Contents

Foreword xi

References xii

CHAPTER 1 Introduction 1

1.1 The Need for Oversampling Converters 1

1.2 Delta and Delta-Sigma Modulation 4

1.3 Higher-Order Single-Stage Noise-Shaping Modulators 9
1.4 Multi-Stage (Cascade, MASH) Modulators 10

1.5 Bandpass AZ Modulators 13

1.6 AZ Modulators with Multi-Bit Quantizers 15

1.7 Delta-Sigma Digital-to-Analog Converters 16

1.8 History; Performance and Architecture Trends 17

CHAPTER 2 The First-Order Delta Sigma Modulator 21

2.1 Quantizers and Quantization Noise 21
2.1.1 Binary Quantization 28




Contents

CHAPTER 3

CHAPTER 4

2.2 MOD1 asan ADC 29
2.3MOD! asaDAC 34

2.4 MODI1 Linear Model 36

2.5 Simulation of MOD1 38

2.6 MOD1 under DC Excitation 41

2.6.1 Idle Tone Generation 42
2.6 2 Graphical Visualization 45
2.7 Stability of MOD1 49
2.8 The Effects of Finite Op-Amp Gain 50
2.8.1 Linear Systems Perspective- Degraded Noise Shaping 50
2.8.2 Nonlinear Systems Perspective— Dead Zones 51
2.9 Decimation Filters for MOD1 54
2.9.1 The Sinc Filter [9] 55
2.9.2 The Sinc? Filter 58
2.10 Conclusions 60

The Second-Order Delta-Sigma Modulator 63

3.1 The Second-Order Modulator: MOD2 63
3.2 Simulation of MOD2 67
3.3 Nonlinear Effects in MOD2 71
3.3 1 Signal-dependent quantizer gain 71
3.3.2 Stability of MOD2 74
3.3.3 Dead-band behavior 77
3.4 Alternative Second-Order Modulator Structures 79
3.4.1 The Boser-Wooley Modulator 79
3.4.2 The Silva-Steensgaard Structure 80
3.4.3 The Error-Feedback Structure 81
3.4.4 Generalized Second-Order Structures 82
3.4.5 Optimal Second-Order Modulator 84

3.5 Decimation Filtering for Second-Order AZ Modulators 86
3.6 Conclusions 89

Higher-Order Delta-Sigma Modulation 91

4.1 High-Order Single-Quantizer Modulators 91
4.2 Stability Considerations in High-Order Modulators 97

vi






