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Activation energy, 318, 322

Active interconnection(s), 230

driven by cascaded repeaters, 234

driven by minimum size repeaters, 231

driven by optimum size repeaters, 232

propagation delays in, 232, 235

Arrhenius plot, 326

Attenuation, 38

Bend, 345

CAD tools, 356

Capacitance(s), 46, 50

approximate formulas for, 57, 109

matrix, 263

parametric dependence of, 77, 99

Carbon nanotubes, 397

Characteristic impedance, 36, 39, 209

Compact expression(s), 216, 292

Copper interconnection(s), 5, 47, 119,

395

advantages, 6

challenges, 6

damascene processing, 9

electromigration, 341

fabrication, 7

resistance modeling, 119

Crossing interconnections, 168, 195,

280

Crosstalk, 242

compact expression(s), 292

dependence on interconnection

parameters, 248, 260, 268, 284

reduction of, 251

Current crowding, 315

Current density, 318, 320

Delays, 136, 226, 230

compact expression(s), 216

dependence on interconnection

parameters, 150, 158, 178, 214

Delay time, 41

Electromigration, 2, 49, 313

due to repetitive pulsed currents, 331

due to thermal effects, 320

effect of activation energy, 322

effect of current density, 320

effect of line length, 321

effect of line width, 321

in copper interconnections, 341

guidelines for testing, 325

mechanism, 316

problems caused by, 314

reduction of

by alloying, 327

by substrate overcoating, 327

under AC conditions, 323

under direct currents, 337

under pulsed DC conditions, 323,

340

Encapsulation, 327
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Even-mode capacitances, 17, 73

for three coupled conductors, 19

for two coupled conductors, 17

FastHenry, 114

Fourier integral method, 84

Fourier transformation, 157

Frequency domain modal analysis, 253

GaAs, 2, 109, 302

GaAs-on-Si, 2

Galerkin method, 16

Gold interconnections, 328

Green’s function, 60, 84

matrix, 67

method, 60, 84

Ground bus, 347, 356

High-frequency effect(s), 203, 213

conductor loss, 205

dielectric loss, 206

effective dielectric constant, 204

model of, 203

skin-effect, 205

Hillocks, 2

Inductance(s), 52

matrix, 263

parametric dependence of, 104

simplified formulas for, 109

Inductance extraction, 55, 114

Interconnection(s), 2

active, 230

between logic gates, 141

copper, 5, 47

crossing, 168, 195

metallic, 391

MIS model of, 138

multilayer, 2

multilevel, 2, 84, 154

multipath, 2, 4, 30

nanotechnology, 390

nanotube, 392

nanowire, 391

optical, 5, 371

semi-infinite, 140, 219

single-level, 145

superconducting, 5

wireless, 399

Interconnection component(s), 344

bend, 345

ground bus, 347, 356

multipath(section) interconnection,

347, 355

overflow, 346, 355

plug, 345, 353

power bus, 347, 356

reduction into straight segments, 344

step, 345, 353

straight segment, 351

via, 347, 354

Inverse Laplace transformation, 25, 157

Joule heat, 315

Ladder network, 27

Lognormal distribution, 326

of failure times, 326

standard deviation, 348

Lumped-capacitance approximation, 243

Median-time-to-failure (MTF), 318, 348

effect of current density, 352

effect of line length, 351

effect of line width, 351

effect of temperature, 352

of interconnection components, 34

Metal loss, 40

Method of images, 10, 60, 67

Method of moments, 15

Miller’s theorem, 23

MIS model, 243

Multiconductor bus(es), 302

Multilayer interconnections, 2

Multilevel interconnections, 2, 84, 154,

264

Multipath interconnection(s), 2, 4, 30,

347

Nanotechnology interconnects, 390

Nanotube interconnection, 392, 397

comparison with copper interconnection,

395

Nanotube via, 394

Nanowire, 391

Nernst–Einstein equation, 317

Network analog method, 91

Noise measurement, 324
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Odd-mode capacitances, 17, 73

Optical waveguide, 375

Optical interconnection(s), 5, 371

advantages, 372

design issues, 374

material issues, 374

system issues, 373

Pade’ approximation, 25

Power bus, 347, 356

Propagation constant, 23, 36

Propagation delays, 41. See also Delays

in active interconnections, 235

dependence on driving mechanism, 235

in multilayer IC, 226

Propagation mode(s), 31

quasi-TEM, 32

skin-effect, 32

slow-wave, 32

Propagation time, 41, 235

Quantum cell, 399

Quasi TEM mode, 32

RC models, 217, 294

Reliability, 328

Arrhenius model of, 329

Mil-Hbdk-217D model of, 329

series model of, 330

series-parallel model of, 330

RELIANT, 357

RF circuit model, 398

Repeaters, see Inverters

Resistance(s), 46, 47

Resistance measurement, 323

Resistivity, 4, 228

Resistivity-frequency mode chart, 32

Rise time, 41

RLC models, 219, 221, 223, 224, 296, 299

Schwarz–Christoffel conformal mapping,

50, 139

Semiconductor loss, 40

Skin-effect, 48, 198

mode, 32, 34

Slow-wave mode, 32, 34

SPIDER, 358

Superconducting interconnections, 5,

386

Thermal effects, 320

Transmission line analysis, 154, 264

Transmission line theory, 21

Via, 347, 354, 394

Voids, 49
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