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Index

A

AC circuit, LLFT networks
average power, 24-63-24-73
input impedance, 24-64
load impedance, 24-71
maximum average power,

24-72-24-73
power factor (PF), 24-63
power triangle, 24-67
RMS values, 24-66
sinusoidal sources, 24-62—-24-63
Active filter synthesis, SFG
filter transfer function

all-pole transfer function,
21-20

differential-input op-amp
circuit, 21-17

dummy branch insertion,
21-13

four op-amp circuit,
21-18-21-19

gain function, 21-12-21-13

lowpass filter specifications,
21-19

Mason’s gain formula, 21-12

RC-op-amp circuits,
21-14-21-15

state variable biquad,
21-19-21-20

transfer voltage ratio, 21-11

two op-amp circuit
realizations, 21-15-21-16

passive filter circuit

bandpass passive filter,
21-9

Butterworth low-pass filter,
21-7-21-9

Chebyshev low-pass
response, 21-10
component op-amp circuits,
21-5-21-7
doubly terminated passive
filter, 21-4
general ladder network,
21-4-21-5
leapfrog realization,
21-5-21-9
normalization,
21-10-21-11
Adaptive fault tolerance (AFT),
4-27-4-28
Adjustable capacitor,
11-27-11-28
Air inductor
advantages, 11-48
coil dimensions, 11-45-11-47
design guidance, 11-47
disadvantages, 11-49
frequency ranges, 11-48
quality factor, 11-47-11-48
Algebra
ring concept, 2-2
vector multiplication, 2-2-2-3
Analog 2-D filter
quadrantal and octagonal
symmetry,
10-28-10-29
rotational and diagonal
symmetry, 10-29
transfer function, 10-27
Arc coloring theorem
graph painting, 7-25-7-26
induction hypothesis, 7-26
resistances and voltages, 7-27

B

Bandpass filter (BPF)
MATLAB optimization, 10-32
specifications, 10-31-10-32
Bandpass sampling theorem,
6-5-6-6
Bandstop filter {BSF)
coefficients and specification,
10-35
contour and 3-D magnitude
plots, 10-36
Bijective function, 1-4
Bilinear operators
basis tensors
finite-dimensional vector
spaces, 2-5-2-8
Kronecker product, 2-8
determinants, 2-9-2-11
matrix inversion, 2-14-2-16
multiple products, 2-8-2-9
property interchange, 2-16-2-18
skew symmetric products
k interchanges, 2-11
p-linear operator, 2-12-2-14
tensor product
arbitrary bilinear operator,
2-4
isomorphism, 2-5
Binet-Cauchy theorem, 7-15-7-16
Bipolar junction transistor (BJT)
amplifier
amplification, 15-1-15-2
circuit schematic symbol,
18-1, 18-2
discrete vs. IC amplifier
component differences,
15-6-15-7
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parasitic differences,
15-7-15-8
history, 15-2
IC amplifiers
active loads, 15-10-15-11
BJT differential pair,
15-20-15-21
cascode amplifier stage,
15-15-15-17
common-base stage,
15-13-15-14
comimon emitter stage,
15-11-15-13
differential stage,
15-18-15-20
emitter follower,
15-14-15-15
small-signal models,
15-8-15-10
IC power output stages
circuit efficiency,
15-31-15-32
class-B output stage,
15-32-15-33
class-D output stage,
15-33-15-36
limitations,
15-29-15-30
thermal resistance,
15-30-15-31
operational amplifiers
analog computer,
15-21-15-22
classical architecture,
15-22-15-23
features, 15-22
high-gain differential stage,
15-23-15-24
second amplifier stage,
15-24-15-26
specifications,
15-26-15-27
types and applications
distortion-free and nonlinear
distortion, 15-4
frequency range and output
power, 15-3
input and output variables,
15-2-15-3
intercept points, 15-5
operational amplifiers
(op-amp), 15-5-15-6
total harmonic distortion
(THD), 15-4

wideband amplifiers
composite stages,
15-27-15-28
feedback cascades,
15-28-15-29
BJT amplifier, see Bipolar junction
transistor amplifier
Broad-sense Hurwitz polynomial
(BHP), 9-5
Butterworth low-pass filter
fourth-order, 21-7
third-order, 21-8-21-9

C

Capacitive tree-branch voltages,
27-7,27-8
Capacitor
dielectric constant, 11-24
geometry
air variable capacitor, 11-36
chip capacitor, 11-37
ESI and ESR, 11-34, 11-36
high-voltage capacitor,
11-29, 11-37
linear capacitor
adjustable capacitor,
11-27-11-28
energetic power capacitor,
11-28, 11-29
fixed capacitor-class 1,
11-26-11-27
high-voltage capacitor,
11-28-11-29
interference suppression
capacitor, 11-30
leakage current and
ionization threshold,
11-39
power factor and capacitance
dependence, 11-37-11-38
nonlinear capacitor
ferrodielectric capacitor,
11-31-11-32
polar polymer dielectric
capacitor, 11-32-11-33
power and quality factor, 11-25
properties
nonorganic'capacitor,
11-33-11-34
organic capacitor,
11-34,11-35
super capacitor, 11-34
v index, 11-25-11-26

Index

Cauchy’s residue theorem, 5-7
Chirp z-transform algorithm, 5-17
Circuit elements
characterization
dynamic model, 13-9-13-10
formal methods, 13-3-13-4
memristive element, 13-8
reactive element, 13-7-13-8
resistive element, 13-4-13-7
connecting multiport (CMP)
linear circuit, KCL and KVL,
13-10-13-11
nonlinear circuit and
partition, 13-1-13-2
lumped circuit approximation,
13-1
tableau formulation, 13-11
CMOS, see Complementary metal
oxide semiconductor
Coates’ gain formula
coefficient matrix, 8-7-8-8
nXn matrix, 8-6-8-7
nonsingular matrix, 8-5
topological formula, 8-4
Common-mode rejection ratio
(CMRR), 15-27
common-mode gain,
l16-16-16-17
differential and noninverting
configuration, 16-17
total output voltage,
16-17-16-18
Continuous-time Fourier transform
convergence, 4-10-4-11
CT and the DT sampled model,
4-5-4-6
exponential Fourier series,
4-7-4-8
Fourier spectrum, 4-6
periodic continuous-time
signals, 4-11
properties, 4-2-4-5
trigonometric expansion,
4-8-4-10
Continuous-time signals
convergence, 4-10-4-11
CT and the DT sampled model,
4-5-4-6
exponential Fourier series,
4-7-4-8
Fourier spectrum, 4-6
periodic continuous-time
signals, 4-11
properties, 4-2—-4-5
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trigonometric expansion,
4-8-4-10
Continuous wavelet transform
(CWT), 6-15
Controlled circuit elements
controlled sources
CCCS and CCVS,
14-4-14-7
circuit representation,
14-1, 14-2
VCCS and VCVS,
14-1-14-4
signal converters
circulator, 14-12-14-15
current negative impedance
converter, 14-11-14-12
definition, 14-15
gyrator, 14-8-14-10
network ports, 14-7-14-8
voltage negative impedance
converter, 14-11
Cooley-Tukey FFT, 10-11
Cored inductor
advanced inductor, 11-56
closed magnetic circuit
air gap, 11-51-11-53
apparent permeability, 11-54
equivalent dimensions and
parameters, 11-50-11-51
incomplete coupling, 11-53
joint effect, 11-54-11-55
leakage coefficient, 11-54
open magnetic circuit,

11-55-11-56
parameters, 11-49-11-50
power loss

definition, 11-56-11-57
dielectric loss, 11-59-11-60
magnetic loss, 11-57-11-59
resistive loss, 11-57
sinusoidally excited inductor,
11-60
Cramer’s rule, 1-19
Critical temperature resistors (CTR),
11-10
Current-controlled current source
(CCCS)
circuit implementation, 14-7
circuit schematic symbol,
18-3, 18-4
equivalent circuit, 14-6
SPICE format, 14-6
Current-controlled voltage source
(CCVS), 14-4

circuit implementation,
14-5-14-6
circuit schematic symbol, 18-3
SPICE format, 14-5
Current feedback op-amp (CFOA)
bipolar realization, 17-5
buffer and CFOA
implementation
frequency response,
17-7,17-9
open-loop transimpedance,
17-7,17-9
output impedance

characteristics, 17-7-17-8

schematics and layout plot,
17-6-17-7
step response and harmonic
distortion, 17-11
voltage buffer performance,
17-7
closed-loop gain, 17-3-17-4
CMOS compound device, 17-5
macromodel, 17-2-17-3
total impedance, 17-3
Current-mode op-amp
closed-loop characteristics,
16-35-16-36
dynamics, 16-37-16-38
higher-order effects,
16-38-16-40
Cutset-loop circuit analysis
analogous problem, mesh
analysis, 19-31
circuit representation,
19-39-19-41
failure, nodal analysis,
19-30-19-31
fundamental cutset and loop,
19-32
graphical representation,
19-31-19-32
KCL equation, 19-32-19-34
KVL equation, 19-34
norator, 19-35-19-36
nullator and equivalent
subcircuit, 19-37
passive element and
equivalent circuits,
19-36-19-37
three-terminal/two-port
element,
19-37-19-39
two-terminal element,
19-35-19-40
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D

Determinant decision diagrams
(DDD)
matrix determinant and
representation,
25-24-25-25
nodal analysis, 25-23-25-24
vertex and vertex ordering,
25-24
Differential-input op-amp circuit,
21-7
Digital filter banks
basis function, 6-29-6-30
half-band filter, 6-27
paraunitary filter bank
parametrization, 6-27
reconstruction system,
6-25-6-27
polyphase representation,
6-24-6-25 ’
subband reconstruction
conjugate quadrature filter,
6-23-6-24
PR property, 6-23
tree-structured system,
6-28-6-29
two-channel filter bank,
6-22
Digital filters
continuous-time frequency
response, 10-15
discrete-time frequency
response, 10-15-10-16
magnitude response, 10-16
quadrantal and octagonal
symmetry,
10-29-10-30
rotational and diagonal
symmetry, 10-30
Dirac delta function
definition, 3-42-3-43
doublet signal, 3-44
impulse function, 3-43
Discrete Fourier transform
(DFT), 25-16
FFT algorithm
applications, 4-19
ordered inputs and
bit-reversed outputs,
4-18-4-19
types and development,
4-17
properties, 4-15-4-17
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Discrete-time Fourier transform
(DTFT)
vs. CT spectra, 4-14-4-15
DTET pairs
definition and bilateral
z-transform, 4-12
types, 4-13
properties, 4-13-4-14
Doubly terminated passive filter,
21-4

E

Eigenvalues
inverse matrix, 1-18
singular-value decomposition
(SVD), 1-17
Electrical circuit
classifications
active vs. passive, 18-12
linear vs. nonlinear,
18-11-18-12
lumped vs. distributed,
18-13-18-15
time-varying vs. time-
invariant, 18-12-18-13
current polarity
charge transport,
18-5-18-6
current flow, 18-4-18-5
energy and voltage, 18-7-18-8
power
calculations, 18-8-18-9
conversation, 18-8-18-9
schematic symbols
controlled sources,
18-2-18-4
multiterminal elements,
18-1-18-2
two-terminal elements,
18-1, 18-2
voltage-mode operational
amplifier, 18-4, 18-5
Electromagnetic interference
(EMI), 11-49
Energetic power capacitor,
11-28, 11-29
Equivalence transformation,
1-14-1-15
Equivalent series inductance
(EST), 11-34
Equivalent series resistance
(ESR), 11-25
Eternal signals, 26-3~26-4

F

Fast Fourier transform (FFT), 25-17

algorithms
applications, 4-19
ordered inputs and
bit-reversed outputs,
4-18-4-19

types and development, 4-17

centrosymmetry, 10-13
quadrantal symmetry, 10-14
symmetry-based 1-D FFT,
10-11-10-12
Ferrodielectric capacitor,
11-31-11-32
Filter banks
digital filter banks
basis function, 6-29-6-30
half-band filter, 6-27
paraunitary properties,
6-25-6-27
polyphase representation,
6-24-6-25
subband construction,
6-22-6-24
tree-structured system,
6-28-6-29

two-channel filter bank, 6-22

paraunitary filter banks

dilation equation application,

6-63-6-64

infinite product convergence,

6-64-6-65
orthonormal wavelet basis,
6-65-6-70
parametrization, 6-27
wavelet tight frames,
6-70-6-71
synthesis and reconstruction,
6-13-6-14
time-frequency representation,
6-13
wavelet function design,
6-14-6-15
Filter transfer function

all-pole transfer function, 21-20

differential-input op-amp
circuit, 21-17

dummy branch insertion, 21-13

four op-amp circuit,
21-18-21-19

gain function, 21-12-21-13

lowpeass filter specifications,
21-19

Mason’s gain formula, 21-12

Index

RC-op-amp circuits,
21-14-21-15
state variable biquad,
21-19-21-20
transfer voltage ratio, 21-11
two op-amp circuit realizations,
21-15-21-16
First-order circuits, time domain
analysis
network time constant, 26-10
transfer functions, 26-6-26-7
transient and steady-state
responses, 26-9-26-10
zero-input response,
26-7-26-8
zero-state response, 26-8-26-9
Fixed capacitor, 11-26-11-27
Fixed resistor
chip resistor, 11-6, 11-7
dynamic tolerance A and resistor
class, 11-2-11-3, 11-4
high-ohmic, high-voltage
resistor, 11-6
high-power resistor, 11-6-11-7
resistive network, 11-5-11-6
temperature coefficient of
resistance (TCR),
11-3,11-5
Fourier transform
adaptive fault tolerance (AFT),
4-27-4-28
complex Fourier transform,
4-6-4-7
continuous-time signals
convergence, 4-10-4-11
CT and the DT sampled
model, 4-5-4-6
exponential Fourier series,
4-7-4-8
Fourier spectrum, 4-6
periodic continuous-time
signals, 4-11
properties, 4-2-4-5
trigonometric expansion,
4-8-4-10
discrete Fourier transform
(DFT)
FFT algorithm, 4-17-4-19
properties, 4-15-4-17
discrete-time Fourier transform
(DTFT)
vs. CT spectra, 4-14-4-15
DTFT pairs, 4-12-4-13
properties, 4-13-4-14
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FFT spectral analysis
leakage and the picket-fence
effect, 4-21-4-22
windowing and zero-
padding, 4-21
FIR digital filter design
bandpass FIR filter, 4-22-4-23
frequency response, 4-22
functional relationships,
4-19-4-20
real-time filtering, Fourier block
processing
block algorithms, 4-24
overlap-add processing,
4-23-4-24
overlap-save processing, 4-23
transform domain adaptive filter
(TDAF)
adaptive tap vector, 4-25
autocorrelation matrix,
4-24-4-25
characteristics, 4-26-4-27
filter output and LMS
adaptive algorithm, 4-24
Karhunen-Loe’ve transform
(KLT), 4-26
power, 4-25-4-26
transformed outputs, 4-25

Fractal capacitors

boost factor vs. horizontal
spacing, 12-7

bottom-plate parasitic
capacitance, 12-5-12-6

fractal dimension, 12-4-12-6

high-density capacitor, 12-2

interdigitated capacitor,
12-7-12-8

lateral flux capacitors, 12-2-12-3

parallel-plate and MOS,
12-1-12-2

quality factor and lateral spacing,
12-7

three-dimensional
representation,
12-5, 12-6

woven structure, 12-8

Frequency-dependent negative

resistance (FDNR), 14-10

Frequency-domain analysis

advanced network analysis
CCCS and VCVS gain,
22-34-22-35
circuit branch admittance,
22-27-22-30

circuit branch impedance,
22-30

circuit transadmittance,
22-31-22-33

circuit transimpedance,
22-31

driving point impedances,
22-35-22-39

engineering utility,
22-18-22-25

fundamental concepts,
22-11-12-15

Kron-Bode formula,
22-25-22-27

Kron’s formula, 22-15-22-18

sensitivity analysis, 22-39

transposed connection
vector, 22-14

LLFT network

capacitor voltage and
current, 24-2

dividers, 24-15-24-18

inductor voltage and current,
24-3

Middlebrook’s extra element
theorem, 24-38-24-42

Norton’s theorem,
24-31-24-32

Ohm’s law, 24-1-24-2

one-port LLFT network, 24-5

properties, 24-10-24-12

7-T conversion,
24-34-24-35

reciprocity, 24-35-24-37

network functions

Cramer’s rule, 22-3

definition, 22-1

inductor current, 22-5-22-6

Laplace transform,
22-9-22-10

modified nodal, 22-4

network stability, 22-8-22-9

output and input impedance,
22-2

output voltage and input
voltage, 22-1

ratio of two polynomials,
22-6

roots of the numerator and
denominator, 22-7

stability, 22-8-22-9

time-domain response,
22-10

transfer function, 22-3
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sinusoidal steady state analysis
AC circuit power,
24-62-24-73
network transfer function,
24-46-24-47
output voltage, 24-48
phase lead and lag,
24-55-24-57
phasor and network,
24-53-24-55
RC and RL network,
24-57-24-59
resonance, 24-60-24-62
steady-state output voltage,
24-49
transient and steady-state
response, 24-45
source transformations,
24-12-24-15
substitution theorem,
24-43-24-44 '
superposition theorem
dependent and independent
source, 24-19-24-20
loop impedance matrix, 24-18
Thévenin’s theorem
application, 24-28-24-29
dependent sources,
24-24-24-25
impedance, 24-26
source transformation,
24-29-24-30
subnetworks, 24-24
two-port networks, 24-5-24-6
Front-end amplifier, see RF
low-noise amplifiers

G

Gate-drain capacitance (Cga) effect,
17-14-17-15
Generalized impedance convertor
(GIC), 14-10
Geometric mean distance (GMD),

12-13
Graph theory
arc coloring theorem
graph painting, 7-25-7-26
induction hypothesis, 7-26
resistances and voltages,
7-27
circuit and cutset
circuit matrix, 7-12
cut matrix, 7-10-7-11
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electrical networks
KCL and the KVL, 7-19
loop and cutset methods,
7-20-7-21
network elements and
directed graph, 7-18
incidence matrix
determinant, 7-10
directed graph, 7-9
incidence vector, 7-9-7-10
orthogonality relation,
7-12-7-14
relative orientations, 7-12
Tellegen theorem
2-port network, 7-21-7-22
adjoint elements,
7-23-7-24
open-circuit voltage ratio,
7-24
voltage and current change,
7-22
tree enumeration spanning
Binet-Cauchy theorem,
7-15-7-16
directed graph, 7-17
undirected graph,
7-16-7-17

H

Haar wavelet basis, 6-11-6-12
Hierarchical methods
advantage, 25-17, 25-18
bipolar cascode stage,
25-19-25-20
modified nodal analysis
and NAM, 25-19
resistance ladder network,
25-17-25-18
topological analysis, 25-18
Higher-order log-domain filters,
17-45
High-frequency (HF) amplifiers
current feedback op-amp
(CFOA)
bipolar realization, 17-5
buffer and CFOA
implementation,
17-7-17-11
closed-loop gain, 17-3-17-4
CMOS compound device,
17-5
macromodel, 17-2-17-3
total impedance, 17-3

high-Q resonators
gm-C bandpass biquad,
17-32-17-34
IF-sampling, 17-29-17-30
triode region transconductor,
17-31
unity-gain frequency,
17-32
log-domain process
basic log-domain integrator,
17-41-17-44
filter synthesis, 17-36-17-37
higher-order log-domain
filters, 17-45
instantaneous companding,
17-34-17-36
performance aspects,
17-37-17-40
operation layout
feedback reduction, 17-23
flip-chip connection,
17-24
high-frequency (HF) ground,
17-23
input/output isolation,
17-23
1/O pads, 17-23
optical low-noise preamplifiers
front-end noise sources,
17-17-17-18
receiver performance criteria,
17-19-17-21
transimpedance (TZ)
amplifiers, 17-21-17-22
RF low-noise amplifiers
cascode common source
LNA, 17-15-17-16
CMOS common-source
LNA, 17-12-17-15
gain, 17-10-17-12
input impedance matching
and linearity, 17-12
noise, 17-8
RF power amplifier
classification, 17-24-17-25
PA requirements, 17-24
practical considerations,
17-27
wireless transceiver, 17-2
High-pass filter (HPF)
coefficients and specification,
10-34
contour and 3-D magnitude
plots, 10-35

Index

High-Q resonators
gm-C bandpass biquad
biquad bandpass and SFDR,
17-33
Q passive on-chip inductors,
17-32
simulated bandpass
frequency response,
17-34
IF-sampling
ADC and sampling receiver,
17-29
continuous-time Sigma-Delta
modulator, 17-30
linear region transconductor
implementation
triode region transconductor,
17-31
unity-gain frequency, 17-32
High-voltage capacitof,
11-28-11-29
Hilbert space frame
arbitrary vector representation,
6-44
definition, 6-44
dual frame and sequence,
6-47
frame operator, 6-46
Riesz basis, 6-44-6-45
tight frame, 6-46
Holder regularity index, 6-74
Hurwitz polynomials
analogs
2-V polynomials, zeroes
continuity property,
9-7-9-10
broad-sense Hurwitz
polynomial (BHP), 9-5
Hurwitz polynomial in the
strict sense (HPSS), 9-6
immittance Hurwitz
polynomial (THP), 9-7
narrow-sense Hurwitz
polynomial (NHP), 9-5
reactance Hurwitz
polynomial (RHP), 9-7
scattering Hurwitz
polynomial (SHP),
9-5-9-6
self-paraconjugate
polynomial and SPHP,
9-5
very strict Hurwitz
polynomial (VSHP), 9-6
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preliminaries and notations
analog biplane, 9-2-9-3
infinite distant points, 9-2
isolated and continuum of
zeroes, 9-3
two-dimensional Hurwitz
polynomials, 9-11-9-12
two-variable polynomial, infinity
1-D complex plane, 9-3
2-D biplane, 9-4
nonessential singularities
second kind (NSSK), 9-4
2-V very strict Hurwitz
polynomial (VSHP),
9-10-9-11
Hybrid parameters
bipolar transistors, 20-11-20-12
circuit model, 20-10-20-11
common emitter configuration,
20-11

1

Ideal bandpass wavelet
Fourier transform, 6-5-6-6
frequency axis splitting, 6-6-6-7
impulse response, 6-8
vs. low-pass, 6-5-6-6
Ideal operational amplifier
circuit applications
frequency dependence,
16-5-16-6
instrumentation amplifiers,
16-8
inverting configuration, 16-5
multiple input circuits,
16-7-16-8
noninverting configuration,
16-4-16-5
nonlinear transfer functions,
16-6
simple attenuator, 16-4
unity gain buffer, 16-3
comparators, 16-9-16-10
inverting amplifier
configuration,
16-10-16-11
open-loop equivalent circuit
characterization, 16-1
types and configurations,
16-2-16-3
voltage op-amps, 16-3
Immittance Hurwitz polynomial
(IHP), 9-7

Impact avalanche transit time
(IMPATT) diode, 11-73
Indefinite admittance matrix (IAM)
approach
basics, 25-10-25-11
resistive circuit, 25-11-25-12
Inductive link current
capacitive tree-branch voltages,
27-7-27-8
state equations, 27-5-27-6
Inductor
air inductor
advantages, 11-48
coil dimensions, 11-45-11-47
design guidance, 11-47
disadvantages, 11-49
frequency ranges, 11-48
quality factor, 11-47-11-48
circuit representation, 11-45
cored inductor
advanced inductor, 11-56
closed magnetic circuit,
11-50-11-55
open magnetic circuit,
11-55-11-56
parameters, 11-49-11-50
power loss, 11-56-11-60
definition, 11-63-11-64
functions and parameters, 11-44
fundamental observations,
11-42, 11-43
graphical symbols, 11-40
inductance, 11-40-11-42
magnetic core materials,
11-61-11-63
nonlinearity, 11-60-11-61
physical irregularities, 11-63
qualifiers and attributes,
11-42-11-43
Integrated circuit (IC) amplifiers,
15-3
active loads, 15-10-15-11
BJT differential pair,
15-20-15-21
cascode stage
advantages, 15-15-15-16
high-frequency equivalent
circuit, 15-16-15-17
circuit efficiency, 15-31-15-32
class-B output stage
bias circuit, 15-33
Darlington output stages,
15-33
short-circuit proof, 15-32
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class-D output stage,
PWM amplifier
advantage and disadvantage,
15-35

architecture, 15-33, 15-34
configurations, 15-35-15-36
duty cycle, 15-33-15-34
common-base stage,
15-13-15-14
common emitter stage
configuration, 15-11
equivalent circuit,
15-11-15-12
upper corner frequency,
15-12-15-13
differential stage
advantages and
configuration, 15-18
mode of operation,
15-19-15-20
emitter follower, 15-14-15-15
limitations, power output,
15-29-15-30
small-signal models
hybrid-m model, 15-8-15-9
unilateral equivalent circuit,
15-9-15-10
thermal resistance, 15-30-15-31
Interference suppression capacitor,
11-30
Inverse Laplace transform
partial fraction expansion (PFE)
repeated linear factors,
3-31
repeated quadratic factors,
3-31-3-32
simple linear factors,
3-27-3-29
simple quadratic factors,
3-29-3-30
residue theory
differentiated time function,
3-24
LT occurrence, 3-25
Taylor series expansion,
3-23
time function, 3-22
Inverse z-transform
contour integration
Cauchy’s residue theorem,
5-7
order interchanging,
5-6-5-7
residues, 5-6-5-7
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inspection method and power
series expansion, 5-8
partial fraction expansion,
5-7-5-8
Inversion negative impedance
converter (INIC), 14-11

K

Kirchhoff’s current law (KCL),
13-10-13-11
circuit paths, 19-6-19-7
cutset-loop circuit analysis,
19-32-19-34
Gaussian surface, 19-5-19-6
illustration, 19-4-19-5
mesh analysis, 19-24, 19-25
voltage rise and drop, 19-7
Kirchhoff’s voltage law (KVL)
circuit analysis, 19-8-19-9
circuit paths, 19-8
cutset-loop circuit analysis, 19-34
illustration, 19-7-19-8
mesh analysis, 19-24-19-26
Kron’s formula
engineering utility
bipolar junction transistor
amplifier, 22-23
Bode’s theory, 22-21
common emitter amplifier,
22-21-22-22
perturbed voltage gain,
22-18-22-19
transfer function sensitivity,
22-20-22-21
generalization
I-O transfer characteristic
node, 22-25
return ratio, 22-26-22-27
transfer function and return
ratio, 22-26
impedance inclusion,
22-15-22-16
output voltage, 22-17-22-18
Thévenin voltage and
impedance, 22-16-22-17

L

Laplace transformation
bilateral Laplace transform
(BLT), 3-8-3-9
Dirac delta function
definition, 3-42-3-43

doublet signal, 3-44
impulse function, 3-43
discrete-time Laplace transform
(DTLT), 3-45
forced response, 3-4
homogeneous solution and
natural response, 3-2-3-3
inverse Laplace transform
partial fraction expansion
(PFE), 3-27-3-32
residue theory, 3-23-3-27
time function, 3-22
Laplace-domain phasor circuits,
3-41-3-42
linear system
differential equation,
3-32-3-34
generalized phasor,
3-34-3-35
magnitude and phase
response, 3-35-3-37
nonhomogeneous solution and
forced response, 3-4-3-5
phasor concept generalization
complex number, 3-7
generalized phasor, 3-7-3-8
pole—zero analysis
BIBO stability, 3-38-3-39
general function, F(s), 3-15
natural modes, 3-37-3-38
polynomial factorization,
3-16
ROC, 3-16-3-18
stability and natural modes,
3-39-3-41
properties
convolution property,
3-20-3-21
modulation property, 3-19
square wave, 3-19
time-differentiation property,
3-20
ULT, 3-18
series RLC circuit, 3-2
solution scrutinization, 3-6-3-7
total solution, 3-5-3-6
unilateral Laplace transforms
direct computation,
3-11-3-15
operational properties,
3-18-3-22
Linear capacitor
adjustable capacitor,
11-27-11-28

Index

energetic power capacitor,
11-28, 11-29
fixed capacitor-class
1, 11-26-11-27
high-voltage capacitor,
11-28-11-29
interference suppression
capacitor, 11-30

Linear operators and matrices

bijective function, 1-4
characteristics
eigenvalues, 1-15-1-17
eigenvectors, 1-16
singular values, 1-17-1-18
determinants
definition, 1-8
first-and second order
matrix, 1-10
Laplace’s expansion, 1-9
linear systems '
Cramer’s rule, 1-19
input and output system,
1-18
poles and zeros, 1-18-1-19
matrix operations
matrix addition, 1-7
matrix multiplication, 1-7-1-8
matrix transposition, 1-8
vector addition, 1-6
matrix representations, 1-6
transformations
equivalence transformation,
1-14-1-15
similarity transformation,
1-12-1-14
vector spaces over fields
field F, properties, 1-2
F-vector space, 1-2-1-3
n-dimensional vector space,
1-3-1-4

Linear resistor, 11-1-11-2

fixed resistor

chip resistor, 11-6, 11-7

dynamic tolerance A and
resistor class, 11-2-11-3,
11-4

high-ohmic, high-voltage
resistor, 11-6

high-power resistor,
11-6-11-7

resistive network, 11-5-11-6

temperature coefficient
of resistance (TCR),
11-3,11-5




Index

variable resistor, potentiometers
electric circuit, 11-7, 11-8
tapers, 11-9
types, 11-7-11-9
Linear time-invariant systems,
z-Transform
one-sided z-transform, 5-14
system transfer function,
5-13-5-14
Log-domain process
basic log-domain integrator
component mismatch, 17-41
frequency limitations,
17-43-17-44
noise, 17-44
Ohmic resistance,
17-42-17-43
filter synthesis, 17-36-17-37
higher-order log-domain filters,
17-45
instantaneous companding,
17-34-17-36
performance aspects
finite current gain,
17-38-17-39
frequency performance,
17-39-17-40
tuning range, 17-37-17-38
Low-pass filter (LPF)
coefficients and specification,
10-33
contour and 3-D magnitude
plots, 10-34
Lumped, linear, finite, time-
invariant (LLFT)
networks
capacitor voltage and current,
24-2
impedance concept
one-port network, 24-3-24-5
two-port networks,
24-5-24-6
independent nodes, 24-6-24-7
inductor voltage and current,
24-3
inverse transform phasors,
24-52-24-53
LLFT networks, 24-3-24-4
loop impedance matrix,
24-9-24-10
Middlebrook’s extra element
theorem
parallel version, 24-38-24-40
series version, 24-40-24-43

nodal admittance matrix,
24-6-24-7
Ohm’s law, 24-1-24-2
one-port LLFT network, 24-5
phasor transforms
Euler’s identity, 24-49
integration constant, 24-52
sine and cosine function,
24-50
properties
driving-point network
function polynomial,
24-11-24-12
poles and zeroes, 24-10
transfer function, 24-12
7w-T conversion
loop equation, 24-35
networks, 24-34-24-35
T replacement, 24-35
reciprocity
circuit modification,
24-36-24-37
excitation and response,
24-37
reciprocal network,
24-35-24-36
sinusoidal steady state analysis
AC circuit power,
24-62-24-73
network transfer function,
24-46-24-47
output voltage, 24-48
phase lead and lag,
24-55-24-57
phasor and network,
24-53-24-55
RC and RL network,
24-57-24-59
resonance, 24-60-24-62
steady-state output voltage,
24-49
transient and steady-state
response, 24-45
source transformations,
24-12-24-15
substitution theorem,
24-43-24-44
superposition
dependent and independent
source, 24-19-24-20
loop impedance matrix,
24-18
Thévenin’s theorem
application, 24-28-24-29
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dependent sources,
24-24-24-25
impedance, 24-26
source transformation,
24-29-24-30
subnetworks, 24-24
two-port networks, 24-5-24-6
voltage excitation, 24-8-24-9

M

Magnitude response symmetry
2-D polynomials determination
diagonal symmetry,
10-25-10-26
fourfold rotational
symmetry, 10-26
octagonal symmetry,

10-27 ‘
quadrantal symmetry,
10-21-10-25

analog 2-D filter
quadrantal and octagonal
symmetry, 10-28-10-29
rotational and diagonal
symmetry, 10-29
transfer function, 10-27
applications
continuous-time frequency
response, 10-15
discrete-time frequency
response, 10-15-10-16
magnitude-squared
functions, 10-16
bandpass filter
MATLAB optimization,
10-32
specifications, 10-31-10-32
bandstop filter
coefficients and specification,
10-35
contour and 3-D magnitude
plots, 10-36
digital filters
continuous-time frequency
response, 10-15
discrete-time frequency
response, 10-15-10-16
magnitude response,
10-16
quadrantal and octagonal
symmetry, 10-29-10-30
rotational and diagonal
symmetry, 10-30
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high-pass filter
coefficients and specification,
10-34
contour and 3-D magnitude
plots, 10-35
low-pass filter
coefficients and specification,
10-33
contour and 3-D magnitude
plots, 10-34
magnitude-squared functions,
10-16
Mason’s gain formula
feedback loops, 8-10
j self-loops, 8-9
Mason graph, 8-8-8-9
Matrix operations
addition, 1-7
multiplication, 1-7-1-8
transposition, 1-8
vector addition, 1-6
Maximum power transfer theorem
load resistance, 19-55-19-58
power vs. resistance,
19-55, 19-56
Mesh analysis
circuit graph, 19-22-19-23
current sources, 19-26
deactivated current, 19-27
dependent source, 19-28-19-30
features and constraints,
19-27-19-28
independent source, 19-30
KCL, 19-24, 19-25
KVL, 19-24-19-26
mesh current, 19-24, 19-25
one-mesh circuit, 19-23
two-mesh circuit, 19-23-19-24
Metal-insulator-metal (MIM),
11-14
Metal-oxide-semiconductor
field-effect transistor
(MOSEET), 18-1, 18-2
Middlebrook’s extra element
theorem
parallel version, 24-38-24-40
series version, 24-40-24-43
Miller effect capacitance,
15-9-15-10
Modified nodal analysis (MNA),
25-19
Modified z-transform, 5-16
Multidimensional z-transforms,
5-15

N

Narrow-sense Hurwitz polynomial
(NHP), 9-5
Negative impedance converter
(NIC), 14-8
Negative temperature coefficient
(NTC) thermistor, 11-10
Network analysis
CCCS and VCVS gain,
22-34-22-35
circuit branch admittance,
22-27-22-30
circuit branch impedance, 22-30
circuit transadmittance
linear circuit, 22-31-22-32
voltage feedback amplifier,
22-33
circuit transimpedance, 22-31
driving point impedances
Blackman’s formula, 22-37
critical circuit parameters,
22-35
transimpedance, 22-36
zero parameter, 22-36-22-37
functions
Cramer’s rule, 22-3
definition, 22-1
inductor current, 22-5-22-6
Laplace transform,
22-9-22-10
modified nodal, 22-4
network stability, 22-8-22-9
output and input impedance,
22-2
output voltage and input
voltage, 22-1
ratio of two polynomials,
22-6
roots of the numerator and
denominator, 22-7
stability, 22-8-22-9
time-domain response, 22-10
transfer function, 22-3
fundamental concepts
branch linear network,
22-11-22-12
impedance and
transimpedance,
22-14-12-15
nodal admittance matrix,
22-12-22-13
Norton equivalent circuit,
22-11-22-12

Index

vector concept, 22-13 1
voltage gain, 12-15
Kron-Bode formula,
22-25-22-27
Kron’s formula
bipolar junction transistor
amplifier, 22-23
Bode’s theory, 22-21
common emitter amplifier,
22-21-22-22
impedance inclusion,
22-15-22-16
1-0 transfer characteristic
node, 22-25
output voltage, 22-17-22-18
perturbed voltage gain,
22-18-22-19
return ratio, 22-26-22-27
Thévenin voltage and
impedance, 22-16-22-17
transfer function and return
ratio, 22-26
transfer function sensitivity,
22-20-22-21
sensitivity analysis, 22-39
transposed connection vector,
22-14
Network laws and theorems
basic circuit theory, 19-3
circuit analysis, 19-3-19-4
conductors and elements,
19-1, 19-2
current measurement, 19-2-19-3
cutset-loop circuit analysis
analogous problem, mesh
analysis, 19-31
circuit graph, 19-31-19-32
example circuit, 19-39-19-41
failure, nodal analysis,
19-30-19-31
fundamental cutset and loop,
19-32
KCL equation, 19-32-19-34
KVL equation, 19-34
norator, 19-35-19-36
nullator and equivalent
subcircuit, 19-37
passive element and
equivalent circuits,
19-36-19-37
three-terminal/two-port
element, 19-37-19-39
two-terminal element,
19-35-19-40
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Kirchhoff’s current law (KCL)
circuit paths, 19-6-19-7
Gaussian surface, 19-5-19-6
illustration, 19-4-19-5
voltage changes, 19-7

Kirchhoff’s voltage law (KVL)
circuit analysis, 19-8-19-9
circuit paths, 19-8
illustration, 19-7-19-8

linear circuit
KCL, 19-42-19-43
superposition and

homogeneity condition,
19-43-19-44

maximum power transfer

theorem
load resistance, 19-55-19-58
power vs. resistance,

19-55, 19-56

mesh analysis
circuit graph, 19-22-19-23
current sources, 19-26
deactivated current, 19-27
dependent source,

19-28-19-30
features and constraints,
19-27-19-28
independent source, 19-30
KCL, 19-24, 19-25
KVL, 19-24-19-26
mesh current, 19-24, 19-25
one-mesh circuit, 19-23
two-mesh circuit,
19-23-19-24
nodal analysis
deactivated circuit
configuration,
19-14-19-15

dependent source,
19-16-19-17

differentiation and
integration operators,
19-19-19-20

dynamic circuit analysis,
19-20-19-22

dynamic element
relationships,
19-18-19-19

floating element,
19-10-19-12

independent voltage source,
19-13-19-14

node voltage concept,
19-9-19-10

nonessential node,
19-17-19-18
reference node,
19-10, 19-11
resistive circuit, 19-12-19-13
supernode and essential
node, 19-15, 19-18
Norton theorem
current calculation and
power dissipation,
19-54-19-55
equivalent circuit,
19-51-19-52
mesh equation method,
19-52-19-53
reciprocity theorem
statement, 19-58
verification, 19-58-19-59
superposition theorem
current calculation,
19-46-19-47
deactivated sources,
19-44-19-46
Thévenin theorem
current calculation,
19-48-19-50
voltage determination,
19-50-19-51
voltage divider circuit,
19-47-19-48
voltage rise and drop, 19-7
voltmeter, 19-1-19-2
Nodal analysis
deactivated circuit configuration,
19-14-19-15
dependent source, 19-16-19-17
differentiation and integration
operators, 19-19-19-20
dynamic circuit analysis,
19-20-19-22
dynamic element relationships,
19-18-19-19
floating element, 19-10-19-12
independent voltage source,
19-13-19-14
node voltage concept,
19-9-19-10
nonessential node,
19-17-19-18
reference node,
19-10, 19-11
resistive circuit, 19-12-19-13
supernode and essential node,
19-15, 19-18
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Node admittance matrix (NAM)
determinant, 25-5
Non ideal op-amp
common-mode rejection ratio
(CMRR)
common-mode gain,
16-16-16-17
differential and noninverting
configuration, 16-17
total output voltage,
16-17-16-18
electrical noise
amplifier noise, 16-21-16-22
circuit’s noise performance,
16-23
white-noise voltage and
density, 16-23-16-24
finite differential gain
frequency dependent gain,
16-11-16-12
noninverting conﬁgﬁration,
16-13
output saturation,
16-13-16-14
finite input impedance,
16-18-16-19
input bias currents
input offset current, 16-20
nonzero offset current,
16-20-16-21
nonzero output impedance,
16-19-16-20
offset voltage
output offset voltage,
16-15-16-16
transfer function,
16-14-16-15
power-supply rejection ratio,
16-18
Norton theorem, 24-31-24-32
current calculation and power
dissipation, 19-54-19-55
equivalent circuit, 19-51-19-52
mesh equation method,
19-52-19-53

0

Ohm’s law, 24-1-24-2
On-chip transformers
analytical transformer models
capacitances, 12-18
stacked transformer, 12-17
tapped transformer, 12-16
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monolithic transformer
realizations
models and coupling
expression, 12-15-12-16
port applications, 12-16-12-7
Operational amplifier (op-amp}
BIT
analog computer, 15-21-15-22
classical architecture,
15-22-15-23
features, 15-22
high-gain differential stage,
15-23-15-24
second amplifier stage,
15-24-15-26
specifications, 15-26-15-27
circuit schematic symbol,
18-4, 18-5
current feedback op-amp
(CFOA)
bipolar realization, 17-5
closed-loop gain, 17-3-17-4
CMOS compound device,
17-5
frequency response,
17-7,17-9
macromodel, 17-2-17-3
open and close-loop
transimpedance,
17-7,17-9
output impedance
characteristics,
17-7-17-8
schematics and layout plot,
17-6-17-7
step response and harmonic
distortion, 17-11
total impedance, 17-3
voltage buffer performance,
17-7
current-mode op-amp
closed-loop characteristics,
16-35-16-36
current-mode op-amp
dynamics, 16-37-16-38
higher-order effects,
16-38-16-40
ideal op-amp
circuit applications,
16-3-16-8
comparators, 16-9-16-10
inverting amplifier
configuration,
16-10-16-11

open-loop equivalent circuit,
l6-1-16-3
voltage op-amps, 16-3-16-11
nonideal op-amp
common-mode rejection
ratio (CMRR),
16-16—16-18
electrical noise, 16-21-16-24
finite differential gain,
16-11-16-14
finite input impedance,
16-18-16-19
input bias currents,
16-20-16-21
nonzero output impedance,
16-19-16-20
offset voltage, 16-14-16-16
power-supply rejection ratio,
16-18
voltage-mode op-amps
closed-loop frequency
response, 16-26-16-30
closed-loop transient
response, 16-30-16-32
current-mode op amps,
16-32-16-34
open-loop voltage gain, 16-26
SPICE stimulation, 16-32
Optical low-noise preamplifiers
front-end noise sources
amplifier and resistor noise,
17-18
PIN photodiode noise,
17-17-17-18
receiver performance criteria
dynamic range, 17-21
equivalent input noise
current, 17-18-17-19
intersymbol interference,
17-20-17-21
optical sensitivity,
17-19-17-20
photodiode terminal, SNR,
17-20
transimpedance (TZ) amplifiers,
17-21-17-22

P

Parameter extraction method
indefinite admittance matrix
(IAM) approach
basics, 25-10-25-11
resistive circuit, 25-11-25-12

Index

interpolation method,
25-16-25-17
techniques and limitations,
25-10
two graph-based tableau
approach
determinants and cotree,
25-13-25-14
element stamps, 25-12
matrices, 25-13, 25-15
tableau equation, 25-13
voltage and current graph,
25-12, 25-14-25-15
Paraunitary filter banks
dilation equation application,
6-63-6-64
infinite product convergence,
6-64—6-65
multiresolution analysis
fast wavelet transform, 6-58
orthonormal multiresolution,
6-57
power symmetric filter, 6-56
wavelet generation,
6-57-6-58
orthonormal wavelet basis
Haar basis, 6-69
L? and pointwise
convergence, 6-67-6-68
Lawton’s eigenfunction
condition, 6-68
nonorthonormal, 6-69-6-70
scaling and wavelet
functions, 6-68
parametrization, 6-27
wavelet tight frames, 6-70-6-71
Partial fraction expansion (PFE)
repeated linear factors, 3-31
repeated quadratic factors,
3-31-3-32
simple linear factors, 3-27-3-30
simple quadratic factors,
3-29-3-30
Passive circuit elements
active filter synthesis, SFG
bandpass passive filter, 21-9
Butterworth low-pass filter,
21-7-21-9
Chebyshev low-pass
response, 21-10
component op-amp circuits,
21-5-21-7
doubly terminated passive
filter, 21-4
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general ladder network,
21-4-21-5
leapfrog realization,
21-4-21-5
normalization, 21-10-21-11
capacitor
dielectric constant, 11-24
geometry, 11-34, 11-36-11-37
linear capacitor, 11-26-11-30
nonideal linear capacitor,
11-37-11-39
nonlinear capacitor,
11-31-11-33
power and quality factor,
11-25
properties, 11-33-11-35
v’ index, 11-25-11-26
inductor
air inductor, 11-45-11-49
circuit representation,
11-45
cored inductor, 11-49-11-60
definition, 11-63-11-64
functions and parameters,
11-44
fundamental observations,
11-42, 11-43
graphical symbols, 11-40
inductance, 11-40-11-42
International Standards,
11-63
magnetic core materials,
11-61, 11-62
magnetic material
measurements, 11-61,
11-63
nonlinearity, 11-60-11-61
physical irregularities,
11-63
qualifiers and attributes,
11-42-11-43
resistor
fixed resistor, 11-2-11-7
magnetic geometry,
11-17-11-20
magnetic properties,
11-11-11-17
nonideal linear resistor,
11-20-11-23
photoresistor and
magnetoresistor, 11-11
thermistor, 11-10-11-11
variable resistor, 11-7-11-9
varistor, 11-9-11-10

semiconductor diode

depletion capacitances,
11-79-11-80

diode capacitances,
11-78-11-79

impurity profiles,
11-73, 11-74

nonlinear static 1-V
characteristics,
11-73-11-78

piecewise linear model,
11-83-11-84

as switch, 11-80-11-82

symbols, 11-84

temperature properties,
11-82-11-83

transformer

characteristics, 11-66-11-67

circuit model, 11-70-11-72

definition, 11-66, 11-72

ideal transformer model,
11-67-11-68

leakage and magnetizing

inductances, 11-69-11-70

linear transformer model,
11-68-11-69
Phasor transforms
Euler’s identity, 24-49
integration constant, 24-52
sine and cosine function,
24-50
Polar polymer dielectric capacitor,
11-32-11-33
Pole-zero analysis
linear system, LT
BIBO stability, 3-38-3-39
natural modes, 3-37-3-38
stability and natural modes,
3-39-3-41
ULT and BLT
genera) function, F(s), 3-15
polynomial factorization,
3-16
ROC, 3-16-3-18
Port representations
feedback systems
Beta Network, 20-16-20-17
phase and gain margins,
20-15
Tow-Thomas biquad,
20-18-20-19
transfer function, 20-15
voltage-controlled voltage
source (VCVS), 20-16
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two-port network
bipolar transistor,
20-11-20-12
calculation, 20-7
Cramer’s rule and circuit
models, 20-10-20-11
hybrid parameters,
20-8-20-9
interconnections,
20-13-20-14
port voltages and current,
20-5
transmission parameters,
20-6, 20-14-20-15
y parameters,
20-6-20-8
z parameters, 20-6
Positive real function (PRF), 9-3
Positive temperature coefficient
(PTC), 11-10
Power supply rejection ratio
(PSRR), 15-27
Pulse-width modulation (PWM)
amplifier
advantage and disadvantage,
15-35
architecture, 15-33, 15-34
configurations, 15-35-15-36
duty cycle, 15-33-15-34
IC amplifier, 15-3
Pulse-width modulation (PWM)
IC amplifier, 15-3

R

Reactance function (RF),
9-3
Reactance Hurwitz polynomial
(RHP), 9-7
Real-time filtering, Fourier block
block algorithms, 4-24
overlap-add processing,
4-23-4-24
overlap-save processing,
4-23
Reciprocity theorem
statement, 19-58
verification, 19-58-19-59
Resistive circuit element
bipolar NPN transistor,
13-5-13-6
op-amp, 13-6-13-7
photodiode, 13-4-13-5
tunnel diode, 13-5
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Resistor
geometry
fail-safe resistor,
11-19-11-20
potentiometer, shape
complication, 11-19
resistive element shape,
11-17-11-19
linear resistor
fixed resistor, 11-2-11-7
Ohm’s law and types,
11-1-11-2
variable resistor, 11-7-11-9
nonideal linear resistor
noise, 11-20, 11-21
potentiometer, regulation
curve, 11-21-11-23
rotational noise and CRV,
11-21
voltage coefficient of
resistance (VCR),
11-20-11-22
nonlinear resistor
photoresistor and
magnetoresistor, 11-11
thermistor, 11-10-11-11
varistor, 11-9-11-10
properties
ceramic substrate influence,
11-16-11-17
parameter comparison,
11-15-11-16
polymer resistor, 11-15
pyrolytic carbon resistor,
11-14
TCR, 11-11-11-17
thick film resistor,
11-14-11-15
thin film resistor,
11-13-11-14
RF low-noise amplifiers
cascode common source LNA
input matching, 17-15
noise figure, 17-16
voltage gain, 17-15-17-16
CMOS common-source LNA
CS input stage, noise, 17-13
gate-drain capacitance (Cgq)
effect, 17-14-17-15
input impedance matching,
17-12-17-13
simplified analysis, 17-12
voltage amplifier, inductive
load, 17-14

gain, 17-10-17-12
input impedance matching
and linearity, 17-12
noise, 17-8
RF passive IC components
fractal capacitors
boost factor vs. horizontal
spacing, 12-7
bottom-plate parasitic
capacitance, 12-5-12-6
fractal dimension,
12-4-12-5, 12-6
high-density capacitor, 12-2
interdigitated capacitor,
12-7-12-8
lateral flux capacitors,
12-2-12-3
parallel-plate and MOS,
12-1-12-2
quality factor and lateral
spacing, 12-7
three-dimensional
representation, 12-5, 12-6
woven structure, 12-8
on-chip transformers, 12-4
analytical transformer
models, 12-16-12-19
monolithic transformer
realizations, 12-15-12-17
spiral inductors
noise coupling, 12-8-12-9
planar spiral inductors,
12-11-12-14
substrate effects, 12-9-12-11
RF power amplifier
classification, 17-24-17-25
PA requirements, 17-24
practical considerations, 17-27

S

Scattering Hurwitz polynomial
(SHP), 9-5-9-6
Scattering matrix, circulator,
14-12-14-14
Second-order circuits, time domain
analysis
network characterization, 26-17
transfer function, 26-11-26-12
transient and steady-state
responses, 26-15-26-17
zero-input response,
26-13-26-14
zero-state response, 26-14-26-15

Index

Semiconductor diode
depletion capacitances,
11-79-11-80
diode capacitances, 11-78-11-79
impurity profiles, 11-73, 11-74
nonlinear static I-V
characteristics, 11-73
forward I-V diode
characteristics, 11-75,
11-77-11-78
p-n junction equation,
11-74-11-76
reverse -V characteristics,
11-75, 11-78
piecewise linear model,
11-83-11-84
as switch, 11-80-11-82
symbols, 11-84
temperature properties,
11-82-11-83
Sequence of expressions (SoE),
see Hierarchical methods
SFG, see Signal flow graph
Short-time Fourier transform
(STFT)
definition, 6-16-6-17
filter impulse response, 6-17
Gabor window, time-frequency
resolution, 6-18-6-19
invertibility, 6-47-6-48
limitations, 6-30
orthonormality, 6-48-6-49
shifted filters, analysis bank,
6-18
time-frequency localization,
6-49-6-50
vs. wavelet transform
mathematical issues, 6-22
Morlet wavelet, 6-21-6-22
signal analysis, 6-20
time-frequency tiling
scheme, 6-19-6-20
Signal converters
circulator, 14-12-14-15
2-port circulator, 14-13
3-port circulator,
14-13-14-14
nullator and norator,
14-14, 14-15
nullor, 14-14-14-15
terminated 2-port network,
14-12-14-13
current negative impedance
converter, 14-11-14-12
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definition, 14-15
gyrator, 14-8-14-10
Antoniou’s circuit,
14-9-14-10
ideal 2-port gyrator,
14-8-14-9
network ports, 14-7-14-8
voltage negative impedance
converter, 14-11
Signal flow graphs
active filter, filter transfer
function
differential-Input op-amp
circuit, 21-17
dummy branche insertion,
21-13
four op-amp circuit,
21-18-21-19
gain function, 21-12-21-13
lowpass filter specifications,
21-19
Mason’s gain formula, 21-12
RC-op-amp circuits,
21-14-21-15
state variable biquad,
21-19-21-20
transfer voltage ratio, 21-11
two op-amp circuit
realizations, 21-15-21-16
active filter synthesis, passive
filter circuit
bandpass passive filter, 21-9
Butterworth low-pass filter,
21-7-21-9
Chebyshev low-pass
response, 21-10
component op-amp circuits,
21-5-21-7
doubly terminated passive
filter, 21-4
general ladder network,
21-4-21-5
leapfrog realization,
21-4-21-5
normalization, 21-10-21-11
adjacency matrix, directed graph
definition, 8-1
edge weight, 8-4
permutation, 8-2-8-3
Coates’ gain formula
coefficient matrix, 8-7-8-8
nXn matrix, 8-6-8-7
nonsingular matrix, 8-5
topological formula, 8-4

definition, 25-8
formulation, 25-9, 25-10
Harary theorem, 8-3-8-4
linear network
construction, 21-1-21-2
network branches, 21-1
Mason’s gain formula
feedback loops, 8-10
j self-loops, 8-9
Mason graph, 8-8-8-9
Mason’s SEG, 25-7-25-8
Similarity transformation,
1-12-1-14
Singular-value decomposition
(SVD), 1-17
Sinusoidal steady state analysis
AC circuit power
average power and RMS
values, 24-65-24-66
average power delivered,
24-71
input impedance, 24-64
load impedance,
24-70-24-71
maximum average power,
24-72-24-73
power factor (PF), 24-63
power triangle, 24-67
sinusoidal sources,
24-62-24-63
network transfer function,
24-46-24-47
output voltage, 24-48
phase lead and lag,
24-55-24-57
phasor and network,
24-53-24-55
RC and RL network,
24-57-24-59
resonance
parallel resonant circuit,
24-60-24-61
series resonant circuit,
24-61-24-62
steady-state output voltage,
24-49
transient and steady-state
response, 24-45
Sinusoids, 26-3
Spiral inductors
noise coupling, 12-8-12-9
planar spiral inductors
current sheet approximation,
12-3-12-14
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data-fitted monomial
expression, 12-14, 12-15
layouts, 12-11-12-12, 12-13
modified Wheeler formula,
12-12-12-3
substrate effects
patterned ground shield
(PGS), 12-10-12-11
physical model, 12-9-12-10
State transition matrix
complete response,
27-20-27-21
Jordan canonical form, 27-16
Laplace transform technique,
27-17
normal mode approach, 27-18
parallel RLC circuit, 27-17
similarity transformation
method, 27-19
zero-input response, 27-21
State-variable techniques
complete response,
27-20-27-21
concept of states
capacitive loop, 27-2-27-3
definition, 27-1
simple RC circuit, 27-2
network topology
capacitive tree-branch
voltages, 27-8
first-order differential
equation, 27-3
inductive link current, 27-8
KCL and KVL, 27-4
order of complexity,
27-1-27-2
resistive link currents, 27-7
state equations, 27-5-27-6
state transition matrix
Jordan canonical form,
27-16
Laplace transform technique,
27-17
normal mode approach,
27-18
parallel RLC circuit, 27-17
similarity transformation
method, 27-19
zero-input response, 27-21
Superposition theorem
current calculation,
19-46-19-47
deactivated sources,
19-44-19-46
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Symbolic analysis
approximate symbolic analysis
bipolar cascode stage,
25-21-25-23
classification, 25-20-25-21
error criteria, 25-21
determinant decision diagrams
(DDD)
matrix determinant and
representation,
25-24-25-25
nodal analysis, 25-23-25-24
vertex and vertex ordering,
25-24
frequency domain analysis, 25-3
hierarchical methods
advantage, 25-17, 25-18
bipolar cascode stage,
25-19-25-20
modified nodal analysis and
NAM, 25-19
resistance ladder network,
25-17-25-18
topological analysis, 25-18
illustration, 25-1-25-2
time domain analysis
fully symbolic, 25-25
problems and limitation,
25-25
semisymbolic, 25-26
traditional methods
cancellation-free equation,
25-4-25-5
interpolation method,
25-16-25-17
parameter extraction
method, 25-10-25-16
RLCg,, circuit and term
cancellations, 25-4
signal flowgraph method
(SFG), 25-7-25-9, 25-10
tree enumeration methods,
25-5-25-7
Symmetric magnitude response
analog 2-D filter
quadrantal and octagonal
symmetry, 10-28-10-29
rotational and diagonal
symmetry, 10-29
transfer function, 10-27
bandpass filter
MATLAB optimization,
10-32
specifications, 10-31-10-32

bandstop filter
coefficients and specification,
10-35
contour and 3-D magnitude
plots, 10-36
digital filters
quadrantal and octagonal
symmetry, 10-29-10-30
rotational and diagonal
symmetry, 10-30
high-pass filter
coefficients and specification,
10-34
contour and 3-D magnitude
plots, 10-35
low-pass filter
coefficients and specification,
10-33
contour and 3-D magnitude
plots, 10-34
magnitude-squared functions,
10-16
Symmetry applications
2-D Fourier transform
continuous-time continuous-
frequency case,
10-7-10-8
continuous-time discrete-
frequency case, 10-8
discrete-time continuous-
frequency case, 10-9
discrete-time discrete-
frequency case,
10-9-10-10
2-D magnitude response
continuous-time frequency
response, 10-15
discrete-time frequency
response, 10-15-10-16
magnitude-squared
functions, 10-16
2-D polynomials determination
diagonal symmetry,
10-25-10-26
fourfold rotational
symmetry, 10-26
octagonal symmetry,

10-27
quadrantal symmetry,
10-21-10-25

analog 2-D filter stability,
magnitude response
quadrantal and octagonal
symmetry, 10-28-10-29
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rotational and diagonal
symmetry, 10-29
transfer function, 10-27
digital filter stability, magnitude
response
quadrantal and octagonal
symmetry, 10-29-10-30
rotational and diagonal
symmetry, 10-30
FFT
one dimensional,
10-11-10-12
symmetrical decomposition,
10-14
two dimensional,
10-12-10-14
filter design, magnitude response
bandpass filter, 10-31-10-33
bandstop filter, 10-35-10-36
high-pass filter, 10-34~10-35
low-pass filter, 10-33-10-34
objective function,
10-29-10-30
transfer function, 10-29
magnitude-squared function
polynomial P, 10-19-10-20
quadrantal symmetry,
10-20
spectral forms, 10-20-10-21
polynomial operations
anti-self-paraconjugate
polynomial, 10-18-10-19
paraconjugate operation,
10-17
self-paraconjugate
polynomial, 10-17-10-18
T-§ symmetries
basic symmetries, 10-4-10-5
quadrantal and diagonal
symmetry, 10-5-10-6
rotational and octagonal
symmetry, 10-6-10-7

T

Taylor series, 3-23
Tellegen theorem
2-port network, 7-21-7-22
adjoint elements, 7-23-7-24
open-circuit voltage ratio, 7-24
voltage and current change,
7-22
Temperature coefficient of
capacitance (TCC), 11-24
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Tensor
basis tensors
finite-dimensional vector
spaces, 2-5-2-8
Kronecker product, 2-8
tensor product
arbitrary bilinear operator,
2-4
isomorphism, 2-5
Terminal representation
four-terminal network
first application, 20-3
passive circuit, 20-1-20-2
second application, 20-4
indefinite admittance matrix,
20-3
network analysis, 20-5
nodal admittance matrix,
20-2-20-3
Thévenin theorem
application, 24-28-24-29
current calculation, 19-48-19-50
dependent sources, 24-24-24-25
impedance, 24-26
source transformation,
24-29-24-30
subnetworks, 24-24
voltage determination,
19-50-19-51
voltage divider circuit,
19-47-19-48
Third-order intercept point
(TOI), 15-5
Time domain analysis
first-order circuits
network time constant, 26-10
transfer functions, 26-6-26-7
transient and steady-state
responses, 26-9-26-10
zero-input response,
26-7-26-8
zero-state response,
26-8-26-9
second-order circuits
network characterization,
26-17
transfer function,
26-11-26-12
transient and steady-state
responses, 26-15-26-17
zero-input response,
26-13-26-14
zero-state response,
26-14-26-15

signal types
causal circuit, 26-4
eternal signals, 26-3-26-4
impulse, 26-2-26-3
periodic and aperiodic
waveforms, 26-4-26-6
ramp function, 26-2
sinusoids, 26-3
unit step function,
26-1-26-2
z-Transform
discrete-time FT, 5-3-5-4
generating function, 5-2
inverse z-transform
contour integration, 5-5-5-7
inspection method and
power series expansion,
5-8
partial fraction expansion,
5-7-5-8
linear time-invariant systems
one-sided z-transform, 5-14
system transfer function,
5-13-5-14
properties
ROC, 5-8-5-9
transform, 5-9-5-10
z-domain convolution,
5-10-5-12
ROC, unit circle, 5-3
two-sided z-transform, 5-2
variations
chirp z-transform algorithm,
5-17
modified z-transform, 5-16
multidimensional
z-transforms, 5-15
Transform domain adaptive filter
(TDAF)
adaptive tap vector, 4-25
autocorrelation matrix,
4-24-4-25
characteristics, 4-26-4-27
filter output and LMS adaptive
algorithm, 4-24
Karhunen-Loe’ve transform
(KLT), 4-26
power, 4-25-4-26
transformed outputs, 4-25
Transformer
characteristics, 11-66-11-67
definition, 11-66, 11-72
ideal transformer model,
11-67-11-68
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nonideal transformer
circuit model, 11-70-11-72
leakage and magnetizing
inductances,
11-69-11-70
linear transformer model,
11-68-11-69
Transimpedance (TZ) amplifiers,
17-21-17-22
Tree enumeration methods
augmented circuit, 25-6-25-7
circuit construction, 25-5-25-6
NAM determinant and
cofactors, 25-5
Tree-structured filter banks
analysis and synthesis bank,
6-28
analysis filter response,
6-28-6-29
Two-dimensional (2-D) digital
filters
2-D symmetries
centrosymmetry, 10-13
quadrantal symmetry,
10-14
magnitude response symmetry
continuous-time frequency
response, 10-15
discrete-time frequency
response, 10-15-10-16
magnitude response, 10-16
symmetry
anti-self-paraconjugate
polynomial, 10-18-10-19
magnitude-squared function,
10-19-10-21
octagonal, 10-6-10-7
paraconjugate operation,
10-17
quadrantal and diagonal,
10-5-10-6
reflection and rotational,
10-4-10-5
self-paraconjugate
polynomial, 10-17-10-18
symmetry-based 1-D FFT,
10-11-10-12
T operations, 10-3
T-ys operations, 10-2-10-3
Y-operation, 10-4
two-dimensional (2-D) Fourier
transform
continuous-time continuous-
frequency, 10-7-10-8
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discrete-time continuous-
frequency, 10-9
discrete-time discrete-
frequency, 10-9-10-10
Two graph-based tableau approach
determinants and cotree,
25-13-25-14
element stamps, 25-12
matrices, 25-13, 25-15
tableau equation, 25-13
voltage and current graph,
25-12, 25-14-25-15
Two-port network
bipolar transistor, 20-11-20-12
calculation, 20-7
Cramer’s rule and circuit
models, 20-10-20-11
hybrid parameters, 20-8-20-9
interconnections, 20-13-20-14
port voltages and current, 20-5
transmission parameters, 20-6,
20-14-20-15
y parameters, 20-6-20-8
z parameters, 20-6
Two-variable polynomial
1-D complex plane, 9-3
2-D biplane, 9-4
nonessential singularities second
kind (NSSK), 9-4

U

Unilateral Laplace transforms
direct computation, 3-11-3-15
operational properties,

3-18-3-22

v

Variable resistor
electric circuit, 11-7, 11-8
tapers, 11-9
types, 11-7-11-9
Vector spaces over fields
field F, properties, 1-2
F-vector space, 1-2-1-3
n-dimensional vector space,
1-3-1-4
Very strict Hurwitz polynomial
(VSHP), 9-6
Voltage-controlled current source
(VCCS)
circuit implementation,
14-2-14-3

circuit schematic symbol, 18-3
equivalent circuit, MOSFET,
14-1-14-2
SPICE format, 14-2, 14-4
Voltage-controlled voltage source
(VCVS), 14-3
circuit schematic symbol,
18-1-18-3
dynamic model, op-amp,
13-9, 13-10
SPICE format and circuit
implementation, 14-4
Voltage-dependent resistor (VDR),
11-9
Voltage inversion negative
impedance converter
(VNIC), 14-11
Voltage-mode op-amps
closed-loop frequency response
closed-loop small-signal
bandwidth, 16-28
crossover frequency,
16-29
feedback factor, 16-27
closed-loop transient response,
16-30-16-32
current-mode op amps,
16-32-16-34
open-loop voltage gain,
16-26
SPICE stimulation, 16-32
2-V very strict Hurwitz polynomial
(VSHP), 9-10-9-11

w

Walsh-Hadamard transform
(WHT), 4-20-4-21
Wavelet transform (WT) technique
basis functions, 6-10
digital filter banks
basis function, 6-29-6-30
half-band filter, 6-27
paraunitary filter banks,
parametrization, 6-27
paraunitary properties,
6-25-6-27
polyphase representation,
6-24-6-25
subband construction,
6-22-6-24
tree-structured system,
6-28-6-29
two-channel filter bank, 6-22
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filter banks
synthesis and reconstruction,
6-13-6-14
time-frequency
representation, 6-13
wavelet function design,
6-14-6-15
Fourier basis, 6-15
Haar wavelet basis, 6-11-6-12
Hilbert space frame
arbitrary vector
representation, 6-44
definition, 6-44
dual frame and sequence,
6-47
frame operator, 6-46
Riesz basis, 6-44-6-45
tight frame, 6-46
ideal bandpass wavelet
Fourier transform, 6-5-6-6
frequency axis splitting,
6-6-6-7
impulse response, 6-8
vs. low-pass, 6-5-6-6
L' and L7 signal space
convolution integral,
6-36-6-37
Lebesgue integrals,
6-31-6-32
L? signal, 6-32-6-34
L? functions, 6-8-6-10
multiresolution and wavelets
continuous time filter banks,
6-59-6-60
frequency domain, 6-51
ideal filter, 6-51-6-52
paraunitary filter banks,
6-56-6-58
time domain, 6-50
notations and acronyms, 6-3
octave-band splitting scheme,
6-8, 6-9
orthogonal projections, 6-10
orthonormal wavelet,
6-71-6-72
short-time Fourier transform
definition, 6-16-6-17
filter impulse response, 6-17
Gabor window, time-
frequency resolution,
6-18-6-19
invertibility, 6-47-6-48
limitations, 6-30
orthonormality, 6-48-6-49
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shifted filters, analysis bank,
6-18

time-frequency localization,
6-49-6-50

wavelet regularity

ninth-order FIR filter,
6-73-6-74

smoothness and Holder
regularity index, 6-74

time-domain decay
and regularity,
6-77-6-78

two-scale dilation equation,
6-72-6-73

wavelet transforms

coefficient computation,
6-10-6-11

CWT and DWT, 6-15
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definition, 6-11
frequency response, 6-16
properties, 6-12-6-13
vs. short-time Fourier
transform, 6-19-6-22
Wideband amplifiers
composite stages, 15-27-15-28
feedback cascades,
15-28-15-29





