
i

Contents

Chapter  1
Introduction to silicon trackers at LHC     .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .     1

1.1 Radiation hard silicon trackers for the LHC   .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .     1
1.2 Cryogenic silicon microstrip detector modules for the LHC       .      .      .      .      .      .      .      .      .      .      .      .     4
1.3 LHC luminosity measurement       .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .     8
1.4 This work      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  10

Chapter  2
Thermal and thermoelastic design of cryogenic silicon microstrip detector modules   .      .      .      .  13

2.1 Design of cryogenic detector modules  .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  13
2.2 Choice of materials    .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  16
2.3 Cooling system       .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  25
2.4 Heat transfer measurements in microtubes      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  27
2.5 Alignment principles and design of the assembly tooling      .      .      .      .      .      .      .      .      .      .      .      .      .  31

Chapter  3
Thermoelastic test results      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  39

3.1 Measurements of the thermal dilatation of filled epoxies.      .      .      .      .      .      .      .      .      .      .      .      .      .  39
3.2 Results on integral thermal dilatation of filled epoxies between 4.2 K and 300 K      .      .      .      .      .  42
3.3 Measurements of the mechanical properties of filled epoxies    .      .      .      .      .      .      .      .      .      .      .      .  46
3.4 Comparison of the measured thermoelastic properties with theoretical models     .      .      .      .      .      .  48
3.5 Epoxy layer thickness     .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  51
3.6 Summary of the thermoelastic properties measurements .      .      .      .      .      .      .      .      .      .      .      .      .      .  52

Chapter  4
Thermal test results on a module with a small sensor .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  53

4.1 Module thermal tests experimental setup   .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  53
4.2 Enthalpy balance in two-phase flow       .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  56
4.3 Pressure drop measurement      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  57
4.4 Results on the thermal behavior of the module   .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  59
4.5 Comparison with thermal simulations   .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  65
4.6 Discussion on the results     .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  70

Chapter  5
Electrical characterization of a cryogenic module      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  71

5.1 Electrical module description  .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  71
5.2 Silicon sensor   .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  73
5.3 Pitch adapter and support plate     .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  75
5.4 Readout Electronics   .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  77
5.5 Discussion on the results     .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  80



Contents

ii  

Chapter  6
Tests of edgeless silicon sensors  .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  81

6.1 Introduction .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  81
6.2 Edgeless silicon pad sensors    .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  82
6.3 Experimental method and equipment    .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  84
6.4 Analysis of the data    .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .  88
6.5 Errors in determining the gap width between diodes    .      .      .      .      .      .      .      .      .      .      .      .      .      .      101
6.6 Insensitive area of the edgeless diode    .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      105

Chapter  7
Summary and conclusions   .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      107

Appendix: Semiconductor physics   .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      111

Bibliography    .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      115

List of figures  .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      119

List of tables     .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      123

Index    .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      125

Acknowledgements       .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      .      127


