
Contents

Preface xi

Chapter 1 Introduction 1

Chapter 2 Random Access Memory Technologies 10
2.1 Introduction 10
2.2 Static Random Access Memories (SRAMs) 12

2.2.1 SRAM (NMOS and CMOS) Cell Structures 12
2.2.2 MOS SRAM Architectures . 14
2.2.3 MOS SRAM Cell and Peripheral Circuit Operation 15
2.2.4 Bipolar SRAM Technologies 17

2.2.4.1 Direct-Coupled Transistor Logic (DCTL) Technology 18
2.2.4.2 Emitter-Coupled Logic (ECL) Technology 19
2.2.4.3 BiCMOS Technology 20

2.2.5 Silicon-on-lnsulator (SOI) Technology 24
2.2.6 Advanced SRAM Architectures and Technologies 28

2.2.6.1 1-4 Mb SRAM Designs 28
2.2.6.2 16-64 Mb SRAM Development 32
2.2.6.3 Gallium Arsenide (GaAs) SRAMs 34

2.2.7 Application-Specific SRAMs 35
2.2.7.1 Serially Accessed Memory (Line Buffers) 35
2.2.7.2 Dual-Port RAMs 36
2.2.7.3 Nonvolatile SRAMs 38
2.2.7.4 Content-Addressable Memories (CAMs) 38

2.3 Dynamic Random Access Memories (DRAMs) 40
2.3.1 DRAM Technology Development 40
2.3.2 CMOS DRAMs 45

2.3.2.1 1 Mb DRAM (Example) 47
2.3.3 DRAM Cell Theory and Advanced Cell Structures 50

2.3.3.1 Trench Capacitor Cells 52
2.3.3.2 Stacked Capacitor Cells (STC) 55

2.3.4 BiCMOS DRAMs 58
2.3.5 Soft-Error Failures in DRAMs 60
2.3.6 Advanced DRAM Designs and Architectures 62

v



vj Contents

2.3.6.1 A 16 Mb DRAM (Example) 63
2.3.6.2 ULSI DRAM Developments 64

2.3.7 Application-Specific DRAMs 69
2.3.7.1 Pseudostatic DRAMs (PSRAMs) 69
2.3.7.2 Silicon File 69
2.3.7.3 Video DRAMs (VRAMs) 70
2.3.7.4 High-Speed DRAMs 71
2.3.7.5 Application-Specific RAM Glossary and Summary

of Important Characteristics 75

Chapter 3 Nonvolatile Memories 81
3.1 Introduction 81
3.2 Masked Read-Only Memories (ROMs) 83

3.2.1 Technology Development and Cell Programming 83
3.2.2 ROM Cell Structures 85
3.2.3 High-Density (Multimegabit) ROMs 87

3.3 Programmable Read-Only Memories (PROMs) 87
3.3.1 Bipolar PROMs 87
3.3.2 CMOS PROMs 91

3.4 Erasable (UV)-Programmable Read-Only Memories (EPROMs) 93
3.4.1 Floating-Gate EPROM Cell 93
3.4.2 EPROM Technology Developments 96

3.4.2.1 1 Mb EPROM (Example) 97
3.4.3 Advanced EPROM Architectures 98
3.4.4 One-Time Programmable (OTP) EPROMs 103

3.5 Electrically Erasable PROMs (EEPROMs) 104
3.5.1 EEPROM Technologies 105

3.5.1.1 Metal-Nitride-Oxicle Silicon (MNOS) Memories 105
3.5.1.2 Silicon-Oxide Nitride-Oxide Semiconductor (SONOS)

Memories 109
3.5.1.3 Floating-Gate Tunneling Oxide (FLOTOX) Technology 110
3.5.1.4 Textured-Polysilicon Technology 115

3.5.2 EEPROM Architectures 116
3.5.3 Nonvolatile SRAM (or Shadow RAM) 120

3.6 Flash Memories (EPROMs or EEPROMs) 122
3.6.1 Flash Memory Cells and Technology Developments 123
3.6.2 Advanced Flash Memory Architectures 128

Chapter 4 Memory Fault Modeling and Testing 140
4.1 Introduction . . . 140
4.2 RAM Fault Modeling 142

4.2.1 Stuck-At Fault Model 142
4.2.2 Bridging Faults 145
4.2.3 Coupling Faults 147
4.2.4 Pattern-Sensitive Faults 151
4.2.5 Miscellaneous Faults 155
4.2.6 GaAs SRAM Fault Modeling and Testing 155
4.2.7 Embedded DRAM Fault Modeling and Testing 156

4.3 RAM Electrical Testing 158
4.3.1 DC and AC Parametric Testing 158
4.3.2 Functional Testing and some Commonly Used Algorithms . . . 158
4.3.3 Functional Test Pattern Selection 174

4.4 RAM Pseudorandom Testing 176


