Subject Index

a

absolute pressure sensors

absorber layers 488

absorption 335 ff, 352 f

AC modulation 530

accelerometers 140 ff, 160-184

accuracy

— analog frontends 526

— digital-to-analog converters (DACs) 550

— filters 541

— fingerprint images 425

— operational transconductance amplifiers
(OTAs) 569

acetic acid etching 18, 302

acidity sensors 364

acoustic devices 193-224

action potentials 463

add-on layers 43 ff

adsorption 335 ff

Agilent 0.5 pm process 218

aging 150

air damping 170

air discharge 412 ff

alkaline phosphatase 455

Allen variance 570

ALP2LV/MV 72

aluminum

— bulk material 97 ff

— Seebeck coefficients 485

— thin films 83

aluminum bridge 233

aluminum capacitors 247

aluminum metallization 3 ff, 14 ff, 32 f, 43,
182

— elastic properties 126

aluminume-silicon alloy layers 464

ammonium hydroxide compound etch-
ing 20

amorphous silicon 492

300, 309 ff

579

amperometric sensors 359 ff, 449

amplifiers 196, 217 f, 227

— chemical sensors 347, 359

— pressure sensors 259

— system integration 513 ff

analog capacitors 519

analog devices (ADI) SOI MEMS 146, 183

analog filters 513 ff, 535 ff

analog frontend 513, 521 ff

analog resistors 519

analog-to-digital converters (ADCs)
523, 544 ff

analysis quality 451

anemometers 502 f

anisotropic etching 8 f, 18 ff, 241

anisotropy factor 287

annealing 34, 43

anodically bonded glass encapsulation 309 ff

anti-aliasing filters 542

anti-fraud techniques 440

antiresonant reflecting optical waveguide
(ARROW) 355

application-oriented tests 563

architectures see: block diagrams

513 ff,

array
— four-cantilever 377 ff
— phased 221

artificial fingerprints 441

ASIC technology 517

Atmel's AT77C103A FingerChip 403

atmospheric pressure vapor deposition
(APCVD) 5

atomic force microscopy (AFM) 345

Austria Micro System (AMS) process

authentication 397

auto-zero techniques 522, 534

automatic fingerprint identification system
(AFIS) 395 f, 417 f

215 f
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580

Subject Index

automatic generation of test pattern 563
Avogadro's number 75

axisymmetric diaphragms 301
axisymmetric plates 274

b

back annotation 565

back-end metallization 10

bandgap voltages 555 ff

bandpass filters 535 ff

bandwidth

— analog frontends 523

— filters 541

— inertial sensors 179

— operational transconductance amplifiers
(OTAs) 569

— switched capacitor amplifier 513, 535

base emitter voltage 555 ff

basicity sensors 364

batch fabrication, biochemical sensors 449 f

beam test structures 115 ff

bending stresses, thin plates 274, 277

benzocyclobutene (BCB) switch 233

BEOL accelerometer 169 ff

Bessel filter 153

bias stability 144

BiCMOS technology 2 ff, 72, 234

— interface circuitry 518, 521

bifurcation 416, 422

BioAPI 436

biochemical sensing systems 378 ff,
447-478

biocompatible materials 14, 464

biological entities 338

biometric capacitive fingerprint sensor
systems 391-446

biometric engine level error rate 426

biosensor arrays 454 ff

biquad filters 540 ff

blank reticle 27

blister test 114 f

block diagrams

— ADI XL150 gyroscope 158

— ADI XL50 148

- ADI XL76 152

— calorimetric sensor 503 f, 570

- chopper amplifier 535

— constant current generator 558

— DEP chip 461

— dielectrophoretic cell 460

— digital-to-analog converters 549

— DMOS transistor 519

— DNA hybridization 455

— double check structure 493

— dual slope ACD 545

— earphone 210

— fingerprint sensor 405

— gas detection system 567

— gas flow meter 505

— hotplates 369

— interdigitated capacitive sensor 373

— i-Stat system 450

— microelectrode pixel 467

— microphone 199

— neural probe 471

— operational transconductance amplifiers
(OTAs) 569

— oscillator feedback circuitry 347

— pixel recording 468

— pressure sensors 304, 312, 316

— RF switch 225 ff, 232

— Sallen-Key filter 540

— Siemens accelerometer 168

— Sigma-Delta modulator 373, 547

— switched capacitor amplifier 531

— thermal RMS converter 500

— thermocouple 484

— transceiver 229

— Wheatstone bridge 529

blood gas analysis 454

Boltzmann constant 91, 143, 198, 486

boron etch-stop 303 ff

borophosphosilicate glass (BPSG) 38

boundary elements simulation (BEM) 28

breakage test 415

breakdown, dielectric 453

bridge bending 100, 122 f

brittle layers 119

Brownian noise 143 ff, 152 ff, 170 f, 197

Bubnov-Galerkin variation 273, 276

buckling 107, 111, 115

— acoustic devices 202 ff

buffered oxide etching (BOE) 8

building blocks 522, 539 ff, 559

bulge test 100 f

bulk material properties 83 ff, 267

bulk micromachining 18 ff, 29, 42

— pressure sensors 257, 300, 305 ff

bulk silicon 368

— accelerometer 181

— inertial sensors 180 ff

bus-enabled interfaces 572

c
CAE (1.3 ym) 72
cage compounds 338



calibration

— analog frontends 522
— building blocks 554 ff
— interface circuitry 521

— pressure sensors 257, 259
calixarenes 338
calorimetric sensors 353, 502 f

- gas detection system 570 f
— switched capacitor amplifier 535
CAN bus 554
cantilever based sensors
cantilevers 13, 19, 56, 90 f
— biochemical sensors 472 ff
— chemical sensors 345 ff, 377 ff
— gas detection system 570 f
capacitive acoustic devices 196
capacitive bridges 143, 161, 171
capacitive chemical sensors 15, 359, 568 f
capacitive detection mode 151
capacitive fingerprint sensor
systems 391446
capacitive forces 73 f
capacitive MEMS ultrasonic transducers
(cMUTs) 217
capacitive microphones 195
capacitive pressure sensors
capacitive read-out 513
capacitive sensors 527 f
capacitive transducers 401 f
capacitor inductor combination 210
capacitor layers 80
capacitors 142, 229 ff, 235
— chemical sensors 372
— interface circuitry 519
— tunable 227
capture conditions, fingerprint
images 424
carbon black-loaded polymers 367
Carnegie Mellon series 169 ff, 186 f
cartridges 450
catalytic thermal sensors
cavities 300
CBT (2 ym) 72
cell-based assays 457 ff
cell-electrolyte electrode interfaces 463
cell handling 458 f, 464
cell level ACD 545
cell trapping, dielectrophoretic 458
cellular activity 463
charge carrier transport 74 f
charge-sensitive amplifier (CSA) 538
charge transfer 317, 340 ff
chemical mechanical polishing (CMP) 11

257, 301-314

349 ft

Subject Index

chemical mechanical rubbing test 414
chemical reactions 340 ff
chemical robustness 416 f
chemical sensors 335-390, 568 f
chemical vapor deposition (CVD)
210, 220
chemiluminescence 353, 457
chemisorption 337

chemocapacitors 372 f, 568
chemoresistors 365
chemotransistors 361 ff

chopper amplifier 522, 534

circuit integration 27 ff, 513-577

circular diaphragms 293 f, 301

circular plates 277 ff

clamped beams 115

Clark cell 361

Clausius—Mossotti factor 459

clock period

— filters 542

— pressure sensors 319

— switched capacitor amplifier 533

closed couplers, acoustics 194

closed/open loop architectures 150

coatings 336, 401

comb fingers 157 f, 162, 170, 237

common biometric exchange file format
(CBEFF) 437

common mode feed back (CMFB) 317

comparator 570

compliance

— acoustic devices 198

— coefficients 73 f, 76

— inertial sensors 147 ff
— pressure sensors 265 ff
— tensors 261, 266

component-based integration 437 ff
compressibility 262, 267
computer-aided engineering (CAE) 6
condensation heat 352

condenser microphones 195
conducting polymers 367
conducting thermocouple materials 85
conducting thin films 69
conductivity

— electrical 82 f

— thermal 69, 73, 86 ff, 96 ff, 323
conductometric sensors 358, 365 ff
constant-current sources 558
constant-flow modes 502

contact opening reticle 27

contact area shifts 424

contact electrode 454

3, 44, 202,

581



582

Subject Index

contact oxides 12, 96

contact resistance 80

contamination 453

continuous-time detection 530

control layer, fingerprint sensors 435

controllers, gas detection system 572 f

conversion radio architectures 227

converters

- analog-to-digital (ADCs) 315

— digital-to-analog 513 ff, 523, 549 ff

— thermal 480, 499 ff

cooled photon detectors 482

coplanar waveguides (CWG) 231

copper

— bulk material 97 ff

metallization 71, 126

— Seebeck coefficients 485

— spiral inductor 242

— thin films 83, 87

core-cladding interface 355

Coriolis acceleration 144 ff, 156 ff, 164 f

correlated double sampling (CDS) 317,
531 f

Cottrell equation 359

Cr—Al-Cr spacer 180

cracking 114

critical pressure 107

cross sensitivity 525

crosstalk 570

crowding effects 240

crown ethers 338

cryptosmartcards 441

current mode 151

current references 554 ff, 558 ff

cut-frame structures 119

cyclodextrins 338

CYE (0.8 pm) 72

cytometers 458

d

Daimler-Benz accelerometer 181

damascence copper process 234

damping 170, 182

— acoustic devices 198

— coefficients 140, 143

DARPA 165, 183

data interfaces 554 ff

databases, fingerprint sensors

decimation filter 513, 552

deep reactive ion etching (DRIE)
201 f

defects 24

defence evaluation 167

429 £, 435

21, 35, 53,

deflection 103 ff

— acoustic devices 211

— diaphragms 257, 301 ff

deformation functions 105

delay time 570

Delta—Sigma converters
513

demagnificating projection 399 f

demodulation 225, 520

demultiplexer 379

deployment 438 ff

deposition techniques

design guidelines

— accelerometers 141 ff

— biochemical sensors 464 ff

— gas detection system 566 f

— system integration 561 f

design-rule-check (DRC) 26 ff, 564, 567 ff

desorption 352

device-under-test (DUT) 205, 527, 562

Dialog Semiconductor accelerometer 181

diamond shape structures 115

diaphragms 106 f

— acoustic devices 195

— pressure sensors 257

dielectric constant 73 f

— chemical sensors 374

— transducers 401

dielectric layers 5, 53, 126 f, 368

— biochemical sensors 452

- fingerprint sensors 407

dielectric thin films 69

dielectrometers 372 f

dielectrophoresis (DEP) 458 ff

differential circuit design 526

differential difference amplifier (DDA)
528, 570

differential nonlinearity (DNL) 523

differential switched capacitor Sigma-Delta
modulator 548

diffraction effects 197

diffusion barrier metallization 71

diffusion coefficients 359

diffusion effects 370

diffusion layers 80, 283 ff

diffusivity 73 f

digital circuitry 517

digital controllers, gas detection
system 573 f

digital filters 551 ff

digital light processing (DLP) 46

digital micromirror device (DMD)

digital output 521

313, 319, 321 ff,

4 ff, 25, 301

347,

22, 46



digital serial protocol controller 452

digital signal processor (DSP) 50

digital sound reconstruction (DSR) 193,
214 ff

digital-to-analog converters (DACs)
523, 549 ff

dilatation 268

diode array pixels 497

diodes, varactor 249

dirt problems, fingerprint sensors 440

discrete time system 542

distance transducers 401

distortions

— analog frontends 524

— filters 551

— fingerprint images 424

DNA analysis 14

doping 4, 24 f

— piezoresistivity 281 ff

— pressure sensors 303

double polysilicon—double metal
(DPDM) 184

drain/source implantation 12, 17, 40

drift 526

dry etching 18 ff

dual-band transceiver 229, 248

dual-slope analog-to-digital converters 544

duality principle 353

Dulong—Petit law 75

dynamic mode

— chemical sensors 345

— digital-to-analog converters (DACs) 549

dynamic properties, analog frontend 523 f

dynamic range, filters 551

dynamic signature verification (DSV) 396

513 ff,

e

earphone construction 208 ff

ECPD10 process 72

elastic moduli 69 ff, 73 f, 126 f

— silicon 266

elastic solids 261

elastic stiffness 73 ff, 76

elastoresistivity tensor 280

electret microphones 195

electrical conductivity 82 f

electrical-electrical transduction 74 ff

electrical material data 80 ff

electrical resistivity 69, 73 ff, 80, 485

electrical-thermal transduction 74 ff

electrically programmable read-only memory
(EPROM) 378 f

electrochemical reactions 340 ff

Subject Index

electrochemical read-out 454 f
electrochemical sensors 342, 358 ff
electrode fabrication 454, 464, 470 ff
electrogenic cells 463 ff
electromagnetic resonators
electromagnetic waves 353
electromechanical drives 244
electromechanical interfaces
electron-hole pairs 353, 481
electronic design automation (EDA) 27
electronic noise 551
electrophysiological assays 463
electroplated gold lines 490
electroplating 5 ff, 42, 47
electrostatic deflection 100
electrostatic/thermal actuation 117 f, 235
electrothermomechanical material
data 73 ff
encoding 394 f, 403 ff
endothermic reactions 348
energy minimization method 113
engine level error rate 426
enrichment factor 339
enzyme label 455
epipolysilicon 128, 160 f
equal error rate 427
equivalent input noise 197
error rates
— analog frontends
— filters 551
- fingerprint sensors
— piezoresistivity 284
ESD air discharge 412 ff
etch-stop techniques 20, 42, 50
— electrochemical (ECE) 20, 51, 304 ff
— gate polysilicon 167 f
— microbolometers 495
— pressure sensors 259, 300 ff
etching 4, 18 ff, 38 ff, 241
— chemical sensors 346, 372
— interface circuitry 516
ethylcellulose (EC) 380
ethylenediamine-pyrocatechol (EDP)
etching 20, 53, 84, 241
— chemical sensors 350 ff
— pressure sensors 303
Euler buckling 115
evanescent waves 354
excitation signal 570
exothermic reactions 348
expansion coefficients 273
see also: thermal expansion coefficient
externally polarized microphones 195

243 ff

407 f

526 f

426 ff, 432

583



584

Subject Index

f

fabrication 1-68

— biochemical sensors 452, 464 ff
— infrared detectors 481

— interface circuitry 515 ff

— microphones 197 f, 201 f

— SOI diode microbolometer 498
— speakers 209

— system integration 515 ff

— ultrasonic sensors 218 f
Fabry—Perot devices 354 ff

face recognition 395

failure statistics 562
failure-to-capture (FTC) rate 428
failure-to-enrol (FTE) rate 428
false acception rate (FAR) 397, 426
false rejection rate (FRR) 397, 426
faradaic currents 359

Faraday constant 340

feature extraction 416 ff, 424
feedback

— chemical sensors 345

— fingerprint sensors 418, 439
Fermi-Dirac integrals 281 f
Fermi levels 282, 485

ferromagnetic films 16

field-effect transistors (FETS)
463

field-oxide layers 12, 96

field tests, fingerprint sensors 411

figures-of-merit, thermocouples 486

film bulk acoustic resonator (FBAR) 246

filters 244 ff

— building blocks

— digital 551 ff

— fingerprint sensors 421

— interface circuitry 520 ff

— system integration 513 ff

fingerprint sensor systems 16, 391-446

finite element modeling (FEM) 27

— ANSYS 567

- gas detection system 567

— material properties 79 f

finite impulse response (FIR) 313, 552

flexural plate wave devices (FPWs) 343

flexural rigidity 103, 271

flicker noise 163

flow cytometric analysis 454, 458

flow diagram, IC fabrication 4

flow sensors, thermal 480 ff

fluorescence 353

fluorescence-activated cell sorting
(FACS) 458

122, 230, 361,

539 ff

focal plane arrays (FPA) 481 ff

folded cascode operational transconductance
amplifiers (OTAs) 568

force balance equation 140

force feedback 147, 150 f

fork-type rate sensors 157 f, 164

four-terminal transverse voltage strain gauge
(X-ducer) 260, 297

fractional resistances 294 ff

fracture mechanical properties, silicon 123

fracture strength/toughness 69 ff, 73 £, 76,
120

frame-stabilized structures 119

fraud, fingerprint sensors 440

frequency conversion 225

frequency response 212, 216

frequency shift 336, 343

frequency sweep 570

Fresnel lenses 489

friction 73

front-side processing, wafers 301

fully differential analog frontend 526 f

fused silica 452

g
Gabor filter 421

gain stability 144

gallium arsenide 9

— chemical sensors 353

— RF CMOS MEMS 226

Galvanielectrics 463

gas detection system 379 ff, 566 ff

gas flow meters 505

gate capacitance 144

gates 3, 10

— layers 80

materials 6 f, 167

— metal electrode 362

— polysilicon 86, 167

gauge factors

— capacitive 300

— polysilicon films

gauge sections 119

Gaussian distribution

— piezoresistivity 283

— system integration 559

Gaussian plane wave filters 421

geometric effects 109, 353

geometric rule violations 564

geometry-material property
relations 79 f

germanium 45, 187

glass encapsulation 309 ff

284 f



glucose 449
— oxidase 454
GmC filters 537, 543 ff

see also: transconductance
gold
— black 488
— electrodes 465
— electroplating 181
— layers 6
— Seebeck coefficients 485
gold—tin solder frame 307
graph matching 425
gravimetric mass detection 217
Gray counter 379
gray scale dynamics 408, 425
Greek cross device 81 ff, 92 ff
Gummel number 555
gyroscopes 144 ff

h
half-bridge topology 170
Hall plates 15, 37
hardware description language (HDL) 27
harmonic distortion 524
heat capacity 69, 73, 95 ff
heat loss 85, 502
heat transfer 75 ff
heating elements 502
Hermann-Schoénflies notation 265
high-g prototype 183
high-impedance amplifiers 196
high-temperature capacitive pressure

sensors 323 ff
high-temperature chemoresistors 367
high-temperature polysilicon 167
high-voltage devices 519
Hooke’s law  261-269
hot junctions 350
hotplates 368

see also: microhotplates
housing, acoustic devices 211
human serum albumin (HSA) 355
hybrid systems 454, 515
hydrazine water etching 49
hydrocarbons 337, 344, 352
hydrofluoric acid (HF) etching 8, 18 f
— pressure sensors 260, 302
hydrogen monoxide 337
hydrogen peroxide 360

i
12C bus interface 571
identification 391, 416 ff, 439 ff

Subject Index

identifier on card (IoC) 441
IEEE1451.1-4 interfaces 554
image capture, fingerprint sensors 408-419
imaging arrays, thermopiles 489
immobilization 464
impedance, acoustic devices 203
impedance spectroscopy 461
implantation techniques 12
impurity concentration, piezoresistors 298
in vivo electrophysical measure-

ments 470 ff
indentation 121 f
indium phosphide 353
indium tin oxide (ITO)
indiumantimonide 481
inductors 229 ff, 238 ff, 250
inertial sensors 137-192, 204
infinite impulse response (IIR) 313
information check, fingerprint sensors 420
infrared detectors, uncooled 480, 483 ff
inkjet printing 455
input common mode feedback (ICMFB)

amplifier 163
input noise 197 f
input signal domain 73
insertion loss 225
instrumentation amplifier 513 ff, 536
integral nonlinearity (INL) 523
integrated circuits (ICs) 4, 79 ff, 341
integrated electronics 450 ff
integrated inertial sensors 137-192
integrated optics 354 ff
interconnects 3, 38, 452
interface circuitry
— gas detection system 567 ff
— system integration 513 ff
interfaces
— electrogenic cells 463 ff
— electronics 566
— fingerprint sensors 407 ff, 435
interfacial cracking 114
interferences, analog frontends 527
interferometers 354
intermediate CMOS integration 257
intermetal insulators 71
intermetal oxides 12, 96
intermodulation filters 551
internal reflection transducer 400
intra CMOS micromachining 29, 37 ff
— interface circuitry 515 f
— pressure sensors 314 ff
inversion layers 78, 129
ion implantation 5

460, 465

585
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Subject Index

ion-selective field-effect transistor
(ISFET) 362, 378, 464

ionic compounds 338

iris recognition 394 f

irradiation 353

islands, silicon layers 368

isolated transistors 519

isopropyl alcohol (IPA) 303

isotropic etching 8 f, 18 f, 21, 302

isotropic materials, Hooke’s law 269 ff

i-Stat Portable Clinical Analyzer (PCA) 449

ITRS road map 517

J

Johnson noise 198 ff, 206 £, 486
junctions 9 ff, 37 ft, 180 f, 234
— chemical sensors 350

— pressure sensors 260, 283, 322

k

K band frequencies 243

Kanda effect 281, 299

Kelvin relation 74 f

kernel layer, fingerprint sensors 435
Kirchoff condition 102

KPY60 high pressure sensor 298
Krautkramer transducer 220

)

Lamé’s constants 269
Langmuir-Blodgett films 338
Laplacian operator 272, 278
laser trimming 149

lateral accelerometers 169 ff
lattice defects 370

layers

— acoustic devices 196 ff

— add-on 43 ff

— biochemical sensors 453, 464
— brittle 119

— chemical sensors 336 ff, 352

— dielectric 368

— fabrication 3 ff, 25

— fingerprint sensors 407

— interface circuitry 516, 520

— inversion 78

— material characterization 80 ff, 89 ff, 96,
234 f

— piezoresistivity 129, 283 ff

— polysilicon 167

— post CMOS micromachining 43 ff

— pressure sensors 259 ff, 300, 305

— system integration 565

— thermocouples 488
see also: passivation-, sacrificial-, oxide-
layers

layout-versus-schematic (LVS) verifica-
tion 26, 565 ff

lead zirconate titanate (PZT) trandu-
cers 219f

least significant bit (LSB)

lift-off technique 7, 15

LIGA 178 f

light-emitting diode (LED) 357

limit-of-detection (LOD) 525

linearity

— analog frontends 523

— pressure sensors 276

— system integration 513

lipids 338

liquid flow 502

lithographic structuring 27, 464

living cells 463

load deflection models 103 ff

local oxidation of silicon (LOCOS) 9

long diaphragms 109

long-term stability 72

— analog frontends 526

long-wave infrared thermal sensors 481

Lorentz forces 346

loudspeaker 205

low-doped drain (LDD) technology 3, 10

522, 545

low-noise amplifiers (LNA) 227, 536
low-pressure CVD (LPCVD) 5, 25, 38
— chemical sensors 350, 355

low-pressure sensors 298
low-temperature chemoresistors 366
low-temperature oxide (LTO)-spin on glass—

LTO sandwich (LTO-SOG-ITO) 47, 180
lower explosive limit (LEL) 336, 349

m

M test (mechanical) 118

Mach-Zehnder interferometers 354

magnetic actuation 346

magnetic modes 354

MAMOS transistors 182

manifold air pressure (MAP)
sensing 260 f

masking 6, 18, 27

— interface circuitry 518

— layers 564

— materials 18

mass-sensitive resonant cantilever 570 f

mass-spring damper system 140

matcher-on-card (MoC) 441



matching, fingerprint sensors 394 f, 419 f,
424

material characterization 11 ff, 69-136, 338,
452

Mauguin notation 265

measurement techniques 69 ff, 79

mechanical-electrical transduction 77

mechanical energy domain 69

mechanical material data 123 ff

mechanical-mechanical transduction 76

mechanical properties 100 ff, 125

mechanical sensitivity 140

mechanical shock resistance 414 ff

mechanical switch 420

medium temperature deposition 25

membrane-based test structures 89 f

membranes 105 f

mercury cadmium telluride 481

metal bulk materials 97 ff

metal dielectric structures 172

metal-electrolyte interface 464

metal films 296, 492

metal inertial sensors 176 ff

metal layers 6 ff, 53, 169, 235

— acoustic devices 196

— biochemical sensors 453

— interface circuitry 520

— system integration 565

metal oxide semiconductor field effect
transistor (MOSFET) 3, 361

metal oxide semiconductor implementation
system (MOSIS) 215 f, 218

metal oxide—polymer diaphragms 196

metal-plated accelerometers 177 ff

metal silicon contacts 44

metal thin films 83

metallic sensor materials 338

metallization

elastic properties 124 ff

— fabrication 2-16, 32-40

— interface circuitry 516

— material properties 71 ff, 80 ff

metrics, inertial sensors 140 f

microbolometers 479-512

microcontact printing 7, 455

microelectrode arrays (MAs) 463

microfabrication 1-68

micro-g accelerometers

microhotplates 367 ff

micromachining

— cantilevers 345 ff

— pressure Sensors

— switches 229 ff

139 f

261 ff

Subject Index

micromechanical structuring 79

microphones 193 ff, 201 ff
microsensors 335
microspectrometers 356 ff

microstripline filters 243

microtensile test 100, 119

mid-wave infrared thermal sensors 481

miniaturization 195

— biochemical sensors 448 ff

— fingerprint sensors 394, 409

— RF CMOS MEMS 225

minutiae encoding 403 f, 417 £, 422

mixed-signal processing 315 ff, 245

mobility 144

— data interfaces 555

— RF CMOS MEMS 225

Modelsim 567

modular integrated CMOS and micro-
structures (MICS) 161

modular monolithic microelectromechanical
systems (M’EMS) 33

modulation, RF CMOS MEMS 225
see also: Delta-Sigma

moisture, fingerprint sensors 412

molding 7

molecular crystals 338

monolithic integration

— capacitive sensors 530

— inertial sensors 137-192

— pressure sensors 259, 299

- RF CMOS MEMS 226 ff

Monte Carlo simulations 559

Moore’s law 517

multiband transceivers

multibit quantizers 547

multichip solutions 372

multilevel metallization 12

multimaster interfaces 572

multiparameter biochemical microsensor
systems 378 ff

multiple component processing 194

multiplexers

— biochemical sensors 451, 466

— chemical sensors 379

— system integration 545

multisensor systems 376 ff

228 ff

multitransducer gas sensor systems 379 ff
n
n-wells 9, 12, 357

nanoindentation 100, 121 f
Nasicon 338
near the edge (E) sensor 219

587
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Subject Index

Nernst equation 340, 361
neural activity 14

neural probe 471

neurite guidance 464
nickel 338

— bulk material 97 ff

— ring gyroscope 47

— Seebeck coefficients 485
— structure materials 180
— thin films 83

nitric acid etching 18, 302
nitride layers 38

noble metals 338
coatings 369

— doping 372
— electrodes 465
— layers 6
noise

— acoustic devices

— analog frontends

— filters 551

— inertial sensors 143 ff, 152 ff, 163 ff, 170

— power spectrum 207

— resonant devices 570

— RF CMOS MEMS 225

— switched capacitor amplifier
see also: signal-to-noise ratio

noise-equivalent temperature difference
(NETD) 479-512

normal stresses 262, 280 f

normalization, fingerprint images 422

Nyquist frequency 315, 546

193 ff, 197 ff
525 ff

532, 537

[

offset

— analog frontends 513, 522

— switched capacitor amplifier 535

ohmic conductors 291

ohmic switches 231

on-chip amplifier 217

on-chip multiplexer 451

on-chip signal processing 195, 340

Onsager thermodynamics 75

OpAmp-based interface circuits
548

operating temperatures, chemical sen-
sors 368

operation modes, acoustic devices 195

operational amplifiers 359

operational transconductance amplifiers
(OTAs) 310, 543 f, 568

optical interrogation 461

optical path 399

519 £, 530 f,

optical read-out 457 f

optical sensors 337, 342, 353 ff

optical transducer 399 ff

orientation dependence, piezoresistivity 288

oscillating mechanical surface deforma-
tion 343

oscillators

— circuits 164

- frequencies 228

- gas detection system 571 f

— resonant cantilevers 570

output, interface circuitry 520

output signal domain 73

oxide nitride layer sandwich 89

oxide semiconductor field effect transistor
(OSFET) 463, 466

oxygen measurements 360

oxygen precipitation 24

oxygen vacancies 370

p
p-wells 9,12

packaging 231
— acoustic devices 197
— biochemical sensors
— inertial sensors 150
— interface circuitry 521
— pressure sensors 300
- RF CMOS MEMS 226
— system integration 560
palladium 338, 362
see also: noble metals
parallel-plate capacitors
parameter deviation 559
parameter sensitivity 513, 559 ff
parametric adjustments, inertial sen-
sors 149 f
parasitic capacitance 240
— inertial sensors 144, 152 f, 172
— interface circuitry 517
— pyroelectric elements 539
— system integration 565
parasitic resistance 80
partition coefficient 337 ff, 343, 348
passivation 5,12 f
— thermal properties 96, 99
passivation layers 25, 44
— biochemical sensors 453, 464
— fingerprint sensors 407
passive devices 516
passive test structures
patterning 6, 25, 455
Pauw test structure 80, 92 f

453, 473 ff

142, 162

115 f



pellistors 349 ff

Peltier coefficient 73 f

pencil-drop test 415

pendulous accelerometer 140

performance, biometric system 425 ff

permittivity factor 459

person’s verification 391, 416 ff, 439 ff

personal identification number (PIN) 393,
398 f

— diodes 230 f

personal rights protection 396

pH sensors 364, 454

phantom powered microphones 196

phased arrays 221 f

phosphate buffered saline (PBS) 360

phospholipids 338

phosphorescence 353

phosphorus implantation 38

phosphosilicate glass (PSG) 10, 44

photolithography 4 ff, 153

photons 353, 482

photopatterned silicone gasket 454

photoresists 39, 167

— layers 6, 234

- plating mold 47

photostructurable layers 7

phototransistors 357

phthalocyanines 338

physical design verification 513, 564

physical properties 69 ff

physical vapor deposition (PVD) 5, 44

physisorption 337, 566

Pierce oscillator circuits 164

piezoelectric elements 534 ff', 539

piezoelectric materials 196

piezoresistive accelerometers 169, 180 f

piezoresistive coefficients 69 ff, 73 ff, 102,
122 ff, 129

piezoresistive pressure sensors 49, 257 ff,
278 ff

piezoresistors

— analog frontends 527

— diaphrams 297 ff

Pirani pressure gauges 56, 261, 323 f

pixel arrays, fingerprint sensors 406 f

pixel-by-pixel compensation 457

plane stress approximation 270 ff

plane wave filters 421

plasma-enhanced CVD (PECVD) 3,71

plastic properties 119 ff

plating mold 47

platinum 6, 14, 338, 349

— bulk material 97

Subject Index

— electrodes 454, 465

— Seebeck coefficients 485

— thin films 83

plug-up process sequences 36

pn-junctions 180, 234

— fabrication 11 ff, 37 ff, 50 ff’

— pressure sensors 260, 283, 322

pnp-transistors 556

pointer structures 115

Poisson ratio 69 ff, 73 ff, 101, 110, 119,
126 f

— pressure sensors 267, 272, 284

polarization 354

polyether urethane (PEUT) 375 ff, 380

polyaniline 367

polybenzoxarole 456

polycrystalline silicon see: polysilicon

polydimethylsiloxane (PDMS) 7, 219, 352,
380

polygermanium 45, 187

polyimides 196, 465

polymer coatings 336, 453

polymer layers 6 f, 566

polymers 338

— conducting 367

polypyrroles 367, 454

polysilicon 3 ff, 10, 32, 43, 53

— accelerometer 167

— acoustic devices 196

— chemical sensors 349

— elastic properties 126

— inertial sensors 146 ff

— layers 85 ff, 167 ff, 305

— material properties 83

— piezoresistors 284 f, 305 ff

— pressure sensors 259, 305, 312

- refill 37

— residual stress 124

— resistors 502

— Seebeck coefficients 485

— system integration 559, 565

— tensile properties 128

— thermal properties 97

polysilicon—germanium (polySi-Ge)
materials 187, 492

polysilicon—polysilixon interconnects 44

polythiophene 367

polyurethanes 338, 347, 375 ff, 380

post-CMOS micromachining 43 ff

— chemical sensors 344, 372

— interface circuitry 515 f

— passivation layers 453

— pressure sensors 257

589



590

Subject Index

potassium hydroxide (KOH) etching 5, 19 ff,
24 1,41,50 f

— chemical sensors

- inductors 241

— inertial sensors 180

— pressure sensors 260, 303

potentiometric sensors 358, 361 ff

power amplifier 228

power consumption 151

- interface circuitry 517

— RF CMOS MEMS 226

— system integration 513, 559 ff

pre-CMOS micromachining 29, 33 ff

— pressure sensors 257

— thermal sensors 515 f

preamplifiers

— biochemical sensors 466

— interface circuitry 520

precipitation defects 24

precision, analog frontends 526

preprocessing, fingerprint sensors
421 f

pressure Sensors

Privium 394

processing 9 ff, 17 ff, 24 ff, 69

- biochemical sensors 452

— diaphragms 201

— inertial sensors 145 f

— pressure sensors 300-313

processor smartcards 441

proportional-integral-differential (PID)
controller 369

proportional-to-the-absolute-temperature
(PTAT) 554 ff, 558 ff

protocols, interfaces 572

pseudo-differential amplifiers 528

Pseudomonas fluorescense 450

pyroelectric analog frontend 534 ff

pyroelectric elements 539

pyroelectric infrared detectors

PZT transducers 219 f

346, 350 ff, 372

417 f,

49, 56, 257-334

492

q

quadrature signals
quality factor

— biochemical sensors 451
- chopper amplifier 536

— fingerprint sensors 409 ff
- resonant cantilevers 570
— RF CMOS MEMS 225

— spiral inductors 240
quantization error 546
quantization noise 162 f

228

quantum efficiency 353
quantum-well infrared photodetectors 481
quartz microbalance (QMB) 343

r

radiation resistance 198, 209

radiation sensors 480 ff

radio receivers 196

raw image enhancement 421
Rayleigh-Ritz variation 273

Rayleigh surface acoustic waves 343 ff
reactive ion etching (RIE) 8, 11, 169

— chemical sensors 346, 355
— microbolometers 495
receiver—operator curve (ROC)
receivers 227 ff
receptors 338, 348
recognition processes
redox cycling 455
reduced Fermi level 282
reference electrodes 359, 454
reference fingerprints 425
reflection optical waveguides 355
refractive index 354
regeneration transistors 538
reliability 72, 397

request fingerprints 425

residual stress 73 f, 109, 236
residual stress/strain 101, 123
resistive sensors 526 f

resistivity

— electrical 69, 73 ff, 80

427

394 ff, 411

- fingerprint sensors 412 ff
resistors 149, 502

resolution

— analog frontends 513, 522

— digital-to-analog converters (DACs) 549
— filters 551

— fingerprint images 425

resonance frequencies 77, 144

— chemical sensors 336, 343
resonant-beam oscillator 571 f
resonant cantilever 345, 570 f
resonators

— inertial sensors 156 ff

— RF CMOS MEMS 229 ff, 243 ff, 343
— thin film bulk acoustic 246

reticles 27

reversibility, chemical sensors 338

RF CMOS MEMS 225-256

RF filtering 206

ridges, ﬁngerprint sensors 416, 430
rigidity 103, 267, 271



ring gyroscope 47, 179

ring plates 277 ff

Robert Bosch accelerometer

robustness 79, 414 ff

Root Allan deviation 160

root mean square (RMS) voltage 479,
499

rotated coordinate systems 284 f

rotating pointer structures 115

rotation, fingerprint images 424

round robin test 128

rub-off test 414

160

s

Saccharomyces cerevisiage 461
sacrificial aluminum etching (SALE)
sacrificial layers 36 ff, 89

— pressure sensors 259 ff, 300, 305
sacrificial oxide etching 38
sacrificial photoresist layer 234
sacrificial spacer 180

Sallen—Key filters 540

sample handling 120, 473 ff
sample-to-answer-path 450
sandwich technology 3 ff, 47, 54, 89, 96
scalability 451

scaling 283, 451
scanning area limits 425
scanning probe techniques
scattering 353

scenario evaluation, fingerprint sensors 429
schematics see: block diagrams

scratch resistivity 415

security, fingerprint sensors 438 ff

Seebeck coefficients 69 ff, 73, 84 ff, 87 ff

— thermocouple materials 350 ff, 483 ff
segmentation, fingerprint sensors 421
selectivity 338, 375

selfalignement 305

selfheating 88, 499

semiconducting substrates 9
semiconducting thin films 69
semiconductor switches 230

sense nodes 172 f

sensitivity

— acoustic devices 193 ff

- analog frontends 525

— biochemical sensors 451

- fingerprint sensors 407

— inertial sensors 140 ff, 160, 177 f, 183

— system integration 513, 559 ff

sensor arrays 12

sensor device integration 434 ff

22,55

472 ff

Subject Index

separation-by-implantation-of-oxygen
(SIMOX) 40, 128, 322, 372

serial interfaces 513, 572 f

serpentine metal-oxide mesh pattern 201 f,
211 £, 218 f

Severinghaus pH FET 378

shear mode resonator 343

shear modulus 76, 267

shear stress 262, 280 f

sheet resistance 73, 80, 94, 559

shock tolerance 140

short-term stability 570

sidewall implantation 37

Siemens gate polysilicon accelerometer 167

Sigma-Delta converter

— analog-to-digital 546 ff

— chemical sensors 351, 373, 380

Sigma-Delta electrostatic force 161 ff

Sigma-Delta modulators 544, 568

signal processing

— biochemical sensors 452

— fingerprint sensors 399 ff

— pressure sensors 259, 315 ff

signal-to-noise ratio (SNR) 152, 340, 513,
577

signature recognition 396

silicides metallization 71

silicon 3 ff

— acoustic devices 196

— bulk material 97 ff

— chemical sensors 368

- data interfaces 555

- diaphragms 257

— elastic properties 126

— material properties 74 ff, 287 ff

— microbolometers 492

— pressure sensors 259, 304 ff

— RF CMOS MEMS 226

— Seebeck coefficients 485

— wafers 287 ff, 452
silicon dioxide

— layers 3 ff

— material properties 74 ff
— thermal properties 96 ff

silicon germanium BiCMOS devices 234
silicon nitride

— chemical sensors 355

— diaphragms 260, 305 ff

— elastic properties 127

— layers 3 ff, 38, 52 f, 305

— material properties 74 ff, 78

— residual stress 125

— tensile properties 128
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silicon-on-glass (SOG)

— accelerometers 184

— coatings 71

silicon-on-insulator (SOI)

— chemical sensors 372

— inertial sensors 183 f

— microbolometers 497

— pressure sensors 322

silicon oxide

— elastic properties 127

— residual stress 124

— tensile properties 128

silicon trench etching 37

simulation results, acoustic devices 212

sinc filters 552

single-chip gas detection system 566 ff

single-chip integration 250 f

single-chip radios 225

single-master interfaces 572

skin effects 240

small-size design 197 ff

smart cart integration 440 ff

software development kit (SDK)

software solutions, fingerprint
sensors 416 ff, 419 ff

sol-gel process 372

solder-bonded capacitive pressure
sensors 307 ff

sound pressure displacement 200

sound pressure level (SPL) 205

sound waves 195

source drain currents 361

source drain implantation 12, 17, 40

space charge region 361

spacers 180

speaker recognition 396

speakers 193 f, 208 ff’

specific heat 69 ff

specifications

— interface circuitry 520 ff

— operational transconductance amplifiers
(OTAs) 569

— switched capacitor amplifier 535

Spectre Synopsys 567

spiral inductor 240

spot noise 160, 455

spring constant 140, 153

springs, acoustic devices

sputtering 6, 42, 45

— chemical sensors 344

square diaphragms 106 f

squeeze film damping 182, 186, 198 f,
201 ff

47,55, 180

2 1f, 35 f, 88

434 ff, 438

202 f

ST’s TouchStrip TCS3B capacitive

transducer 403
stability 72
— analog frontends 526
— fingerprint sensors 432
— resonant beam oscillator 570
standard biometric templates 437
standard software, fingerprint

sensors 435 ff
static mode, chemical sensors 345
static properties, analog frontend 522 f
static random access memory (SRAM) 46
stepper based lithography 27
stiction, inertial sensors 147, 149 ff
stiffness 73 f, 76
— tensors 261, 265 ff
storage smartcards 441
strain gauges
— diaphragms 304 ff
— pressure sensors 259
strain tensors 261
stress 150
— diaphragms 257
— relaxation 85
stress—strain relationship 102
SU-8 substrates 7, 465
substrate materials 5 ff
— biochemical sensors 452
— interface circuitry 516 f
substrate temperatures 88
super-heterodyne radio architectures 227
surface acoustic waves (SAW) 343 ff
surface coating 464
surface deformation 343
surface doping 372
surface energy, fingerprint sensors 412
surface micromachining 22 ff, 29
— microbolometers 491
— pressure sensors 257, 300 ff, 344 ff
— test structures 89 f
surface properties 7, 78, 115
— fingerprint sensors 399
suspended inductors 238 ff'
suspended rings 115
suspension 151
— spring constant 140
swipe sensors 403 f, 440
switched capacitor
— Delta-Sigma modulator
— filters 541 ff
— pressure sensors 257
— system integration 513 ff, 531 ff, 568
switching 229 ff

317 ff



— fingerprint sensors 420 ff
symmetry transition 113
synthetic fingerprints 430
system integration 513-577
— fingerprint sensors 433 ff
system level error rates 428
system-on-card (SoC) 441
system-on-chip

— filters 551

— interface circuitry 521
system properties, analog frontend 525 f
system scalability 451

t
temperature coefficient of resistance

(TCR) 74, 82 ff, 95 ff
— microbolometers 492
temperature dependence 150, 350
— base-emitter voltage 555 ff
— layers 491
piezoresistivity 281 ff
— pressure sensors 259
— sensitivity 207
— transducers 402
template-on-card (ToC)
templates
— fingerprint sensors 425, 437
— interface circuitry 521
tensile stress 147, 262
tensile test 119 f
tensor notation 261 f
tented arches 418
termination 416
test structures 88 ff, 115 ff, 150, 513, 561 ff
tetramethyl ammoniumhydroxide

(TMAH) 20, 24, 53, 303, 495
thermal accelerometer 175 f
thermal actuation 345
thermal conductivity 69, 73, 86 ff
— chemical sensors 368
— pressure sensors 323
thermal-electrical transduction 74 ff
thermal energy domain 69
thermal expansion coefficient (TCE)

69, 73 ff, 101, 114 ff, 126 £, 236
thermal-mechanical transduction 77
thermal pressure sensors 324 ff
thermal properties 86 ff
thermal sensors 337, 342, 348 f, 479-512
thermal-thermal transduction 77 ff
thermal transducers 402 ff
thermal van der Pauw test structure 80, 92
thermally stabilized accelerometers 173

441

Subject Index

thermistors 6
thermochuck test 562
thermocouples 350, 483 ff
thermoelastic friction 73
thermoelectric coolers 498
thermoelectric analog frontend 534 ff'
thermoelectric material data 80 ff, 86 ff
thermoelectric sensors 350 ff’
thermomechanical noise 142
— acoustic devices 193, 197 ff
see also: Brownian noise
thermopiles 12, 479-512
— chemical sensors 350
— imaging arrays 489
thermopower 69, 82 ff
thermovoltage 350
thickness control, diaphragms 302 ff
thickness-shear-mode resonator 343
thin diaphragms 300
thin films 69-136, 149
thin plate deflection 271 ff
thinned fingerprint images 423
Thomson coefficient 73 f, 76
three-electrode system 359
threshold limited value (TLV)
time constants
— filters 541
— thermal 100
time etch-stop 303 ff
see also: etch-stop
time-of-flight flow sensors
tin dioxide 337
tin-lead solder frame 307
tin oxides 338, 370
tissue cultures 463
titanium
— bulk material 97
— bolometer structures 41
— thin films 83
titanium—gold seed layer 47
titanium nitride thermocouples
total harmonic distortion (THD)
total internal reflection transducer
TouchStrip TCS3B capacitive
transducer 403
toughness 69 ff, 73 £, 76, 101
transceivers, multiband 228 ff
transconductance 144
— switched capacitor amplifier
548
transducer electronic data sheet (TEDS)
transducers
— acoustic

336

502 f

488
524
400

537, 543 ff,
554

194, 214 ff, 219 ff
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— biochemical sensors 451

— chemical sensors 336 ff, 376 f, 379 ff
— fingerprint sensors 399 ff

- gas detection system 567

— pressure sensors 259 ff

— system integration 560
transduction effects 70 ff, 203 ff
transfer functions

- analog frontends 523

biquad filter 540

— Delta—Sigma modulators 257, 321 ff
— FIR filter 553

— switched capacitor amplifier 538
transformation tensors 263 ff, 287 ff
transients, chemical sensors 352
transistors 167, 182, 361

— interface circuitry 516 f, 556

— RF CMOS MEMS 226

— switched capacitor amplifier 537
transmission gates 542

transmission lines 228, 243
transverse modes 354

trench isolation 35, 184

tri-axial piezoresistive accelerometer 182
trimming capability 149

triple-well technologies 519

tunable capacitors 227

tungsten

— bulk material 97

— elastic properties 126

- plug 71

— thin films 83

tuning fork resonant sensors 164
tuning voltage 234

twin-well technology 3

two-beam interferometer 355

u
ultrasonic sensors 193 f, 217 ff
uncooled infrared detectors 480, 483 ff
user interaction, fingerprint

sensors 439 ff

v

vacancies 370

vacuum cavity 259

vacuum operations 499

valleys, fingerprints 416

van der Pauw test 80, 92 f
vanadium oxide 492

vaporization heat 352

varactor diodes 248

variable gain amplifier (VGA) 227

verification

— fingerprint sensors 391, 416 ff, 439 ff

— system integration 513, 564 ff

vertical axis accelerometer 170

vertical axis gyroscope 163

vertical parallel-plate capacitors 235

vertical pnp transistors 556

vibrating metal-ring gyroscope 178 ff

vibration rejection 193 ff, 200 f

vibratory rate gyroscope 144 ff

voice scan 396

volatile organic compounds (VOCs) 338,
344, 379, 566

voltage-controlled charge source
(VCQS) 319

voltage-controlled oscillator (VCO)

voltage modes 151, 554 ff

voltammetric sensors 337, 358 ff

volume reduction 226

234, 247

w

wafer bonding 300, 310 ff

wafer curvature 114 f

wafer materials 9 f

wafer technology 46 f, 452, 516 f
water acoustics 219 ff

wave guides 355

weight reduction 226

well formation 9, 12

wet etching 18 f, 24 f, 50

— pressure sensors 259, 302

wet skin, fingerprint sensors 421, 439
Wheatstone bridge 11, 50, 181

— biochemical sensors 472

— chemical sensors 365

— circuit integration 513 ff, 526 ff
— piezoresistors 261, 295 ff, 300
— resonant beam oscillator 570
whorl, fingerprint class 418

wire bonding 16

wireless communication 225 ff
working electrodes 359

working scheme

— biometric system 318 ff

— fingerprint sensors 431

worst case combinations 559

X

X-ducer 260, 297

xenon difluoride etching 169, 241

xerogels 457

XL series inertial sensors 146, 151 ff, 155,
158 f



Y

yield stress 73 f, 76

Young’s modulus 69 ff, 73 ff, 101 ff, 119,
126 f

— acoustic devices 199, 204

— inertial sensors 146 f

— pressure sensors 267, 272, 284

yttrium barium copper oxide 492 ff

z

zeolites 338
zero-input signal 522
zero-rates 427

zinc oxide 343
zirconium dioxide 337
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