
Contents

Abstract v

Zusammenfassung vii

Acknowledgements

1 Introduction 1
1.1 State-of-the-Art MR Systems ........................................  3

1.1.1 DC Field-Strength ..............................................  4
1.1.2 MRI Array Coils....................................................  4
1.1.3 In-Field and On-Coil Receivers..................... ... . 7

1.2 Integrating the MRI Receive C hain ......................................10
1.3 Structure of the Thes is ........................................................ 12

2 Magnetic Resonance Imaging 13
2.1 Physics of N M R ..................................................................... 14

2.1.1 Bulk Magnetization..................................................14
2.1.2 RF Excitation........................................................... 17

2.2 Receiver C o ils ....................................................................... 20
2.2.1 Noise in Surface Coils ........................................... 21
2.2.2 Signal in Surface C o ils ........................................... 25
2.2.3 Input Power of Surface C o ils .................................. 27

2.3 Spatial Encoding ................................................................. 28
2.3.1 Gradient F ie ld s ........................................................28
2.3.2 k-Space....................................................................29
2.3.3 Discrete Im a g e ..........................................   30

http://d-nb.info/1150661836


xiv CONTENTS

2.3.4 Time-discrete S ig n a l............................................... 31
2.3.5 Reconstruction........................................................ 32

2.4 Imaging Types........................................................................33
2.5 Signal Properties in High-Field MRI ...................................34

2.5.1 Peak p o w e r.............................................................. 34
2.5.2 Bandwidth and S N R ............................................... 36
2.5.3 Acquisition Coherence............................................38

2.6 Field Monitoring.....................................................................39
2.6.1 Applications............ ..................................................39
2.6.2 Signal P roperties..................................................... 40

3 Design of the On-Coil Integrated Receiver 45
3.1 Receiver Performance Requirements...................................49

3.1.1 Detuning ..................................................................52
3.2 Receiver A rchitecture........................................................... 53
3.3 CMOS RF Receivers........................................................... 56
3.4 Zero/Low IF Receiver........................................................... 58

3.4.1 Receiver Planning..................................................... 61
3.4.2 N o is e ........................................................................62
3.4.3 Harmonic Distortion ...............................................64
3.4.4 Conclusion .............................................................. 66

3.5 On-Coil C lo ck in g ..................................................................67
3.6 Parallel O u tp u t ...........................  70

4 Broadband Frontend in Scaled CMOS 73
4.1 LNA and M a tch in g .............................................................. 74

4.1.1 RF LNA Topologies.................................................. 77
4.2 High/Low Input Impedance.................................................. 81
4.3 Low-Impedance L N A ........................................................... 82

4.3.1 N o is e ........................................................................84
4.3.2 D is to rtion ................................................................. 87
4.3.3 Gain S ta b ility ........................................................... 89

4.4 Down-Conversion..................................................................92
4.4.1 Local-Oscillator Duty-Cycle ...................................93
4.4.2 Harmonic Rejection M ix e r ......................................97

4.5 Baseband Gain S ta g e ........................................................... 98
4.5.1 Baseband F ilte r ......................................................... 99



CONTENTS xv

4.5.2 Two-Stage M ille r-O T A s........................................101

5 Receiver Implementations in 130 nm CMOS 105
5.1 Two-chip Solution............................................................... 107

5.1.1 Standalone LNA Implementation.......................... 107
5.1.2 RFIC Frontend Implementation ...........................111
5.1.3 Measurement Results.............................................113

5.2 Fully Integrated S o lu tio n ................................................... 117
5.2.1 Integrated L N A s ................................................... 119
5.2.2 Harmonic Rejection M ix e r ....................................124
5.2.3 Impedance Test T ransm itte r.................................126
5.2.4 Parallel O u tp u t ...................................................... 128
5.2.5 Power Domains...................................................... 130
5.2.6 Measurement Results............................................. 131

6 Conclusions 141
6.1 Receiver Design.................................................................. 142
6.2 Receiver Implementation..................   143
6.3 Concluding Remarks............................................................ 144

A RF Excitation of Nuclei 147
A .l 90°xyy/-Pulses...................................................................... 149
A.2 180°xVyz-P u lses ................................................................... 149

B Receive-chain Simulation Environment 153

Acronyms and Symbols 157

Bibliography 163

Selected Publications 175

Curriculum Vitae 177


