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7.9.1.2 Current-Gain Degradation Due to Sidewall Injection in SA Bipolar Structures.
7.9.1.3 Link-Up Region Formation.

7.9.2 Single-Polysilicon Self-Aligned Bipolar Structures

7.9.3 Sldewall-Base-COntact Structures (SICOS)

10 TRENCH-ISOLATED BIPOLAR TRANSISTORS
11 BICMOS TECHNOLOGY

7.11.1 Device and Circuit Advantages of BICMOS
7.11.1.1 Comparison of BICMOs and CMOS Propagation Delay Times.
7.11.1.2 Power Consumption of BICMOS versus CMOS Gates.
7.11.1.3 Capability of Providing Either TTL or ECL Outputs From a BICMOS Chip.
7.11.1.4 Process Complexity Increases Associated with BICMOS.
7.11.1.5 Extending Process Equipment Life by Fabricating BICMOS.

12 CLASSIFICATION OF BICMOS TECHNOLOGIES

7.12.1 Digital BICMOS Technology

7.12.1.1 Low-Cost Digital BICMOS Technology.

7.12.1.2 High-Performance Digital BICMOS.

7.12.1.3 Device-Design Issues Related to Optimizing a High-Performance Digital Modified-

vin-
Well BICMOS Process.

7.12.1.4 Example Process Sequence Fabricating High-Performance 5-V Digital BICMOS ICs
7.12.2 Process Integration of Analog/Digital BICMOS

7.12.2.1 Process-Integration Issues of Medium-Voltage Analog BiCMOS.

7.12.2.2 An Example of an Analog/Digital BICMOS Process.
7.12.3 BICMOS Applications
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7.12.3.1 Digital Logic Circuits and Gate Arrays.
7.12.3.2 Interface Driver Circuits.
7.12.3.3 BiICMOS SRAMs.

7.12.3.4 Analog/Digital Applications.
7.13 Trends in BICMOS Technology

zFERENCES

HAP. 8 - SEMICONDUCTOR MEMORY PROCESS INTEGRATION

1 TERMINOLOGY OF SEMICONDUCTOR MEMORIES

8.1.1 Random-Access and Read-Only Memories (RAMs and ROMS)
8.1.2 Semiconductor-Memory Architecture

8.1.3 Semiconductor-Memory Types

8.1.4 Read Access Times and Cycle Times in Memories

8.1.5 Recently Introduced On-Chip Peripheral Circuits

8.1.6 Logic-Memory Circuits

2 STATIC RANDOM-ACCESS MEMORIES (SRAMS)

8.2.1 MOS SRAMs
8.2.1.1 Circuit Operation of MOS SRAM Cells.
8.2.1.2 SRAM Processing and Cell Layout Issues.

8.2.1.3. High-Valued Polysilicon Load-Resistors for MOS SRAMs
8.2.2 Bipolar and BiICMOS SRAMS

8.2.2.1 BICMOS SRAMs.
3 DYNAMIC RANDOM ACCESS MEMORIES (DRAMS)

8.3.1 Evolution of DRAM Technology
8.3.1.1 One-Transistor DRAM Cell Design.
8.3.1.2 Operation of the One-Transistor DRAM Cell.
8.3.1.3 Writing, Reading, and Refreshing DRAM Cells.

8.3.1.4 Quantity of Charge Stored on DRAM Cells and Their Capacitance.
8.3.1.5 High-Capacity (Hi-C) DRAM Cells.
8.3.1.6 CMOS DRAMSs.

8.3.2 Design and Economic Constraints on Advanced DRAM Cells
8.3.3 Trench Capacitor DRAM Cells

8.3.3.1 Trench Capacitor Processing for DRAMs.
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8.3.3.2 First Generation Trench Capacitor-based DRAM Cells.
8.3.3.3 Trench Capacitor Structures with Storage Electrode InsideTrench (Inverted Trench
2l).

8.3.3.4 Trench Capacitor Cells with the Access Transistor Stacked Above Trench Capacitor.
8.3.4 Stacked Capacitor DRAM Cells
8.3.5 Soft-Error Failures in DRAMs

8.3.5.1 Techniques Used to Reduce the Soft-Error Rates in DRAMS.
8.3.6 The DRAM as a Technology Driver

4 MASKED READ-ONLY MEMORIES (ROMS)
8.4.1 Masked ROM Implementation
5 PROGAMMABLE ROMS (PROMS)
5 ERASABLE PROGRAMMABLE READ-ONLY MEMORIES (EPROMS)
7 ELECTRICALLY-ERASABLE PROMS (EEPROMS)
8.7.1 MNOS-Based EEPROMs
8.7.2 FLOTOX EEPROMs
8.7.3 Textured-Polysilicon EEPROMSs

3 FLASH EEPROMS

9 NONVOLATILE FERROELECTRIC MOS RAMS

HAP.9 - PROCESS SIMULATION
1 OVERVIEW OF PROCESS SIMULATION

9.1.1 Hierarchy of Simulation Tools for IC Development
9.1.2 Benefits and Limitations of Process Simulation
9.1.3 Overview of Process Simulators
9.1.3.1 Simulator Availability.
9.1.4 General Aspects of Process Simulation
9.1.4.1 Analytical and Numerical Methods of Solving the Equations that Describe Processes.
9.1.4.2 Phenomenological versus Physical Models.
9.1.4.3 Gridding.
9.1.4.4 Interfacing One Simulator with Another.
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2 ONE-DIMENSIONAL PROCESS SIMULATORS

9.2.1 SUPREM III (Stanford University PRocess Engineering Model 111)
9.2.1.1 The Basic Operation and Capabilities of SUPREM III.
9.2.1.2 Additional Comments on the Use of SUPREM III.
9.2.2 SUPREM Il Models: lon Implantation
9.2.3 SUPREM Il Models: Diffusion in Silicon and SiO,, and Segregation
Effects at the Si/SiO, Interface
9.2.3.1 Diffusion Models Used in SUPREM III.
9.2.3.2 Modeling Low Impurity-Concentration (Intrinsic) Diffusion in Silicon.
9.2.3.3 Modeling High-Impurity Concentration (Extrinsic) Diffusion in Silicon.
9.2.3.4 Oxidation-Enhanced Diffusion Modeling in SUPREM III.
9.2.3.5 Dopant Segregation Effects at the Si-SiO, Interface and Diffusion in SiO,.
9.2.4 SUPREM 11l Models: Thermal Oxidation of Silicon in One-Dimension
9.2.4.1 High Dopant-Concentration Cases.
9.2.4.2 Modeling Other Factors Which Impact the Oxide Growth Rate.
9.2.4.3 Accuracy of Modeling Oxide Growth with SUPREM lII.
9.2.5 SUPREM Il Models: Epitaxial Growth
9.2.6 SUPREM Il Models: Deposition, Oxidation, and Material Properties of Polysilicon Films
9.2.7 Creating a SUPREM Il Input File
9.2.8 PREDICT

3 INTRODUCTION TO 2-DIMENSIONAL PROCESS SIMULATORS
9.3.1 Classes of 2-Dimensional Process Simulators

4 TWO-DIMENSIONAL DOPING-PROFILE AND OXIDATION PROCESS SIMULATORS
9.4.1 SUPRA (Stanford University PRocess Analysis Program)
9.4.1.1 SUPRA lon Implantation Models.
9.4.1.2 SUPRA Diffusion Models.
9.4.1.3 SUPRA Oxidation Models.
9.4.1.4 SUPRA Epitaxial Model.
9.4.1.5 SUPRA Input File.
9.4.2 SUPREM IV
9.4.2.1 SUPREM IV Models of Diffusion.
9.4.2.2 SUPREM IV Models of Oxidation.
9.4.2.3 SUPREM IV Models of lon Implantation, Epitaxy, Deposition, & Etching.
9.4.2.4 SUPREM IV Input File Format.
9.4.2.5 Comparison of SUPRA and SUPREM 1V for 2-D Process Simulation.
9.4.3 Two-Dimensional Simulation of Thermal Oxidation
9.4.3.1 Empirical Models of 2-D Thermal Oxidation.
9.4.3.2 Physical-Based Models of 2-D Thermal Oxidation.
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5> TWO-DIMENSIONAL TOPOGRAPHY SIMULATORS
5 SAMPLE (SIMULATION AND MODELING OF PROFILES IN LITHOGRAPHY AND ETCHING)

9.6.1 Simulating Optical Lithography Processes with SAMPLE
9.6.1.1 Optical Imaging Subprogram.
9.6.1.2 Resist Exposure Subprogram.
9.6.1.3 Resist Development Subprogram.

9.6.2 Simulating Etching and Deposition with SAMPLE

9.6.3 Creating Input Files for SAMPLE

7 OTHER 2-D TOPOGRAPHY SIMULATORS

9.7.1 PROLITH

9.7.2 DEPICT

9.7.3 PROFILE

9.7.4 SIMBAD

9.7.5 SIMPL (Simulated Programs from the Layout)
9.7.6 SIMPL-DIX

9.7.7 Manufacturing-Based Process Simulators

3 DEVICE SIMULATORS
9.8.1 Simulation of MOS Device Characteristics under Subthreshold & Linear Operation (GEMINI)
9.8.2 Simulation of MOS Device Under All dc Operating Conditions (MINIMOS, CADDET, CANDE)
9.8.3 Bipolar Device Simulators (SEDAN, BIPOLE)
9.8.4 Combined MOS and Bipolar Device Simulators (PICSES, SIFCOD, PADRE, and FIELDAY)
J CIRCUIT SIMULATORS AND ELECTRICAL PARAMETER EXTRACTORS
10 FUTURE CHALLENGES IN PROCESS SIMULATION

zFERENCES
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