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FOREWORD

Elcctron microscopy is an art as much as it is a science. Its applications extend
into almost all branches of pure and applied science - biological as well as
inorganic. The preparative methods needed in its practice are correspondingly
multifarious. Each type of tissue in biology, cach type of metal in metallurgy,
requires special treatment if sections (or films) thin enough for clectron micro-
scopy are to be obtained in good condition and with minimum risk of artefact.

The armamentarium of methods now available has been built up over the past
twenty years or so, at first slowly and with many false starts, and more recently
at a rapid rate and with greater finality. To keep abreast of progress in these
matters is particularly difficult, in that it is being made in many countries and is
published in a great variety of journals. When the Electron Microscopy Group
of the Institute of Physics was formed in 1946, one of its first preoccupations was
the production of a survey of the current state of preparative techniques. It
appeared in 1950 as one of the quarterly parts of the Journal of the Royal
Microscopical Society under the title of “The Practice of Electron Microscopy’.
The subject was already extensive enough to require a dozen contributors for
coverage, with Dr. D. G. Drummond as editor.

It is not too much to say that the rapid growth of electron microscopy in
Great Britain during the next decade was based mainly on ‘Drummond’. It
found much use in other parts of the world also. For several years now it has
been out of print and the need for an up-to-date successor has become urgent.
The present text, prepared by a new tcam under the editorship of Dr. Kay, has
been written in responsc to that demand. Nearly three times the length of the
carlier handbook, with a greater variety of techniques described and many more
references, it reflects the advances made in a decade which has seen first the
perfection of ultra-thin sectioning of biological material and more recently
the controlled preparation of very thin films of metal from bulk material. May
this new text serve as guide and counsellor for the new wave of electron
microscopists as fruitfully as ‘Drummond’ has done for their predecessors.

V. E. COSSLETT



CONTENTS

I. The operation of the electron microscope
A. W Agar

INTRODUCTION
ALIGNMENT
FUNCTION OF ALIGNMENTS USUALLY PROVIDED
Translation of illumination. Translation of gun. Translation
of projector lens. Tilt of illumination

CHOICE OF OPERATING CONDITIONS
ACCELERATING VOLTAGE
THE ELECTRON GUN .
Filament heater current. E/mrou bmm mrrcur
CONDENSER SYSTEM . : . 2 . z
Single condenser working. Double condenser working.
Condenser astigmatism. The illumination aperture
OBJECTIVE APERTURE . :
Size of aperture. The aperture marerml
MAGNIFICATION
Electron noise
TESTING THE PERFORMANCE OF THE ELECTRON
MICROSCOPE
CORRECTION OF THE ASTlGMATISM OF THE
OBJECTIVE LENS 5 h
FOCUSING THE IMAGE .
FRESNEL FRINGES
WOBBLER FOCUSING . .
MULTIPLE CONDENSER APERTURE .
MINIMUM CONTRAST .
MOVING THE OBJECT AFTER FOCUSING
PHOTOGRAPHY :
MAGNIFICATION CALIBRATION
INTERNAL CALIBRATION
LATEX PARTICLES
DIFFRACTION GRATING REPLICA
STEREOMICROSCOPY . . .
DARK FIELD OPERATION . . . >
LOW INTENSITY WORKING
HIGH RESOLUTION OPERATION .

INTERPRETATION OF ELECTRON MICROGRAPHS
FocusiNng .
ASTIGMATISM
DRriFT
VIBRATION
OBJECTIVE LENS CURRENT VARIATION
H.T. VARIATION

THE VACUUM SYSTEM

vii

N

I2

13



CONTENTS

II. Ancillary apparatus and special attachments for the electron

microscope.
A. W. Agar and R. W. Horne

INTRODUCTION . 5 5 s 8 s ; . 32
CONTAMINATION . . . . . . . . 32
COOLING STAGES . . . 33

DECONTAMINATION BY OXYGEN FLOW GAS
FLOW STAGES . . . . . . . 35
HEATING STAGES . . . . . . : : 36
STRAINING DEVICES . : ; : ; : : 38
GONIOMETER STAGE . . . . . 4T
REFLEXION DIFFRACTION FACILITIES . . . 42
CINE TECHNIQUES . ; : " : . ; 42
IMAGE INTENSIFIERS 44
VACUUM PLANT 44
REFERENCES 44

III. The preparation of specimen support films
D. E. Bradley

SUPPORT GRIDS . . : . . . . . 46
TYPES OF GRID . . . . . . . . . 46
HANDLING GRIDS . . . . . . . . 47
STORING GRIDS . : . ; 3 . 48
MATERIALS FOR SUPPORT FILMS ; : : ; 48
PLASTIC FILMS . : . ; : : ; < 48
EVAPORATED CARBON FILMS. . . . . . . 48
EVAPORATED SILICON MONOXIDE FILMS . . . . . 48
BERYLLIUM/ALUMINIUM FILMS . ; ; ; ; : 49
ALUMINIUM OXIDE FILMS . - 5 . 49
THE PREPARATION OF PLASTIC FILMS : : : 49
COLLODION CAST ON WATER . . . . . 49
FORMVAR OR COLLODION CAST ON GLASS . . . . SI
FORMVAR FILMS USING THE ‘DIPPED GRID METHOD . ; : 52
PLASTIC FILMS OF UNIFORM THICKNESS . . . . . 52
ALUMINIUM OXIDE FILMS . : : . . ; 53
EVAPORATED CARBON FILMS . . . . . 54
THE EVAPORATION OF CARBON . : . ; 54
MOUNTING CARBON FILMS PREPARED ON GLASS : 54

THE PREPARATION OF CARBON FILMS USING PLASTIC SUBSTRATES 56
EVAPORATED SILICA OR SILICON MONOXIDE FILMS 56

THE EVAPORATION OF SILICA OR SILICON MONOXIDE . . 56
METHODS OF MOUNTING SILICA FILMS . . . . 3 57
EVAPORATED BERYLLIUM FILMS . 57
OTHER METHODS FOR PREPARING EVAPORATED
FILMS . . . . . . . . 57
GLYCEROL AS A SUBSTRATE . ; ; . ; : . 58
BORON OXIDE AS A SUBSTRATE . g : : . : 58

PLASTIC SEPARATING LAYERS - . . .. . . 58

viii



CONTENTS

WASHING METHODS . . . . . . . 58
FLOW-WASH METHOD . . ; . . ; . 58
Dip-wASH METHOD . : : ; : s 59
W ASHING METHOD USING A FILTER PAPER . . . . 60

PERFORATED FILMS AND NETWORKS . ; : 60
PERFORATED FORMVAR FILMS : ; : : . : 60
PERFORATED CARBON FILMS . . . . . . . 61
PERFORATED COLLODION FILMS . . . . . . 61
FORMVAR NETS FOR THIN SECTIONS . : 61

THE ADHESION OF SUPPORT FILMS TO GRIDS g 61

CLEANING SUPPORT GRIDS . . . . . . 62

REFERENCES . . . . . . . . . 62

IV. Techniques for mounting, dispersing and disintegrating

specimens
D. E. Bradley

INTRODUCTION . . 63

THE MOUNTING OF PARTICLES IN THE FORM OF A
DRY DUST . . . . . . 63
DUSTING ON TO THE SUPPORT FILM . . . : ; 63
SETTLING IN AIR : 64

THE MOUNTING OF PARTICLES SUSPENDED IN A
LIQUID . . . . . . . . 64
MOUNTING ON COATED GRIDS . s : . 64
MOUNTING ON GLASS SLIDES OR CLEAVED MICA . . : 65
THE MOUNTING OF PARTICLES FROM BUFFER SOLUTIONS . . 65
MOUNTING VIRUS PARTICLES IN THE ULTRACENTRIFUGE . . 67
MOUNTING MINUTE QUANTITIES OF PARTICLES . : : 68
DISPERSION . . : y . . . 69
DISPERSION WITH LINSEED STAND-OIL . . . . . 69
DISPERSION IN A COLLODION FILM . . . . ; 70
DISPERSION ON TO AGAR . : . . 5 : y 70
DISINTEGRATION . . . . . . . . 71
ULTRASONIC RADIATION . . . . : 71
THERMAL DISINTEGRATION OF BACTERIA . . : . ) 72
MECHANICAL DISINTEGRATION OF BACTERIA . . . . 72
AUTOLYSIS AND ENZYME DIGESTION OF BACTERIA . 73

THE MOUNTING OF BACTERIA FOR DIRECT EXAMI—
NATION . : 74

THE SUSPENSION OF BACTERIA IN WATER WITHOUT CENTRIFUGA—
TION . . . . 74

THE DIRECT TRANSFER OF BACTERIA FROM AGAR TO A COLLODION
FILM . . 5 . . - ; : : : 74
BACTERIA GROWN ON TOP OF A COLLODION FILM . . . 75
MOUNTING BACTERIA FROM A LIQUID CULTURE . . . 75
PARTICLE SIZE DISTRIBUTION . : | : . 75

ix



CONTENTS

PARTICLE COUNTS .
THE EXAMINATION OF SPECIMENS LIABLE TO
DAMAGE BY THE ELECTRON BEAM :
THE EXAMINATION OF POLYETHYLENE CRYSTALS
THE DIRECT EXAMINATION OF FIBRES
THE PREPARATION OF GREASE
ELECTRON IRRADIATION METHOD .
SOLVENT EXTRACTION METHOD
THE DIRECT EXAMINATION OF OXIDES
THE PREPARATION OF OXIDE GROWTHS .
THE EXAMINATION OF BRITTLE LAYERS .

REFERENCES

V. Replica and shadowing techniques
D. E. Bradley

INTRODUCTION .
BASIC PRINCIPLES OF REPLICAT ION .
CHOICE OF REPLICA MATERIALS AND METHODS
FOR PRELIMINARY IMPRESSIONS s . :
FOR FINAL REPLICAS
CHOICE OF REPLICA METHODS
BASIC METHODS OF REPLICA DEPOSITION
THE APPLICATION OF PLASTICS TO THE SPECIMEN
THE VACUUM DEPOSITION OF METALLIC PRELIMINARY IMPRES-
SIONS .
THE VACUUM DEPOSITION OF FINAL REPLICAS .
SINGLE-STAGE REPLICA TECHNIQUES FOR PAR—
TICLES
A CARBON REPLICA METHOD USING A PLASTIC SUBSTRATE .
A CARBON REPLICA METHOD USING A GLASS SUBSTRATE WITHOUT
A BACKING FILM
A CARBON REPLICA METHOD USING A GLASS SUBSTRATE WITH A
A BACKING FILM
SINGLE-STAGE REPLICA TECHNIQUES FOR SOLID
SURFACES. . .
THE FORMVAR REPLICA METHOD
THE FORMVAR REPLICA METHOD USING DRY-STRIPPING
THE BACKED FORMVAR REPLICA
THE ALUMINIUM OXIDE REPLICA METHOD
A SINGLE-STAGE CARBON REPLICA METHOD NOT DISSOLVING THE
SPECIMEN
A SINGLE-STAGE CARBON REPLICA METHOD DISSOLVING THE
SPECIMEN
A SINGLE-STAGE CARBON REPLICA METHOD FOR METALS USING
ELECTRO-POLISHING
A SINGLE-STAGE REPLICA TECHNIQUE FOR URANIUM AND ITS
ALLOYS

76

77
78
78

78

79

79
79
79
8o

90
90
91
91
92
93
94

94



CONTENTS

A SINGLE-STAGE REPLICA METHOD FOR TIN AND ITS ALLOYS . 95
A SINGLE-STAGE SILICA OR SILICON MONOXIDE REPLICA METHOD 95
A PRE-SHADOWED SINGLE-STAGE CARBON REPLICA METHOD FOR

ROUGH SURFACES . : : . 4 . 95
REPLICA TECHNIQUES FOR TISSUE SURFACES . z g ; 96
A REPLICA TECHNIQUE FOR LEAF SURFACES . : : . 97

EXTRACTION REPLICA TECHNIQUES . 99
A FORMVAR/CARBON EXTRACTION REPLICA METHOD 99
A CARBON EXTRACTION REPLICA METHOD 99
AN EXTRACTION REPLICA METHOD FOR LARGE PRECIPITATES AND

INCLUSIONS IN STEELS ; 100

TWO-STAGE REPLICA METHODS FOR SOLID SUR—

FACES. ; ; : . 103
THE FORMVAR/CARBON REPLICA METHOD : s ; . 103
THE POLYSTYRENE/SILICA REPLICA METHOD . 10§
THE METHYL METHACRYLATE MONOMBR/S!LICA REPLICA METHOD

FOR WET SURFACES . . " s : 106
A REPLICA TECHNIQUE FOR ROUGH POROUS SURFACES " 107
A CARBON REPLICA TECHNIQUE FOR THE STUDY OF PAINT SUR-

FACES . ; 109

REPLICA TECHNIQUES FOR SPECIMENS OF SMALL

RADIUS OF CURVATURE INCLUDING FIBRES . 109
A PARTIAL EMBEDDING METHOD USING GELATINE . 2 110
A PARTIAL EMBEDDING TECHNIQUE WITHOUT THE USE OF GELA-

TINE (FIBRES OR WIRES ONLY) . : : 110
A REPLICA TECHNIQUE FOR SPECIMENS OF SMALL RADIUS OF

CURVATURE . 112
A Eomvn/cnnon REPLICA METHOD FOR TEXTILE FIBRES OR

FABRICS : . : ! : : P i &

‘ROLLING REPLICAS’ OF FIBRES . : ; " : 0" BT

MISCELLANEOUS TECHNIQUES . ; . 114
A THREE-STAGE CARBON REPLICA METHOD FOR EXTENSIVE AREAS

OF ROUGH SURFACES AND FIBRES : 114
REPLICA TECHNIQUE FOR SMALL SPECIMENS WHICH SWELL WHEN

DISSOLVED . . . IIS
A REPLICA TECHNIQUE FOR SPECIMENS 0.2 TO 2.0 MM. IN SIZE . 116
EVAPORATED ALUMINIUM AS A SEPARATING LAYER . : . 118
A METHOD FOR PREPARING REPLICAS® OF FROZEN SOLUTIONS .  1II8

THE PREPARATION OF REPLICAS OF FROZEN BIOLOGICAL SPECIMENS 120
A TECHNIQUE FOR PREPARING A DURABLE HIGH-RESOLUTION

PRELIMINARY IMPRESSION . . . ; : ; . I2I
DECORATION REPLICAS . ; . ] . . . 122
SHADOW-CASTING : : 122
GENERAL DESCRIPTION OF THE VACUUM EVAPORATION TECH-
NIQUES USED IN SHADOWING . . : ’ . . 123
THE OBJECT OF SHADOWING A SPECIMEN { . . . 125
THE VARIOUS WAYS OF SHADOWING A SPECIMEN . ; . 126
CHOICE OF SHADOWING MATERIALS . . . 1 . 127

PLATINUM SHADOWING . : : : . J .127
X1



CONTENTS

URANIUM METAL SHADOWING
TUNGSTEN SHADOWING
TUNGSTEN OXIDE SHADOWING
CARBON SHADOWING ;
PLATINUM/CARBON SHADOWING .
THE INTERPRETATION OF ELECTRON MICRO—
GRAPHS .
THE RESOLUTION OF REPLICAS AND SHADOWING
MATERIALS
REFERENCES

VI. Techniques for the optical selection of specimens

D. E. Bradley

INTRODUCTION .
THE OPTICAL SELECTION OF PARTICLES :
THE USE OF AN INVERTED LIGHT MICROSCOPE .
THE USE OF AN ATTACHMENT TO A LIGHT MICROSCOPE OBJECTIVE
THE EXAMINATION OF SELECTED BACTERIA .
THE REPLICATION OF OPTICALLY SELECTED AREAS
THE PREPARATION OF CARBON REPLICAS OF SURFACES
THE PREPARATION OF WET-STRIPPED FORMVAR REPLICAS
THE PREPARATION OF REPLICAS OF ROUGH SURFACES
DISCUSSION OF METHODS .
REFERENCES .

VII. The examination of small particles
R. W. Horne

SPRAY DROPLET TECHNIQUES AND FREEZE DRYING
SPRAY GUNS . . ’ . .
SPRAYING INFECTIOUS MATERIAL
SUSPENDING MEDIA FOR SPRAYING.

QUANTITATIVE ASSAY OF PARTICLES BY SPRAYING METHODS
SPRAY AND FREEZE DRYING .

NEGATIVE STAINING METHODS
BACTERIAL VIRUS PARTICLES AND COMPONENTS
VIRUS PARTICLES FROM TISSUE CULTURE PREPARATIONS
VIRUS GROWTH CYCLE EXPERIMENTS
PROTEIN MOLECULES
BACTERIA AND THEIR COMPONENT PARTS .

Intact bacteria. Bacterial cell walls. Bacterial ﬁagellae
Bacterial ribosomes

CONCLUSION

REFERENCES

128
128
129
129
129

133
136

138
138
138
140
143
143
143
146
147
148
149

150
151
154
155
155
156
158
159
159
160
161
162

165
165

The fixation, embedding and staining of biological

specimens
Audrey M. Glauert
INTRODUCTION

167



CONTENTS

METHODS OF FIXATION
POST-MORTEM CHANGES
SMALL SPECIMENS
EMBEDDING PELLETS IN AGAR
LARGER ORGANISMS

Plants. Animals

FIXATIVES
INTRODUCTION .
PALADE’S BUFFERED OSMIUM TETROXIDE.
ZETTERQVIST S BUFFERED ISOTONIC OSMIUM TETROXIDE FIXATIVE
CAULFIELD’S BUFFERED OSMIUM TETROXIDE FIXATIVE WITH
SUCROSE
DALTON’S CHROME-OSMIUM FIXATIVE
KELLENBERGER'S STANDARD FIXATIVE
KELLENBERGER'S STANDARD FIXATION
LUFT’S BUFFERED PERMANGANATE FIXATIVE
FIXATION OF CELL FRACTIONS AND HOMOGENATES
FIXATION OF CONNECTIVE TISSUES
FORMALIN
DEHYDRATION
EMBEDDING
INTRODUCTION .
METHACRYLATES
Removal of the inhibitor. The embeddmg medmm Embeddmg
schedule for methacrylate. Polymerisation with ultra-violet
light. Plexigum. Modifications to the methacrylate embedding
schedule to avoid polymerisation damage and shrinkage
EPOXY RESINS .
Araldite. Embedding schedule for Araldxte Modi ﬁcatmm to the
Araldite embedding schedule. Araldite embedding for hard
specimens. Embedding media based on Epon resins
POLYESTER RESINS
Introduction. Vestopal
W ATER-SOLUBLE EMBEDDING MEDIA .
Gelatin. Water-soluble methacrylates. Aquon. XI 3 3/2.097
SPECIAL EMBEDDING TECHNIQUES .
Strengthening soft blocks. Orientation of speamens Embeddmg
thin layers of cells
FREEZE-DRYING .
STAINING FOR ELECTRON MICROSCOPY
INTRODUCTION .
VITAL STAINING :
STAINING DURING DEHYDRATION .
STAINING SECTIONS ; .
STAINS CONTAINING LEAD AND BARIUM .
CYTOCHEMISTRY
THE LOCALISATION OF ENZYMES
REFERENCES

168
168
168
168

169

169
169
170
171

171
172
172
172
173
173
174
174
L74
175
175
176

179

182
183

186

187
188
188
189
189
189
190
191
192
192



CONTENTS

IX. The preparation of thin sections
Audrey M. Glauert and R. Phillips

INTRODUCTION .
THIN-SECTIONING MICROTOMES
THE ADVANCE MECHANISM . . A

THE SPECIMEN HOLDER
THE KNIFE HOLDER
THE BINOCULAR VIEWER
THE THEORY OF THIN SECTIONING
POSSIBLE INSTRUMENTAL FAULTS

GLASS KNIVES
INTRODUCTION .
SELECTION OF GLASS SHEETS
BREAKING THE GLASS STRIPS.
MAKING THE GLASS KNIVES .
KNIFE ANGLE
INSPECTION OF KNIVES
STORAGE OF GLASS KNIVES

TROUGHS FOR GLASS KNIVES
MOUNTING THE TROUGH ON THE KNIFE .
SUITABLE LIQUIDS FOR THE TROUGH :
ADJUSTMENT OF THE LIQUID IN THE TROUGH .

DIAMOND KNIVES
MOUNTING THE KNIFE IN ITS TROUGH
CLEANING THE KNIFE .
MOUNTING THE KNIFE ONTO THE MICROTOME.

THE OPERATION OF THE MICROTOME
INSTALLATION .

MOUNTING THE SPECIMEN IN THE SPECIMEN HOLDER
PREPARATION OF THE SPECIMEN TIP

TRIMMING THE SPECIMEN TIP

CUTTING THE SECTIONS

FAULTS IN SECTIONS ;

MOUNTING SECTIONS ON GRIDS
FLATTENING SECTIONS AND THE REMOVAL OF COMPRESSION
TYPES OF GRIDS FOR SECTIONS
COLLECTING SECTIONS FROM THE TROUGH
STAINING SECTIONS ON THE GRID
‘SANDWICHING SECTIONS ON THE GRID
MOUNTING SERIAL SECTIONS

ESTIMATION OF SECTION THICKNESS
THE COLOUR SCALE
THE SETTING OF THE MECHANICAL ADVANCE
THICKNESS OF METAL SECTIONS

EXAMINATION OF THIN SECTIONS
COMPARISON WITH THICKER SECTIONS
EXAMINATION OF THIN SECTIONS IN THE LIGHT MICROSCOPE

EXAMINATION OF THIN SECTIONS IN THE ELECTRON MICROSCOPE

X1v

194
194
194
196
196
196
196
200
201
201
203
204
205
207
207
208
208
208
209
209
210
210
210
210

212
212
212
212
213
214
215

219
219
219
220
220
221
22T

222
222
222
222
223
223
223
223



CONTENTS

METALLURGICAL AND CRYSTALLOGRAPHIC APPLI-

CATIONS OF THIN-SECTIONING . . . 224
INTRODUCTION . : ; 8 : 224
EXAMPLES OF THIN-SECTIONING APPLIED TO METALLURGICAL

SPECIMENS . . . . . . . .. 225

REFERENCES . ; ; ; : : ; - . 228

X. The preparation of transmission specimens of metals and
other crystals

R. Phillips
INTRODUCTION . y . : . . ; . 229
CHEMICAL THINNING . . . . . . 230
IONIC BOMBARDMENT. . . . . . . 230
ELECTRO-POLISHING . : : : : : .232
GENERAL CONSIDERATIONS . . . . . . . 233
D.C. suppLY . . . . . . . . . 233
WINDOW METHODS . . . . . . . . 235
Varnishes

DYNAMICAL POLISHING METHODS . . . . . . 243
ELECTROLYTIC MACHINING . . . . . . . 245
SPARK MACHINING . . . . . . . 246
DEPOSITION METHODS. ; ; 246

PRACTICAL METHODS FOR OBTAINING THIN FILMS
OF VARIOUS METALS AND ALLOYS . . D247
ALUMINIUM AND ITS ALLOYS . . . . . . 247
BEerYLLIUM : . ; : y : ; 3 . 250
BISMUTH TELLURIDE . . . . . . . . 250
Brass . . . . . . .t . . 250
CoBALT . . . ; ; ; .. : . 2581
COPPER . : : ; : ; : : < . 25T
GERMANIUM . . . . . . . . . 253
Gop . . . . . . . . . . 254
GRAPHITE. : : ; : ; . TN . 254
IRON AND STEEL . . . . . . . . 254
MAGNESIUM . . . . . . . . . 256
"Mica . . : 2 : : ; . ; . 257
MOLYBDENUM . . . ; . ;. : ; . 287
NICKEL . . . . . . . . . . 257
NIOBIUM . ] : . . : : . . 257
SiLicon . . 3 ; ; - : : : . 258
SILVER . y . . " ’ . . ; . 258
TiTANIUM . . . . . . . . . 258
TUNGSTEN . . . . . . . . . 258
URrANIUM s : s . ; : . : . 258
ZINC : . . : : . : . ‘ . 259
ZIRCONIUM . . . . . . ] . . 259



CONTENTS

THE EXAMINATION OF THIN FOILS AND INTERPRE-
TATION OF ELECTRON MICROGRAPHS

REFERENCES

XI. Thin vacuum-evaporated metal films
G. A. Bassett
INTRODUCTION

THE PREPARATION OF VACUUM-EVAPORATED
FILMS. . . .
APPARATUS AND TECHNIQUES
SINGLE CRYSTAL FILMS

Metal films on mica. Metal ﬁlms on rocksalt Preparanon qf
alloy films

MEASUREMENT OF EVAPORATED FILM THICKNESS
MOIRE PATTERNS
REFERENCES

XII. Electron diffraction.
J. S. Halliday and R. Phillips
INTRODUCTION
ELEMENTARY CRYSTALLOGRAPHY
DIFFRACTION BY LATTICE PLANES
RELAXATION OF THE BRAGG CONDITION ;
THE RECIPROCAL LATTICE AND THE EWALD SPHERE
THE ELECTRON DIFFRACTION CAMERA
BASIC ELECTRON DIFFRACTION PATTERNS
TRANSMISSION SPECIMENS
Single crystals. Polycrystallme specimens. Very thxck smqle
crysta
REFLECTION SPECIMENS
SOME COMPLEXITIES OF SPOT PATTERNS
EXTRA sPOTS

Two-dimensional di ﬂramon pattems Dynamtcal gﬁécts
Double diffraction by epitaxial layers. Twinning

SPLITTING OF DIFFRACTION SPOTS .

Satellites due to the regular shape of very small crystallltcs
Satellites due to refraction by regularly shaped crystallites

ELECTRON DIFFRACTION IN THE ELECTRON MICRO-
SCOPE ; :
(GENERAL AREA DIFFRACTION
SELECTED AREA OF MICRO-DIFFRACTION .
CALIBRATION OF THE IMAGE ROTATION .
SIMULTANEOUS COMPARATIVE DIFFRACTION
REFLECTION DIFFRACTION

REFERENCES

259
263

266

266
266
270

275
276
280

281
281
283
285
286
288
289
289

206
296

299

301
301
302
304
305
305
3os



CONTENTS

XIII. Reflection electron microscopy
J. S. Halliday
INTRODUCTION
RESOLUTION .

INSTRUMENTAL FACILITI_ES
SPECIMEN MANIPULATORS ;
TILT OF THE ILLUMINATING ELECTRON BEAM .

SPECIMEN PREPARATION

SIMPLIFIED PROCEDURE FOR OBTAINING A REFLEC-
TION IMAGE

MAGNIFICATION CALIBRATION AND MEASUREMENT
OF THE ANGLES 6; AND 6,

STEREOSCOPY
REFLECTION DIFFRACTION PA'ITERNS :
CORRECTION OF CHROMATIC FIELD ABERRATION S

SPECIMEN CONTAMINATION ‘
INTERPRETATION OF REFLECTION ELECTRON

MICROGRAPHS
CONTRAST VARIATIONS "
VARIATIONS IN MAGNIFICATIONS .
ESTIMATION OF ASPERITY HEIGHTS AND SLOPES

APPLICATIONS
REFERENCES

APPENDIX
INDEX

306
307
308
308
309
310

313

313
315
316
316
317

318
318
320
321

322
323

325
327



CHAPTER ONE
THE OPERATION OF THE ELECTRON MICROSCOPE

A. W. Acar
Aeon Laboratories, Englefield Green, Egham, Surrey

INTRODUCTION

This introductory chapter to a volume dealing principally with techniques
of specimen preparation for clectron microscopy is designed to cover the
principles of operation of an electron microscope. No attempt will be made to
describe the theory of the design of the instrument, or its various aberrations.
For a discussion of these matters, the reader is referred to several excellent
books (Zworykin et al., 1945; Cosslett, 1951; Hall, 1953; review by Haine,
1954), which cover the ground in detail.

The central requirement met by the designer is a low spherical aberration of
the objective lens. This sets the limit of resolving power which will be achiev-
able with the instrument. Once this has been set, the designer attempts to ensure
that other possible limitations to performance are unimportant in comparison.
The principal factors are:

H.T. stability in order to reduce the effects of chromatic
Lens current stability }abcrration.

Mechanical stability.

. Accuracy of mechanical movements.

. Residual astigmatism of the objective lens.

. Magnetic screening.

R

Items 1-4 are within the control of manufacturing tolerances, and provided
that the instrument is functioning correctly, will not concern the operator. In
most high performance microscopes, these limit the resolution to a value
somewhat worse than that defined by spherical aberration of the objective lens.
Items 6 and 3 establish limits to the tolerable variable magnetic field and floor
vibration in the site in which the microscope is installed. These are usually
checked before installation, and should not again require consideration. If a
fault has developed, it will readily be detected by the testing described on page 14.

The residual astigmatism of the objective lens cannot in general be reduced
to a tolerable limit by care in manufacture, and it must be corrected by the
operator, as described later.

The explanation of the operation of the electron microscope has been written
so as to be applicable to any instrument. Reference will, however, be made to
specific features of some of the high resolution microscopes now available.
Those referred to are:

Siemens Elmiskop I
AEIL EM.6
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TECHNIQUES FOR ELECTRON MICROSCOPY

Philips EM. 200
RCA EMU. 3
Japan Electron Optics JEM. s

In this chapter, the type number only will be used.

ALIGNMENT

The quality of the image from an electron lens falls off very rapidly away
from its axis, and the designed performance of the microscope usually assumes
that the axes of the various lenses are in line, so that the optimum conditions
are achieved at the centre of the viewing screen or photographic plate.

The mechanical tolerances required to achieve such alignment of the electron
lenses are not achievable in practice, and the instrument is therefore provided
with adjustments which permit the lenses to be moved relative to one another.
Not all these alignments are of equal importance, and in the interest of simpli-
city, some or all of the possible movements are dispensed with in microscopes
of different manufacture. However, it is only in the very low performance
instruments that alignments are all pre-set, and there is an increasing tendency
to offer the operator fuller control of lens alignment, culminating in the recent
Philips microscope (van Dorsten & van der Brock, 1958) where all lenses are
independently alignable.

Quite apart from the effect on instrumental performance, the convenience of
operation is greatly improved if the lenses are correctly aligned. A lens will
project an image of a point on its axis to some other point on its axis, whatever
its strength. An off-axial point, however, will be imaged at different distances
from the axis depending on the strength of the lens. If successive lenses are not
in line, changes in operating conditions may lead to undesirable movements of
the image.

The important requirements to be met by alignment are:

1. The illumination should be sufficiently bright to enable objects to be viewed
and focused at the highest magnification for which the instrument is de-
signed. The illumination should remain centred as its intensity is varied.

2. The object should not sweep out of view as the objective focus is varied.

3. Change of magnification should be possible without loss of the field of view,
or of the illumination on it.

If these conditions are met, full flexibility in operation with a minimum of
adjustments can be obtained, and they enable the optimum conditions of illumina-
tion and magnification to be selected for any particular specimens.

Function of alignments usually provided

The minimum alignments required are as follows:

Traverse of the electron gun with respect to the condenser lens system.
Traverse of the illuminating system (condenser and gun) as a unit with respect
to the objective lens.
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