
Contents 

1 Introduction 11 

1.1 Device Modeling . 13 

1.2 Three-Dimensional Effects in VLSI Structures ... 17 

1.3 History of Three-Dimensional Device Simulation . . 23 

2 Basic Physical Models 29 

2.1 Carrier Densities. 30 

2.2 Doping Concentration . 33 

2.3 Carrier Mobilities. 35 

2.4 Generation and Recombination. 38 

2.5 Modeling of Device Boundaries . 42 

2.5.1 Contacts. 43 

2.5.2 Interfaces. 46 

2.5.3 Artificial Boundaries. 47 

2.6 Limits of Classical Device Modeling. 47 

3 Discretization 51 

3.1 Spatial Discretization. 51 

3.2 Discretization of Poisson’s Equation. 55 

Bibliografische Informationen
http://d-nb.info/910897271

http://d-nb.info/910897271


8 Contents 

3.3 Discretization of the Continuity Equations. 58 

3.4 Discretization of Boundary Conditions. 63 

3.4.1 Dirichlet Points. 64 

3.4.2 Neumann Boundaries. 64 

3.5 Non-Planar Boundaries. 65 

3.6 Time Discretization. 67 

3.7 Charge Conservation. 68 

4 Numerical Solution 71 

4.1 Non-linear System . 71 

4.2 Gummel’s Relaxation Method. 73 

4.3 Super Iterations. 76 

4.4 Set of Variables. 77 

4.5 Solution of the Linear System. 79 

4.5.1 Symmetrical Matrix . 80 

4.5.2 Asymmetrical Matrix. 80 

4.5.3 Vectorization. 81 

4.5.4 Preconditioning. 81 

4.6 Calculation of Physical Magnitudes. 83 

4.6.1 Electric Field. 83 

4.6.2 Current Densities and Terminal Currents . . 84 

4.6.3 Capacitance. 85 

5 Examples 87 

5.1 Depletion-Type Trench Cell. 90 

5.2 IVEC Cell.108 


