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A
AAF. See Antialiasing filter.
Accumulate-and-dump circuit, 129, 132
Accumulator, 19, 129, 134, 235-236
Accuracy, 195, 200, 269
Active-RC Integrator, 73, 75,

filter, 80, 82-83, 87-88, 97-98, 101, 103-106,
109, 112, 116

Adaptive filtering, 93
ADC. See Analog-to-digital converter.
Adder, 94, 126, 145, 147, 151, 156, 158-159, 273,

309, 320, 322
Aliasing, 21, 27-72, 93, 127-129, 140, 143-144,

306, 317
quantization noise, 169

Amplitude modulation, 187, 207, 285, 288, 315
Analog RC filter, 80, 82-83, 87-88, 97-98, 101,

103-106, 109, 112, 116
Analog Sinc averaging filter, 10-11
Analog-to-digital converter (ADC), 21, 27, 94,

164-224, 225-284
1-bit, 236
bandpass, 134, 287-300
gain, 246
high-speed, 301-324
Nyquist-rate, 43, 63, 220-225, 241, 306-308
pipeline, 38
SPICE models for, 119-123, 160, 176

Antenna, 292
Antialiasing filter (AAF), 27-40, 73, 93, 139, 144,

198-199, 203, 205-206, 302
Aperture jitter, 179, 202, 317
Autocorrelation function (ACF), 183
Autozeroing, 57-58, 62, 71
Average power, 183-187, 198
Average value, 44, 168, 183-187, 200, 212, 244,

315
Averaging, 

bandpass filter, 19, 134-139, 160, 290-292
clock jitter, 198
decimation, 209-211
filter, 13-14, 126, 131, 133-134, 201, 220, 223,

234, 239-241, 266-267
highpass filter, 19, 129, 134
improving signal-to-noise ratio (SNR), 13,

190-194

Averaging (continued),
interpolating filter, 43-50, 71, 139-142, 199,

235, 273
limiting bandwidth, 13-14
linearity requirements, 194-195
noise, 250
quantization noise, 202, 211
without decimation, 132-133

B
B, bandwidth of the input signal, 129-130, 133-134,

182, 198-199, 208-209, 212, 220, 229,
237-241, 248, 250, 267, 285, 290, 296, 324

B device. See Nonlinear-dependent source.
Bandpass filter, 19, 96, 103-111, 129, 134-139, 160
Bandpass modulators, 263, 285-298, 301, 324
Bennett’s criteria, 165-166
Bilinear transfer function, 95
Binary offset, 123-125, 204-205, 274
Biquad filters, 73, 99-101
Biquadratic transfer function, 99
Bottom plate of a capacitor, 67
Bottom plate sampling, 39-40, 54, 219

C
CAI, See continuous-time analog integrator.
Calibration, 322
Canonic digital filter, See Digital filter.
Capacitance,

bottom plate, 54
input, 86, 93, 247, 282, 319
load, 88-89
noise calculation, 307
parasitic, 66, 69, 83-84, 219, 279-281

Capacitive feedthrough, 39, 251, 257
Cascade of integrators and combs filters (CIC

filters), 142
Cascaded modulators, 233, 264, 275-280
Charge injection, 39-40, 251, 257, 294
Charge pump, 120
Chopper stabilization, 71
CIC filters, see Cascade of integrators and combs

filters
Clock generation, 53, 316-318
Clock jitter, 178-189
Coherent sampling, 175-176, 202
Comb filter, 8-21, 25, 129-131, 133-143, 224
Common-mode feedback (CMFB), 60-61, 88-89
Common-mode rejection ratio (CMRR), 87, 252
Common-mode voltage, VCM = 500 mV in this book
Comparator, 

clocked, 163, 319-320
gain, 244-246, 259, 262-263, 295
hysteresis, 246-247



Comparator (continued),
LSB, 204
noise, 163, 246-247, 250
offset, 246-247
placement, 261

Constant delay, 10, 31, 145, 171
Continuous-time analog integrator (CAI), 73, 75, 95
Continuous-time comb filter, 10-11
Continuous-time Fourier transform, 23
Convolution, 35, 175
Correlated double sampling (CDS), 59, 66, 71
Cosine window. See Hanning window.
Counter, 45, 126-129, 130, 270-271

D
DAC. See Digital-to-analog converter.
DAI. See Discrete analog integrator.
dBc (decibels with respect to the carrier), 177, 189
Dead zones, 215, 217, 232
Decimation, 33-34, 127-129, 132, 222-223,

306-312, 321-322
bandwidth limitations, 34
decimating filter, 143-144, 157, 203, 239

Delta modulation, 199
Delta-sigma modulation, 199, 233-234  See

noise-shaping.
Demodulator, 199-200, 235-236, 271-272
Diff-amp, 61, 86, 89, 222
Differentiator, 14-15, 119, 275-276
Digital averaging filter, 192, 220
Digital comb filter, 11-18
Digital filter, 119-162

biquad, 155-159
canonic, 151-155
finite impulse response (FIR), 133-134,

145-146, 161
infinite impulse response (IIR), 134
stability, 146-147

Digital integrator, 19-21, 235
Digital I/Q extraction to baseband, 297-298
Digital resonator, 134-139, 160
Digital signal processing (DSP), 27, 32, 203
Digital-to-analog converter (DAC), 69, 119-123,

204-205, 213-214, 235-236, 272-275
Dirac delta impulse, 23, 28
Discrete analog integrator (DAI), 66-70, 90-93,

233, 251, 260
Discrete-time integrator, 90-95
Distortion, 35, 37, 49, 65, 71, 176-178, 187,

206-208, 213-214, 225-226, 249, 251-252, 269,
273, 288-289

Dither, 166, 195-198, 242, 282
Droop, 37, 39-41, 47-48, 127, 129, 132, 142, 157,

209, 212, 223, 241, 267
DSP. See Digital signal processing.
Dynamic range, 83, 177, 251, 276, 279

E
Effective number of bits, Neff , 173, 176, 179,

181-182, 188, 202
Error feedback, 235, 271-275, 283
Expected value, 186

F
Feedback gains in a DAI, 260
Filters,

active-RC, 75
accumulate and dump, 129
bandpass, 19, 96, 103-111, 129, 134-139, 160
bilinear, 95
biquad, 73, 99-101
comb filter, 8-21, 25, 129-131, 133-143, 224
decimating filters, 143-144, 157, 203, 239
digital. See Digital filter.
exact frequency response of discrete-time filter,

94
finite impulse response (FIR), 133-134,

145-146, 161
gm-C filters. See transconductor-C filter.
highpass, 19, 129, 134
in a higher-order modulator, 267
infinite impulse response (IIR), 134
integrating filters, 73-118
interpolating filters, 139-142
ladder filter, 117-118
lowpass, 75
MOSFET-C, 83
Q peaking and instability, 112
Sinc, 133
SNR, 82-83, 87
stability in digital filters, 146
switched-capacitor, 90-95
transconductor-C filter, 97
tuning, 80, 83, 86, 93, 98

Finite impulse response (FIR) filter, 133-134,
145-146, 161

Finite op-amp gain-bandwidth product, 55-57,
78-79

First-order noise shaping, 208, 210, 224, 233, 238,
254

FIR. See Finite impulse response.
Forward modulator gain, 243
Fourier series, 23
Fourier transform, 24

G
Gain error term, 176-177, 204, 213-214, 219,

247-249, 280
gm-C (transconductor-C) integrators, 86-90
Gaussian probability distribution, 187, 197
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H
Hanning window, 175
Harmonics, 

square wave, 189
High-frequency transconductor, 89-90
Highpass filter, 19, 129, 134
Higher order modulators, 267
Hold register, 46-50
Hysteresis, 246-247

I
I, in phase or real component, 4-6, 285-286,

297-299
IIR. See Infinite impulse response filter.
Impulse sampling, 28-31
Infinite impulse response (IIR) filter, 134
Integrator,

analog. See Continuous-time analog integrator.
digital, 19-21, 235
discrete analog integrator (DAI), 66-70, 90-93,

233, 251
gain, 113, 244-246, 248, 255, 257-260, 264,

276, 303
leakage, 247-248, 282

Interpolation, 32, 43-46, 48-50, 71, 139-142, 235,
273

Interpolative modulators, 271-272
Inverse Fourier transform, 23

J
Jitter. See Clock jitter.

K
K, oversampling ratio, averaging factor, or

interpolation increase, 33, 43-50
clock jitter, 181-182

K-Delta-1-Sigma, xvi, 222, 303-304, 320-324
K-path, Kpath, 50-53, 220-224, 228, 230, 301-302,

317

L
Ladder filter, 117-118
Least significant bit (LSB), 119, 204
Limit cycle oscillations, 241, 315
Linear phase, 25, 30-31, 145 
Linearity, 212, 214
Linearity requirements for averaging, 191-195
Lowpass filters, 73-74
LSB. See Least significant bit.

M
MASH modulator. See Noise-shaping
Matching, 53, 55, 94, 200, 211, 212, 230, 279, 323
Matlab, 171
Mean, 186
Miller integrator, 75
Mixed-signal system block diagram, 27
Modulation noise, 206-208, 212, 237
Modulator, 

bandpass, 287-297
cascaded, 275 
first-order, 233
gain, 243
higher-order, 265-269
interpolative, 271-272
multibit, 269
noise-shaping, 199-201, 233
predictive, 200
second-order, 253

MOSFET-C Integrators, 83-85
Multibit modulators, 269
Multiplexer (MUX), 236, 297
Multipliers, 34, 64, 94, 291, 297-298
Multistage noise shaping modulator (MASH), 275
MUX. See Multiplexer.

N
Noise,

averaging, 190
clock jitter, 
correlated double sampling (CDS), 59, 66, 71
modulation, 206-208, 212
quantization noise, See Quantization noise.

Noise transfer function (NTF), 200-201, 205-208,
224, 233, 253-254

Noise-shaping (NS), 199-201, 233, 253
Non-overlapping clock generation, 51, 53, 304, 317
Nonrecursive filters, 133
Number representation, 123-126
Nyquist,

differences between noise-shaping converters,
241

frequency, 17, 21, 27, 29, 31, 37-40
rate ADC, 43, 63, 220-225, 241, 306-308

O
Offset, 

autozero, 57-59, 62
comparator, 221-222, 224, 246
DAC, 214
op-amp, 54-55, 58-62, 66, 72, 212, 247-250

Offset binary format, 123-125, 204-205, 274 
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Overflow, 124-126, 143, 145-148, 211, 214-215,
221, 273

Oversampling, 
Oversampling ratio. See K, oversampling ratio

or averaging factor.

P
Passive noise-shaping, 205-207, 216-219
Path settling time, 302
Pattern noise, 241
PDF, probability density function, 185

average value (mean or expected value), 186
Gaussian, 186-187, 197-198
standard deviation, 186
variance, 186

Phase-delay relationship, 4
Phase, 

discrete analog integrator (DAI), 
digital filter, 10-11, 13-15, 17-21, 130, 151
linear, 9, 30-31, 145, 171
noise, 188-189
response, 76, 79-81, 88, 104
shift, 4-5, 8, 95-96, 141

Phase-locked loop, 180
Pipeline ADC, 38, 122, 176, 220, 307
PLL. See Phase-locked loop.
Power

average, 183-184, 186-187
Power spectral density (PSD), 166, 172, 183, 188,

190, 193
jitter, 186-189, 198
quantization noise, 166, 168, 193

Predictive coder. See Predictive modulator.
Predictive modulator, 199-200
Probability density function, See PDF.
PSD. See Power spectral density.

Q
Q (pole quality factor), 99-106 

high Q, 107-114, 117
peaking and instability, 112-113

QAM, See Quadrature amplitude modulation.
Quadrature amplitude modulation, 285
Quadrature or imaginary component, 4-6, 285-290,

297-299
Quantization noise, 122, 163-178, 185-196, 211,

224, 233-234, 237, 240, 242-243, 251, 253,
266, 273-276, 279, 312-314

Quantize, 33
Quantizer, 43, 125, 163-164, 203-204, 235-239,

269, 271-274, 314

R
Random signals, 185, 196, 216

quantization noise, 168-169
spectral density, 190
standard deviation, 186
variance, 186

RCF. See Reconstruction filter.
Reconstruction filter (RCF), 27, 29, 32, 39, 87, 166,

139, 185, 187, 235, 273
Resolution, 13, 56-57, 83, 176, 191, 194-195,

199-200, 203, 209-210, 215, 230, 237-240,
253-254, 265, 269, 273, 306-307, 322
loss because of jitter, 178-181 

Return-to-zero (RZ), 35, 37, 39, 42
Ripple, 241-242, 282, 288-289
RMS quantization noise voltage, 166, 168-170, 211,

237, 249, 253, 266-267
calculating from a spectrum, 185, 187, 193

Root mean square (RMS) voltage, 168
RZ. See Return-to-zero.

S
Sample and hold (S/H), 27, 35-43, 54-66

matching of the capacitors used, 
single-ended to differential, 65
subtraction, 63

Sample frequency reduction. See Decimation.
Sampler, 28-35
Sampling and Aliasing, 

coherent. See coherent sampling.
Sampling gate, 28
Second-order noise-shaping, 227-229, 253
Settling time, 57, 60-61, 221, 248-249, 302 
SFDR. See Spurious-free-dynamic range.
SFFM. See Single frequency frequency modulation.
S/H. See Sample and hold.
Side lobes, 47-48
Sigma-delta modulation, See noise-shaping
Signal-to-noise and distortion ratio(SINAD). See

Signal-to-noise plus distortion ratio (SNDR).
Signal-to-noise plus distortion ratio (SNDR), 93,

176-178, 187, 197, 202
Signal-to-noise ratio (SNR), 70, 82-83, 87, 137,

163-202, 208-229, 238-242, 247-248, 250-253,
265

Signal transfer function (STF), 200-201, 205-206
Sinc filter,  See digital averaging filter.
Sinc function, 32, 36-39, 47-49
Sinc-shaped digital filter, 126-144
Slew-rate, 57, 179, 248-249
Smoothing filter,  See reconstruction filter.
SNR. See Signal-to-noise ratio.
SNDR. See Signal-to-noise plus distortion ratio. 
Spike, 177
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Spurious free dynamic range (SFDR), 177, 242
Squarewave, 22, 25, 126-128, 166, 175
Stability, 

digital filter, 146
filter, 112
noise-shaping modulator, 258-264, 269, 275,

293
Standard deviation, 186, 198
Subtraction, 63, 126, 271
Switched-capacitor filters, 91-95, 98-99, 106-111
Switches, 

capacitive feedthrough, 39, 251
charge injection, 39-40, 251, 257, 294
MOSFET, 318

T
Taylor series, 6
T/H, See Track-and-hold.
Thermometer code, 308
Time-domain description of reconstruction, 31-33
Time-interleaved ADC, 220-222, 232, 313, 323
Track-and-hold, 41-43
Transconductor-C filters, 86

bilinear, 97
biquad, 114

Triangular response, 133
Tuning, 80, 83, 86

orthogonal tuning, 98
Two’s complement, 123-126, 131, 137, 147,

204-205
subtraction, 126

U
Unit step function. See u(t).
u(t), 35-36

V
Variance, 168, 186
VCM ,  (VDD/2 or 0.5 V in this book)
VDD,  (1.0 V in this book)
Von Hann window. See Hanning window.

W
White noise, 169, 172, 269
Windowing, 175-176
Wireless, 285, 291

I/Q extraction, 297-298

Z
z

defined, 7, 12
domain, 6-8
to s-transform (practical), 51, 149

z-plane, 7, 15
Zero-Order Hold (ZOH), 27
Zero padding, 44-45

Index 329


