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Summary

A Silicon Drift Detector is a novel state of the art position sensing device that

combines the best features of gas drift chambers with the advantages of a

semiconductor detector. In this thesis, I describe the design development and

application of a large area linear Silicon Drift Detector, developed for use in the

STAR experiment at the Relativistic Heavy Ion Collider (RHIC). Detector

characteristics and performance are documented with results from laboratory tests

and from measurements in experiment E896 at the AGS at Brookhaven National

Laboratory.



iii

Table of Contents

Chapter 1: Introduction 01

Chapter 2: Semiconductor Detectors 05
2.1 Some basic properties of semiconductors  . . . . . . . . . . . . . . . . . . . . . 05

2.1.1 Charge carrier mobility  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 06
2.1.2 Intrinsic and doped semiconductors   . . . . . . . . . . . . . . . . . . . . 06
2.1.3 Basic p-n junction properties   . . . . . . . . . . . . . . . . . . . . . . . . . 09

2.1.3.1 Depth of the depletion layer   . . . . . . . . . . . . . . . . . . . . . 10
2.1.3.2 Reverse biased p-n junction  . . . . . . . . . . . . . . . . . . . . . . 13

2.1.4 Effects of ionizing radiation in semiconductors   . . . . . . . . . . . 15
2.2 Overview of Silicon detectors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.2.1 Surface Barrier Silicon detector (SBSD)  . . . . . . . . . . . . . . . . . 18
2.2.2 Pad Detector  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.2.3 Microstrip Detector  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
2.2.4 CCD  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
2.2.5 Active pixel detector  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.3 Silicon Drift Detectors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

Chapter 3: The STAR Silicon Drift Detector 26
3.1 The STAR Silicon Vertex Tracker (SVT)  . . . . . . . . . . . . . . . . . . . . . 26

3.1.1 Overview of the STAR experiment at RHIC  . . . . . . . . . . . . . . 26
3.1.2 The Silicon Vertex Tracker (SVT)  . . . . . . . . . . . . . . . . . . . . . 28
3.1.3 Main requirements for Silicon Drift Detectors in STAR  . . . . . 30

3.2 Brief history of the detector design development  . . . . . . . . . . . . . . . 31
3.3 Details of the STAR/SVT Silicon Drift Detector final design  . . . . . . 35

3.3.1 The drift region   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
3.3.1.1 Potential distribution in the drift region  . . . . . . . . . . . . . 38
3.3.1.2 The internal and external voltage divider  . . . . . . . . . . . . 41
3.3.1.3 Bulk doping   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
3.3.1.4 The cathode Aluminum overlay  . . . . . . . . . . . . . . . . . . . 46

3.3.2 Charge injection calibration lines  . . . . . . . . . . . . . . . . . . . . . . 47
3.3.3 Anode region  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

3.3.3.1 Description of the focusing region  . . . . . . . . . . . . . . . . . 48
3.3.3.2 Focusing voltages  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
3.3.3.3 Design change from STAR-2.7 to STAR-2.9  . . . . . . . . . 52

3.3.4 Protection guard area  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

Chapter 4: Testing & Characterization of the Silicon Drift Detector 55
4.1 Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
4.2 Test structure measurements   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

4.2.1 Resistor series test structure  . . . . . . . . . . . . . . . . . . . . . . . . . . 58
4.2.2 p-n Diode junction test structure . . . . . . . . . . . . . . . . . . . . . . . 60
4.2.3 p-n junction capacitance measurement  . . . . . . . . . . .. . . . . . . . 63



iv

4.2.4 MOS capacitor test structure  . . . . . . . . . . . . . . . . . . . . . . . . . . 64
4.3 Properties of the active wafer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

4.3.1 Voltage linearity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
4.3.1.1 Correlation between the voltage linearity and the drift

non-linearity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
4.3.1.2 Voltage measurements from the probe station  . . . . . . . . 71

4.3.2 Anode leakage current   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
4.3.3 Summary of the testing procedure  . . . . . . . . . . . . . . . . . . . . . . 74

4.4 Drift measurements with the laser   . . . . . . . . . . . . . . . . . . . . . . . . . . 75
4.4.1 Electron cloud drift parameterization   . . . . . . . . . . . . . . . . . . . 77

4.4.1.1 Signal amplitude as a function of drift distance  . . . . . . . 77
4.4.1.2 Signal width in the drift direction  . . . . . . . . . . . . . . . . . 79
4.4.1.3 Signal width in the transverse direction   . . . . . . . . . . . . 80

4.4.2 Position accuracy in the drift direction  . . . . . . . . . . . . . . . . . . 81
4.4.3 Drift non-linearity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

4.5 Temperature dependence   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

Chapter 5: Charge Injection Studies 88
5.1 Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
5.2 MOS and Implanted type of injectors  . . . . . . . . . . . . . . . . . . . . . . . . 89
5.3 Natural potential and DC bias dependence  . . . . . . . . . . . . . . . . . . . . 91
5.4 Lateral uniformity of injectors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
5.5 The dot injector  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
5.6 Summary of injection studies and suggestion for future possibilities . 100

Chapter 6: Previous Application of Silicon Drift Detectors 102
6.1 Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
6.2 Experiment NA45   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

6.2.1 Experiment overview  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
6.2.2 NA45 experimental setup  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
6.2.3 Silicon Drift Detectors in NA45  . . . . . . . . . . . . . . . . . . . . . . . 105

6.3 Experiment WA98  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
6.3.1 Experiment overview   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
6.3.2 WA98 experimental setup  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

Chapter 7. Measurements in the Test Beam 111
7.1 Overview of experiment E896  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

7.1.1 Physics goals of the experiment E896  . . . . . . . . . . . . . . . . . . . 111
7.1.2 General experiment layout   . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

7.2 Assembly of the SDDA  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
7.2.1 Detector wafers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
7.2.2 Front-end electronics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
7.2.3 Detector assembly on the PC-board and support structure  . . . . 118
7.2.4 Readout and Data Acquisition  . . . . . . . . . . . . . . . . . . . . . . . . . 121

7.3 Beam and data taking  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122
7.4 Offline analysis overview  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125



v

7.4.1 Pedestal subtraction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
7.4.2 Noise filtering (common mode noise subtraction)  . . . . . . . . . . 131
7.4.3 Cluster finding and zero suppression  . . . . . . . . . . . . . . . . . . . . 132
7.4.4 Cluster analyzer and hit position determination  . . . . . . . . . . . . 134

7.4.4.1 Moment analysis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
7.4.4.2 Cluster fitting procedure  . . . . . . . . . . . . . . . . . . . . . . . . 137

Chapter 8: Detector performance results from E896 139
8.1 Detector performance results  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

8.1.1 Hit parameters and distributions  . . . . . . . . . . . . . . . . . . . . . . . 139
8.1.2 Hit efficiency  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143

8.2 Energy loss studies   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
8.2.1 The basics of charged particle energy loss  . . . . . . . . . . . . . . . . 146
8.2.2 Energy loss measurement and calibration . . . . . . . . . . . . . . . . . 147

Chapter 9: SDD in the magnetic field 152
9.1 Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152
9.2 Theoretical considerations on magnetic field effects  . . . . . . . . . . . . . 152

9.2.1 Effects of a perpendicular (transverse) field   . . . . . . . . . . . . . . 152
9.2.2 Longitudinal Magneto-resistance   . . . . . . . . . . . . . . . . . . . . . . 154

9.3 Experimental setup and results  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
9.4 Discussion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158

Chapter 10: Summary, Conclusions & Prospects 160

Appendix A: Abbreviations 164

Appendix B: Some constants and properties of semiconductors 165

Appendix C: STAR/SVT – SDD dimensions & specifications 166

References 167


	Universidade de São Paulo
	Jun Takahashi

	Chapter 1: Introduction
	Chapter 5: Charge Injection Studies
	Chapter 7. Measurements in the Test Beam
	Chapter 8: Detector performance results from E896
	Chapter 9: SDD in the magnetic field
	Chapter 10: Summary, Conclusions & Prospects
	Appendix A: Abbreviations
	Appendix B: Some constants and properties of semiconductors
	Appendix C: STAR/SVT – SDD dimensions & specifications
	References

