A;B ordered fcc, 262-263
Aberration, 6-7, 54, 61, 64, 81, 82,91, 92,

98, 99, 103, 105, 106, 107, 108, 109,
110-111, 133, 141, 148, 150, 155, 158,
161,162,295, 372, 373, 485, 488, 493,
513, 522, 525, 590, 636, 663, 682, 683,
684, 691, 692, 696, 707, 735

aberration-free focus, 492

coma, 494, 498

function, 485, 495

See also Chromatic aberration;
Spherical aberration

Absorption, 241, 413-414, 654-656

absorption-free intensity ratio, 190

anomalous, 319, 413, 414, 416, 449

contrast, 374

correction, 601, 653, 654-656, 671

distance, 435

edge, 588, 607, 613, 645, 717, 736

of electrons, 118, 374

extrapolation techniques for correction,
671, 725, 726, 727, 728

parameters, 434, 458

path length, 655

of X-rays, 28, 294, 599, 600, 634, 641, 653,
656, 660, 671, 694, 717, 742, 751, 752

Accelerating voltage

calibration of, 149-150, 168—169

continuous kV control for CBED,
217-218, 341

effect on Bloch waves, 252-253

effect on EELS, 190, 681-682, 684

effect on Ewald sphere, 355

effect on X-rays, 615

Adaptive filter, 572, 573

Airy disk, 32, 33, 107, 109, 110
ALCHEMI, 517, 657-658, 669
Allowed reflections, 258, 259, 265, 287,

348, 349, 350
Amorphous
carbon, 35, 163, 183, 185, 295, 374, 551,
554,612,719, 722
See also Holey carbon film
germanium, 587-588
layer, 502, 571, 670, 751
materials, 197, 293-295, 373, 415, 502,
504, 528, 703, 741, 748
specimen, 377-378

Index

Amplitude contrast, 106, 371-386, 411,
458, 504, 505

See also Contrast
Amplitude of diffracted beam, 223
Amplitude-phase diagrams, 31-32
Analog

collection, 102

to digital converter, 607

images, 115, 125

pulse processing, 591
Analog dot mapping, 617-618

Analytical electron microscopy (AEM), 7,
25, 53, 54, 62, 66, 75, 76, 80, 81, 82,
83,97,99, 103, 111, 121, 132, 133,

138, 143, 144, 150, 184, 185, 186,
352, 581, 584, 586, 588, 589, 590,
592, 593, 594, 595, 597, 598-600,
605, 606, 607, 608, 609, 611, 612,
613,614, 615, 616, 617, 618, 625,
626, 627, 628, 630, 633, 634, 639,
647, 648, 651, 655, 663, 672, 674,
682, 690, 693, 694, 696, 706, 717
Angle, 26-27, 83, 685-688
See also Bragg; Collection semiangle;

Convergence semiangle; Incidence

semiangle
Angle-resolved EELS, 755

Angular-momentum quantum number, 744

Annular condenser aperture, 157

Annular dark field (ADF), 122, 160, 161,

162, 329, 373, 376, 377, 379, 380,
384, 385, 635, 659
image, 161
See also Dark field (DF), detector
Anodic dissolution, 178
Anomalous X-ray generation, 641
See also Absorption
Anticontaminator, 130
Anti-phase (domain) boundaries (APB),
229,263, 420, 426, 427, 428, 429,
434, 503
Aperture
alignment of C2, 147
condenser (C2), 111, 157, 493
differential pumping, 131, 683, 687
function, 485, 486, 488

objective, 101, 109, 111, 152, 154-158,

161, 162, 165, 167, 207, 278, 332,
372-373, 375, 376-379, 381, 382,

385-386, 389, 390, 396, 408, 411,
413, 448, 466, 489, 500, 511,
512-514, 516, 517, 519, 520, 521,
528, 529, 535, 539, 540, 551, 552,
573, 600, 670, 686688, 691, 706,
721,755

virtual, 152, 154, 491, 492

virtual C2, 152, 154

See also Diaphragm

Artifact

in EELS, 730

in image, 9, 10, 542

of specimen preparation, 190

X-ray peak, 605, 606607, 613, 625,
628, 672

Artificial color, 124, 555

Artificial superlattice, 264, 265, 415
Ashby-Brown contrast, 456
Astigmatism

condenser, 162

intermediate, 163

objective, 162, 163, 164,
169, 466

Atomic

basis, 259, 260, 262

correction factor, 640, 650

number, 11, 16, 24, 26, 29, 30, 39,
41, 42, 57, 58, 59, 60, 122, 224,
237,258, 284, 373, 378, 497, 635,
639, 640, 643, 650, 665, 672, 728,
729, 730

scattering amplitude, 40, 45, 49, 258,
261, 294, 336, 517, 669

scattering factor, 4445, 223,
257,378

structure, 48, 55, 380, 389, 493, 679, 741,
747,752

Atomic-column EELS, 567, 735-736
Auger electron spectrometer (AES), 53, 55,

61, 62

Augmented plane wave, 748
Automated crystallography, 305
Automated orientation

determination, 305

Automatic beam alignment, 560
Automatic peak identification,

627-630

Averaging images, 554-556
Axis-angle pair, 303



B
Back focal plane, 94, 95, 111, 152, 162,
204, 205, 373, 491, 573, 683,
685-688, 691
See also Lens
Background
extrapolation, 725, 726, 727, 728
modeling, 643
subtraction, 342, 550, 555, 641-644, 646,
650, 659, 725, 726-728, 729, 734
See also Bremsstrahlung
Backscattered electron (BSE) detection,
115,230
Baking, Band gap (semiconductor),
709-710
image, 710
Bandwidth, 118, 119
Bar, 128, 157, 188, 202, 517, 588, 594, 611
Barn, 27
Basal plane, 261, 449, 745
Basis vectors, 563565
Beam-defining aperture, 122, 329, 380,
466, 599, 610, 615
Beam (electron)
blanking, 101
broadening, 84, 87, 666, 673
coherence, 533
convergence, 538—540
See also Convergence semiangle
current, 13, 65, 76, 78, 81, 82-83, 84, 87,
107, 110, 121, 149, 182, 592, 593,
596-597, 599, 601, 617, 640, 641,
653, 667, 668, 670, 672, 674,
694, 721
damage, 1011, 30, 53-68, 76, 86, 123,
164, 263, 556, 557, 632, 652, 673
deflection, 398
diameter, 82, 83-85, 107, 326, 329, 636,
664, 665, 666, 667
diffracted, 17, 24, 40, 41, 4749, 53, 155,
156, 157, 166, 198, 199, 201, 202,
204, 215, 216, 221-231, 235, 240,
257,265,271, 272, 273, 274, 280,
285, 296, 298, 305, 313, 337, 361,
371, 372, 381-382, 383, 385, 407,
408, 421, 444, 463, 469, 470, 471,
472,488, 513, 517, 519, 525, 534,
535, 536, 537, 641, 701
See also Diffracted beam
diffracted amplitude, 272, 413
direct, 24, 25, 34-36, 48, 53, 116, 117,
152, 155-157, 159, 160, 161, 162,
166, 168, 169, 198, 202, 203, 204,
205, 215, 225,229, 294, 317, 337,
349, 350
direction, 26, 44, 45, 204, 216, 217, 248,
283, 288, 299, 300, 301, 302, 304,
312, 317, 318, 348, 349, 350, 543,
600, 614
energy, See Accelerating voltage
incident, 325, 384
many-beam conditions, See Many-beam

parallel, 92, 94, 141, 142-143, 145, 146,
147, 148, 152, 158, 163, 283-305,
311, 324, 325, 326, 339, 340, 352,
385, 386, 511, 721
shape, 667
splitter, 397, 525
tilting, 147, 199, 285, 382, 467, 669, 755
translation, 147
two-beam conditions, See Two-beam
approximation
Beam-sensitive materials709
See also Beam (electron), damage
Beam-specimen interaction volume, 323,
598, 663, 664, 665, 672, 735
Bend contour, 352, 385, 386, 407, 411-412,
413, 415, 441, 493, 521, 641,
658, 733
Beryllium
grid, 609, 612
oxide, 612
specimen holder, 613
window, 586, 587, 598, 607, 628, 633,
650, 651, 654
Bethe cross section, 58
Bethe ridge, 718
Biprism, 77, 397, 398, 525
Black level, 377, 528
Black/white contrast, 449
Bloch theorem, 237
Bloch wall, 517
Bloch wave
absorption, 241
amplitude, 252-253
coefficient, 238
kinematical condition, 221
Body-centered lattice, 357
Boersch effect, 683
Bohr radius, 42, 63, 378, 705
Bohr theory, 55
Bolometer, 590, 591, 592, 594, 663
Borrmann effect, 657, 658, 733
Boundary, See Grain, boundary;
Interface; Phase boundary
Bragg
angle, 34, 49, 83, 169, 200, 201, 202,
205, 222, 223, 229, 230, 312, 327,
339, 340, 353, 381, 408, 451, 680,
687, 721
beam, 221, 230, 239, 245, 246, 247, 250,
254,431, 492, 534, 536
See also Diffracted beam
condition, 204, 207, 213-216, 227, 228,
241, 253, 272, 274, 294
diffraction, 26, 201, 202, 211, 214,
222,231, 311, 312, 320, 339, 373,
381, 699
law, 199, 200-202, 211, 213-214, 217,
218, 319, 411, 488, 519, 590
plane, 249, 319, 416
reflection, 49, 157, 202, 208, 262, 305,
448,492, 537
Bravais lattice, 267, 347

Bremsstrahlung, 40, 58, 60, 135, 168, 582,
598, 605, 606, 608-614, 618, 626,
632, 635, 641-643, 673
coherent, 613-614, 626, 642
See also Background
Bright field (BF)
detector, 122, 159, 160, 161, 162, 326,
366, 373, 380, 384, 385, 521
high-order BF, 521
image, 155-159, 161, 163, 165, 166, 168,
169, 182, 230, 295, 304, 330, 331,
352, 362, 365, 372, 374-376,
379-381, 386, 407409, 411, 412,
414, 415, 424, 425, 427, 428, 434,
444,452, 455, 458, 468, 472, 473,
475-477, 512, 516, 521, 573, 599,
617, 669, 670, 687, 734
in STEM, 304, 373, 376, 385, 600,
617, 670
symmetry, 361, 366
Brightness (gun), 79, 116, 150, 327,
375, 626
Brillouin-zone boundary (BZBs), 245, 253
Buckyballs, 743, 745
Bulk holder, 135, 175
See also Specimen, holder
Bulk modulus, 457
Burgers vector, 278, 320, 339, 396, 402,
420, 441-444, 446449, 456, 458,
469, 473-474, 476
See also Dislocation

C
Calibration
of accelerating voltage, 168—169
of camera length, 165-166
of focal increment, 169
of illumination system, 149-150
of image rotation, 100-101
of magnification, 164-165
Camera constant, 166, 355
Camera length, 154, 155, 161, 162,
165-167, 197, 198, 217, 218, 284,
302, 317, 318, 326, 327, 328, 329,
336, 361, 373, 379, 398, 686, 687,
688, 721
¢/a ratio, 259, 314
Carbon
amorphous, 35, 163, 183, 185, 295, 374,
551, 554, 612, 719, 722
contamination, 586
film, 86, 162, 163, 164, 173, 183-185,
374, 375, 397, 521, 554, 612, 722,
745, 751
nanotube, 73, 81, 365, 366, 695, 745
See also Holey carbon film
Cartesian-vector notation, 260
Cathode-ray tube (CRT), 115
Cathodoluminescence, 53, 62-63, 116, 122,
523-524
Cauliflower structure, 583
CCD-based WDS, 590



Center of symmetry, 230, 236, 240, 358,
361, 435
Centrosymmetric point group, 358
Channel-to-channel gain variation,
689, 727
Channeling, 230, 339, 366, 379, 646,
657-658, 733
Characteristic length, 221, 222, 223-224,
225,237,478
See also Extinction distance
Characteristic scattering angle, 63, 700,
705, 717,719, 733
Charge-collection microscopy, 62-63,
523-524
Charge-coupled device (CCD) camera, 10,
116, 120-121
Charge-density determination, 366
Chemically sensitive images, 517
Chemically sensitive reflections, 261, 262,
263, 519, 567
Chemical resolution, 626
Chemical shift, 746, 750-751
Chemical wire/string saw, 176
Chi-squared, 645
Chromatic aberration, 6, 8, 9, 91, 103,
104-106, 108, 109, 148-149, 159,
334, 377, 491, 495-497, 533, 680,
681, 687-688, 690, 702, 703, 706, 711
See also Aberration
Chromium-film standard (C film), 160,
189, 717
Clamping ring, 132, 133, 135, 181
Cleavage, 176, 187, 191, 414
Cliff-Lorimer
equation, 640, 641, 646, 647, 648, 652,
656, 657, 673
k factor, 646
Coherence, See Beam (electron),
coherence; Bremsstrahlung,
coherent; Spatial coherence
Foucault imaging, 516-517
Fresnel imaging, 516
interference, 31
particles, 456, 457
processing, 526
scattering, 39, 202, 319
Coincident-site lattice (CSL), 500
Cold FEG, 498
Cold trap, See Anticontaminator
Collection semiangle, 34
Collimator, 598-599, 611
Column approximation, 223, 229-230,
421,423, 426, 433, 434436, 443,
457, 478
Coma-free alignment, 493, 498
Comis, 433-436, 458
Composition
measurement, 7, 667668
profile, 616, 659, 667
Compton scattering, 741, 755
Computer simulation, 311, 351, 362, 365,
392, 414, 456, 492, 493, 539, 665

See also Image, simulation of
Condenser 1 lens, 83, 84, 85, 142, 144, 145,
148, 149, 150, 158, 167, 326, 327,
334, 584, 721
Condenser 2 lens, 83, 111, 116, 142150,
158, 167, 207, 326, 327, 328, 330,
332, 584, 610, 615, 632, 721
aberration, 81, 82, 91,92, 108, 111, 150,
373, 525, 725
alignment, 161-162
aperture, 101-102
calibration, 154
defocusing, 95-96
diaphragm, 101-102
See also Lens
Condenser objective condition, 326
Condenser-objective lens, 325, 326
Conduction band, 59, 62, 64, 66, 117, 245,
585, 605, 709, 720, 742, 744-745
Confidence limit, 632, 648
Confocal microscopy, 4, 8
Conical diffraction, 157, 291
Conical scanning, 157
Conjugate plane, 94, 152, 160, 161
Constructive interference, See Interference
Contamination, 62, 81, 99, 102, 106, 118,
124,127,130, 132, 135, 137, 138, 149,
161, 162, 181, 189, 190, 277, 324, 341,
494, 519, 523, 584-586, 588, 595, 609,
612,615, 620, 626, 632, 636, 641, 647,
658, 670-671, 673, 751
Continuum, 55, 238, 293, 443, 605, 606,
613, 642, 726, 742, 744, 754
See also Background; Bremsstrahlung
Contrast
difference, 371, 372-373, 374, 376
Fresnel, 374, 389, 397, 399-402, 540-541
inside-outside, 448, 450, 476
minimum, 378, 492, 493, 497, 498, 561
minimum defocus, 498
topographic, 519, 521
transfer function, 17, 485, 487, 494, 506
See also Amplitude contrast;
Diffraction, contrast; Phase
contrast
Convergence semiangle, 84
correction (Cs correction), 6-8, 10, 62,
68, 76, 82, 84, 104, 108, 124, 355,
597, 647, 659, 663, 668, 672, 674,
733, 735, 736
Convergent beam
diffraction, 671
See also Higher-order Laue zone
(HOLZ)
energy-filtered, 77
imaging (CBIM), 332, 334
Cooling holder, 132, 134, 135-136,
324, 336
See also Specimen, holder
Core-hole effect, 750
Core-loss image, 715, 717, 719, 730, 731,
732, 741

Coster-Kronig transition, 59, 745
Coulomb force, 24, 36, 39, 40, 199, 221
Count rate, 588-594, 596-599, 601, 607,
608, 616, 618, 625, 627, 630, 632,
636, 641, 658, 659, 667, 673, 717
Coupled harmonic oscillator, 231
Coupled pendulum, 477
Critical energy, See lonization
Cross-correlating image, 561
Cross-correlation function, 568
Cross section
differential, 23, 27, 39, 41, 42, 44, 45,
63, 729
elastic, 27, 28, 44, 54, 58
experimental, 27-28
generalized, 433434
modified Bethe-Heitler, 58
partial ionization, 723, 725,
728-730, 734
phonon, 63—-64
plasmon differential, 63-64
relativistic Hartree-Fock, 545
Rutherford, 41-43
screened-relativistic Rutherford, 4243
Cross-section specimen preparation, 182
Cross-tie wall, 517
Cryogenic pump, 130
Cryo-transfer holder, 136
See also Specimen, holder
Crystal
A-face centered, 357
B-face centered, 357
cubic, 198, 241, 258, 260, 261, 273, 277,
289, 340, 356, 357, 394
diamond cubic, 289, 314, 420
high-symmetry pole, 341
I-centered, 357
imperfect, 386, 443, 534
low-index, 289
low-symmetry zone axis, 338, 356
non-centrosymmetric, 230, 236, 358, 435
orientation of, 304, 317-318, 435,
493, 755
orthorhombic, 213, 354, 357
perfect, 197, 224, 235, 236, 259, 279, 386,
392, 396, 397, 421423, 426, 435,
441, 443, 445, 447, 459, 463, 471,
473, 478, 492, 505, 533, 534, 536,
537, 540, 542
plane, 9, 48, 49, 138, 204, 208, 286, 311,
336, 339, 657
pole, 287, 288
potential of, 230, 236, 238, 239, 240
primitive, 257-258, 267, 356
projected potential of, 534
simple cubic, 241, 258, 261, 273
tetragonal distortion of, 415
zone axis, 17, 204, 213
See also Lattice
Crystal Kit, 267
Crystallographic convention, 204, 230
Crystallographic shear, 503



Curie temperature, 429, 517
Current, 74-79, 82-86

See also Beam (electron)
Current centering

dark, 118, 689-690, 709, 711

density, 162
Curve fitting, 645, 726
Cut-off angle, 700, 706
Cyanide solution, 174
Cyclotron radius, 99, 100

D
Dark field (DF)
annular, 85, 122, 161
centered, 155-156
detector, 160
diffuse, 295
displaced-aperture, 155, 156, 412
external control for, 515
focus of, 492
high-angle annular, 122, 144, 379-381,
386, 710, 735, 736
image, 206, 332
multiple, 206, 207
STEM, 376-377
through focus (2':2D), 513
tilt control, 382
See also Weak-beam dark field
Dead layer, 118, 585, 586, 595, 596,
607, 651
Dead time, 592-593, 596598, 601,
607-608, 611, 627, 630
Debye-Waller factor, 336, 348, 435, 533
Decision limit, 674
Deconvolution, 630-632, 667, 688—-689,
694, 700, 701, 705, 706, 707, 715,
721,725,728,730,731-733, 752,753
Defect
computer modeling of, 432-433
core, 421
unit cell, 361-362
See also Dislocation; Grain,
boundary; Stacking fault; Twin
boundary
Defocus condition, 492, 513
Defocused CBED patterns, 329-330
Defocus image, 557
Deformable-ion approximation, 435
Delocalization, 390, 497, 498, 500, 735
Delta (9) fringe, 427429
Delta function, 731
Density, 16, 27, 28, 29, 63, 65, 74, 75, 76,
79, 81, 82, 115, 120, 124, 164, 174,
176, 180, 190, 293, 362, 364, 365,
371, 373, 378, 401, 442, 444, 448,
450, 487, 495, 503, 514, 541, 563,
590, 651, 653, 654, 655, 656, 665,
676, 679, 706, 707, 709, 710, 721,
741, 742, 743, 748
Density-functional theory, 711, 748
Density of states, 590, 721, 742, 743, 744,
745, 747, 748, 749, 750, 751

Depth
distribution of X-ray production, 655, 665
of field, 8, 91, 92, 101, 103, 110111, 513
of focus, 8, 91, 92, 101, 103, 110111
fringes, 426, 471

Desktop Microscopist, 685

Desk-Top Spectrum Analyzer (DTSA), 16,
608, 628, 641, 652, 674, 730

Detectability limits, 54, 475, 581, 589, 590,
626, 631, 632, 663, 672, 673, 674,
675, 715, 736

Detection quantum efficiency (DQE), 116,
118, 119, 121, 123

Detector (electron), 10, 24, 27, 117-122,
159, 372, 373, 389, 511, 523, 586

depletion region of, 117, 118

envelope function, 485, 491, 492, 494,
495, 496, 497

gain of, 118, 119

STEM, 326, 366, 372, 385, 386, 511,
528, 687

See also Spectrometer (EELS)

Detector (X-ray), See Spectrometer (X-ray
energy-dispersive); Spectrometer
(X-ray wavelength-dispersive)

Determination limit, 674

Deviation parameter, 216, 273, 297, 298,
353, 371, 382-384, 415, 435, 496

See also Excitation error

Diamond-cubic structure, 420

Diamond window, 187

Diaphragm, 101-102, 122, 132, 144, 145,
147, 148, 149, 153, 154, 155, 156,
324, 326, 332, 333, 373, 375, 385,
485, 502, 515, 521, 528, 594, 601,
608, 609-611, 613, 621, 627

self-cleaning, 102
top-hat C2, 611, 621
See also Aperture

Dielectric constant, 42, 694, 701, 706,

710, 711
determination of, 705
image, 705

Dielectric response, 679, 699, 705

Difference spectrum, 643, 690, 727, 733

Differential hysteresis imaging, 165

Differential pumping aperture, 131, 683, 687

Differentiating the image, 556

Diffracted beam, 47-49, 156, 166, 204,
221-231, 265, 337, 383, 408, 519,
534,701

amplitude of, 31-33, 371, 444
intensity of, 47, 215, 273, 274

Diffracting plane, 199, 201, 202, 204, 208,
213, 246, 287, 289, 312, 318, 319,
320, 332, 340, 371, 390, 396, 407,
411,412, 416, 441, 442, 444, 445,
449, 452, 454, 463, 469

See also Bragg, plane

Diffraction

camera, 165, 198-199
center, 162

contrast, 197-207, 313, 371-386
convergent beam, See Convergent
beam, diffraction
from dislocations, 278-279
double, 222, 296-298, 304, 394
extra reflection, 264
Fraunhofer, 30-31
Fresnel, 30-31
grating, 31-32, 164, 165, 273, 573, 590
group, 365-366
indexing, 213
180° inversion of, 31
mode, 116, 152, 153, 154, 161, 166, 167,
206, 326, 330, 334, 466, 685, 687,
688, 721, 735,753
multiple, 296, 364
nanodiffraction, 283, 291, 323, 347,
365, 366
oblique-textured, 291
pattern, 17, 49, 198, 204, 207, 372, 382,
383, 384, 391, 394, 755
ring, 155, 287, 293
rocking-beam, 230
rotation, 167-168
scanning-beam, 365
selected area, See Selected area
diffraction (SAD)
shell scattering, 749
single-crystal, 168
split spot in, 516
spot spacing in, 336
streak in, 254
systematic absence in, 304
systematic row in, 332
vector (g), 201
Diffraction coupling, 685
Diffractogram, 17, 493, 551, 552-554, 555,
560, 561, 574
Diffuse scattering, 329, 711
See also Scanning transmission
electron microscope (STEM)
Diffusion pump, 129, 130, 131, 180, 191
Diffusion coefficient, 104
Digital
filtering, 643, 644
image, 16, 117, 124, 155, 528, 556, 619
mapping, 618-620
pulse processing, 598, 635
recording, 131, 434
Digital Micrograph, 552, 560, 570, 573
Dimpling, 177, 178, 191
Diode array, 683
saturation of, 691, 723
Dipole selection rule, 744
Direct beam, See Beam (electron), direct
Discommensurate structure, 278
Discommensuration wall, 503
Disk of least confusion, 103
Dislocation
array, 278-279, 394, 450-451, 452, 455
contrast from, 444-448
core of, 402, 443, 448, 469



density, 442
dipole, 448-450, 476
dissociated, 451, 463, 473-477
edge, 442, 444, 451, 452, 459, 469,
471, 475
end-on, 400, 401, 402
faulted dipole, 441, 476
faulted loop, 448
inclined, 458
interfacial, 453
intersecting, 458
line direction, 449
loop, 448-450
misfit, 448, 453, 455, 456
network, 448, 453
node, 448
ordered array of, 278
pair, 450
partial, 445-447, 450, 451, 463, 473-476
screw, 441, 442, 444, 447, 452, 454, 457,
458, 459, 470, 475
strain field of, 279, 371, 447, 451, 457
superlattice, 447
transformation, 453, 456
See also Burgers vector; Strain
Disordered/ordered region, 263, 517-518
Dispersion diagram
branches of, 247, 249, 250, 251, 253, 254
plane (of spectrometer), 246, 247, 249
relation, 250-251
surface, 247-250
Displacement
damage, 67, 68, 86, 721
energy, 67
field, 433, 435, 441, 442, 443, 444,
447-448, 456, 458
vector, 348, 349, 350, 458
Display resolution, 592, 614, 627, 630, 722
Double-period image, 564
Double-tilt holder, 134, 324
See also Specimen, holder
Drift
correction, 617, 636
rate, 464, 498
tube, 681, 682, 684, 722
Dwell time, 124, 636, 710, 722
Dynamical
absence, 258
calculation of intensity, 364-365
condition, 362-363
contrast in CBED, 347
coupling, 239
diffraction, 203, 221, 222, 225, 274, 296,
297,298, 329, 331, 358, 364, 641, 669
scattering, 30, 203, 221, 258, 265, 272,
298, 311, 319, 323, 342, 358, 558
See also Diffraction
Dynamic experiments, 526528

E
Edge, See lonization
EELS advisor software, 730, 734

EELS, See Electron energy-loss
spectrometry (EELS)
EELS tomography 755-757
Effective EELS aperture diameter, 688
EFTEM imaging, 685, 703, 733-735
Elastic
coherent, 25
constant, 454, 457, 458
cross section, 41-43
mean-free path, 23
scattering, 25-26, 27, 28, 30, 3949, 64,
199, 324, 329, 332, 339, 340, 373, 374,
378, 380, 381, 664, 665, 699, 702, 741
See also Scanning transmission electron
microscope (STEM)
Elasticity theory, 421, 448, 458, 474, 475
ELD software, 559
Electric-field potential, 236
Electro-discharge machining, 176
Electron
backscatter pattern (EBSP), beam,
See Beam (electron)
beam-induced current (EBIC), 62, 136, 523
channeling, 366, 379, 733
charge, 523-524
crystallography, 47, 324, 558, 559
detector, See Detector (electron)
diffraction, 8-9, 34-36
dose, 65
See also Beam (electron), damage
source, 7387
Electron-electron interaction, 40, 41, 42,
66, 683, 699
Electron-hole pair, 62-63, 117, 118, 524,
585, 586, 587, 591, 592, 593, 595, 611
Electronic-structure tools, 711
Electron-spectroscopic imaging, 690
Electropolishing, 178, 179, 183
Electrostatic lens, 78, 80, 96
See also Lens
ELP (energy-loss program), 16
Empty state, 751
EMS (electron microscope simulation
program), 17, 127, 267, 287, 314,
491, 534, 571
Enantiomorphism, 347, 363-364
Energy
EELS, 715-736
spectrometry (EELS) resolution, 76
spread, 73, 74, 76-77, 79, 81, 82, 85-86,
105, 148-149, 496, 498, 693, 701
window, 635, 703, 734
X-ray, 590, 591-593
See also Electron energy-loss
spectrometry (EELS)
Energy-dispersive spectrometry, 7
See also Spectrometer (X-ray
energy-dispersive)
Energy filtering, 7, 8, 106, 334, 336, 342, 352,
366, 478, 696, 702, 703, 753, 755
Energy-loss, See Electron energy-loss
spectrometry (EELS)

Electron energy-loss spectrometry
(EELS)
angle-resolved, 755-756
collection efficiency of, 735-736
collection mode, 735
detectability limit of, 736
diffraction mode, 735
image mode, 755
imaging, 735-736
microanalysis by, 589
parallel collection, 681
serial collection, 685
spatial resolution of, 735-736
See also Spectrometer (EELS)
Energy-loss spectrum
artifacts in, 688—689
atlas of, 720, 723
channeling effect in, 733
deconvolution of, 731-733
extended fine structure in, 743
extrapolation window in, 726, 727
families of edges in, 723
fine structure in, 736
gun, 693
See also Gun, holography
interferometer, 398
lens, See Lens
microscope microanalyzer, 646
momentum, 741
near-edge structure in, 723
parameterization of, 730
phase, See Phase boundary
potential energy, 749
power-law fit, 726
rest mass, 700
scattering, See Diffraction, shell
scattering
source, 735-736
See also Gun
structure factor, 567
See also Structure factor
velocity of, 700
wavelength of, 705
wave vector, 752
Envelope function, 485, 491, 492, 494, 495,
496, 497
Epitaxy, 138, 168, 296
Errors in peak identification, 634
Errors in quantification, 647-648
Escape peak, 606, 612, 614, 628, 630, 656
Eucentric
height, 151, 164, 165, 166, 169, 330, 515
plane, 100-101, 151, 167, 326, 327, 330,
333, 334, 599
specimen, 295
See also Goniometer
Ewald Sphere, 214-218, 235, 241, 248, 249,
252,271, 273-275, 279-281,
290-292, 298, 312, 318, 324,
336-338, 351, 355, 411, 430, 431,
447, 449, 464, 466, 467, 470, 478,
537, 559



Excitation error, 216-217, 224, 227, 252,
318, 353, 463, 702
effective, 228-229, 407, 464
See also Deviation parameter
Exciton, 66, 750
Exposure time, 123, 158, 207, 305, 337,
464, 466
Extended energy-loss fine structure
(EXELFY), 294, 717, 718, 741, 742,
751-754, 757
Extended X-ray absorption fine structure
(EXAFS), 294, 717, 751-753
Extinction distance
apparent, 435
determination of, 435
effective, 245, 252, 408, 467, 471, 669
Extraction replica, 185, 191, 377, 378,
616, 724
Extraction voltage, 80-81
Extrinsic stacking fault, 473

F
Face-centered cubic, 259
See also Crystal; Lattice
Fano factor, 593
Faraday cup, 82, 85, 101, 121-122, 596,
614, 653, 670
Fast Fourier transform (FFT), 534, 536
Fe>? source, 593
Fermi
energy, 720, 742, 743
level, 55, 720, 742, 743, 749
surface, 63, 277, 278, 742
FIB (Focused-ion beam), 11, 157, 186,
188189, 373, 634
Field-effect transistor (FET), 585, 586,
589, 591
Field emission, 61, 73, 74-75, 80-81, 498
See also Gun
Filtered image, 120, 434, 550, 572, 681, 683,
692, 694-696, 699, 702, 703, 709,
717,722, 725, 734, 741, 751, 756
Filter mask, 573
Fine structure, See Electron energy-loss
spectrometry (EELS)
Fingerprinting, 704, 708, 744, 746747, 751
Fiori definition, 614, 673
See also Peak-to-background ratio
First-difference spectrum, 727, 733
First-order Laue zone, 351
See also Higher-order Laue zone
(HOLZ)
Fitting parameter, 645
Fixed-pattern readout noise, 689
Flat-field correction, 570
Fluctuation microscopy, 294, 366, 528
Fluorescence (light), 116
Fluorescence (X-ray), 607, 609, 612, 613,
630, 632, 639, 640, 647, 653, 654
correction, 656657
yield, 55, 59, 587, 605-606, 628, 650, 715,
721, 729

Flux lines, 517, 526, 527
See also Magnetic correction, flux lines
Focus, 110-111, 148, 151, 329-332, 399,
490-491, 682-683, 895-896
See also Lens; Overfocus; Underfocus
Focused-ion beam, See FIB (Focused-ion
beam)
Focusing circle (WDS), 681
Forbidden electron energies, 247
Forbidden reflection, 258, 263, 265, 288,
296, 299, 300, 301, 349, 350, 366
See also Diffraction, pattern; Systematic
absence
Foucault image, 516
Fourier
analysis, 572
coefficient, 17, 237, 240, 246
component, 435
deconvolution (logarithmic, ratio), 705
fast (Fourier) transform (FFT), 534, 536
filtering, 551, 571
inverse transform, 536, 731, 732
reconstruction, 551-552
series, 237, 238
transform, 485, 487, 536, 551, 568, 572,
573,731, 732, 752-754
Frame averaging, 464, 466, 478, 550,
555, 557
Frame grabber, 551
Frame time, 120, 121
Free electron, 59, 61, 705, 708, 751
Free-electron density, 63, 706, 707, 710
Fresnel
biprism, 77, 397-398
contrast, 374, 389, 397402, 540-541
diffraction, 30-31, 229, 535
fringe, 86, 87, 163, 389, 397, 400, 401,
402-403, 540-541, 575
image, 403
zone construction, 229
Friedel’s law, 358
Full-potential linearized augmented plane
wave (FLAPW), 748
Full Width at Half Maximum (FWHM),
83, 84, 85, 149, 150, 593-595, 605,
628, 631, 632, 643, 644, 667, 683,
684, 693, 694
Full Width at Tenth Maximum (FWTM),
84, 85, 86, 326, 594, 595, 643, 659,
664, 667, 668, 674
FWTM/FWHM ratio, 595, 601

G
Gas bubble, 399-400
Gas-flow proportional counter, 590
Gatan image filter (GIF), 681
Gaussian
curve fitting, 645
diameter, 84
image plane, 103-104, 106110, 488, 664
intensity, 83, 84, 85
statistics, 647, 673

Generalized-oscillator strength (GOS), 729
Generated X ray emission, 600, 612, 628, 634
Germanium detector, 587588
See also Spectrometer (X-ray
energy-dispersive)
Ghost peak, 690, 691, 701, 723
Glaser, 491, 494
Glass layer, 278
Glide plane (dislocation), 443, 444
Glide plane (symmetry), 444
Goniometer, 132, 133, 151, 285
See also Eucentric
GP zone, 277
Grain
boundary, 6, 17, 216, 276, 278, 286, 302,
366, 380, 392, 395, 397, 400, 402,
409, 419, 420, 500, 502, 503, 517,
616, 659, 694, 747
See also Stacking fault; Twin
boundary
coincident-site lattice, 500
high-angle, 402
low-angle, 400, 402
rotation, 430
small-angle, 454
size, 116, 123,197, 283, 284,290, 291, 293
texture, 292
tilt, 402
twist, 455
Gray level, 371, 555, 563
Gray scale, 123, 570, 635, 636
g.R contrast, 443, 450
Great circle, 286287, 302
See also Stereographic projection
Grid, 75, 77, 133, 134, 173, 174, 175,
182-185, 187, 188, 274, 458, 588,
594, 598, 599, 600, 609, 610, 611,
612, 621, 633
Gun
alignment of, 498
brightness of, 498
crossover, 80
emission current, 79, 82
field-emission, 8081
filament, 81, 493
flashing of, 81
holography, 81
lanthanum hexaboride, 81-82
saturation of, 81
self-biasing, 78
tungsten, 81
undersaturated image of, 493
Wehnelt cylinder, 77, 78
See also Electron, source; Field emission
G vector, 204, 224-225, 238, 253, 314, 315,
351, 384, 393, 425, 433, 442, 453,
458, 669
See also Diffraction, vector (g)

H
Handedness, 363, 364
Hartree-Slater model, 729



Heisenberg’s uncertainty principle, 745
Hexagonal close-packed crystal, 259, 267
See also Crystal
Higher-order Laue zone (HOLZ)
indexing, 348-352
line, 351-352
plane, 339, 340
ring, 336, 337, 338, 341, 348, 351, 354,
355-356, 361, 362, 363, 364
scattering, 334, 336
shift vector t, 357
simulation of, 351, 362
See also Convergent beam, diffraction;
Kikuchi diffraction, line
Higher-order reflection, 202, 207, 289
Higher-order waves, 48
Higher-order X-ray lines, 57
High-resolution TEM, 483-506
High voltage, 6, 13, 75, 76, 77, 96,
104-105, 108, 119, 179, 450, 451,
490, 495, 522, 588, 608, 681,
691, 722
High-voltage electron microscope, 6
History of the TEM, 5
Holder, See Specimen, holder
Hole-count, 608, 609
Holey carbon film, 86, 162, 163, 183, 184
Hollow-cone diffraction, 157, 291-293, 295
Hollow-cone illumination, 157, 291,
293, 381
Hollow-cone image, 158, 295, 528
Holography, 81, 397, 496, 524-526
Howie-Whelan equations, 224-226, 407,
413,414, 421, 433, 434, 436,
442-443, 457
Hydrocarbon contamination, 138, 612
See also Contamination
Hydrogenic edge, 717, 718, 719, 724, 731

1
Ice, 595
Illumination system, 75, 77, 78, 83, 93, 101,
141, 142-150, 161, 163, 311, 334,
584, 605, 608
See also Condenser 1 lens; Condenser 2
lens
Image
analysis of, 453, 491
calculation of, 17, 537
contrast in, 24, 77, 109, 222, 384,
469, 475
coupling, 685
of defects, 235, 409, 443
delocalization in, 500, 735
distance, 94, 95
See also Lens
drift, 76
of flux lines, 526
formation, 92, 93
lattice-fringe, 392, 502, 559
matching, 436, 540
plane, 94, 95, 96

See also Lens
processing of, 16, 493, 549-556
rotation of, 99, 167, 384
simulation of, 15, 389, 429, 433, 458,
533-545, 563
of sublattice, 500
Imaging system of TEM, 164-168
Incidence semiangle, 34
See also Angle; Scanning transmission
electron microscope (STEM),
incoherent
Incommensurate structure, 503
Incomplete charge collection, 593, 595, 645
Incomplete read-out, 690
Inelastic, See Scanning transmission
electron microscope (STEM),
inelastic
Information limit, 492, 495
Information theory, 495
Infrared sensors, 362
In-hole spectrum, 610
In-line holography, 524
Inner potential, 235, 236, 238, 541, 545
mean, 237
scaled mean, 238
Inner-shell ionization, See Ionization;
Instrument response function
In-situ holders, 135
In situ TEM, 138, 526, 531
Instrument response function, 731
Instrument spectrum, 613
Integration, 42, 273, 458, 470, 644
total, 691
window, 728
Integration approach, 273
Intensity, 371
See also Spectrum, electron energy-loss,
X-ray
Interaction constant, 486
Interband scattering, 254, 466, 478
Interband transition, 63, 66, 705, 709,
710, 711
Interface, 44, 275, 295, 430
contrast, 667-668
dislocation, 456
interphase, 286, 302, 616, 617, 667
semicoherent, 456
strain at, 396
See also Grain, boundary; Phase
boundary
Interference, 13, 31, 40, 47, 48,77, 185, 200,
202, 203, 241, 394, 398, 526
constructive, 33, 34, 45, 213, 214
destructive, 48, 200, 203
fringe, 77, 396, 397, 398
Intergranular film, 402, 541
Intermediate-voltage electron microscope,
76, 323, 589, 600, 608, 616, 618, 626,
635, 636, 668, 673, 675
Internal-fluorescence peak, 612, 613, 630
International Tables, 265-266
Internet, 15-17, 117

Intersecting chord construction, 465
Inter-shell scattering, 749
Interstitial atom, 277
Intraband transition, 700, 709
Intra-shell scattering, 749
Intrinsic Ge detector, 585, 587588
See also Spectrometer (X-ray
energy-dispersive)
Inversion domain boundary, 420, 503
Invisibility criterion, 424, 445
Ton beam blocker, 181
Ionic crystal, 66
Tonization, 57-59, 667, 715-721
critical energy for, 55, 57, 58, 628, 682,
717,723, 742, 743, 750
cross section for, 55, 57, 588, 599, 605,
615, 650, 652,717,723,725,728, 734
edge, 717, 723, 733-735
integration of, 717
intensity of, 715, 733
jump ratio of, 722, 732
onset of, 730
shape of, 717
Ion milling, 174, 178-181, 182, 186
Ion pump, 130, 131, 137

J
Jump-ratio image, 728, 734

K
Kernel, 556
Kikuchi diffraction, 311-320
3g, 464, 465
band, 313, 314, 318, 319, 325, 327, 339,
340, 341, 348, 361, 512
deficient, 313, 319, 340
excess, 314, 318
line, 311-313, 318, 327, 339-340, 366,
382, 413, 464, 466
map, 303, 313-318, 319
pair, 313, 314, 317, 318, 340
pattern, 303, 311, 312, 314, 315, 317,
319, 325, 464-465
Kinematical diffraction, 235, 280, 358, 362, 521
approximation, 221, 463, 470, 472
crystallography, 559
equation, 464
integral, 469, 470
intensity, 294
Kinematically forbidden reflection, 258,
265, 296
See also Forbidden reflection;
Systematic absence
Kinetic energy, 14, 68, 230, 235, 236, 238,
253,477
K(kap) factor, 640, 646
calculation of, 648-652
error in, 647-648
experimental values of, 646—647
Knock-on damage, 65, 66, 67, 68, 626, 646
See also Beam (electron), damage
Kossel, 8, 323, 327, 336, 339, 348, 352, 354
cone, 312, 313



Kossel (cont.)
pattern, 327, 328, 331, 332, 341, 355,
356, 361
Kossel-Mollenstedt (K-M), 327, 328, 330,
336, 337, 342, 348, 352, 353, 354,
356, 361, 671
conditions, 327, 330, 336, 342, 348, 354
fringe, 352, 353, 361, 671
pattern, 327, 328, 356, 361
Kramers’ cross section, 60
Kramers-Kronig analysis, 705
Kramers” Law, 606, 643, 645, 726
k space, 534, 536, 752, 753, 754
Kurdjumov-Sachs, 303
k vector, 199, 200, 239, 246, 248, 249, 251,
313, 325, 432, 537

L
L, structure, 262, 427
Laplacian filtering, 556
Large-angle convergent-beam electron-
diffraction patterns, 330-332, 412
Lattice, 211-212, 257-258, 356-357,
361-363, 389-392, 400402,
567-568
centering, 338, 354, 356-357
defect, 400402, 407, 408, 422, 442, 454
See also Dislocation
fringe, 389-392, 502, 525, 559, 573
imaging, 393, 500, 517, 567-568
misfit, 415, 454
parameter, 363, 394, 396, 415, 420, 424,
427, 454, 456, 540
point, 215, 216, 237, 257, 259, 262, 278,
336, 357, 470
strain, 347, 361-363, 456
vector, 200, 211, 212, 239, 297, 302, 420,
421, 424, 427, 428, 429, 485, 489
See also Crystal
Leak detection, 131-132
Least-squares refinement, 568
Lens, 91-112, 145-146, 148-149, 150152,
161-164, 681-684
aberration of, 485, 488
See also Chromatic aberration;
Spherical aberration
astigmatism, 106, 162, 163
See also Astigmatism
asymmetric, 682, 683
auto-focusing, 151
auxiliary, 116
bore of, 97, 145
condenser, See Condenser 1 lens;
Condenser 2 lens
condenser-objective, 142, 143, 145-146
current, 97, 151, 164, 330, 496,
513, 560
defects, 99, 103, 107, 148, 331, 494, 553
demagnification, 95, 144, 145, 154
focal length of, 104
focal plane of, 91, 92, 94
focus of, 163

See also Overfocus; Underfocus
gap, 145
hysteresis, 165
immersion, 98
intermediate, 152, 153, 154, 155, 162,
163, 164, 166, 167, 205, 206, 207,
330, 517, 683, 685, 687, 691
low-field, 517
mini-, 145
Newton’s equation, 95
objective, See Objective lens
octupole, 99, 104, 105, 106, 692
optic axis of, 92, 93, 99, 104, 147
pincushion distortion, 106, 165
polepiece of, 143, 144, 599
post-spectrometer, 683
projector, 111, 131, 141, 162, 166, 167,
682, 683, 685, 686, 687, 691
projector crossover, 682, 684, 686, 687
ray diagram, 103, 325, 333
rotation center of, 161-162, 163
sextupole, 99, 683, 692
snorkel, 98
superconducting, 98, 99
symmetric plane of, 151, 152
thin, 92, 94, 95
wobbling of, 148, 162
Library standard, 645, 704
Light element, 59, 61, 587, 590, 594, 595,
626, 679
Line analysis, 651, 695
Linear combination of atomic orbitals, 749
Linear elasticity, 442, 448, 495
Line of no contrast, 456, 457
Liquid N», 66, 129, 130, 132, 133, 180, 324,
363, 584, 585, 586, 595, 626
dewar, 133, 584, 594
holder, 132, 324, 336
Lithography, 187
Local-density approximation, 748
Long-period superlattice, 264-265
Long-range ordering, 279
Lorentz force, 99, 100, 398, 516
microscopy, 81, 398, 515-517
Low-dose microscopy, 377, 556
Low-loss, 680, 690, 693, 699-711, 722, 727,
732, 733, 744
intensity, 725
spectrum, 694, 701, 703-711, 730, 731, 732
See also Electron energy-loss
spectrometry (EELS); Plasmon,
fingerprinting

M
Magnetic correction, 514-515
domain wall, 514, 516
flux lines, 517, 526
induction, 516, 517
prism spectrometer, 679, 681, 682, 716
recording media, 514
specimen, 514-517

Magnification, 5,7, 8, 11, 53, 76, 82, 86, 91,
95-96, 104, 106, 109, 110, 142, 143,
145, 147, 151, 153, 155, 161, 162,
164-165, 167, 168, 169, 206, 230,
264, 284, 327, 328, 330, 384, 389,
458, 466, 475, 493, 498, 512, 513,
518, 560, 562, 589, 599, 638, 670,
683, 686, 687, 688, 692

Many-beam, 240, 245, 390, 391, 408, 409,
433,435, 436, 473, 478, 534, 565

calculation, 436
conditions, 478, 565
images, 390, 391, 470, 473, 534

Mask, 174, 187, 324, 334, 336, 338, 342,
397, 476, 521, 523, 551, 556, 572,
573, 586, 631, 705, 723, 753

Mass-absorption coefficient, 654

See also Absorption, of X-rays

Mass-thickness contrast, 185, 371,
373-379, 381, 382, 384, 407, 511,
696, 702

See also Contrast

Materials examples in text

Ag, 59, 66, 258, 374, 420, 424, 527, 588,
608, 609, 611, 649, 651

Ag-Al, 314, 316

Ag,Se, 291

Al, 35,45, 54,64, 67, 68,82, 117,118,122,
166, 174, 205, 224, 258, 262, 263, 303,
352,353, 372, 374, 385, 397, 420, 427,
429, 543, 583, 611, 618, 633, 651, 656,
704, 706, 708, 727, 733, 750, 752

Al-Ag, 649

Al Ga;_As, 263,264,420, 517, 519, 568

AlL,O3, 265, 266, 279, 296, 297, 298, 349,
379, 395,410,412, 413,429, 519, 751

Al;Li, 262, 303, 383

AlAs, 567, 568

Al-Cu, 506

Al-Li-Cu, 9

Al-Mn-Pd, 504, 505

Al-Zn, 618

Au, 29, 35, 43, 45, 64, 68, 102, 117, 160,
166, 173, 224, 263, 374, 397, 400,
424, 452, 453, 492, 523, 553, 585,
610, 635, 651, 665

AuyMn, 500, 501, 502

B, 187, 587, 613, 689, 721

BaTiOs, 429

Be, 59, 67, 173, 237, 258, 587, 588, 612,
633, 702, 732, 733, 752

biotite, 644

Bi-Sr-Ca-Cu-0O, 504

BN, 585, 590, 689, 705, 717, 719, 723,
732, 755

Ca, 59, 258, 504, 505, 633, 634, 638, 646,
671, 728

carbon, 35, 43, 59, 86, 163, 173, 183, 185,
207, 264, 295, 324, 365, 374, 375,
378, 397, 505, 521, 523, 528, 541,
551, 587, 612, 615, 633, 636, 670,
688, 695, 719, 722, 745, 751



See also Amorphous; Holey carbon film
carbon nanotube, 73, 81, 365, 366,
695, 745
catalyst particles, 4, 10, 617
CdTe, 181, 182
Co, 68, 258,429, 457, 526, 630, 649, 651,
653, 732, 733
CoGa, 262, 395
Cr film, 518, 593, 612, 614, 615
CsCl, 262, 420
Cu, 29, 42, 43, 44, 59, 68, 173, 174, 187,
201, 237, 258, 263, 304, 305, 364,
385, 424, 429, 457, 466, 470, 471,
473,475, 596, 611, 612, 618, 629,
633, 648, 665, 674, 675, 732, 743,
745, 746, 747, 751
Cu-Al, 649
CusAu, 262, 263
CuAu, 420
CuCly4PC, 557, 558
Cu-Co, 457
CuZn, 262
diamond, 173, 176, 178, 184, 224, 262,
289, 314, 401, 420, 585, 732, 743,
745, 751
Fe, 67, 68, 224, 258, 420, 502, 517, 630,
631, 632, 646, 652, 674, 732, 734,
744, 745
See also Materials examples in text,
stainless steel, steel
FeAl, 262
FesAl, 262, 426
Fe,03, 295, 296, 297, 298, 395, 503
Fe304, 521
Fe-Cr-Ni, 633
Fe-Cr-0, 631
Fe-Mo, 649
Fe-Ni, 515
ferrite, 456
ferroelectric, 429, 514
GaAs, 8, 175, 176, 177, 186, 187, 236,
258,263, 289, 351, 414, 420, 428,
517, 519, 521, 567, 568
Ge, 59, 67, 168, 224, 237, 245, 262, 380,
381, 392, 424, 454, 503, 527, 538,
552, 553, 560, 566, 583, 588, 594,
607, 632, 649
glass
metallic, 293, 752, 753, 754
oxide, 633
silica, 583
silicate, 517
graphite, 164, 186, 342, 410, 448, 528,
554, 583, 743, 745, 755
See also Carbon
hematite, 296, 297, 298, 456
high-T, superconductor, 99, 514
hydrofluoric acid, 173
icosahedral quasicrystal, 504
InAs, 392
K,0-7Nb,0s, 558
latex particle, 374, 375, 376, 377

Mg, 57, 67, 258, 465, 607, 608, 629, 633,
646, 651, 654, 655, 672, 706, 733,752

MgO, 68, 86, 176, 224, 261, 290, 317,
397, 409, 467, 468, 545, 655

Mo, 68,101, 102, 264, 265, 277, 596, 608,
609, 610, 611, 617, 649, 659, 672

MoOs, 167, 168

Na, 67, 258, 261, 293, 589, 627, 651, 653,
706, 725

NaCl, 176, 186, 261, 264

nanocrystals, 157, 283, 284, 290, 291,
293, 295

Nb, 67, 68, 506, 571, 572, 619, 620, 628,
649, 651, 653

Nb-Al, 649

Nb;,059, 539

Ni, 68, 173, 258, 262, 353, 394, 427, 449,
451, 502, 515, 586, 589, 593, 595,
596, 599, 619, 628, 633, 653, 655,
656, 657, 672, 680, 720, 726, 744,
746, 753, 754

NiAl 262, 263, 420, 427, 503, 656

NizAl, 258, 262, 263, 420, 427, 446, 473,
656, 746

Ni-Cr-Mo, 649

NiFe,04, 420, 500

NiO, 175, 261, 394, 400, 402, 420, 426,
429, 453, 454, 455, 500, 501, 502,
513, 552, 593, 596, 599, 611, 614,
654, 720

nitric acid, 173, 174

ordered intermetallic alloy, 500

PDb, 66, 67, 375, 588, 598, 630, 649, 651

perchloric acid, 173, 174, 634

perovskite, 504

polymer, 3, 10, 30, 41, 60, 65, 66, 67, 86,
99,109, 123, 124, 135, 138, 181, 184,
373, 375, 376, 377, 585, 587, 598,
702, 706, 709, 710

polystyrene, 710

polytype, 504

polytypoid, 504

Pt, 101, 102, 116, 173, 185, 188, 379,
506, 609

quantum-well heterostructure, 182

quartz, 10, 66

quasicrystal, 198, 504-505, 506,
543-544, 752

Sb, 629

Si, 120, 129, 181, 197, 528, 587, 588-589

SiC, 420, 429, 504, 695

Sigma (o) phase, 729

Si/Mo superlattice, 264-265

Si3Ny, 187, 188, 503, 695, 710

Si0,, 65, 174, 177, 293, 376, 380, 381,
402, 566, 693, 710, 720, 746

SnSe, 452

SnTe, 396

spinel, 6, 217, 392, 401, 402, 420, 428,
454, 455, 456, 472, 493, 500, 501,
502, 513, 552

SrTiOs, 6, 381, 706, 736

stainless steel, 174, 326, 341, 420, 424,
616, 633, 634, 657, 674, 724, 734
steel, 11, 378, 427, 514, 633, 659, 723
superconductor, 99, 173, 504, 505, 526
Ta, 68, 136, 137, 598, 627, 629
TisAl, 420
Ti, 7,67, 68, 130, 314, 629, 630, 631, 635,
651, 716, 723, 736, 744
TiAl, 262
TiC, 723, 724, 749
TiN, 723, 724
TiO,, 428, 562, 563, 631, 635, 736
U, 487, 505, 506, 715
vanadium carbide, 264, 278, 500
wurtzite, 262, 420, 590
Y, 118
YBCO, 396, 397, 565
yttrium-aluminum garnet, 118
7Zn, 68,258, 447, 448, 449, 618, 627, 649,
651, 653, 708, 744
7ZnO0, 262, 348, 420, 541
ZnS, 116, 118, 237
Materials safety data sheet, 173
Mean-free path, 23
elastic, 39-50
inelastic, 53—69
plasmon, 63-64
Mean-square vibrational amplitude, 435
Mechanical punch, 176
Microanalysis, 132, 133, 589, 657
qualitative, 581
quantitative, 76, 364, 433, 434, 478
See also Spectrometer (EELS);
Spectrometer (X-ray energy-
dispersive); Spectrometer (X-ray
wavelength-dispersive)
Microcalorimeter, 590-591
Microdensitometer, 85, 371, 550, 551
Microdiffraction, 528
See also Convergent beam, diffraction
Microdomain, 517
Miller-Bravais notation, 260
Miller indices, 46, 49, 204, 212
Mini lens, 145, 146
Minimum contrast, 378, 492, 493, 497,
498, 561
detectability, 379, 497
detectable mass, 663, 674
detectable signal-to-noise ratio, 497
mass fraction, 663, 674
resolvable distance, 107
MINIPACK-1, 571
Mirror plane, 358, 360, 361
See also Point group; Symmetry
Mirror prism, 691
Modulated structure, 503, 504
Moir¢ fringes, 284, 298, 392, 393-397, 456
complex, 396-397
general, 393
rotational, 393, 394
translational, 393, 394
Molecular-orbital theory, 745



Mollenstedt spectrometer, 352

Momentum transfer, 753, 755

Monochromator, 76, 86, 105, 106, 319,
681, 693-694, 701, 705, 707, 722

Monte-Carlo simulation, 523

Moore’s Law, 362

Moseley’s Law, 58

Muffin-tin potential, 748, 749

Multi-channel analyzer (MCA), 591

Multi-element spectrum, 644, 647, 654

Multi-phase specimen, 665

Multi-photon microscopy, 4

Multiple domains, 304

Multiple least-squares fitting, 645, 731, 732

Multiple scattering, See Scanning
transmission electron microscope
(STEM), multiple

Multislice calculation, 533, 534, 536, 543,
544, 571

Multivariate statistical analysis, 619,
620, 659

Multi-walled nanotube, 365, 366

Murphy’s law, 123, 707, 731

N
Nanocharacterization, 4
Nanodiffraction, 283, 291, 323, 324, 347,
365, 366
Nanomaterials, 4, 174, 483, 694, 704
Nanoparticles, 4, 189, 271, 276, 302, 366,
400, 632, 635, 695
Nanostructured electronics, 362
Nanotechnology, 3, 4, 154, 323, 324
Nanotubes, 4, 73, 77, 81, 365, 366, 689,
694, 695, 705, 745
Nanowires, 4
Near-field calculation, 535
Near-field microscopy, 4, 30, 535
Near-field regime, 229, 397
Néel wall, 517
Nematode worms, 756
NIST, 14, 29, 44, 58, 304, 608, 631, 633,
646, 647, 652, 653, 654
multi-element glass, 647
oxide glass, 633
Sandia/ICPD electron diffraction
database, 304
thin-film standard (SRM 2063), 631,
641, 654
Noise, 81, 115, 116, 118, 119, 121, 122, 124,
376, 380, 386, 464, 466, 478, 492, 495,
497,498, 522, 528, 541, 549, 556, 557,
561, 562, 563, 565, 567, 570, 572, 586,
588,591, 593, 594, 598, 608, 619, 620,
631, 659, 675, 688, 639, 709, 725, 732
reduction, 556, 557, 565, 675
See also Signal-to-noise ratio

(0]

Objective lens, 101, 111, 152, 154-158, 161,
162, 167, 207, 278, 332, 372-373,
375, 376-379, 382, 385-386, 389,

390, 396, 411, 413, 448, 466, 489,
500, 511, 512-514, 516, 519, 520,
521, 528, 529, 539, 540, 552, 573,
600, 670, 686-688, 691, 706, 721, 755
aperture, 91, 101-102
astigmatism, 106, 162, 163
collection semiangle of, 34
defocus, 162, 163, 331, 553, 565
diaphragm, 156
focal increment of, 169
instability of, 466
polepiece, 143, 144, 599
rotation alignment of, 162
transfer function of, 485, 486, 487488,
490, 491, 492, 494, 495, 552, 560
See also Lens
Oblique-textured electron DP, 291
Omega (Q) filter, 681, 691-692
On-axis image, 297, 391, 559, 560
Optical bench, 92, 198, 549, 573-574
Optical system, 82, 386, 389, 483-484,
490, 495
Optic axis, 34, 75,79, 92, 96, 99, 100, 101,
104, 106, 110, 131, 143, 144, 147,
149, 151, 155, 158, 161, 162, 198,
205, 248, 285, 305, 313, 317, 382,
384, 390, 397, 463, 466, 485, 493,
514,515,519, 533, 599, 688, 691, 701
See also Lens
Ordering, 263, 264, 272,277, 278, 279, 366,
427, 517
long-range, 279
short-range, 277, 278, 517
Orientation imaging, 319
Orientation mapping, 305
Orientation relationship, 204, 283, 289,
302-303, 305, 339, 500
cube/cube, 303
Kurdjumov—Sachs, 303
Nishiyama—Wasserman, 303
precipitate-matrix, 302
O-ring, 131, 132, 133
Overfocus, 96, 116, 143, 145, 147, 148, 149,
162, 163, 164, 165, 207, 325, 330,
331,400, 485, 500, 514, 515, 517, 626
See also Lens; Underfocus
Overvoltage, 57, 626
Oxide layer, 504, 519, 710

P

Parallax shift, 511, 512, 513

Paraxial ray condition, 100, 104

Particle on a substrate, 81, 396, 413

Pascal, 128

Passband, 492-493

Path difference, 31, 33, 48, 49, 200, 201,
202, 488

Path length, 33, 100, 599, 600, 609, 655,
656, 682

See also Absorption, of X-rays
Pathological overlap, 628, 630
Pattern recognition, 561, 562-563, 569

Pauli exclusion principle, 744
Peak-to-background ratio, 614
Peak (X-ray characteristic), 469-470,
605-606, 614, 627-634, 644-646,
701-702
deconvolution of, 630-632
integration of, 644-646, 650, 727, 729
overlap of, 589, 590, 597, 627, 630
visibility of, 632-634
Periodic continuation method, 542
Phase boundary, 191, 419, 420, 429, 447,
502, 503
distortion function, 488
of electron wave, 31, 47
factor, 191, 419, 420, 429, 447, 502, 503
grating, 534, 535, 536
negative, 487
object approximation, 486
reconstructed, 557
shift, 46, 471, 486, 488, 491, 526, 753
transformation, 136, 456, 526
See also Contrast, difference;
Interface
Phase contrast, 77, 86, 106, 163, 164, 169,
371,373, 380, 381, 389403, 411, 487,
488,490, 492, 493, 494, 495, 505, 511,
515, 543, 545, 557, 668, 696, 703
Phasor diagram, 31, 32, 421, 426, 470-473
Phonon, 59, 63-64, 336, 680, 700, 701, 702
Phosphorescence, 116
Photo-diode array, 683
See also Diode array
Photographic dodging, 550
Photographic emulsion, 66, 122-124, 197,
464, 561
Photomultiplier, 117, 118-120
See also Scintillator-photomultiplier
detector
p-i-n device, 586
Pixel, 120, 121, 123, 124, 159, 305, 496, 497,
556, 562, 563, 564, 567, 568, 569,
571, 590, 618, 619, 620, 636, 658,
675, 685, 694, 727, 734, 736
Pixel-clustering, 734
Planar defect, 250, 254, 263, 275-277, 286,
302, 347, 419-436, 452, 472, 503,
504, 600, 616, 669, 670
inclined, 250, 431, 669
See also Grain, boundary; Stacking
fault; Twin boundary
Planar interface, 275, 503, 600, 694,
748, 749
Plane normal, 213, 287, 288, 299, 300, 301, 302,
303, 317, 419, 458, 519, 538, 670, 682
Plane wave, 31, 32, 33, 40, 45, 46, 48, 49,
200, 237, 245, 249, 250, 748
amplitude, 239-241
Plasma cleaner/cleaning, 132, 137, 138,
189, 626
Plasmon, 63-64, 109, 680, 682, 693, 700,
703, 705-708, 710, 717, 719, 720,
722,726, 731, 732, 752, 756



energy, 63, 64, 109, 706, 709
excitation, 54, 63, 700, 717
fingerprinting, 704, 708
frequency, 63
loss, 682, 702, 706, 707, 708, 709, 711,
717,718,719, 731, 732
See also Low-loss, spectrum
mean-free path, 63—64
peak, 63, 680, 701, 703, 704, 705, 706,
707, 708, 709, 710, 717, 720, 722,
723, 726, 730, 752
Plural elastic scattering, 741
See also Elastic, scattering; Scanning
transmission electron microscope
(STEM), elastic
p-n junction, 62, 117, 118, 523
Point analysis, 354
Point defect, 65, 277, 278, 448, 502
See also Interstitial atom; Vacancy
Point group, 9, 332, 347,354, 358, 359, 361,
364, 366
determination of, 358
symmetry of, 237, 358, 361
two-dimensional, 354, 486, 511
Point-to-point resolution, 493, 506
Point-spread function, 483, 593, 630,
688689, 701, 753
Poisson’s ratio, 444, 457
Poisson statistics, 593
Polepiece, See Lens
Polycrystalline material, 290-291, 293,
319, 452, 613
Polymer, 3, 10, 30, 41, 60, 64, 65, 66, 67, 86,
99,109, 123,124,132, 135, 138, 181,
183, 184, 373, 375, 376, 377, 585,
587, 588, 598, 702, 706, 709, 710
Polytype, 504
Polytypoid, 504
Position-tagged spectrometry, 620, 659
Post-specimen lens, 85, 110, 161, 326, 329,
342, 379, 683, 686
See also Lens
Potential
inner, 235, 236, 237, 238, 239, 240, 397,
399, 400, 402, 540, 541, 545
periodic, 236, 237, 254
projected, 486, 487, 511, 534, 537, 538,
541, 557, 563, 565
well, 120, 402, 541, 542, 720, 721, 749
Precession CBED, 342
Precession diffraction, 147, 158, 284, 285,
293, 295
Precision ion milling, 181
Precision ion polishing, 181
Primitive great circle, 286, 287
See also Stereogram
Primitive lattice, 257258, 356, 357
See also Crystal; Lattice
Principal quantum number, 744
Probability map, 536
Probe, 8,9, 48, 81,82,95,98, 103, 111, 124,
135, 144, 146, 148, 149, 150, 158,

161, 189, 291, 325, 339, 340, 362,
377, 402, 496, 522, 584, 589, 590,
610, 611, 612, 614, 615, 616, 618,
625, 635, 636, 647, 659, 668, 672,
673, 680, 694, 733, 735, 750
current, 84, 85, 110, 124, 143, 149, 150,
610, 612, 614, 616, 617, 618, 626,
627, 641, 653, 668, 683, 733
size, 82, 84, 85, 86, 144, 145, 148, 149,
150, 326, 523, 590, 614, 626, 627,
636, 640, 641, 659, 668, 673, 733,
735
See also Beam (electron)
Processing HRTEM image, See Image,
processing of
Propagator matrix, 423
Pulse processing, 591, 592, 596, 598,
635, 636
Pump, vacuum, 127-138, 178, 180, 181,
184, 189, 586, 683, 687
cryogenic, 130
diffusion, 129, 130, 131, 180, 191
dry, 189
ion, 130, 131, 137
roughing, 128-129, 130
turbomolecular, 129-130

Q
Quadrupole, 98, 99, 104, 105, 683, 692
See also Lens
Qualitative mapping, 635
Qualitative microanalysis, 581
Quantifying HRTEM images, 549-575
Quantitative chemical lattice imaging, 517,
567-568
defect contrast imaging, 411, 422, 470
HRTEM, 567
image analysis, 561-562
mass-thickness contrast, 373-379, 381,
382, 384, 696, 702
microanalysis, 132, 133, 589, 657
Quantitative mapping, 658, 659, 671
QUANTITEM, 563-567
Quantum-mechanical convention, 230
Quantum number, 744
Quasicrystal structure, 198, 504—505, 506,
543-544, 752

R
Racemic mixture, 636
Radial-distribution function (RDF), 293,
294, 373, 703, 741, 752, 753, 755
Radiation damage, 6, 10, 53, 64, 65, 66, 68,
119, 448
See also Beam (electron), damage
Radiolysis, 64, 65, 66, 68, 646
See also Beam (electron), damage
Ray diagram, 91, 92-94, 100, 101, 102, 103,
104, 105, 111, 143, 147, 152, 154,
156, 157, 198, 295, 325, 326, 327,
328, 330, 333, 610, 692
Rayleigh criterion, 5, 84, 107, 108, 490

Rayleigh disk, 108, 484
Real space, 211, 212, 213, 226, 236, 258,
262, 264, 265, 271, 279, 286, 302,
319, 332, 355, 356, 410, 412-413,
427,485,492, 534, 536, 542, 572, 748
approach, 534, 536, 563, 572
crystallography, 412-413
patching method, 542
unit cell, 262
vector, 236
Reciprocal lattice, 200, 202, 211-212,
213-216, 235, 254, 258, 259, 260,
262,271, 273, 278, 280, 289, 290,
292, 297, 336, 337, 348, 356, 357,
430, 431, 435, 470, 489, 538, 552
formulation of, 535
origin of, 215
point, 202, 215, 216, 253, 258, 262, 278,
290, 336, 351, 357, 470, 552
rod, 214, 273, 337
See also Relrod
spacing, 338, 538
vector, 200, 211, 212, 213, 235, 239, 290,
297, 302, 485, 489
See also Diffraction, vector (g)
Reciprocity theorem, 94, 381, 386, 521
Recombination center, 524
Reference spectra, 701, 723, 732, 733
Reflection electron microscopy, 420,
519-520
Reflection high-energy electron
diffraction, 519
Refractive index, 5, 225, 230, 238,
239, 358
Relative-transition probability, 650
Relative transmission, 670
Relativistic effect, 6, 14, 41, 42, 700
Relrod, 214, 215, 216, 249, 271-277, 279,
280, 281, 289, 336, 337, 338, 410,
430, 431, 441
See also Reciprocal lattice, rod
Replica, 164, 165, 185, 377, 378, 616, 724
Resolution, 5-7, 91-112, 483-507, 589,
663676, 735
atomic level, 381
limit, 4, 6, 103, 104, 109, 323, 490, 492,
493, 494, 594, 701, 703, 730
theoretical, 107-108, 594
Resolving power, 5, 33, 106, 107, 124
Reverse-bias detector, 585
Richardson’s Law, 74
Right-hand rule, 99
Rigid-body translation, 420
Rose corrector, 494

S

Safety, 10, 102, 173-174, 175, 176,
178, 189

Scan coil, 147, 149, 157, 158, 159, 165, 293,
295, 305, 326, 366, 753

Scanning image, 101, 115, 116, 118, 122,
124, 159, 161, 376



Scanning transmission electron microscope
(STEM), 8, 158-161, 326, 372-373,
376-377, 384-386, 528

annular dark-field image, 161

bright-field image, 122, 159-161

coherent, 373, 379

cross-section, 158, 168

dark-field image, 161

detectors in, 326, 366, 372-373, 385, 386,
511, 528, 687

diffraction contrast in, 384-386

digital imaging, 618

elastic, 373

factor, See Atomic, scattering factor

forward, 122, 735

image magnification in, 165

incoherent, 39, 43, 106, 107, 378,
379, 381

inelastic, 319

inter-shell, 749

intra-shell, 749

mass-thickness contrast in, 377

matrix, 185, 374

mode, 124, 151, 159, 166, 326, 584, 626,
632, 685, 721, 733, 734, 735, 755

multiple, 493, 699, 748, 753

multiple-scattering calculations, 753

nuclear, 42, 45

plural, 493, 699, 700, 721

post-specimen, 110, 161, 326, 342

Rutherford, 41-44, 161, 373, 374, 378

semiangle of, 84, 378

single, 29, 43

strength, 83, 135, 326, 354, 584

thermal-diffuse, 64, 336, 338

Z contrast, 44, 379-381, 506, 543, 545,
567, 746

See also Angle; Coherent; Elastic;

Z contrast, scattering

Scherzer, 490491, 492, 494, 495, 498,
500, 553

defocus, 490-491
Schottky, 62, 73, 74, 75, 81, 82, 117, 497,
498, 617, 683, 693
diode, 117
See also Detector (electron)
emitter, 75, 498

Schrédinger equation, 46, 222, 230, 235,
236, 237, 238, 239, 748

Scintillation, 116

Scintillator-photomultiplier detector,
118-120

Screw axis, 543, 544

See also Space Group; Symmetry,
Screw axis
Secondary electron, 24, 53, 54, 60-62, 115,
118, 188, 373, 522, 709
detector, 373
fast, 705
imaging of, 522-523
slow, 605, 606
types of, 522

Segregation to boundaries, 659
Selected area diffraction (SAD), 141,
152-155, 156, 157, 160, 166, 167,
204-207, 283, 284-285, 289, 295,
311, 313, 323, 324, 325, 326, 330,
332, 333, 334, 339, 342, 347, 348,
352, 365, 376, 411, 412, 413, 493,
498, 505, 525, 551, 680, 688
aperture, 152, 154, 155, 158, 166, 167,
205, 206, 332, 339, 376, 411, 493,
525, 551, 688
error, 498
pattern exposure, 154, 157, 160, 205,
206, 283, 284, 412
Selection rules, 257, 258, 267, 289,
302, 744
Semiangle, See Angle; Bragg; Collection
semiangle; Convergence semiangle;
Incidence semiangle
Semiconductor detector, 117-118, 119, 122,
161, 523, 581, 585-589, 594, 607
Semi-quantitative analysis, 723
Shadowing, 185, 374, 375, 377, 378, 541
Shape effect, 271, 273, 290, 559, 572
Short-range ordering, 277, 278, 517
Side-entry holder, 132, 133, 134, 135,
150, 285
See also Specimen, holder
SIGMAK(L) program, 729
Signal-to-background ratio (jump ratio),
703, 722, 728, 732, 734, 736
Signal-to-noise ratio, 116, 118, 124, 497,
498, 556, 570, 688
Signal processing, 376, 377, 572, 589, 590,
594, 606
Silicon-drift detector, 588589
Silicon dumbbells, 391, 575
Si(Li) detector, 585, 586, 587, 588, 591,
594, 595, 606, 607, 626, 628, 630,
638, 651
See also Spectrometer (X-ray
energy-dispersive)
Simulated probe image, 668
Single-atom detection, 663, 715
Single-atom imaging, 54, 378, 663, 674,
679, 715, 736
Single-electron counting, 700, 709
Single-electron interaction, 709
Single-period image, 564
Single scattering, See Scanning
transmission electron microscope
(STEM), single
Single-sideband holography, 524
SI units, 14, 65, 128, 654, 665
Slow-scan CCD, 478, 553, 559, 570, 692
See also Charge-coupled device (CCD)
camera
Small-angle cleaving, 186
Small circle, 262, 287, 428
See also Stereogram
Smearing function, 483, 487
See also Point-spread function

Space group, 9, 17, 47, 266, 267, 296, 347,
354, 358, 361, 540, 558
Spatial coherence, 77, 398, 491, 498
Spatial resolution, 8, 29, 54, 62, 76, 77, 85,
87,148, 323, 324, 325, 329, 347, 348,
352, 362, 490, 523, 581, 589, 619,
625, 626, 640, 647, 658, 659,
663-676, 688, 705, 721, 730, 733,
735-736, 752, 753, 755
Specimen
90°-wedge, 186, 187, 414
artifacts in, 541
bulk, 25, 44, 135, 136, 284, 520, 589, 599,
607, 608, 617, 635, 639, 640, 643,
646, 647, 650, 655, 674
cooling of, 10
damage to, 10, 24, 64, 636, 673, 680, 753
See also Beam (electron), damage
density of, 656
double-tilt, 134, 135
drift of, 136, 376, 466, 495, 496, 584, 616,
620, 641, 647, 658, 668, 673
EBIC, 136, 523
heating, 64, 65-66
height of, 101, 150, 151, 327, 512, 683
See also z control
holder, 10, 11, 82,97, 121, 127, 132133,
134, 135, 150, 151, 169, 175, 187,
207, 512, 514, 612, 613, 653, 655
low-background, 135, 324, 584, 600, 626
multiple, 134, 135
orientation of, 238, 323, 494, 614, 630,
721, 733, 755
preparation of, 11, 134, 173-192, 416,
503, 616, 626, 633, 669, 671
quick change, 134
rotation of, 285
self-supporting, 173, 174, 175
single-tilt, 134, 135, 324
single-tilt rotation, 324
spring clips for, 133
straining, 136, 137
surface of, 61, 62, 65, 136, 158, 179, 275,
395, 411, 433, 448, 455, 522, 523,
599, 633, 707
thickness of, 11, 29, 63, 109, 110, 111,
164, 197, 323, 329, 352, 402, 466,
487, 565, 595, 627, 654, 655, 656,
669, 671, 675, 679, 702, 705, 708,
721, 726, 727, 730
See also Thickness of specimen
tilt axis, 169
tilting of, 134, 181, 187, 228, 274, 285,
289, 382, 394, 430, 447, 511, 515,
671,755
top-entry, 133, 134, 136, 169
transmission function, 485
vibration, 495
wedge-shaped, 274, 408, 410, 564, 565
Spectrometer (EELS)
aberrations of, 682, 683, 684
artifacts in, 689-690



calibration of, 684
collection semiangle of, 685-688
dispersion of, 683
entrance aperture of, 681, 682, 684, 686,
687, 688
entrance slit of, 294
focusing of, 682—683
object plane of, 683, 685
post-spectrometer slit, 683
resolution of, 683-684, 722
See also Electron energy-loss
spectrometry (EELS)
Spectrometer (X-ray energy-dispersive),
7, 581
artifacts of, 689-690
Au absorption edge, 613
Au contact layer, 651
automatic shutter, 611
clock time, 593, 596, 597
collection angle of, 101, 598-599
contamination of, 132
dead layer, 585, 586, 595, 596, 651
dead time, 592, 593, 596, 597, 598
efficiency of, 715, 721
escape peak, 606, 607, 612, 614, 628,
630, 656
incomplete-charge collection, 59
internal-fluorescence peak, 612, 613, 630
leakage current of, 593, 689, 690, 691
live time, 593, 596, 614
performance criteria for, 688
residuals in, 645
shutter, 594, 595, 600, 611
sum peak, 607, 608, 628, 630, 632
system peaks, 613, 627, 628, 632
take-off angle of, 614, 654, 655
time constant, 593, 596, 597, 598,
627, 630
window, 702, 703, 725
Spectrometer (X-ray wavelength-
dispersive), 589591
Spectrum
electron energy-loss, 680-681
X-ray, 26, 57, 60, 175, 591, 605-621,
643, 699
Spectrum imaging, 605, 619620, 659, 680
Spectrum-line profile, 616, 617, 620,
695, 733
Sphere of projection, 286
See also Stereographic projection
Spherical aberration, 6, 84, 100, 103-104,
108, 148, 205, 331, 488, 490, 494,
610, 635, 703
broadening, 84
coefficient, 84, 104
error, 108
See also Aberration
Spinodal decomposition, 504
Spinorbit splitting, 744
Spin quantum number, 744
Spot mode, 144, 149, 326, 584, 615-616
Spurious peak, 628

Spurious X-ray, 608, 609, 611, 635, 655
Sputtering, 65, 66, 68, 178, 180, 181,
646, 721
Stacking fault, 67, 250, 275, 279, 419, 420,
421,422, 424-427, 441, 446, 447,
448, 458, 471, 472, 473, 475, 476,
503, 524
contrast, 424, 425, 426
energy, 446, 448, 458, 473, 476
fringes, 402
inclined, 472
intrinsic, 475
overlapping, 426427
See also Planar defect
Stage, 24, 34, 62, 68, 81, 98, 101, 115, 118,
119, 121, 122, 123, 127, 130, 131,
132-133, 136, 137, 138, 150-152, 154,
169, 177, 188, 197,214,223, 224, 327,
330, 347, 374, 466, 512, 515, 522, 523,
540, 584, 586, 587, 589, 598, 599, 605,
611,612, 614, 616, 650, 655, 673, 753
Staining, 66
Standard Cr film, 518, 593, 612, 614, 615
Standard specimen, 164, 168, 305, 362,
599, 652, 744
Stationary-phase method, 470
Statistical criterion, 632, 673, 674
Statistically significant peak, 632
Stereogram, 286, 287, 303, 359
Stereographic projection, 286-287, 288,
302, 311, 315, 317, 348, 358
Stereology, 512
Stereomicroscopy, 285, 442, 450
Stigmators, 106, 149, 162, 163, 164
See also Astigmatism
Strain, 127, 135, 136, 278, 279, 339, 347,
361-363, 394, 396, 399, 400, 415,
441-442, 443, 444, 447, 448, 451,
452, 456, 457, 468469, 476, 526
analysis of, 362
contrast, 399, 456, 457
field, 279, 371, 394, 399, 400, 441459,
468-469, 476
lattice, 347, 361-363, 456
measurement of, 347, 352, 361-363
Strain engineering, 362
Straining holder, 136, 137, 551
See also Specimen, holder
Strain-layer superlattice, 362
Stress, 74, 81, 133, 134, 136, 182, 189, 324,
341, 375, 441, 477, 486, 495, 504,
527, 625
field, 136, 441
Strong-beam image, 382, 421, 424, 425,
467,474, 476
Structure correlation, 294
Structure factor, 4647, 223, 224, 257,
258-259, 260, 261, 262, 267, 272,
274, 284, 290, 332, 336, 347, 351,
356, 364-365
Structure-factor determination, 261,
364-365

Structurefactor-modulus restoration, 559
Student 7 value, 648
Substitutional atom, 277, 657
Substitutional site, 658
Substrate, 4, 81, 186, 187, 296, 302, 379,
393, 394, 395, 396, 397, 413, 452,
518, 519, 583, 751
Summation, 84, 108, 223, 239, 272-273,
569, 654
Sum peak, 592, 606, 607, 608, 628, 630,
632, 633, 638
Superlattice, 262-265, 277, 362, 415, 420,
427, 447, 504, 517
dislocation, 447
reflection, 262-265, 427, 517
See also Ordering
Surface barrier detector, 117, 118
diffusion, 527
dislocation, 452, 453
faceting, 392
groove, 540-542, 751
imaging, 519-521
layer, 81, 117, 182, 187, 380, 451, 452,
453,519
plasmon, 707
reconstruction, 519
relaxation, 363, 458, 517, 527
of specimen, 61, 62, 65, 136, 179, 275,
395,411, 433, 448, 455, 511, 522,
523, 599, 633, 707
Symmetry
bright-field projection, 155, 159-161, 361
determination of, 295, 340, 354,
357-361, 366
elements of, 266, 287, 305, 357, 358,
359, 361
glide plane, 442, 443, 444, 449
inversion, 359, 360, 365
projection-diffraction, 361
rotational, 360, 361
rotation axis, 358, 360, 412
screw axis, 543, 544
three dimensional, 364
translational, 504, 544
whole-pattern (WP), 361
zone-axis, 348, 352, 380, 383, 412, 458
See also Mirror plane; Point group;
Space group
Systematic absence, 259, 260, 290, 304,
348, 354, 356, 357
See also Forbidden reflection
Systematic row, 202, 205, 230, 249, 332,
411, 435, 457, 458, 464, 465,
466, 657
See also Diffraction, pattern
System peaks, 613, 627, 628, 632

T
Template, 305, 396, 397, 562, 563, 564, 567,
568, 569, 570, 572, 573, 659, 693
Temporal coherence, 76-77, 85
See also Spatial coherence



Texture, 283, 284, 290, 291, 292, 319, 557
See also Grain
Thalidomide, 363
Thermal-contraction coefficient, 363
Thermal-diffuse scattering, 64, 338
Thermionic gun, 74, 77-80, 82, 144
See also Gun
Thickness of specimen, 703
dependence, 538, 567
determination of, 352-354, 361, 415,
670, 671, 730
effect on contrast, 373-379
effective, 337, 415
fringe, 389, 407, 408-411, 413, 414-415,
424, 426, 430, 432, 446, 452, 456,
467, 468, 472, 521, 669
image, 731
simulation of, 414
Thin-foil criterion, 640, 654
See also Cliff-Lorimer
Thin-foil effect, 217-218, 273-274
See also Shape effect
Threshold energy, 67, 750
See also Beam (electron), damage
Through-focus dark-field, 513
See also Dark field (DF)
Through-focus image, 402, 493, 506
Tie line, 248, 249, 250, 251, 252, 254, 413,
431,432
See also Dispersion diagram, surface
Tilted-beam condition, 390
Tomography, 10, 135, 442, 511-512, 741,
755-757
Top bottom effect, 297, 298
Top-hat filter function, 643, 644
Topotaxy, 296
Torr, 128, 129, 130
Trace element, 625, 632, 634, 659,
672,732
Transfer function, 485, 486, 487488, 490,
491, 492, 494, 495, 552, 560
effective, 491
See also Contrast, transfer function
Translation boundary, 419
Transmission electron microscope, 3—18
Tripod polisher, 177, 178
TV camera, 111, 118-120, 141, 326
See also Charge-coupled device (CCD)
camera
Twin boundary, 6, 169, 207, 217, 276, 402,
419, 420, 427, 454, 455, 472, 503
See also Grain, boundary; Stacking
fault
Twin-jet apparatus, 178
Twin lens, 145, 146
Two-beam approximation, 224, 227, 390,
424, 435, 478
calculation, 457
condition, 224, 230, 296, 352, 381-382,
383, 384, 385,422,444, 658, 669, 733
Two-photon microscopy, 4
Two-window method, 643

U
Ultrahigh vacuum, 13, 55, 128, 129-130
Ultramicrotomy, 180, 183-184, 634
Ultra-soft X-rays, 590
Ultrasonic cleaning, 176, 182, 184
Ultra-thin window, 586, 587, 588
See also Spectrometer (X-ray
energy-dispersive)
Uncollimated electrons, 610
Underfocus, 96, 142, 143, 145, 147, 148,
149, 154, 162, 163, 164, 165, 198,
205, 207, 229, 330, 381, 382, 400,
466,492, 500, 514, 515, 516, 517, 553
See also Lens; Overfocus
Unfilled states, 55, 742, 743, 744, 746
Unit cell, 46, 47, 212, 223, 257, 258, 261,
262,264,272, 273, 274, 324, 338,
347, 354-357, 421, 427, 435, 447,
500, 540, 542, 544, 558, 563, 567,
571, 655, 665, 669, 748
determination of, 354-357
image, 567
scattering amplitude from, 258
volume of, 28, 65
See also Crystal; Lattice

A%
Vacancy, 66, 67, 277, 449, 528
loop, 449
See also Dislocation, loop
ordered array, 264, 278, 542
Vacuum
backing valve, 131
high, 128, 129-131, 523, 752
low, 128
pumps, 127
rough, 128
tweezers, 175, 189
ultrahigh, 129-131
wave vector in, 249
Vacuum level, 742
Valence-clectron density, 365, 709
Valence state image, 679, 743, 744, 745,
747, 748
Valence-ultraviolet spectrum, 705
Végard’s law, 363
Video image, 550
See also Charge-coupled device (CCD)
camera
Viewing screen, 5, 11, 26, 75, 76, 82, 85, 97,
115,116-117, 119, 124, 141, 143, 144,
146, 148, 149, 151, 152, 153, 154, 155,
156, 162, 166, 199, 224, 371, 372, 681,
682, 685, 686, 691, 694, 696
Visible-light microscope, 5, 86, 91, 198
Void, 374
Voltage centering, 162, 493
Von Laue, 48, 49, 358
condition, 199, 214, 216, 271
equations, 48, 49, 201, 203, 213-214
groups, 49
X-ray pattern, 218

zone, 216, 217, 289, 290, 311, 323,
335-338, 349, 351, 355, 356, 357,
458, 614

See also Higher-order Laue zone
(HOLZ); Zero-order Laue zone

W
Wafering saw, 176
Water vapor, 124, 127, 132, 136, 189, 586,
587, 595
Wave
diffracted, 48, 199, 200, 259, 536
equation, 235-236, 247, 495, 728
function, 33, 222, 224, 227, 236, 237,
241, 252, 399, 486, 487, 535, 728,
748, 753
incident, 34, 36, 48, 199, 215, 216, 486
matching construction, 248
total amplitude of, 31
total function, 222, 224, 227-228,
236, 252
vector, 45, 199, 200, 215, 216, 222, 224,
227,238, 239, 241, 245, 246, 248,
249, 251, 399, 432, 435
Wavefront, 30, 31, 32, 45, 103, 199, 200, 223
Wavelength-dispersive spectrometer
(WDS), 589-591
See also Spectrometer (X-ray
wavelength dispersive)
Weak-beam dark field, 463-479
3g reflection, 464, 466
condition, 453
of dislocation, 469470
thickness fringes in, 467
See also Dark field (DF)
Weak phase-object approximation, 486
WEBeMAPS, 350, 351
Wedge specimen, 186, 187, 249, 250,
275,279, 408, 414, 430, 431, 446,
472, 641
Wehnelt, 75, 77, 78, 79, 132
bias, 75, 78, 79
cylinder, 77, 78
See also Gun; Thermionic gun
Weighting factor, 258
Weiss zone law, 204, 289, 335, 348
White line, 463, 723, 728, 729, 736, 744,
745, 746, 748
White noise, 497, 572
White radiation, 198, 215
Wien2k code, 711
Wien Filter, 693
Windowless (X-ray energy-dispersive
spectrometer) detector, 587,
630, 723
Window polishing, 183
Window (X-ray energy dispersive
spectrometer), 586587
Wobbling (lens), 148, 162
Work function, 74
World Wide Web, 15
Waulff net, 286, 287, 302



X
X-ray

absorption of, 28, 294, 599, 600, 634,
641, 653, 656, 671, 694, 717, 742,
751,752

See also Absorption, of X-ray

absorption near-edge structure, 742

atomic-number correction, 640, 650

bremsstrahlung, 40, 55, 60, 135, 598,
605, 606, 608, 609, 610, 611, 613,
635, 643

characteristic, 653

count rate, 589, 598, 599, 616, 625, 641,
658, 673

depth distribution of, 654, 655, 665

detector, See Spectrometer (X-ray
energy-dispersive)

diffraction, 5, 30, 197, 198, 215,
290, 545

emission of, 55-60, 61, 63, 650, 654, 657,
658, 669, 715, 733, 735

energy of, 7, 55, 58, 60, 581, 582, 585,
587, 588, 591, 593, 594, 595, 605,
606, 626, 629, 641, 643, 652, 653

energy-dispersive spectrometry (XEDS),
See Microanalysis; Spectrometer
(X-ray energy-dispersive)

families of lines, 605, 628, 629

fluorescence, 612, 721

image, 605, 616-620, 634, 636, 658, 755

interaction volume, 663, 664, 665, 672,
674, 735

map, 381, 550, 567, 584, 588, 616, 617,
618, 619, 658-659, 672

peak-to-background ratio, 673

scattering factor, 435

spectra, 87, 581, 590, 605-621, 645, 647,
653, 688, 717, 723, 742, 751

See also Microanalysis; Spectrometer
(X-ray energy-dispersive);
Spectrometer (X-ray
wavelength-dispersive)

Y

YAG scintillator, 685, 688, 691
Young’s modulus, 457
Young’s slits, 13, 30, 31, 279

Z
ZAF correction, 639
Z contrast, 44, 161, 379-381, 506, 543, 545,
567, 746
scattering, 379, 380
z control, 151, 327, 330, 332, 512
Zero-energy strobe peak, 631
Zero-loss, 630, 671, 680, 683, 690, 691, 699,
701-703, 707, 725, 730, 731, 753
integral, 729
peak, 701-703
Zero-loss filter, 703
Zero-order Laue zone, 216, 289
Zero-order wave, 48
Zeta-factor, 652654, 656
z-factor, 641, 646, 653, 654, 656, 659, 671,
672, 675
Zone axis, 348, 352, 380, 383, 412, 458
high-symmetry, 338, 356
image, 537
low-symmetry, 338, 356
orientation, 348, 380, 614
pattern, 216, 303, 319, 412
symmetry, 338, 356
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