration
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Specimen preparation -
Specimen: What characterization is all about.
the ultimate limit of resolution and detectability

General requirements:
thin, small, conductive, firm, dry

Various methods
Ultramicrotomy
Mechanical
Chemical
[o]}|
(Lucky for nano-materials work: Minimal preparation)

Contrast enhancement:
Staining, evaporation, decoration




Specimen support and specimen holders

Specimen support

Grid
Holey carbon grid

Specimen holders:
Top entry

Side entry
Single/double tilt
Heating, cooling, tensile, environmental, etc.

Performance:
Tilt angle, working distance,




100 Hexagonal 1x2 mm

0.4x2 mm

Figure 10.2. A variety of specimen support grids of different mesh
size and shape. At the top right is the oyster grid, useful for sandwiching
small slivers of thin material.




. stage
| translation
| controils
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left right

: +1st tiit. F: sz
: -1st tilt. G
= +2nd tilt. H: -x.
: -2nd filt I #y.
: -z J: -y
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o Movements and controls
of the specimen
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High Resolution Electron Microscope (HREM):
Approaching atomic resolution.
Requirements:
(Ultra) high resolution pole piece
Electronic stability
Mechanical stability
Clean environment: (Ultra) high vacuum
Specimen preparation: very very thin

In general HREM is needed for studying hano-materials.




HREM examples
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