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active pixel sensor, 320
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adenosine-50-triphosphate, 77
affinity, 45, 109, 115, 128, 132, 135, 238, 252, 431, 491, 492
AFM see atomic force microscopy
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Beer–Lambert Law, 437
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biotin, 22, 44
bladder, 150, 380
BMI see brain–machine interfaces
body mass index, 165
body-area networks, 544
Boltzmann, 12, 14, 42, 72, 174
Boolean logic, 199, 212, 215, 220, 221, 224, 230, 236, 237,

243, 260, 267
Boolean networks, 268
Boolean operations, 87
bovine serum albumin (BSA), 44, 50, 231, 233
brain, vi, 183, 560

injury, 253, 288, 353
brain–computer interfaces, 391, 398
brain–machine interfaces (BMI), vii, 165, 281, 295, 352, 355,

397, 399–401, 414–416, 421, 556, 559–562
brain–muscle interfaces, 562
breakdown

dielectric, 471
BSA see bovine serum albumin
Butler–Volmer equation, 116
butyric acid, 218, 219, 228

Caco-2 cells, 147
caeruloplasmin, 56
calorimetry, 522, 533–536
camera, 307
cancer, 119, 121, 131, 151, 353
cantilever sensing, 493
carbon nanotubes (CNTs), v, 3, 9, 19, 26, 37, 46–48, 66, 106,

109–115, 118, 119, 120, 121, 141, 198, 205, 207,
392, 545, 565, 567

cardiac pacemakers, 294, 396
catheter, 241, 246–248
CBCM see charge-based capacitive measurement
charge-coupled device (CCD), 434, 435, 474, 476, 480, 487
cells, vi, 1, 3, 11, 45
cerebral cortex, 560
cerebrospinal fluid, 383, 390, 396, 415, 417, 419
charge accumulation, 43, 259, 314, 369
charge-based capacitive measurement (CBCM), 417
charge injection, 141, 184, 185, 298–300, 305, 309, 327, 337,

365, 366, 369, 371, 373, 374, 453
charge storage, 87, 88, 90, 92, 96, 97, 187, 188
charge transport, 21, 35, 37, 205
chemical vapor deposition (CVD), 48, 67, 110, 114, 461, 462,

485, 499
chitosan, 115, 204, 468
cholesterol, 114, 121, 216, 217, 544
chopper switches, 362
chopping, 362
chronaxie, 367
chronoamperometry, 88
class-E type amplifiers, 394
Clausius–Mossotti factor, 417

Clostridium, 208
cluster headache, 374
CMRR see common-mode rejection ratio
CNTs see carbon nanotubes
cochlea, 252, 365, 367, 565
cochlear device, 248, 255, 280, 294, 376
cochlear implants, 139
common-mode feedback, 402, 403, 413
common-mode rejection ratio (CMRR), 342, 348, 361,

362, 405
communication systems, 197
computing, 3, 10, 100, 216, 220, 224, 235–237, 252, 264
COMSOL™, 15, 16, 17, 335
conductance, 9, 13, 16, 19, 20, 21, 49, 54, 55, 59, 64, 80, 81,

87, 89, 97, 113, 137, 138, 140, 144, 150, 259, 341,
499, 502, 516

conductance scanning, 150
conduction band, 36, 37, 112
conductivity, 7, 9, 16, 19, 22, 25, 38, 89, 113
congestive heart failure, 556
constant phase elements, 145
converter, 105
copolymers, 493
cornea, 138, 327
coronary angioplasty, 246
correlated double sampling, 182, 453, 460
cortex, 277, 278, 281, 283, 287, 292, 294, 308, 310, 311, 313,

318, 321, 331, 334, 337, 352, 353, 360, 363,
374–376, 389, 394, 397, 398

cortical microstimulation, 352
cortical scarring, 352
Coulomb, 19
covalent, 19, 42, 43, 45, 55, 59, 61, 68, 88, 100, 113, 115
CVD see chemical vapor deposition
cyanide, 207
cyborgs, 184, 210, 563
cyclic voltammetry, 88, 96, 97, 113, 116, 117, 185, 187, 188,

218, 219, 297, 387, 432, 457, 464
cyclic voltammogram, 92, 113, 298
cysteine, 56, 57, 68, 70, 74, 77, 82, 86, 88, 89, 91, 96, 100
cytochrome, 9, 10

cytochrome B5, 116
cytochrome c, 51, 56–58, 60, 65, 91, 92, 94, 95, 100, 120,

198, 206
cytochrome oxidase, 204, 206, 207
cytochrome P450, 115, 121

cytokines, 427
cytosine, 267, 431

daily energy expenditure, 514
DARPA, 273
Debye, 9, 34, 41–45, 48, 81, 83, 126
Debye length, 82, 83, 129, 130, 131, 367, 499
decacyclene, 9
deep brain stimulation, 294, 353, 373, 377, 378, 421
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defibrillators, 248, 278, 279, 347
dehydrogenases, 231
Delta–Sigma (∑–Δ), 360, 413
denaturation, 53, 59, 61, 89, 118, 199, 204
dendrimers, 567, 568
deoxyribonucleic acid (DNA), 430
depression, 365
depressive syndromes, 557
dermis, 138
diabetes, 156, 168, 210, 513, 540, 555, 568
diabetic neuropathy, 517
diagnostics, 1, 4, 11, 21, 34, 46, 122, 134, 139, 144, 197, 213,

248, 254, 426, 429, 432, 446, 469, 472, 489, 546,
557, 565

dielectric, 21, 37, 39, 40, 44, 47, 143, 162, 492
breakdown, 471

dielectrophorectic forces, 417
dielectrophoresis, 109, 417
diffusion coefficient, 117
digital microfluidics, 469, 472
Dirac, 52, 111
distributed theranostics, 3, 565
donors, 442
dopamine, 44, 48, 114, 120, 341, 343, 415
double layers, 40, 41, 42, 113, 116, 148, 151, 298, 299, 315,

357, 369, 449
doubly labelled water method, 515
drop-casting, 7
drugs, 1, 2, 11, 109, 115, 116, 118–121, 132, 134, 141, 143,

144, 151, 153, 207, 216, 237, 238, 248, 254,
278–280, 416, 421, 429, 430, 470, 472, 493, 505,
548, 556, 557

e-beam lithography, 9, 50, 61
ECG see electrocardiography

ECG electrodes, 347
ECoG see electrocorticography
ECSTM, 24, 51, 53, 59, 96
EDTA see ethylenediaminetetraacetic acid
EEG see electroencephalography
EIS see electrochemical impedance spectroscopy
electrical stimulation, 281, 283
electrocardiography (ECG), vii, 168, 245, 247, 342,

344–351, 509, 516, 518–520, 522–526, 531,
536, 537, 547, 556

electrochemical scanning tunneling, 96
electrochemical doping, 40
electrochemical impedance spectroscopy (EIS), 145, 146,

151, 185, 186, 187, 456, 467, 468
electrochemical plating, 11
electrochemical scanning tunneling microscopy, 50
electrocorticography (ECoG), 144, 287, 291, 353, 354,

362–364, 389, 559
electroencephalography (EEG), 245, 247, 281, 291, 341, 342,

353, 389, 391, 398, 421, 556, 559, 563

electrolysis, 185
electromigration, 11–17, 26, 67
electromyography (EMG), 245, 247, 281, 285, 286,

290–293, 562
electron affinity, 35
electron transfer, 1, 3, 4, 10, 26, 50–52, 55–61, 63, 64, 87, 91,

94, 100, 111, 113, 114, 116–118, 199
electron transfer resistance, 216, 217, 220, 222, 224
electron transport, 24, 49–51, 54, 55, 60, 62–65, 87, 226
electronics, 1
electrophoresis, 7
electrophysiology, 137, 139, 142, 144
electrowetting, 427, 469, 470, 472, 476, 477, 484, 487, 488
ELISA see Enzyme-Linked Immunosorbent Assay
EMG see electromyography

EMG recordings, 286
EMG signals, 285

energy transfer, 66, 197, 442
enthalpy, 492
Enzyme-Linked Immunosorbent Assay (ELISA), 130, 135,

489, 490, 504
enzymes, 3, 9, 21, 31, 34, 45, 46, 50, 63, 66, 70, 73, 74, 76, 77,

80, 82, 83, 86, 87, 101, 105, 114–118, 120, 121,
198, 199, 203–207, 210–212, 218, 219, 221, 223,
226, 229, 230, 231, 236, 237, 252, 266, 431, 448,
449, 468, 565

epilepsy, vii, 144, 352, 365, 373–377, 389, 391–393, 397, 398,
414, 415, 559

epineurum, 375
epitaxial growth, 122
epithelial capacitance, 149
epithelial resistance, 149, 150
epoxy, 458
error-free, 473
error-recovery, 472
Escherichia coli, 22, 199, 202, 203, 208, 269, 427
esterase, 218, 219, 222, 226, 228
ethyl butyrate, 218–222, 226, 228
ethylenediaminetetraacetic acid (EDTA), 207, 212, 236
Euler, 14
European Radiocommunications Committee, 379
eye, vi, 248, 294–296, 308, 337

FAD see flavin adenine dinucleotide
Faradaic currents, 88, 90, 92, 116, 117
Faradaic reaction, 298
Faraday, 64, 116, 361, 367, 376, 396
fast Fourier transform (FFT), 166, 455, 538
FDA, 283, 295, 374, 544
Fermi, 7, 19, 35, 37, 52–54, 57, 60, 61, 63, 97, 111, 112
ferredoxin, 88, 89, 100
ferricyanide, 113, 199, 232, 464, 465
FESEM see field-emission scanning electron microscope
FET see field-effect transistor
FFT see fast Fourier transform
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field emission, 109
field-emission scanning electron microscope (FESEM), 17
field-effect, 34–40, 43, 44, 46–48, 54, 60, 64
field-effect transistor (FET), 22, 25, 32, 35, 37, 38, 40, 47, 49,

54, 60, 62, 63, 68, 73, 83, 124, 125, 127, 130, 133,
135, 143, 168, 243, 449, 498–502, 505, 545

flavin adenine dinucleotide, 198
flexible chips, 253
flexible electronics, 254
flicker noise, 174–177, 438
fluorescence, 20, 21, 44, 66, 69, 431
fluorescent contact imaging, 437
fluorophores, 432–435, 437, 438, 441, 446
force transducers, 184, 282
formaldehyde dehydrogenase, 203, 205
formate dehydrogenase, 205
fouling, 211
Fourier, 15, 455, 538, 542
Förster resonance energy transfer (FRET), vii, 66, 69, 70, 74,

84, 430, 435–437, 442–447
field-programmable gate array (FPGA), 476, 484, 487
Fresnel, 381
FRET see Förster resonance energy transfer
Fritsch, 352, 363
full-duplex, 395
fullerene, 109, 110
fuzzy logic, 264

Galvani, 137, 365, 376
ganglion, 248, 249, 277, 292, 294, 296, 309, 313, 318, 325,

326, 328, 334, 336, 337, 374, 560
ganglion cells, 249, 277, 294, 296, 309, 313, 318, 325, 326,

336, 337, 374
gastric ulcers, 545
gastrointestinal epithelium, 151
gastrointestinal tract, 106, 138, 245, 546
gene, 21, 243, 266–274, 308, 430, 446
gene networks, 243, 266, 274
genetic engineering, 211
giant magnetoresistance (GMR), 170
Gibbs, 51
Gibbs-free-energy, 51, 198
Gini impurity coefficient, 521
glassy carbon, 113, 115, 120, 204
glial cell, 295
gliosis, 352
Global Positioning System (GPS), 552
gluconic acid, 198, 220, 221, 228, 229, 233
Gluconobacter oxydans, 208
glucose, 34, 46, 114, 115, 119–121, 135, 198–200, 202–213,

215, 218, 220–223, 226, 228–230, 232, 233,
235–237, 255, 278, 421, 468, 510, 544, 558, 568

glucose biosensor, 207
glucose dehydrogenase, 205–207, 228, 229
glucose hydrogenase, 204

glucose oxidase (GOD), 34, 203
glutamate, 119, 544
GMR see giant magnetoresistance
Google, 279, 511, 512
Gouy–Chapman–Stern model, 41
GPS see Global Positioning System
graphene, 67, 100, 109–113, 120, 241, 244, 489
graphite, 109, 110, 111, 113, 120, 206, 208, 210, 259
green fluorescent protein, 269
Gromphadorhina portentosa, 192–194
guanine, 267, 431
gyroscopes, 282

half-duplex, 395
head, 145, 253, 278, 306, 307, 326, 380, 383, 385, 399
heart, 57, 380
heart rate, 344, 514, 516, 519, 522–525, 536, 539–540
Hebbian learning, 242, 256
Hebbian plasticity, 353
Helicobacter pylori, 545
Helmholtz layer, 41
Helmholtz plane, 41
Hepatitis B virus, 495
Hertz, 157
hexylthiophene, 40, 44, 46, 47
high blood pressure, 556
highly oriented pyrolytic graphite, 57
hippocampus, 143, 180, 181
Hitzig, 352, 363
hormones, 115, 266
horseradish peroxidase (HRP), 31, 46, 231, 232, 490
hydrogenase, 204
hydrolases, 231
hydrolysis, 70, 72, 73, 186
hydrophilic properties, of MWCNT tips 274, 111
hydrophobic properties, of MWCNT walls, 111
hydrophobic layer, 485
hydrophobicity, 113, 204
hysteresis, 45, 127
hystidines, 56

IEEE regulations, 355
IgG, 27, 29, 30, 31, 50, 231, 233
Iijima, 109, 110, 120
image sensor, 320, 552
immunoassays, 119, 430, 469, 493, 505
immunoglobulin, 22, 27, 231
impedance, 40, 46, 139, 141, 143–149, 151, 159, 160, 163, 187
impedance spectroscopy, 40, 46, 145, 149, 150, 216, 220,

222, 224, 237, 432, 455, 456
indium tin oxide (ITO), 96–98, 115, 142, 216, 217, 219, 221,

222, 224–226, 233, 485
inductive coils, 250, 325
inductive links, 379, 394–396, 398
inertial measurement, 282
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inhibitors, 66, 80, 135
inkjet spotting, 493
insulin, 210, 558, 568
integrated circuits, 11, 12, 86
interface, vii, 1, 3, 4, 12, 35–37, 40, 42–45, 77, 105, 116, 117,

127, 132, 139, 141, 147, 148, 151, 153, 155, 184
intrafascicular electrodes, 375
intramuscular stimulation, 283
ion beam lithography, 11
ion channels, 49, 64, 138, 139
ion-sensitive field-effect transistors (ISFETs), 35, 46, 123,

124, 125, 449, 494, 495
ionic charge, 259
ionic current, 40, 257, 258, 259
i-phones, 552
IR spectroscopy, 105
iron storage protein, 91
ISFETs see ion-sensitive field-effect transistors
ITO see indium tin oxide

Johns Hopkins, 282, 286–288

Kemptide, 77–79
kidney, 119, 138, 144
kinase, 77
Klebsiella pneumonia, 208
Klenow, 9, 66, 74

label-free, 10, 21, 32, 34, 35, 44, 45, 47, 48, 66, 120, 122, 123,
132, 133, 135, 139, 152

label-free detection, 21, 428, 448, 489, 490
LabVIEW, 419, 464
lactate, 119, 120, 200, 206, 207, 209–211, 213, 224, 512,

518, 544
Langmuir–Blodgett, 7, 10, 46, 257, 262
laptops, 4, 197, 509
laser ablation, 110, 305
laser-induced fluorescence, 432, 435
layer-by-layer, 7
LCD see liquid crystal display
LDO (low-dropout) regulator, 279, 408, 409, 411
LED see light-emitting diodes
Leon Chua, 257
Leptothrix discophora, 208
lidocaine, 331
light-emitting diodes (LEDs), 246, 250, 321, 437–439, 441
limbs, 248, 252
limit of detection (LOD), 122, 132, 182
lipid bilayer, 49, 139, 462
lipooxygenase, 204
liquid crystal display, 334
lithography, 11, 12, 25, 67–69, 83, 93, 94, 96, 100, 101, 122,

125, 126, 128, 132, 205, 246, 250, 500
load modulation, 396
lobster, 565

locomotion exoskeleton, 292
LOD see limit of detection
logic, 24, 25, 86, 87, 90, 98
logic gates, 207, 220, 223, 224, 229, 235, 237, 238, 260, 264,

272, 273, 488
low power, 4, 105
low-power design, 3
LUMO (lowest unoccupied molecular orbital), 7
Lymnaea stagnalis, 261
lysozyme, 9, 66, 67, 69–75, 81–83, 207

machine interfaces, vii, 107, 183, 194, 280, 341, 343,
363, 414

macular degeneration, 313, 325
magnetoresistive, 170
maltose, 229
Manduca sexta, 185, 188, 189, 191, 194
Marcus, 10, 31, 51, 55, 64, 84
Matteucci, 137
MEA see microelectrode array
mean free path, 67
Medtronic, 353
memory, 9, 10, 66, 70, 72, 79, 86–92, 96, 99–101, 264
memristive devices, 242, 256, 257, 260–262, 264, 265
MEMS see micro-electromechanical systems
metabolic rate

basal, 514
resting, 514

metabolites, 109, 121, 510, 544, 545
metallic SWCNTs, 109
metalloproteins, 7, 9, 22, 26, 32, 33, 50, 51, 55–62, 65, 87,

99, 121
metamorphosis, 107, 183–186, 194
methanol dehydrogenase, 203, 205
mGluR6 receptor, 330
Michael addition, 68, 199, 280, 310, 351
microbial fuel, 211
microcontroller, 282
microelectrode array (MEA), 139–143, 250, 253, 294, 295,

305, 310, 312, 328, 371, 376, 389, 391, 392,
395, 397

micro-electromechanical systems (MEMS), 183, 184, 194,
244, 280, 342, 364, 415, 416, 419, 427, 428, 461,
494, 495, 505

microprocessor, 282
microsome, 117
MictoTAS, 427
mitochondria, 207
mobility, 39, 43, 47, 67, 124, 125, 127, 132, 135, 156, 218, 286,

289, 352, 354, 390, 393, 496, 559, 562
molecular device, 2, 25
molecular electronics, 2, 19, 22, 51, 52, 54, 63, 86, 99
molecular weight, 1, 7, 132
monolayer, 10, 43, 61–65, 87, 88, 94, 96, 100, 101, 118, 149,

231, 236, 237
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monolayers, 94
Moore’s Law, 122
MOSFET, 21, 25, 87, 123–126, 135, 160, 403, 440, 449, 495,

497, 498
mRNA, 21, 243, 267, 268
multilayer, 115
multiple sclerosis, 283, 286, 288
multi-walled carbon nanotubes (MWCNTs), 109, 113–115,

118–120, 545
muscle, 138, 139, 183, 184, 186, 188, 194, 253, 281, 283, 285,

286, 292, 343, 347, 352, 365, 367, 376
myocardial infarction, 517, 540
myocytes, 139

NAD, 212, 224, 228, 229
NADH, 120, 223, 224, 229, 230
NADPH, 116
Nafion, 115, 121, 204, 205, 209, 210, 212, 226, 233
naïve-Bayes technique, 520
nanogap, 7–10, 12, 17, 19, 21–32, 565
nanoparticles, 10, 19, 21, 22, 27, 32, 33, 43, 50, 64, 67, 93,

100, 110, 198, 200, 205, 219, 236, 237, 260, 262,
264, 265

nanospheres, 94
nanotechnology, i, 3, 9, 11, 93, 109, 153, 170, 204, 427, 505
nanowires, v, 49, 64, 69, 81, 100, 106, 121–136, 144, 200, 236,

255, 498, 499, 501, 506, 545, 567
navigators, 4, 509, 511
near-infrared, 325, 326, 327
near-infrared spectroscopy, 254
negative differential resistance, 9, 24, 33, 50, 63, 65
nerve fibres, 248, 249
nervous system, 184, 194, 242, 243, 253, 256, 261,

262, 264, 281, 289, 378, 412, 514, 517,
524, 560

networks, 3, 9, 48, 139, 141, 155, 168, 199, 200, 202, 215,
220, 224, 231, 235, 237, 238, 242–244, 256, 257,
260, 264–269, 272–274, 279, 293, 377, 388, 509,
512, 514, 528, 540, 542, 543, 546, 550–552, 556,
563, 568

neural interfaces, 2, 254
neural networks, 521
neural recording, vii, 253, 278, 280, 281, 287, 288, 342, 353,

354, 363, 364, 380, 383, 386–393, 396–402, 406,
410, 412, 413, 458, 467

neural stimulation, 255, 281, 283, 296, 298, 299
neurodegenerative disease, 353
neurons, 4, 34, 45, 48, 138, 139, 140, 143, 181, 182,

183, 241, 242, 248, 250, 252, 256, 259, 262,
277, 279, 283, 292, 297, 308, 325–328, 330–335,
341–343, 355, 362, 363, 369, 372, 374, 389–392,
400, 412, 413, 519, 559–563

neurotransmitters, 341, 415
Neher, Erwin, 139
NMR, 77, 101

Nobel, 139
noise, 21, 45, 63, 69, 70, 74, 77, 81

1/f, 460
thermal, 460

noise-efficiency factor, 392
noncovalent, 68, 113
nucleotide, 21, 75–77
nutrients, 138

obsessive-compulsive disorders, 374
ocular tissue, 300
offset-canceling, 362
Ohm, 14, 260
olfactory receptor, 252
oligothiophenes, 19
open circuit potential, 87, 90, 92
operational transconductance amplifier (OTA), 356,

402–405
optobionics, 304
organic bioelectronics, 1, 7, 35
organic molecules, 2, 7, 9, 19, 22
osmotic pressure, 267
OTA see operational transconductance amplifier
oxidase, 57, 114–116, 119, 121, 198, 200, 203–207, 211, 218,

221, 223, 226, 228, 231, 233, 425, 449, 512
oxidation, 23, 26, 50, 52, 56, 57, 61, 87, 88, 90, 92, 96, 97, 116,

120, 125, 449

P2VP, 216, 218
P450, 10, 115–119, 121, 567
P450 reductase, 115, 116
pacemakers, 139, 248, 294, 353
pain suppression, 373, 374
pancreas, 241, 557, 558, 565
pancreatic beta-cells, 241
paralysis, 400
paraplegic, 283
Parkinson’s disease, 341, 342, 353, 400, 414, 557
parylene, 397, 458, 462, 485
parylene C, 462
pathogens, 21, 138, 144, 430, 434, 489
PBS see phosphate-buffered saline
PCR see polymerase chain reaction
PDMS see polydimethylsiloxane
Pearson correlation coefficient, 524
PEDOT, 40, 142, 300, 392
PEDOT-PSS, 184
Penfield, 352, 363
penicillinase, 45
pentacene, 9, 40, 44, 45, 47, 48, 247
PEO see poly(ethylene oxide)
peptidoglycan, 67, 70–74, 81, 82
peripheral nerve, 374, 375
peroxidases, 231
personal electronics, viii, 3, 565
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phagocytize, 115
Philips, 439, 447, 512, 557
phosphate buffered saline, 43, 70, 357, 495
phosphene, 305
phosphenes, 295, 296, 305–308, 310, 311, 313, 325, 374
photobleaching, 432, 435
photodiode, 328, 446
photolithography, 87, 143
photoreceptors, 248–250, 277, 279, 313, 314, 321, 325, 326,

329–331, 336, 374
photoresist, 126, 461, 462, 499
physical activity intensity, 522
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spinal cord, 245, 283, 286, 288, 290–293, 342, 374

injury, 283
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SPR see surface plasmon resonance
STM see scanning tunnelng microscopy
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thin film transistors, 247, 251
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time-of-flight, 545
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wavelet decomposition, 519
wearable systems, 168, 252–254, 510, 544
WHO see World Health Organization
Wikipedia, 279
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