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340–343, 363–364, 375, 416, 466

– position 30, 484–491
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F
feedback control 95–100, 140, 180–187
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– pattern 34, 323–327, 331–344
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fringe, x-ray 30, 32, 38–44

G
grating 25–28, 43, 80–91, 193–204, 206–

211, 283–286, 291–294, 396, 404–406
– constant (pitch) 25–26, 43, 251, 292–293,

407
– material contrast 293
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hardness 414, 465–477
– indentation 57, 465
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– measurement 18, 157–158, 465–480
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– of PZT 4, 100–103, 186–187, 194,

221–225, 245, 485
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image analysis 105–107, 208, 213, 465–467,

478–479, 481–499
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205–206, 212–214, 247, 252, 269–281,
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213–214, 404–408
– x-ray 29–32, 38–44
– imaging 11, 33–36
intermittent contact 74, 131, 135, 364
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lateral calibration see calibration
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112, 132, 282–283, 288–294, 323, 430, 442
lateral standard see standard
lattice parameter 29–30, 38, 40

least squares fit (LSF) 256
length see measurement 345
line spread function 286–290
linewidth see measurement
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mass standards see standard
measurement
– accuracy 444
– area 5–11, 64, 80–88
– circle 111, 179, 347
– deviation 346–350, 405

– flatness 86, 180, 188, 259–268
– force 157–170
– length 3, 345, 355, 404, 500–514
– linewidth 23, 311, 376, 390

– method 112–113, 138, 206–213, 283, 381,
467
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– position 73, 80, 119–130, 177

– range 31, 40–52, 75–76, 85, 135, 264, 427
– roughness 58, 74, 86–88, 231–234, 254,

365, 424–433, 470
– speed 73, 75, 91, 119, 128

– step height 7, 12, 55, 205, 220–229,
232–233

– uncertainty 26–30, 52–58, 105–106,
190, 195–202, 210–216, 264–265,
328–330, 346–356, 367–374, 394–396,
509–511,

– strategy 71, 80–81, 271
– topographic 7, 74, 323, 418

metrology, scanning probe microscope
for 3–21, 23–25, 74, 173–192, 363–365

micro milling 230, 414
microscope, microscopy
– confocal 136, 141, 323
– confocal scanning probe 131–133, 141
– scanning capacitance (SCM) 443
– scanning electron (SEM) 183, 220, 283,

299, 413, 420
– scanning force (SFM) 5, 15, 58, 60, 73, 91,

119, 144, 220, 250, 276, 311, 444
– scanning near-field optical (SNOM) 6–9,

424–427
– scanning probe (SPM) 4, 15, 23, 43, 48,

109, 141, 150, 173, 206, 217, 221, 254,
415

Monte Carlo calculation 162, 375–384,
385–401

multilayer 283–284
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Nano Measuring Machine (NMM) 15,

73–75, 91
nano roughness see standard
nanobalance 22, 34–35
nanohardness see hardness
nanoindentation 131, 135, 141, 467
nanometrology 3, 27, 47, 205–206, 245,

254, 331
near-field 6, 9, 424–428
Newton-Raphson iteration 101
Newtonls algorithm 305
Newtronls ringe 33, 332–342
noise
– level 77, 86, 88, 103, 106, 138, 148, 163,

175, 407, 427
– acoustic 76
– analysis 163, 169
– electronic 127, 186, 332
– measurement 163
– quantum 332
– random 103
– signal 148, 179, 376

non-contact mode 74, 91, 131, 135, 141,
312, 425, 454

nonlinearity see interferometer or piezoelectric
actuator

numerical aperture (NA) 134–141, 323–324,
328–330

O
operator

– exponential fit 392, 394
– Gauss fit 398
– signal decay 398

optical interferometer see interferometer

P
piezo
piezo electric cantilever see cantilever
– sensor see cantilever
– actuator (transducer) 30, 40,

51, 63–64, 77, 120, 122, 126, 220–229
– actuator, nonlinearity 221,

233
– actuator, hysteresis see hysteresis
– actuator, creep see creep
pitch see calibration
position measurement see measurement
positioning range 15, 52
positioning system 4–16, 63–65, 75, 140,

416
power spectral density (PSD) 427, 431

probe see tip
probing system 3–4, 61, 131–132

Q
quantitative measurement 23, 144, 154, 173,

177
quantum dots, InAs see standard 9

R
reconstruction of tip shape 297–310
resonance frequency see frequency
roughness see standard or measurement
roughness standard see standard

S
scanner 70, 74, 100, 104, 121, 141, 174–192,

220–228, 247, 269, 272, 362–363, 469–478
scan range 85, 102, 126, 138, 179, 186, 270,

272
scanner bow 179–180, 247
scanning
– capacitance microscopy (SCM) 443
– electron microscopy (SEM) 183, 220, 283,

300, 413, 416, 420
– force microscopy (SFM) 4–5, 15, 74, 104,

311
– probe microscopy (SPM) 4, 15, 19, 22, 43,

48, 150, 173, 206, 207, 221, 245, 256
– speed 31, 55–58, 116, 119–120, 128–130,

136, 372
scan-on-the-fly 15
sensor see capacitive transducer
silicon facets 264–265
spectral density 34, 426, 431
sputtering 230, 237–239
standard
– flatness 16–17, 86, 179–180, 188, 246,

259–262
– lateral 83–85, 180
– mass 424–426, 431, 435, 438
– nano roughness 254
– roughness 87, 234, 254, 266, 269
– step height 11, 58, 129, 189, 212–214,

324–325
– thin film 254–256
– tip characterizer 175, 248
step height see measurement, calibration
strain gauge 4, 7, 74, 158, 177, 245
stray field 443–445
strip pattern 282–294
stylus instrument 88, 91, 167–169, 213–214,

259–268, 421–422, 427
surface
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– contamination 438
– roughness 23, 132, 231, 237–239, 270,

313, 416–423, 424–433, 452–454, 470–471
– texture 417, 422, 505
– topography 70, 119, 128, 141, 280,

414–423, 428, 444

T
tapping mode 7, 361, 364–374
thermal expansion 52, 179, 345, 348–356,

405, 501–503
time of flight secondary mass spectrometer

(TOF-SIMS) 284–285, 434, 436–442
tip
– characterization 175, 248
– characterizer 248, 314, 367

– apex 318, 428, 443–444
– diameter 313–314
– characterization 183, 257, 306, 315
– material 9

– radius 249, 276, 305–309, 318, 366–372,
383, 423, 443–450, 468–479
– shape 23, 88, 182–183, 193, 202, 248,

297, 307, 311–320, 362–374, 443, 469,
475

tolerances 35, 40, 230–240, 298, 313
traceability 25, 29, 48, 73, 78, 95, 174, 177,

205–214, 251, 266, 324–328, 348
tuning fork 8–9, 112–113, 131–143

V
verification 158, 174–181, 246, 263, 435, 465

W
wavefront 332
Wiener-Khintchine theorem 163

Y
Youngls fringe 332–335, 341
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