INDEX

ABCD matrix, 54, 57, 63, 77, 476-9

active antenna, 95, 97-9

active circuits, 86, 95-9, 290-299

active CRLH LWA, 289

active filter, 290, 298-300

active unilateral coupling, 291

admittance inverter, 63, 259, 359, 425-7

admittance matrix, 33, 172, 173

aggressive space mapping (ASM), 204, 239,
491-5, 497-500

air bridges, 29, 437

alignment sensors, 316-24

all-pass structure, 60, 411, 432, 503, 504

alternate right-/left-handed (ARLH), 255-8

Ampere law, 465

anisotropy, 135, 346, 347

anomalous dispersion, 441

antenna directivity, 283

antennas, 17, 30, 31, 47, 48, 66, 95, 97-9,
122, 164, 165, 214, 215, 219, 242, 244,
267, 282-90, 303-14, 316, 317, 378,
3814, 4006, 408, 447, 453

antipodal printed dipole antennas, 31

ARLH transmission line, 257, 258

artificial materials, 119, 120, 440

artificial periodic structures, 120

artificial plasma, 123, 134

artificial transmission lines, 1-5, 7, 19, 29, 31,
37,44,47-114, 120-122, 127, 131, 141,
216, 218, 231, 250, 251, 273, 339-95,
402, 428-41, 444, 472

attenuation, 17, 19, 24, 25, 57, 78, 82, 85,
253, 381, 430

attenuation constant, 6, 17-19, 21, 22, 24,
25,27,28,49,52,53,283, 285,287,288

auxiliary uniform transmission line, 65, 68

backfire, 52, 284

backfire-to-endfire, 284

backward Cerenkov radiation, 127, 129-31

backward leaky wave antenna, 164

backward leaky wave radiation, 127, 131, 285

backward leaky waves, 53, 127, 131, 163,
164, 285

backward media, 123, 125

backward travelling waves, 42, 51, 63, 70

backward wave propagation, 122, 125, 127,
128, 131, 158, 189, 204, 260, 438-40
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backward waves, 51, 122, 125-9, 131, 150,
151, 158, 187, 189, 204, 229,
260, 438-40

backward-to-forward frequency
scanning, 285

backward-to-forward radiation, 285

balance condition, 182, 236, 284, 432

balanced artificial lines, 428

balanced band pass filter, 418, 423-9

balanced CRLH line, 156, 157, 220, 236, 270,
284, 423, 428, 445

balanced hybrid cell, 263, 266, 268

balanced transmission lines, 30, 411-29

band pass filters, 362

bandwidth, 24, 36, 40, 44, 48, 50, 65, 77, 78,
82, 87, 95, 99-101, 107, 109, 135, 143,
164, 165, 167, 183, 188, 189, 205,
215-25, 228, 240, 242, 251, 253, 257,
259-63, 267,268, 270,271, 273, 275-7,
290, 293, 295, 296, 305, 307, 308, 316,
326, 352, 362, 364, 367, 381, 405-8,
411-21, 424-6, 43941, 444

barium strontium titanate (BST), 345,
346, 375-7

barium titanate (BaTiO3), 345

beam steering, 381, 384

bi-anisotropy, 135, 144

biosensors, 302

Biot—Savart law, 480

bipolar junction transistor (BJT), 97

bisymmetric resonators, 145, 320

Bloch impedance, 56-64, 103, 105, 106, 120,
150-152, 155, 157, 159

Bloch mode analysis, 48

Bloch mode theory, 185

Bloch waves, 48, 49, 53, 55, 56, 64, 77, 87

Bragg condition, 51

Bragg frequency, 86, 87, 92, 385-7, 393

Bragg reflector, 93

Bragg resonators, 92, 94

branch line hybrid coupler, 228, 231, 240,
2424, 249, 298

bridged-T, 162, 430, 437-9, 503, 504

network, 430, 438, 439, 503
topology, 437-9, 504

bright solitons, 395

Brillouin diagram, 103

Brillouin zone, 50, 51, 104

broadband matching, 157
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broadside, 52, 144, 283, 284, 289,
384, 445
broadside radiation, 283, 284
broadside-coupled SRR (BC-SRR), 142-3,
146, 148
Broyden matrix, 493, 495, 498, 499
Butterworth low pass filter, 33

cantilever beams, 342—4, 3624
cantilever RFE-MEMS, 342, 362, 363, 372
cantilever-type SRR, 362, 372, 374, 375
capacitively loaded lines, 4, 104, 105, 107,
108, 111, 120
carbon-doped resistive lines, 364
characteristic dimension, 32
characteristic impedance, 6-8, 13, 14, 17-19,
29-33, 36, 39, 42, 43, 54, 56, 57, 60,
624, 68,78,81-4,87,93,99, 101, 103,
105, 110, 114, 120, 121, 151, 152, 154,
156-8, 168, 176, 177, 181-3, 205, 206,
214-17, 219, 221, 223, 224, 228-31,
233,234, 237-40, 246-8, 260, 273, 289,
291, 296, 311, 323, 379, 380, 417, 429,
432-5, 437, 438, 442, 466-8, 474, 482,
489, 490, 495
Chebyshev band pass filter, 275, 421, 426
Chebyshev low pass filter, 39
chipless RFID, 316, 406, 407
chipless tags, 40611
chirp parameter, 99
chirped delay lines (CDL), 86, 99-102
chirping, 87
circuit dual, 182, 404
circulator, 123, 313, 324, 325, 409
CL-loaded approach, 162—-6, 204, 347
closed waveguide, 65
coarse model, 492-7, 500
coaxial line, 1, 4, 467
combiners, 40, 298, 299, 302
common-mode
characteristic impedance, 114
filters, 316, 411, 412, 414, 416,
418-20, 425
impedance, 114
insertion loss, 413, 421
noise, 411, 412, 414, 421
noise rejection, 411, 421
stop band, 415
suppression, 114, 195, 402, 411-29
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common-mode rejection ratio (CMRR), 421,
425, 428
complementary resonators, 146-9, 444
complementary split ring resonator (CSRR),
147-9, 162, 167, 177-87, 189-96,
204-6, 223,224, 226, 234, 23640, 244,
245, 250-251, 253, 255, 257, 258, 262,
267, 269-71, 273, 315-17, 3524, 356,
358, 370, 404, 405, 412-18, 444-6,
486-9, 491-7, 500
complementary SR (CSR), 148, 240
complex amplitudes, 65, 69, 70, 72, 75,
77, 483
complex mode amplitude, 69-70
complex modes, 55, 183, 187-9
complex permittivity, 20
complex propagation constant, 6, 17, 18, 25,
183, 186, 462
complex waves, 183, 188
composite right/left handed (CRLH), 122,
177, 182
conduction
attenuation constant, 24, 28
current, 20, 25, 27, 135
current density, 20, 27
conductivity, 17, 19-21, 25, 26, 147,
462, 480
conductor losses, 5, 17, 18, 22, 25-8
conductor-backed CPW, 29
conjugate matching, 310-312
constant reactance circumference, 470
constant resistance circumference, 470, 471
continuous medium, 120
continuous spectrum, 65, 66
conversion efficiency, 386, 393-5
coplanar strips (CPS), 30, 31, 93
coplanar waveguides (CPW), 4, 8, 29, 30, 33,
37, 68, 93, 105-8, 148, 162-5, 167-74,
176, 182, 191, 192, 194-8, 200, 202,
203, 225, 246-9, 251, 252, 255, 256,
270, 272, 273, 277, 279, 282, 285, 287,
289, 315-17, 319, 320, 322-7, 356-8,
360, 361, 370, 373, 376, 435, 437, 453,
467, 489
coupled line microstrip band pass filters,
93, 254
coupled lines, 31, 93-7, 101, 114, 251-7,
263, 265, 416, 435, 437
coupled microstrip, 31, 437
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coupled mode equations, 65-7, 79-86,
101, 482-5

coupled mode theory, 48, 64-86, 102

coupled resonator band pass filters, 107

couplers, 40, 108, 114, 215, 221, 223, 224,
226, 228, 231, 232, 240, 2424,
249, 290, 298-300, 385, 403, 406,
447, 449

coupling coefficient, 668, 70-73, 78-85, 88,
91, 99, 103, 221, 367, 482-3, 485

CPW see coplanar waveguides (CPW)

CPW band pass filters, 105-8, 255

CRLH lines, 122, 154, 156-9, 161, 162,
164-7, 172, 182, 183, 195, 196, 200,
203, 215, 218-21, 231, 234, 236, 239,
240, 246, 249, 250, 270, 273, 274, 284,
289, 291, 296, 298-302, 376-8, 381,
385, 402, 423, 428, 430, 432-4, 437,
439, 440, 444-53

CRLH-sensors, 302

CRLH transmission line, 131, 150, 154-67,
172, 181-3, 195, 196, 200, 202, 203,
205, 214-304, 375-8, 380, 381, 385,
394, 402, 423, 428-30, 432-7, 439,
440, 444-53

cross polarizabilities, 137, 138, 142

cross polarization, 147, 191, 307

cross-section method, 65-9

crosstalk, 30, 411

CSRR/gap-loaded lines, 234, 23740, 487,
488, 494, 497

CSRR/gap-loaded microstrip lines, 178, 181,
186, 191, 195, 239, 240

CSRR-loaded microstrip lines, 178, 183, 185,
186, 191, 193, 195, 251, 355, 444, 445,
493, 495

Curie temperature, 344, 345

current density, 20, 27, 412, 480481

dark solitons, 395
D-CRLH transmission line, 158-62
Debye model, 135
defect ground structures, 412
defected ground planes, 48
delay lines, 86, 99-102, 299, 402-11
detuning, 314, 317, 318
diamagnetic behavior, 136, 142, 144
dielectric

attenuation constant, 24
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constant, 2, 8,22, 23, 25, 34, 36, 38, 39, 43,
44, 68, 81, 85, 86, 90-93, 97, 100,
101, 107, 110, 142, 148, 170, 178,
180, 184, 185, 192, 193, 196, 197,
199, 201, 203, 206, 223, 234, 237,
244, 245, 248, 254, 256, 258, 263,
267, 269, 271-3, 276, 279, 280, 289,
311, 319, 323, 326, 345, 349, 355,
359, 363, 378, 383, 408, 417, 419,
421, 422, 426, 428, 442, 444, 453,
484-5, 496
flux, 346
loading, 300, 302, 315
losses, 5, 6, 17-25, 83, 85, 346
permittivity, 8, 20, 122, 135, 344, 345, 375
differential band pass filter, 411, 421-3
differential lines, 30, 114, 143, 195,
316, 411-22
differential microstrip line, 31, 316,
411-13, 415
differential port, 30
differential sensor, 302, 304
differential signal, 114, 411, 412, 414,
418, 420
differential transmission lines, 402, 411
differential-mode, 114, 412, 414, 419, 423-8
characteristic impedance, 114
impedance, 114
insertion loss, 413
diffusion, 340
diplexer meta-distributed amplifier, 296
diplexers, 215, 242, 244-5, 250-282, 296,
297, 444-5
discrete modes, 65-7, 295
dispersion
engineering, 214, 215, 293
relation, 7, 54-9, 77, 102-5, 132, 140, 141,
154, 168, 176, 177, 181, 186-9,
403-6, 416, 432, 434, 437, 438,
503, 504
displacement
current, 25, 135, 388, 480
flux, 19
sensors, 317, 318
dissipation, 17, 344
distortionless lines, 18, 19
distributed amplifiers, 215, 290-298
distributed circuit approach, 2
distributed microwave components, 225
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distributed mixer, 290, 291
distributed transconductance, 290, 291
double Lorentz metamaterial transmission
line, 159, 250
double negative (DNG) media, 123
double positive (DPS) media, 124
double slit complementary SRR (DS-CSRR),
148, 414-22
double slit SRR (DS-SRR), 1434, 415
drain line, 290, 291, 293, 295, 296
Drude model, 134, 135, 182
Drude-Lorentz model, 127, 135, 439
DS-CSRR see double slit complementary
SRR (DS-CSRR)
DS-SRR see double slit SRR (DS-SRR)
dual CRLH (D-CRLH) transmission
line, 158-9
dual-band
antenna, 305-7, 310, 311, 453
devices, 22846, 273, 299
diplexer, 242, 244, 296, 297
filters, 298, 447
LWA, 289, 447, 453
matching networks, 310
UHF-RFID tag antennas, 311
UHF-RFID tags, 310-314
dual-band band pass filter, 275, 277, 278
dual-band band-stop filter, 244
dual-band branch line hybrid coupler, 228,
231, 240, 243, 244
dual-band meta-distributed amplifier,
296-8
dual-band printed monopole antennas, 308
dual-band recursive active filters, 290,
298-300
duality, 142, 146-9, 404, 406, 415
dumbbell-shaped resonators, 412, 413
dumbbell-shaped slotted resonators, 412
dynamic range, 302, 317, 320, 322, 324

EBG see electromagnetic bandgaps (EBG)
EBG reflectors, 86, 92
EBG-based active circuits, 95
EBG-based transmission lines, 71, 88,
93, 102
E-CRLH SIW, 447, 452, 453
effective complex permittivity, 20
effective constitutive parameters, 152, 153,
167, 182
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effective dielectric constant, 8, 22, 23, 68,
100, 484-5

effective medium, 120-149, 151

effective medium metamaterials, 120-149

effective parameters, 120, 467

effective permeability, 120, 136-41, 147,
153, 168, 175, 176, 349, 440, 467

effective permittivity, 20, 22, 120, 123,
131-6, 141, 147, 153, 159, 167, 175-7,
346, 354, 439-41, 444, 445, 467

eigenmodes, 55, 186, 188, 189

eigenvalues, 55, 186, 187

eigenvectors, 55

EIRP see equivalent isotropic radiated
power (EIRP)

EIW see electroinductive waves (EIW)

EIW lines, 402, 403, 405, 406

ELC see electric LC resonator (ELC)

electric dipole moments, 19, 134, 139

electric displacement, 20

electric LC resonator (ELC), 145-6, 148,
320, 3224

electric polarization, 19, 344, 346

electric susceptibility, 19, 20, 134, 138

electric wall, 29, 31, 136, 145, 146, 315, 320,
324, 411, 421, 423, 425

electrical length, 7, 8, 12, 31, 32, 35, 36, 63,
93, 109, 110, 214, 215, 219, 231, 234,
237-40, 246, 248, 264

electroinductive waves (EIW), 187-9, 402-6

electromagnetic bandgaps (EBG), 47, 75,
77-9, 81-92, 95, 97-100, 114, 120,
251, 252

electromagnetic interference (EMI), 30, 411

electromagnetic metamaterials, 121

electron mean free path, 135

elliptic low pass filters, 33, 37

EMI see electromagnetic interference (EMI)

endfire, 52, 284

enhanced bandwidth components, 215-25

envelope detector, 324, 325, 340, 409

envelope solitons, 394

ENZ see epsilon-near-zero (ENZ)

epsilon negative-ENG-structures, 123

epsilon-near-zero (ENZ), 43942

equivalent isotropic radiated power (EIRP),
312, 313

evanescent modes, 65, 188, 189

evanescent waves, 187
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even mode, 285, 315, 411, 415, 416,
418, 421
extended CRLH (E-CRLH) transmission
line, 159
external quality factor, 367
eye
diagram, 420
height, 420, 421
opening factor, 420, 421
width, 420

Fabry—Perot like resonances, 101

fast wave, 47, 51, 52, 130, 164,
283-5, 440

FBW see fractional bandwidth (FBW)

ferroelectric materials, 3447, 375-7

ferromagnetic materials, 344

fiber Bragg gratings, 87

field theory, 2, 4, 467

filter central frequency, 93, 251, 260, 261,
275, 352, 359, 364, 367, 416, 425

filters, 13, 47, 120, 215, 340, 411,
414-18, 421

fine model, 4924, 497-9

first neighbor approximation, 185, 403, 405

fishnet structures, 131

fixed-fixed beam RF-MEMS, 370

Floquet analysis, 48-53, 71

Floquet’s theorem, 48, 54

focusing, 127

folded complementary SIR, 148

folded dipole antenna, 314

folded stepped impedance resonator, 32,
141, 421

forward gain, 291, 293, 295

forward leaky waves, 53, 289, 453

forward output port, 290, 291

forward transmission line, 151, 153, 293

forward travelling waves, 51, 483

forward wave propagation, 149, 158,
438, 445

forward waves, 51, 149, 150, 156, 158, 187,
189, 438, 445

Foster reactance theorem, 161, 217, 439

fractional bandwidth (FBW), 44, 95, 107,
188, 251, 253, 257, 259, 261-3, 267,
270, 271, 273, 275-17, 367, 416, 417,
419-21, 424, 426

free-space wavenumber, 52, 53, 103
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frequency
multipliers, 340, 342, 385-7, 391
scanning, 283-5
triplers, 386
frequency-modulated continuous-wave
ground penetrating radar
(FMCW-GPR), 267
fringing
capacitance, 179
fields, 21, 465
fundamental harmonic, 49, 50
fundamental mode, 4, 29, 66, 67, 131,
283-5, 305
fundamental space harmonic, 48, 52, 53, 77

gain, 50, 57, 105, 134, 191, 289-93, 295, 299,
300, 306, 313, 386, 440, 452

gain-bandwidth product, 290, 293

gate line, 290, 291, 293, 295, 296

generalized bandpass filter network, 259,
271, 272

generalized CRLH transmission line,
161, 429

generalized D-CRLH line, 161

generalized lattice network, 429, 430

generalized order-4 transfer matrix, 186

generalized reflection coefficient, 11, 79

ground plane, 29, 31, 37, 38, 48, 64, 66-8, 71,
82, 86, 87,914, 97, 98, 102, 107, 163,
177, 185, 197, 204, 224, 251, 253, 256,
269, 272, 274, 279, 307, 316, 317, 319,
320, 326, 352, 353, 356, 357, 360, 361,
376, 378, 382, 383, 412, 423, 424,
428, 495

ground terminal, 30

group velocity, 7, 49-51, 125, 127, 141,
151-3, 156-8, 385, 402, 404, 406,
440, 441

group-delay, 99-102, 263

half-mode SIW, 445

harmonic generation, 385, 386, 393

harmonic multiplication, 386

harmonic rejection, 267

harmonic suppression, 33, 86, 95-9

HBV see heterostructure barrier
varactors (HBV)

Heaviside condition, 18

Helmholtz equation, 461, 464
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heterostructure barrier varactors (HBV),
340-342, 385-7, 391
high order CRLH transmission lines,
159-62, 447
high pass filters, 42
high-resistivity silicon, 20
host line, 33, 37, 120-122, 154, 155, 162,
163, 165-7, 176, 196, 198, 206,
221, 228, 238, 244, 246, 315, 317,
322, 355, 364, 375, 380, 382, 423,
435, 441, 450
hybrid
approach, 204-6, 258-70, 277
cell, 263, 266-8, 270
lines, 166, 204, 205

IL see insertion loss (IL)
image impedance, 63
impedance
engineering, 121, 149, 214, 215, 227, 250,
291, 303
inverter, 12, 63, 218, 230, 231, 233-7,
239, 240, 244, 246-8, 259,
270-274, 362, 380, 425, 428,
434, 451, 453, 472
matrix, 430, 476
ratio, 35
impulse compression, 385
inductive loading, 108
inductive transformer, 268, 270
insertion loss (IL), 14, 24, 83, 85, 89, 99, 167,
178, 198, 240, 249, 253, 256, 263-5,
268, 270, 273, 281, 282, 299, 300, 350,
355, 367, 370, 371, 375, 379, 410, 413,
414, 418, 419, 421, 428, 476
inter-resonator coupling, 183-90, 367,
414, 416
inverse Doppler effect, 127
inverse scattering method, 387
inversion symmetry, 142, 191
inverted microstrip line, 29
invisibility cloaks, 120
iterative impedance, 63—4, 430

jitter, 420, 421
Kirchoff’s current law, 2

Kirchoff’s voltage law, 2
Kuroda identity, 39, 40
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ladder network, 4, 33, 60, 122, 150, 440
Laplace equation, 465
Laplacian operator, 465
lattice network, 162, 402, 429-39, 503
leakage factor, 283
leaky wave(s), 17, 29, 48, 50-53, 127,
129-31, 163-5, 215, 282-90, 378,
381-5, 447, 453
propagation, 29
radiation, 50-52, 127, 129-31, 282-5, 287,
289, 453
leaky wave antennas (LWA), 17, 48, 164,
165, 215, 282-90, 378, 381-5, 447,
452, 453
left-handed (LH) media, 121, 123, 124
level sensors, 302
LH transmission line, 151, 219, 263,
290, 395
I’Hopital’s rule, 78
liquid crystal, 346-7, 377, 378, 381-5
long wavelength
approximation, 152, 219
condition, 121
limit, 132, 151, 152, 156, 295, 379,
380, 387
regime, 62
Lorentz model, 134, 135, 138, 439
loss factor, 28
loss tangent, 19-25, 185, 289, 319, 323, 359,
419, 422, 453
lossy medium, 462
lossy transmission line, 16-28
low pass filter prototype, 33, 39
low pass filters, 13, 33, 34, 37-41, 60,
103, 386
low temperature co-fired ceramic (LTCC),
164, 165, 411
low-loss approximation, 18
low-loss transmission lines, 17, 18, 21
LTCC see low temperature co-fired
ceramic (LTCC)
lumped components, 4, 231, 358
lumped element approach, 2
lumped elements, 2, 4, 5, 12, 17, 29, 30, 35,
39, 102-6, 132, 162-200, 224, 229, 231,
234, 250, 255, 280, 282, 296, 348, 353,
354, 358, 386, 387, 415, 423, 465, 472,
473, 491
LWA see leaky wave antennas (LWA)
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magnetic coupling, 141, 191-3, 195,
349, 415
magnetic current, 280, 285, 287
magnetic LC (MLC) resonator, 148
magnetic permeability, 8, 122, 123, 138
magnetic polarizability, 1368, 142, 147
magnetic susceptibility, 136, 138
magnetic wall, 21, 29, 146, 171, 172, 175,
195, 255, 285, 315, 316, 320, 326, 348,
411, 412, 425, 445, 488
magnetoelectric coupling, 139
magnetoinductive waves (MIW),
187, 402-11
delay lines, 404, 406, 407, 409, 411
MIW lines, 403, 406, 409
mass flow sensor, 302, 303
matched load, 9, 10, 13, 40, 51, 60, 63, 69,
283, 298, 409, 472, 474, 476
matching condition, 41, 73, 77, 79-81, 100
matching networks, 95, 98, 289, 290,
310, 311
Maxwell’s equations, 2, 8, 27
MCM-D technology, 263
meander line antenna (MLA), 311, 312, 314
MEMS bridges, 371
metacircuits, 121
meta-distributed amplifier, 296
meta-distributed mixer, 291
metalines, 121, 149, 162, 167, 204, 221
metal-semiconductor junction, 340, 341
metamaterial, 4, 20, 51, 119-206, 214-327,
342, 344, 347-85, 439-53, 467,
491-502
resonators, 121, 311, 317, 342, 344, 371
transmission lines, 4, 51, 119-206,
214-327, 342, 344, 347-85, 439-53,
467, 491-502
micromaching technologies, 29
microstrip, 3, 4, 8, 22, 23, 28-31, 34, 36, 37,
39, 44, 48, 66-8, 80-82, 84-93, 95, 99,
101, 102, 107-14, 154, 162, 163,
177-86, 191, 193, 195, 196, 199-201,
206, 225, 234, 239, 240, 244, 246,
249-59, 262, 263, 271, 273, 282, 283,
285, 289, 316, 317, 324, 327, 348-55,
364, 365, 367,373-6,409,411-13, 415,
416, 423, 424, 426, 438, 4446, 453,
467, 491-5
microstrip differential lines, 411, 412
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millimeter wave, 29, 119, 435
mirrored SIR, 423, 425-9
mismatching, 5
MIW see magnetoinductive waves (MIW)
mixed coupling, 191-5, 415
mixers, 95, 215, 267, 290, 291, 298, 340
MLA see meander line antenna (MLA)
MNG see negative permeability
materials (MNG)
mode conversion, 412, 413
mode interference, 49
monolithic microwave integrated circuits
(MMIC), 29
monolithic NLTL, 386
mu negative-MNG-media, 123
multiband
components, 162, 215, 225-50
devices, 214, 225, 250
planar antennas, 303-14
printed dipole antennas, 214, 304-10
printed monopole antennas, 214,
304-10
multi-conductor line theory, 185
multifunctional filters, 250, 267
multimode propagation, 183
multiple tuned CSRR-loaded microstrip
line, 251
multiple tuned SRR-loaded CPW stop band
filter, 251
multiple tuning, 253
multiple-frequency-tuned EBG transmission
lines, 88
multiport networks, 40, 185
multispurious suppression, 95
mu-near-zero (MNZ), 439
mushroom type configuration, 163
mutual inductance, 171, 176, 192, 193, 349,
403, 404, 407

NB-CSRR see non-bianisotropic
complementary SRR (NB-CSRR)

NB-SRR see non-bianisotropic SRR
(NB-SRR)

negative Goos—Hinchen shift, 127

negative group velocity, 153, 441

negative impedance converter (NIC),
440442

negative permeability, 122, 123, 136, 141,
167, 177, 411, 439
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negative permeability materials (MNG), 123,
136, 139, 141, 143, 144

negative permittivity, 123, 141, 445

negative refraction, 127-9

negative refractive index (NRI) media, 123

negative refractive media, 129

nematic liquid crystals, 346, 347

nematic state, 346

Nepers, 28

NIC see negative impedance converter (NIC)

NLTL see nonlinear transmission
lines (NLTL)

non-bianisotropic complementary SRR
(NB-CSRR), 148, 191, 194

non-bianisotropic SRR (NB-SRR), 142,
191, 194

non-Foster active components, 230

non-Foster elements, 43941

non-Foster reactance, 429

non-Foster transmission lines, 402

non-homogeneous open lines, 4, 22, 28

nonlinear Schrodinger equation, 394, 395

nonlinear transmission lines (NLTL),
339, 385-95

nonlinearity, 339, 344, 385, 387, 391,
393, 394

non-spectral, 53

non-uniform transmission lines, 65

normalized admittance, 259, 471, 472

normalized attenuation constant, 287

normalized impedance, 273, 468-73, 476

normalized voltage, 474, 475

notch filters, 31-9, 316

OCSRR see open complementary
SRR (OCSRR)

odd mode, 114, 251, 411, 415, 417,
421, 437

Ohm law, 20, 90

ohmic losses, 138

open complementary SRR (OCSRR), 148,
149, 166, 167, 195-204, 234, 235, 239,
240, 246, 248, 249, 270-282, 305-9,
349, 362, 375-9, 423-6, 490

open split ring resonator (OSRR), 146, 356

open stop band, 284

open stub, 35, 37

open transmission lines, 65, 66

open-circuit, 4, 10, 12, 39, 305, 424
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optimization space, 492, 493
OSRR see open split ring resonator (OSRR)

paired strips transmission line, 31
paraelectric, 344, 345
paraelectric phase, 344
parallel coupled line bandpass filters, 251,
252,256
parallel plate transmission line, 21, 27,
462, 465-7
parallel strips, 30, 167
parameter extraction, 163, 196-8, 200, 205,
262, 356, 425, 486-91, 493, 500
pass band ripple constant, 109
patch antenna, 95, 97
patch-loaded lines, 108, 110
PBG see photonic bandgaps (PBG)
PCB see printed circuit board (PCB)
PCs see photonic crystals (PCs)
PEC see perfect electric conductor (PEC)
penetration depth, 26
perfect electric conductor (PEC), 133,
147, 285
perfect magnetic conductor (PMC), 133,
147, 285
periodic bidirectional LWA, 283
periodic LWA, 283, 285
periodic structures, 47-114, 119-21, 125,
129-32, 188, 251, 262, 263, 2824, 287,
289, 385, 403
periodic transmission lines, 47, 48, 51, 57,
62-3, 79, 86, 102, 114, 120
periodicity, 49, 51, 71, 108, 121, 159, 259,
262, 274, 283, 284, 289, 385, 386,
439, 440
permeability, 8, 20, 65, 120, 122, 123, 125,
126, 131, 136-41, 147, 153, 159, 167,
168, 175-7, 182, 349, 411, 439, 440,
460, 467, 480
permittivity, 2, 8, 19, 20, 22, 30, 65, 120, 122,
123, 125, 126, 131-6, 141, 145, 147,
153, 159, 167, 175-7, 182, 339, 344-6,
354, 375, 376, 383, 439-41, 444, 445,
448, 449, 453, 460, 462, 467
permittivity of vacuum, 22, 441
perovskite crystalline structure, 345
phase
constant, 6, 8, 17, 18, 25, 49, 50, 53, 66-8,
71,76, 77, 93, 103, 105, 120, 121,
132, 150-153, 156, 157, 205, 215,

INDEX

283, 287, 291, 293, 295, 296, 311,
379, 381, 382, 430, 432, 435, 461,
462, 482, 484, 495, 503
matching, 61, 73, 77, 79-81, 100
noise, 95
shifting lines, 197, 221
velocity, 7, 8, 22, 28, 30, 36, 47, 49, 51,
102, 105-7, 129, 157, 216, 229, 251,
437, 441, 462
phase-matching condition, 73, 77, 79-81, 100
photonic bandgaps (PBG), 47, 86
photonic crystals (PCs), 47, 120, 129
physical dual structures, 183
PIN diodes, 340-342
planar filters, 93-5, 102, 251, 444
planar technology, 34, 136, 144, 167, 224,
246, 270, 304, 406, 442
planar transmission lines, 1-44, 64, 68, 71,
153, 162
plane wave propagation, 153, 439, 460-467
plane waves, 7, 25, 27, 123-5, 132, 139, 153,
439, 460-467
plasma frequency, 123, 133, 135, 141, 167
PLH see purely left handed (PLH)
PMC see perfect magnetic conductor (PMC)
PN junction, 340, 341
PN rectifier diodes, 340
polarization, 19, 129, 131, 133, 134, 137, 140,
147, 148, 191, 307, 318, 344, 346,
348-51, 355, 356, 364, 380
power divider, 42, 218-22, 231-42, 246,
248-50, 267, 298, 299, 302, 362,
376, 451
power splitter, 40—43, 225, 234, 236, 249,
267, 428, 453
power transmission coefficient, 11, 313
power wave reflection coefficient, 11, 312
Poynting vector, 124, 128, 131
PRH see purely right handed (PRH)
printed circuit board (PCB), 2, 26, 402,
406, 442
printed monopole antennas, 307-10
propagation constant, 6, 17, 18, 25, 48, 49, 55,
62, 123, 183, 186, 187, 4614, 467, 481
pull-down electrode, 343
pull-down voltage, 3424
pulse
compression, 385
sharpening, 386
width, 406, 409
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purely left handed (PLH), 156, 220, 221,

228-31, 293, 295, 380, 4324
purely right handed (PRH), 155, 433, 434
purely TEM wave, 20, 21, 28

quad-band
branch line hybrid coupler, 249
devices, 162, 246-50
impedance inverter, 246, 248, 251
power divider, 248, 249
splitter, 447
Wilkinson power divider, 250
Y-junction power divider, 246, 249, 251
quadrature hybrid coupler, 242
quality factor, 22, 24, 25, 93, 95, 251, 316,
367, 374
quasimicrostrip mode, 67
quasi-Newton iteration, 493
quasiperiodic EBG structures, 99, 100
quasi-slot mode, 67
quasi-TEM lines, 20, 467
quasi-uniform LWA, 284

radiation loss, 17, 24, 66, 443

radiation pattern, 285, 286, 289, 306, 308,
310, 384, 452, 453

radiofrequency (RF) bar codes, 303, 314-16,
324-17, 406, 411

radiofrequency identification (RFID), 122,
304, 311, 313, 314, 316, 406-11

radiofrequency-microelectromechanical
system (RE-MEMS), 342-7, 352,
362-75, 377, 378, 381

rat-race hybrid coupler, 221-5

reactively loaded lines, 86, 102-14

read range, 310, 312-14

reciprocal network, 40, 478

reciprocal system, 55

reciprocity, 55, 64, 172, 191

reconfigurable metamaterial transmission
lines, 347-85

reconfigurable stop band filter, 352, 368

rectangular waveguide, 141, 441-5

recursive active filters, 290, 298-303

reference impedance, 69, 81, 84, 260, 312,
468, 472, 473, 489

reference plane, 54, 57-9, 62, 69,
474, 475

reflection coefficient, 9—11, 13, 15, 62, 79, 80,
88, 93, 114, 190, 191, 196, 197, 199,
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242, 307-9, 312, 409, 468, 470-473,
476-8, 486, 488

reflection zero, 61, 78, 110, 489, 490

reflectors, 47, 68, 86, 92, 93, 406, 409

refraction regime, 120

resonant Bragg coupling, 100

resonant cavity, 25, 92, 93

resonant coupling, 73

resonant-type approach, 131, 162,

165-204, 223

resonant-type CRLH transmission line,
163, 195

resonant-type metamaterial transmission line,
121, 122, 166, 167, 204, 347-8,
491-502

return loss (RL), 10, 37, 39, 83, 85, 89, 112,
169, 228, 242, 257, 263, 265, 268, 270,
271, 275, 277, 282, 300, 313, 367,
369-71, 418, 419, 425, 428, 444, 447

reverse gain, 291, 295-7

reverse output port, 290, 291

RF choke, 380

RFID see radiofrequency
identification (RFID)

RF-MEMS see radiofrequency-
microelectromechanical system
(RF-MEMS)

RF-MEMS switches, 344, 362, 364, 366, 367

RF-MEMS-loaded SRR, 364, 365, 367

Richard’s transformations, 13, 3941

right-handed (RH) wave propagation, 122,
151, 154, 205

ring resonator, 22, 23, 32

ripple, 39, 44, 87,91, 101, 109, 263, 273, 275,
2717, 279, 421, 424, 426

RL see return loss (RL)

rotation sensors, 317, 320, 322, 324

scattering matrix, 40, 242, 474-9

scattering (S-)parameters, 48, 65, 69, 70,
75-7, 79-80, 113, 248, 279, 367, 371,
379, 434, 436, 479, 492, 500, 501

Schiffman section, 437

Schottky diodes, 340-342

semiconductor diodes, 340

semilumped components, 31, 32, 39, 102

semilumped element approximation, 32, 33

sensors, 122, 146, 195, 215, 300-304, 314-24

series power divider, 219-22

short-circuit stub, 109
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shrinking factor, 499
shunt stub, 33, 39, 108, 163, 205, 223, 224
signal integrity, 412, 420
simplified coupled mode equations,
65, 482-3
single mode operation, 66, 67, 79
single negative (SNG) artificial
structures, 123
single tuned EBG, 97
single-band components, 226
single-ended bandpass filters, 423
single-ended lines, 416
single-ended microstrip transmission line, 31
single-ended ports, 30
sinusoidal steady-state conditions, 6
SIR see stepped impedance resonator (SIR)
SISS see stepped impedance shunt
stub (SISS)
SIW see substrate integrated
waveguides (SIW)
skin
depth, 25-8
effect, 26
slot antennas, 30, 447
slot lines, 30, 93, 287, 289
slot mode, 29, 30, 197, 280, 319, 323, 326,
360, 361, 378
slow wave
effect, 102-14, 120
factor, 402-6
periodic structures, 108
structures, 47, 107, 108
transmission lines, 4, 107, 108, 441
SM see space mapping (SM)
Smith chart, 5, 194, 196, 197, 199, 201,
468-73, 486, 488-90
SMT see surface mount technology (SMT)
Snell’s law, 128
solitary wave, 385, 389, 390
soliton, 339, 385-95
source impedance, 14, 16, 60
source plane, 15, 16, 59, 63
space harmonics, 48-53, 77, 130, 131,
283, 284
space mapping (SM), 204, 491-502
spatially integrating sensors, 302
spatially resolved sensors, 302
spectral, 53, 129, 155, 158, 310, 316
spectral signature, 316
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spiral resonator (SR), 144, 146, 148, 240, 244,
311, 312, 314

split cylinder resonator, 25

split ring resonator (SRR), 32, 123, 131,
136-44, 146-9, 156, 167-9, 171, 174-7,
182, 191-6, 250-251, 255-7, 270, 273,
287, 288, 300, 301, 305, 315-17, 321,
322, 326, 347, 348, 352, 356, 358,
362-5, 372-5, 404, 406, 408, 486

spurious suppression, 86, 93-5, 105, 108,
250-255

square resistance, 27

square split ring resonators (SSRR), 406, 408

SR see spiral resonator (SR)

SRR see split ring resonator (SRR)
SRR-loaded CPW, 168, 169, 171, 172, 179,
183, 191, 192, 195, 250, 251, 317

SRR-loaded lines, 193, 301, 317, 349,
488-9

SRR/strip-loaded CPW, 168, 169, 171, 172,
195, 270, 287

SSRR see square split ring resonators (SSRR)

standing wave, 10, 48

stepped impedance low pass filter, 33, 34

stepped impedance resonator (SIR), 32, 36,
37, 141, 144-5, 148, 224, 324-7, 421

stepped impedance shunt stub (SISS),
33-7, 39

stop band filters, 30, 36, 280

stripline, 21, 28, 30, 467

strontium titanate (SrTiOs), 345

stub, 3, 4, 7, 31-9, 41, 108-10, 163, 204-6,
214, 215, 223, 224, 228, 250, 262, 268,
285, 468

substrate integrated waveguides (SIW), 289,
402, 441-53

subwavelength resolution, 127

superluminal, 130, 153, 440, 441

group velocity, 441
phase velocity, 440, 441

superposition hypothesis, 139

surface mount technology (SMT), 162, 228,
231, 340

surface resistance, 26

susceptance slope, 161, 280, 424

susceptibility tensor, 138

suspended microstrip lines, 29

symmetry properties, 31, 146, 195, 314-17

synthetic lines, 4
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TDR see time domain reflectometry (TDR)
TE see transverse electric (TE)
telegrapher equations, 6, 153
TEM see transverse electric and
magnetic (TEM)
temperature sensors, 302
terminated transmission line, 816, 468, 470
THz gap, 386
time domain reflectometry (TDR),
316, 406-11
time-averaged density of energy, 126, 466
time-averaged flux of energy, 124
time-bandwidth product, 99
TM see transverse magnetic (TM)
transfer matrix, 48, 53-65, 102, 150, 186
transfer matrix method, 48, 53-65, 102
transformation optics, 129
transition frequency, 156, 157, 163, 164, 182,
183, 200, 220, 229, 284, 287, 289,
295, 432-5
transmission coefficient, 11, 14, 22-5, 60-62,
102, 157, 191, 244, 257, 260, 299, 300,
304, 313, 315, 321, 322, 324, 326, 327,
355, 373, 374, 444, 447, 476, 478,
487, 488
transmission gain, 313
transmission line(s), 1-44, 47-114, 119-206,
214-327, 339-95, 402-53, 460468,
470, 472, 482-3, 491-502
calculator, 33, 68, 82, 416, 428, 495
metamaterial, 121, 127
with metamaterial loading, 121, 122, 214,
215, 250, 277, 303-27
parameters, 5-8
transmission power, 313
transmission zero, 33, 36, 37, 39, 169, 172,
173, 175, 178, 179, 181, 182, 198, 204,
205, 237, 240, 255, 256, 259-63,
268, 270, 280, 290, 316, 326, 354, 364,
367, 382, 416, 419, 421, 423-5, 428,
487, 488
transverse electric (TE), 4, 54, 141, 443,
444, 463
transverse electric and magnetic (TEM), 4, 8,
20, 21, 28, 30, 54, 67, 68, 132, 133, 135,
153, 306, 313, 460-467
TEM cell, 306, 313
transmission line, 132, 133, 153,
464, 467
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wave propagation, 4, 8, 20, 21, 28, 153,
460467

transverse magnetic (TM), 141, 285, 443

trap antennas, 214, 304

travelling waves, 9, 10, 42, 51, 54, 63, 70,
462, 483

tri-band components, 205, 250

tri-band dipole, 305

tri-band printed monopole antennas, 307,
309, 310

tunable filters, 303, 340, 358, 359, 362, 367,
371, 372, 376, 377

tunable LWA, 289, 381, 383, 385

tunable metamaterial resonators, 342,
344, 371

tunable metamaterial transmission lines,
342, 371

tunable phase shifter, 378-81

tuning diodes, 340, 347, 349, 355

tuning range, 340, 347, 362, 369-71, 373,
375, 381

tunneling, 341, 342

two-port networks, 1, 5, 39, 57, 63, 64, 430,
473, 476, 477, 479

UHF-RFID see ultra-high-frequency
radiofrequency identification
(UHF-RFID)

UHF-RFID tags, 310-314

ultra wideband (UWB), 112, 270, 428

ultra-high-frequency radiofrequency
identification (UHF-RFID),
310-314

uniform LWA, 283, 284

uniform transmission line, 65, 67, 68

unit conductance circumference, 198,
200, 487-9

unit resistance circumference, 471, 473

unitarity, 76, 191

unloaded quality factor, 24

UWB see ultra wideband (UWB)

UWB bandpass filters, 270, 428

validation space, 492, 493

varactor diodes, 340-342, 347, 348, 352,
353, 356-9, 362, 375,
379-81, 385

varactor-loaded complementary split ring
resonator (VLCSRR), 352-7, 362
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varactor-loaded open complementary split
ring resonator (VLOCSRR), 356-9

varactor-loaded open split ring resonator
(VLOSRR), 356-9

varactor-loaded split ring resonator (VLSRR),
347-53, 356

varicap diodes, 340

Veselago media, 123

vias, 29, 163, 197, 205, 258, 279, 280, 319,
323, 326, 327, 352-6, 360, 361, 423,
441, 443, 444, 450, 453

virtual ground, 29, 31, 380, 423

VLCSRR see varactor-loaded
complementary split ring resonator
(VLCSRR)

VLOCSRR see varactor-loaded open
complementary split ring resonator
(VLOCSRR)

VLOSRR see varactor-loaded open split ring
resonator (VLOSRR)

VLSRR see varactor-loaded split ring
resonator (VLSRR)

voltage controlled capacitors, 340

voltage controlled oscillators (VCO), 340

voltage divider, 16
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voltage multipliers, 340
voltage standing wave ratio (SWR), 10

wave equation, 6, 124, 461, 462, 464

wave impedance, 7, 8, 123, 313, 4614

waveguides, 1, 8, 29, 47, 48, 65, 66, 68,
123, 125, 141, 183, 277, 373,
402, 441-53

wavelength, 2, 7, 22, 26, 30, 51, 60, 62,
64, 93, 105, 106, 108, 120, 121,
127, 132, 136, 144, 151, 152, 156, 158,
219, 221, 236, 237, 240, 242, 244, 246,
248, 256, 257, 263, 273, 275, 277, 282,
284, 295, 302, 305, 312, 369, 376, 379,
380, 387, 425, 428, 470

wavenumber, 52, 53, 103, 132, 283, 461

wideband band pass filters, 108-14, 167,
271, 273, 274

wideband filters, 250, 267,
270-277

wiggly-line filter, 93, 95, 96

wire media, 132-6

0° phase shifting line, 221
zero-resistance circumference, 472



