Contents

1 Imtroduction . ....... ... ... ... ... ... 1
1.1 MOS Device Development Trend in Post-Moore Era.......... 1
1.2 The Research Status and Challenge of Source/Drain Design . . . . . 3
1.2.1 Source/Drain Dopant Activation . .................. 3

1.2.2 Fermi Level Pinning Effect. . . .................... 4

1.2.3 NiGe Thermal Stability 6

6

1.3 Thesis Organization . . . ... .........uuutineunennenn ..

References . . . . ... ... 7
2 Ge-based Schottky Barrier Height Modulation Technology . . .. . .. 11
2.1 The Challenge of Metal Source/Drain in Ge-based Device . . . . .. 11
2.2 Implantation After Germanidation . .. .................... 14
2.2.1 The Impact of Drive-in Annealing Temperature. . . . ... .. 15
2.2.2 The Impact of Implantation Energy and Dose . . . . ... ... 17
2.2.3 Mechanism Analysis . .. ........... ... ..... 19

2.3 Implantation Before Germanidation . .. ................... 20
23.1 PlImplantation . ............. ...t uininenen... 21
232 Selmplantation. . ................ ... 22
2.3.3 Comparison of the IAG and IBG Techniques . . ........ 24

24 SUMMAIY . ...t 25
References . . . . . ... 25
3 Metal Germanide Technology. . ... ........................ 27
3.1 Thermal Stability Improvement . . . ...................... 28
3.1.1 Experiment Design . ............ ... . ... ...... 28
3.1.2 Property Analysis . ............. ... ... 29
3.1.3 Morphology Improvement of NiGe Film ............. 30
3.1.4 Thermal Stability Improvement of NiGe Film. . ........ 31

3.2 Electrical Performance Improvement of NiGe/Ge Contact. . . .. .. 32
3.2.1 NiGe/Ge Schottky Diodes . ...................... 32
3.2.2 NiGe/n-Ge Contact Resistivity . ................... 33

Xiii

Bibliografische Informationen E
http://d-nb.info/1082370347 digitalisiert durch ! |I THLE


http://d-nb.info/1082370347

Xiv

5

Contents

3.3 Ge-based Schottky Barrier Source/Drain nMOSFET. . . ... ... .. 35
3.3.1 Device Fabrication. . . .. ............. ... ... ..... 35
3.3.2 Device Characteristic Analysis . ................... 35

34 SUMMALY . ..ot e e 38
References . . .. ... .. . 39
Contact Resistance of Ge Devices . . ... ..................... 41
4.1 S/D Parasitic Resistance . . . .. ........... ... ... ....... 41
4.2 Multiple Implantation and Multiple Annealing Technique. . . .. .. 44
4.2.1 Experiment Design . ........................... 44
4.2.2 N-type Dopant Activation. . . .. ................... 45
4.2.3 Contact Resistivity of Metal/n-Ge Contact . ........... 46
4.2.4 Electrical Characteristics of Ge n*/p Junction . . ........ 48

4.3 Ge-based nMOSFETs with MIMA Technique. . ............. 50
4.3.1 Device Fabrication. . .. ............ ... ... ....... 50
4.3.2 Device Characteristic Analysis . ................... 50

44 SUmMMmary . ... ...t 53
References . . ... ... . 54

Conclusions and Prospects . . . ............................ 57



