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= Abstract

A collection of data comprising secondary and backscattered
electron yields, measurements of electron stopping powers,
and X-ray ionization cross sections has been assembled from
published sources. Values are provided for both elements and
many compounds, although the quality and quantity of the
available data vary widely from one material to another.
These compilations provide the basic framework for under-
standing and interpreting electron beam images in a quanti-
tative way—as is required for example in semiconductor
device metrology—and also form a comprehensive source of
experimental data for testing analytical and Monte Carlo
models of electron beam interactions.

Introduction

The year 1997 marked the one hundredth anniversary of the
discovery of the electron. Within a year of that event Starke
(1898) in Germany, and Campbell-Swinton (1899) in
England, independently showed that electrons were back-
scattered from solid specimens and so made the first quanti-
tative measurements of the interaction of electrons with
material. Over the century since then many dozens of papers
have been published that contain information on various
aspects of electron-solid interactions. Unfortunately no sys-
tematic collections of the results of such investigations appear
to be available for any part of the field of electron microscopy
and microanalysis. As a result, anyone requiring a specific
piece of data—such as the backscattering yield of molybde-
num at 15 keV, or the secondary electron yield from gallium

arsenide at 3 keV to take two random examples—has no
option but to search the literature in the hope of finding a
value which must then, in the absence of any other compa-
rable evidence, be taken as correct. What is required is a
source which collects and collates all the values available so
as to provide the user with not only a value, but some indica-
tion as to its likely reliability.

Structure of the Database

The database presented here is an attempt to present as com-

plete a survey as possible of the published results on back-

scattering yields, secondary electron yields, stopping powers,

X-ray ionization cross sections, and fluorescent yields.

Computer-aided literature searches have been conducted to

try and find all published references in this general area for

the period from 1898 to the present day. Clearly no claim can
be made as to the completeness of any such search, and it is
perhaps to be hoped that some major body of work has been
overlooked because, as discussed below, there are otherwise
major omissions in the materials available.

The rules for the data included in this collection are simple:

(a) Only experimental results are included. Values that are

not specifically indicated by the author(s) as being

experimental, or values that are clearly the result of
interpolation, extrapolation, or curve fitting, have been
expunged.

No attempt has been made to critically assess the

accuracy or precision of the data, nor to remove any

results on the basis of their presumed quality.

(c) Values have been tabulated primarily for the energy
range up to 30 keV, although data points for incident
energies up to 100 keV have been included where they
are available.

The decision not to engage in any judgment of the quality of
any of the sets of results may seem to be a significant draw-
back to the utility of the database. However, until so much
data has been collated for each element or compound that
rogue values can infallibly be distinguished and eliminated,
there is no criterion on which to reject any particular result.
Further it is conceivable that two tabulated values of a given
parameter may differ substantially and yet still both be of
value. This is because of an inherent contradiction in the
nature of the measurements that are being made. A mea-
surement made in a UHV electron scattering machine with
in situ sample cleaning and baking facilities will naturally be
more “reliable” than a measurement made inside a typical
scanning electron microscope. But the values recorded in
the microscope are more “representative” of the conditions
usually employed on a day-to-day basis in an e-beam tool
than those obtained in the environment of a specialist
instrument. All types of results are, therefore, reported so
that users of the database can make their own judgment as
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to the suitability, or otherwise, of any given piece of
information.

The database currently contains several thousand individual
values collected from more than 100 published papers and
reports spanning the period from 1898 to the present day. Since
this is a “work in progress” the compilation is constantly being
extended as additional values become available. As far as possi-
ble a consistent style of presentation is used so that data for dif-
ferent elements and compounds may readily be compared. All
of the available data sets are grouped by element or compound
name for each of the major information groups (SE yields, BSE
yields, stopping powers, X-ray ionization cross sections). The
data is presented in a simple two-column format with the origin
of each of the data sets (numbered #1 to #n) indicated by a num-
ber in parenthesis referring back to the bibliography.

Backscattered Electrons

The data on the backscattered electron (BSE) yield as a func-
tion of the atomic number of the target and of the incident
beam energy is of particular importance in Monte Carlo
computations because it provides the best test of the scatter-
ing models that are used in the simulation. This data is there-
fore both the starting point for the construction of a Monte
Carlo model, and the source of values against which the sim-
ulation can be tested. The backscattered electron section con-
tains data for 40 or more elements spread across the periodic
table, as well as for a selection of compounds. If Castaing’s
rule can be assumed to be correct, then the backscattering
yield of a compound can be found if the backscattering coef-
ficients and the atomic fraction of the elements that form it
are known. Hence a desirable long-term goal is to obtain a
complete set of BSE yield curves for elements. At present the
BSE section contains information on more than 45 elements,
which is barely half of the solid elements in the periodic
table, and of this number perhaps only 25 % of the data sets
are of the highest quality, so much experimental work
remains to be done especially at the lower energies.

Secondary Yields

With the increasing interest in the simulation of secondary
electron (SE) line profiles and images, there is a need to have
detailed information on secondary electron yields as a func-
tion of atomic number and incident beam energy. Secondary
electron emission was the subject of intense experimental
study for a period of 20 years or more from the early 1930s,
resulting in the publication of no less than six full-length
books on the topic. This effort did not, however, produce as
much experimental data as would have been expected,
because the aim of much of the work that was done was to
demonstrate that the SE yield versus energy curve followed a
“universal law” (Seiler 1984), and to find the parameters
describing this curve. As a result the data actually published
was usually given in a normalized format that makes it diffi-
cult to derive absolute values. The database currently contains
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yields for about 40 or elements, and a collection of inorganic
compounds and polymers.

The clear discrepancies that often exist between the compa-
rable sets of original yield figures for the same material may be
the result of surface contamination, or the result of a different
assumption about the appropriate emitted energy range for sec-
ondary electrons (usually now taken to be 0-50 eV, although in
some early work 0-70 or even 0-100 eV was used). In addition,
since many of the materials documented are poorly conducting
the effects of charging must also be considered. For example, in
studies of the oxides (e.g., Whetten and Laponsky 1957) maxi-
mum SE yields of 8>10 were measured using pulsed electron-
beam techniques. Clearly no non-conducting material can
sustain this level of emission for any significant period of time,
since it will become positively charged and recollect its own sec-
ondaries. Similarly at higher energies, where the SE yield <1
and negative charging occurs, the incident beam energy must be
corrected for any negative surface potential acquired by the sam-
ple to give a correct result (although there is no little evidence in
the original papers that this has been done). Consequently, all SE
yield results for insulators must be treated with caution unless
the provenance of the original data is well documented.

Since there is no sum rule for secondary yields, data must
be acquired for every compound of interest over the energy
range required, a task which will be a lengthy one unless suit-
ably automated procedures can be developed and applied. In
addition it will be necessary to repeat many of the measure-
ments reported here using better techniques before any level
of precision and accuracy can be obtained. In summary the
SE data is in an even less satisfactory state than that for the BS
electrons, even though a wider range of materials is covered,
because the quality of much of the data is poor.

Stopping Powers

The stopping power of an electron in a solid, that is, the rate
at which the electron transfers its energy to the material
through which it is passing, is a quantity of the highest
importance for all studies of electron-solid interactions since
it determines, among other parameters the electron range
(Bethe 1930), the rate of secondary electron production
(Bethe 1941), the lateral distribution and the distribution in
depth of X-ray production, and the generation and distribu-
tion of electron-hole pairs. Despite its importance there is no
body of experimental measurements of stopping power at
those energies of interest to electron microscopy and micro-
analysis. Instead stopping powers, and the quantities which
depend on them, have been deduced by analyzing measure-
ments of the transmission energy spectrum of MeV-energy
p-particles to yield a value for the mean ionization potential I
of the specimen (ICRU 1983), and then Bethe’s (1930) ana-
lytical expression for the stopping power has been invoked to
compute the stopping power at the energy of interest. While
this procedure is of acceptable accuracy at high energies
(>10 keV) it is not reliable at lower energies because some of
the interactions included in the value of I (e.g., inner shell
ionizations) no longer contribute.
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The database contains experimentally determined stop-
ping power curves for a collection of elements and com-
pounds. The method for obtaining this information from
electron energy loss spectra has been described elsewhere
(Luo etal. 1991). The data is plotted in units of eV/A as a func-
tion of the incident energy in keV. At the high energy end of
the profiles the data corresponds closely to values deduced
from Bethe’s (1930) law and using the I-values from the ICRU
tables. At lower energies, however, significant deviations
occur as the Bethe model becomes physically unrealistic
although good agreement has been found with values com-
puted from a dielectric model of the solids (Ashley et al. 1979).

The stopping power of a compound is the weighted sum
of the stopping power of its constituents; thus a key priority
for future work should be to complete the set of stopping
power profiles for elements rather than to acquire more data
on compounds.

X-ray lonization Cross Sections

Measured values of the X-ray ionization cross sections for vari-
ous elements and emission lines as a function of incident beam
energy are also of great importance in microanalysis.
Unfortunately, as a brief study of the graphs included here will
show, the amount of data available is small for K-shells, negligi-
ble for the L-shells, and all but non-existent for the M-shells and
higher. This is the result of pervasive experimental difficulties, in
particular, the fact that any measurement couples together the
ionization cross section and the fluorescent yield @. Since, as can
be seen from the plots in section 5 of the database, the value of
the fluorescent yield o is poorly known for the L- and M-shells
this causes a significant degree in uncertainty in the cross section
deduced from this data. A more practically useful approach is,
instead, to quote an “X-ray generation” cross section which is the
product of the ionization cross section and the fluorescent yield
term. Because the fluorescent term is never required separately
in X-ray microanalysis this result looses nothing of its generality
but is much more robust. Future updates of this database will
include results in this format. For completeness section 5 tabu-
lates all the available fluorescent yield data for K-, L-, and
M-shells.

Conclusions

This database is a first step toward the goal of providing a
comprehensive collection of the parameters which describe
electron-solid interactions. In addition to meeting the needs
of those working in Monte Carlo modeling, it is hoped that a
systematic collection of data such as this may also be of value
in experimental electron microscopy. The quality and quan-
tity of the data that has been amassed varies widely from one
material, and from one topic, to another, so that while a few
elements can be considered as well characterized, the overall
situation is poor, especially for materials used in such areas as
integrated circuit device fabrication.
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- numerical measure 16
- origin 16
- spatial distribution 23-27
- topographic contrast—number effects 21
Beam convergence angle, « 68-69
Beam current 67-68, 199
Beam current density 68
Beam diameter 67
Beam energy 66-67,277-278,313.
See Also Low beam energy SEM; Low beam
energy X-ray microanalysis
- compositional contrast with backscattered
electrons 198
- high resolution SEM imaging 198-199
- vs. secondary electrons (SE) yield 35
- topographic contrast
- with backscattered electrons 198
- with secondary electrons 198
Beam placement 399-400
Beam solid angle 69-70
Bethe expression 2,3
Brightness equation 71
BSEs See Backscattered electrons (BSEs)
Bulk biological and organic specimens 338
Bulk specimens
- origins of geometric effects 382-383
- particle analysis
- optimum spectra 395-400
- quantitative analysis of particles 399, 400,
403-405
- uncertainty in 405-408
- X-ray measurements 394-397
- X-ray spectrum imaging (XSI) 400, 402-403
- with rough surfaces 385-389

C

Carbonado diamond 485-486
CASINO simulation 6-7
Cathodoluminescence (CL)
- applications of

- geology 485-486

- materials science 485-488

- organic compounds 488-489

- collection of 483
- detection of 483-485
- measurement 483
- origin 482-483
Compositional mapping
- limitations of 415-417
- MAXIMUM PIXEL spectrum 421-424
- quantitative compositional mapping 424-432
- SUM spectrum 419-421
- total intensity region-of-interest map-
ping 414-415
- X-ray spectrum imaging (XSI) 417-419
- EDS dead-time 430-432
- elemental mapping data collection
430-438
- flash mapping 434-436
- high count mapping 436-438
- pixel density 432-434
- pixel dwell time 434-438
Concentration limit of detection (Cy)
- reference value 343-345,347
— trace or minor constituent 343-345, 347
Continuous energy loss approximation 2

D

A Database of Electron-Solid Interactions (Joy) 30
Detective quantum efficiency (DQE) 89-91
DTSA-II EDS software
- design 237
- fundamental concepts 238-245
- GUI 247-261
- Monte Carlo simulation 245-246
- motivation 236
- optional tables 262-264
- overview 236
- platform 236
- simulation 245-247
- three-leg stool
- experiment design 237-238
- quantification 237
- simulation 237

E

EDS See Energy dispersive X-ray spectrometry
(EDS)
Electron backscattering diffraction (EBSD) xiii
- align sample 503
- check for EBSD patterns 503-504
- checklist
- acquisition parameters 514
- candidate crystallographic phases 514
- EBSD detector 513
- microscope operating conditions 514
- orientation map 514
- pattern optimization 514
- specimen considerations 513
- index patterns 501-502
- map parameters 504
- measurements 502
- origin of 498-499
- pattern detection 499

- sample preparation for 502-503
- spatial resolution 499-501
Electron beam, interaction volume change
- elastic scattering 4
- elastic scattering cross section 4
- inelastic scattering 2-3
- Monte Carlo calculations
- beam electron interaction volume 7-9
- composition 8,10
- electron interaction volume 6
- electron trajectory simulation 5-6
- incident beam energy 8, 11
- Monte Carlo simulation
(CASINO simulation) 6-7
- size of the interaction volume 12-14
- specimen tilt 8,12
- specimen atoms 2
Electron-excited X-ray microanalysis,
geometric effects 384
Electron interaction volume 346-347
Electron optical brightness, f 70-71
Electron optical parameters
- astigmatism 72-75
- beam convergence angle, a 68-69
- beam current 67-68
- beam current density 68
- beam diameter 67
- beam energy 66-67
- beam solid angle 69-70
- electron optical brightness, p 70-71
- focus 71-75
Electron probe microanalyzers (EPMAs) 79
Electron-solid interactions,
database of 542
Energy dispersive X-ray microanalysis checklist
- analytical procedure 469
- calibrating the EDS detector
- detector position 466
- energy calibration 466
- probe current 466
- pulse process time constant 464-465
- quality control 465
- sample orientation 466
- working distance/specimen-to-EDS
distance 465
- collecting data
- collecting peak-fitting references 467
- collecting spectra from unknown 467-468
- collecting standards 467
- experiment optimization 467
- exploratory spectrum 466
- reference spectra 467
- selecting standards 467
- data analysis 468
- instrumentation
- conductive coater 463
- EDS detector 462-463
- SEM 462
- peak reference materials 464
- quality check 468-470
- quantification 468
- results 469-470
- sample preparation 463-464
- standard materials 464
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Energy dispersive X-ray spectrometry (EDS) xi
- adequate counts 278-279
- beam current 313-315
- beamenergy 277-278,313
- coincidence peaks 272-276
- detection process
- coincidence peaks 213-215
- peak broadening 210-213
- Siabsorption edge 215-216
- Si-escape peak 213
- Siinternal fluorescence peak 215-216
- detector dead-time 278
- detector time constant 278
- electron-excited EDS operation
- beam current 217-219
- channel width and number 217
- EDS time constant 216-217
- solidangle 217
- exciting characteristic X-rays 266-268
- fluorescence yield 267,269
- lower photon energy region 281-282
- manual peak identification 281, 283-286
- manual qualitative analysis 275,277
- minor and trace constituents 281
- parameters
- calibration 313
- solidangle 313
- spectrum channel energy width 311-312
- spectrum energy span 311-312
- time constant 312-313
- pathological electron scattering
- trace analysis artifacts 350-353
- peaks, identifying 280
- principles, qualitative EDS analysis 266
- QCproject 229-233
- QCtools within DTSA-II 229
- quality assurance issues 266
- quality measurement environment
- detector geometry 219-222
- detector orientation 223-226
- energy calibration linearity 226-227
- optimal working distance 222-223
- process time 222
- Siescape peak 272,274
- silicon drift detector (SDD)
- low X-ray flux 234
- moderate resolution 234
- output count rate with live-time dose 232
- resolution and peak position stability
232-233
- software tools 278-280
- trace level measurement 345-350
- X-ray absorption 267-270
- X-ray energy database 269-273
Energy distribution, backscattered electrons
27-28
EPMAs See Electron probe microanalyzers
(EPMAS)
Everhart-Thornley detector 86-88, 113-116,
198, 200

F

Fiji 188-190

Focused ion beams (FIB) xiii

- cross-section preparation 522-526
- focused ion beam systems 519-520

- imaging with ions 520-521

- ion-solid interactions 518-519

- SEM, sample preparation 521-522

- 3D techniques and imaging 524-528

G

Geometric factors
- bulk specimens 382-383
- electron-excited X-ray microanalysis 384
- useful indicators of

- EDS spectrum 389-392

- raw analytical total 386-389

- rough bulk samples 391-394
Graphical user interface (GUI) 77,188

H

Hard-facing alloy bearing surface 472-474
Helium ion microscope (HIM) xiii

High resolution imaging

- achieving visibility 163

- beam footprint 148-150

- delocalized signals 148-150

- instrumentation considerations 148

- pathological specimen and instrumentation

behavior
- contamination 164
- instabilities 164

- pathological specimen behavior 163-164

- pixel size 148-150

- secondary electron contrast 150-151
- beamrange 152-153
- bright edge effect 153-154
- critical dimension metrology 154-155
- isolated edges 151-152

- with secondary electrons 156
- beam energy strategies 156-158
- low loss BSEs 161-163
- SE, signal 158-161

- SEM 148

HIM See Helium ion microscope (HIM)

Image defects
- charging
- control charging artifacts 139-142
- define 134-135
- inSEMimages 135-139
- contamination 143-144
- image defocusing (blurring) 100-103
- Moiré effects 144-146

- projection distortion (foreshortening) 98-101

- radiation damage 142-143

Image formation

- calibrating the image 95-97

- image defects
- image defocusing (blurring) 100-103
- projection distortion (foreshortening)

98-101

- image dimensions 95

- Imagel-Fiji, calibrated structure in 97-98

- Imagel-Fiji, routine linear measurements
with 98

- magnification 95

scale bars 95

by scanning action 94-95
stereomicroscopy

- qualitative stereomicroscopy 103-107
- quantitative stereomicroscopy 107-109
- surface measurement 99, 102, 104

Imagel-Fiji

calibrated structure in 97-98
routine linear measurements with 98

ImageJ universe 188
Imaging crystalline materials

acquired data 505-508

application 510-513

cleaning EBSD data 508-509

electron channeling contrast

- electron backscattering diffraction
(EBSD) 496-505

- instrument conditions 496

- specimen preparation 496

map components 508

polycrystalline materials 494-496

single crystals 492-494

transmission Kikuchi diffraction (TKD)

509-510

Incident beam energy 8, 11
Ink-Jet printer deposits 206-207
International Union of Pure and Applied

Chemistry (IUPAC) 44

lon beam microscopy

J

chemical microanalysis 538-539

generating ion beams 533-534

helium ion microscope (HIM)

- current generation and data
collection 536-537

- operating the 538

- patterning with 537-538

- signal generation in 534-536

patterning with ion 537-538

usefulness 530-533

Java Runtime Environment (JRE) 189

K

Kanaya-Okayama range 12-13, 50, 166
k-ratio

analytical total 292

converting sets of 292-293

define 290-291

element by difference 293

estimate C, 293

matrix corrections 298-299

matrix effects, physical origin of 299
normalization 292

oxygen by assumed stoichiometry 293
quantitative electron-excited X-ray
microanalysis

- standardless analysis 296-298

- standards-based k-ratio protocol 295-296
reporting composition

- atomic fraction 294

- mass fraction 294

- oxide fractions 294-295
- stoichiometry 294
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sets of 291
- uncertaintiesin 291

waters of crystallization 293

ZAF factors, microanalysis 299-307
-ratio/matrix correction protocol
- alkali element migration 331-334
- Ba-Tiinterference 319
- beam-sensitive specimens 331
complex metal alloy, IN100 320, 323
with DTSA Il 316-317
Hall method 334-338
- instrumentation requirements 311
iterative qualitative and quantitative analysis
strategy 319-320
- major constituents 318-319
- repeated qualitative—quantitative analysis
sequences 324-326
specimen and standards 311
specimen homogeneous 326, 330-331
stainless steel 323-326

L

Landing energy 67

Lead-acid battery plate reactions 486, 488

Light-optical analogy, Everhart-Thornley
(positive bias) detector 117-119

Long-range secondary X-ray fluorescence
346-350

Low beam energy SEM

- backscattered electron signal
characteristics 166-169

- constituent 166

- extremely low beam energy imaging 171-172

- high depth resolution SEM 169-171

- for high lateral resolution SEM 169

- Kanaya-Okayama range 166

- secondary electron 166-169

Low beam energy X-ray microanalysis

- advantage of
- improved spatial resolution 365-366
- low atomic number elements 366-369
- reduced matrix absorption correction 366

- challenges and limitations
- reduced access to elements 369-372
- surface layers 373-379
- vertical heterogeneity, 372-

- constitutes 360-365

- low beam energy analysis range 364-365

- peak selection strategy 364

M

Magnification vs. pixel dimension 149
Manganese nodule 476-479
Modeled detectors

- aluminum layer 243

- azimuthal angle 242

- crystal thickness 242

- dead layer 243-244

- detector area 242

- elevation angle 242

- energy scale 242

- gold layer 243

- material editor dialog 244-246
- Mn Ko, resolution at 242, 243

=~

- nickel layer 242
- number of channels 242
- optimal working distance 240-242
- panel containing properties 238,239
- sample-to-detector distance 242
- window type 240
- zero offset 242
- zero strobe discriminator 244
Monte Carlo calculations
— beam electron interaction volume 8,9
- composition 8
- electron interaction volume 6,7
- electron trajectory simulation 5-6
- incident beam energy 8, 11
- Monte Carlo simulation
(CASINO simulation) 6-8
- size of the interaction volume 12-14
- specimen tilt 8,12
Monte Carlo electron trajectory simulation 5-6
Monte Carlo simulation 6-8
— DTSA-II EDS software 245
- X-ray generation 51-53

N

National Institutes of Health (NIH) 188
NIST DTSA Il simulation 348-350

(0

Open Microscopy Environment (OME) 188
Overscanning 400, 403

Particle absorption effect 404-405, 407, 408

Particle analysis

- optimum spectra 395-400

- quantitative analysis of particles 399, 400,
403-405

- uncertainty in 405-408

- X-ray measurements 394-397

- X-ray spectrum imaging (XSI) 400, 402-403

Particle mass effect 403-404

Particle sample preparation 398-399

Plugins 190-193

Q

Quantitative compositional mapping 424-430

R

Robust light-optical analogy 117

S

Scanning electron microscope (SEM)

- compositional microstructure ix

- crystal structure xiii

- dual-beam platforms, combined electron and
ion beams xiii-xiv

- electron-optical parameters vii-ix

- elemental composition x-xii
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- specimen property information ix-x
- three-dimensional structure ix-x
- topography ix, x
Scanning electron microscope (SEM)
image interpretation
- compositional microstructure
— atomic number contrast, calculation
113-114
- atomic number contrast with backscattered
electrons 112-113
- BSE atomic number contrast with
Everhart-Thornley detector 113-114
- informationin 112
- specimen topography 114-115
- Everhart-Thornley detector 115-116
- light-optical analogy 116-119
- with semiconductor BSE detector 119-121
Scanning electron microscope (SEM) images
- Rose visibility criterion 125
- signal quality 124-131
- signal-to-noise ratio 124
Scanning electron microscope (SEM) imaging
checklist
- beam current
- high resolution imaging 199
- low contrast features 199
- beam energy
- compositional contrast with backscattered
electrons 198
- high resolution SEM imaging 198-199
- topographic contrast with backscattered
electrons 198
- topographic contrast with secondary
electrons 198
- electron detector
- backscattered electron detectors 198
- Everhart-Thornley detector 198
- electron signals available
- backscattered electrons 197
- beam electron range 197
- secondary electrons (SEs) 197-198
- image interpretation
- annular BSE detector 200
- contrast encoding 200
- direction of illumination 199
- Everhart-Thornley detector 200
- observer’s point of view 199
- semiconductor BSE detector 200
- image presentation
- live display adjustments 199
- post-collection processing 199
- specimen considerations 197
- VPSEM 200
Scanning electron microscope (SEM)
instrumentation
- detective quantum efficiency (DQE) 89-91
- detector characteristics
- bandwidth 85
- electron detectors, angular measures
for 83-84
- energy response 85
- electron beam parameters 66
- electron detectors
- abundance 83
- angular distribution 83
- backscattered electrons 85-86
- kinetic energy response 83
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- electron optical parameters
- astigmatism 72-75
- beam convergence angle, « 68-69
- beam current 67-68
- beam current density 68
- beam diameter 67
- beam energy 66-67
- beam solid angle 69-70
- electron optical brightness, p 70-71
- focus 71-75
- imaging modes 75
- high-current mode 78-80
- high mode 75-78
- low-voltage mode 81-83
- resolution mode 80-81
- secondary electron detectors
- Everhart-Thornley detector 86-88
- through-the-lens (TTL) electron
detectors 88
- specimen current 88-89
Scanning electron microscopist and X-ray
microanalyst (SEMXM) 188
Scanning transmission electron microscope
(STEM) image 160-161
Secondary electron energy spectrum 30, 31
Secondary electrons (SE) vii, 2, 543
- angular distribution of 34-35
- energy distribution 30, 31
- escape depth 30, 32, 33
- origin 30
- spatial characteristics of 35,37
- yield vs. atomic number 30-33
- yield vs. beam energy 35, 36
- yield vs. specimen tilt 34
Secondary yields 543
SEM/EDS
- limits of detection for 342-344
- remote excitation sources 353-357
Semiconductors 485-487
Shallow surface relief 204-206
Silicon drift detector (SDD)

- low X-ray flux 234

- moderate resolution 234

- output count rate with live-time dose 232
- resolution and peak position stability 232,233
Single pixel measurement 204

Spatial distribution, backscattered electrons
- depth distribution 23-25

- Monte Carlo simulation 23

- radial distribution 25-27

Spectrum imaging (SI) xi

Stopping powers 543-544

T

Thin section analysis 334, 336-338
3D viewer plugin tool 202
Transmission Kikuchi diffraction (TKD) 509-510

Vv

Variable pressure scanning electron microscopy
(VPSEM) vii
- contrastin 184-185
- conventional SEM high vacuum environment
- beam integrity 174
- difference from 174-175
- Everhart-Thornley secondary electron
detector 174
- minimizing contamination 174
- stable electron source operation 174
- EDS collimator 446-449
- elevated pressure microscopy, detectors for
- backscattered electrons, passive scintillator
detector 182-183
- secondary electrons, gas amplification
detector 182-184
- favorable sample characteristics 451-455
- gas scattering effects in 442-447,450-451
- scanning electron microscopy at elevated
pressures

- focused electron beam 177-180

- image resolution 181-182

- specimen charging 175-176

- water environment of specimen 176-177
- solve practical problems 451
- unfavorable sample characteristics

456-458
- X-ray spectrometry 448-450

X

X-ray ionization cross sections 542
X-rays
- characteristic of
- families 42-43
- fluorescence yield 41-43
- intensity 44, 46-48
- isolated atoms 44, 46
- nomenclature 43,44
- origin 40-41
- thick, solid specimens 47, 48
- thin foils 44, 46-47
- weights of lines 44, 45
- continuum (bremsstrahlung), 47-48
- absorption 54-62
- continuum intensity 49
- depth distribution function,®(pz) 53-54
- electron-excited X-ray spectrum 49-50
- fluorescence 59,63
- Monte Carlo simulation 51-53
- range of 50-51
X-ray spectrum imaging (XSI)
compositional mapping 417-419
EDS dead-time 430-432
elemental mapping data collection 430-438
flash mapping 434-436
high count mapping 436-438
pixel density 432-434
pixel dwell time 434-438
particle analysis 402-403
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