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Learning outcomes 

Upon successful completion of this course students should be able to:
· Compare the CMOS technologies for nanotransistors as FDSOI and Tri-Gate;
· Explain the steps in IC design and the different design rules;

· Design the schematics of CMOS integrated circuits end perform the simulations;

· Solve the problems with modelling and simulating short channel transistor circuits;

· Design the layout of CMOS ICs;

· Perform the extraction of the schematics from the layout and verification of the design and analyse the cause for the errors.
· Demonstrate innovation, autonomy, and sustained commitment to the development of new modelling and design rules through performing a full design of nanoscale ICs 

Abstract

Problems related to the design and investigation of submicron and nanoscale MOS integrated circuits are covered by this course. Currently there are some nanotechnologies in the means of 14 nm design kits, which are available via the EUROPRACTICE organization. The main attention is drawn to the theoretical and practical usage of state-of-the-art industrial CAD systems, e.g. CADENCE, SYNOPSYS and others. The designers who use those systems can implement nanoscale elements from the relevant standard cell libraries. The specific parameters, related to the nanoscale effects are represented in the embedded system models of the elements.

Content
Introduction

The design in the ‘More than Moore’ era:

The effect ‘digital becomes analogue’ (subtreshold, gate leakage – pure digital circuits to be simulated with consideration of analogue effects), voltage headroom shrinks and makes analogue and RF design complicated, etc.
1. CAD tools for design of analogue and mixed-signal integrated circuits (CADENCE) 

1.1. Schematics. 

Getting Started, Understanding Connectivity and Naming Conventions, Creating Schematics, Creating a Multisheet Schematic, Creating Symbols, Automatically Creating Cellviews, Editing Objects, Editing Properties, Traversing the Design Hierarchy and Creating a Design Configuration View, Checking Designs, Plotting Designs, Setting Schematic Composer Options, Customizing the Schematic Composer 

1.2. Simulation 

1.2.1. Spice 

Introduction, Built-In Variables and Arrays, Expressions and Functions, Commands, Circuit Analysis, Components, Command and Model Files, Device Models, Subcircuits, Examples, Analysis, Node Referencing 

1.2.2. Spectre 

Getting Started with Spectre, SPICE Compatibility, Spectre Netlists, Parameter Specification and Modeling Features, Analyses, Control Statements, Specifying Output Options, Running a Simulation, Time-Saving Techniques, Managing Files, Identifying Problems and Troubleshooting, Example Circuits, Dynamic Loading 

1.2.3. Verilog XL 

About the Verilog-XL Integration Environment, Setting Up the Simulation Environment, Working with the Stimulus, Running and Controlling a Interactive Simulation, Viewing Simulation Results Interactively, Debugging Your Design, Running Batch Simulations, Comparing Simulation Results, Netlisting 

1.3. Layout 

1.3.1. Envisia Silicon Ensemble 

Introduction, The Basics, Timing-Driven Design Flow, Environment Variables, Error Messages 

1.3.2. IC Chip Assembly 

Chip Assembly Overview, Preparing, Translating, and Checking Data, Setting Routing Rules, Analyzing and Preparing the Design for Routing, Routing Your Design, Design File Syntax Example, Questions and Answers, Trouble Shooting, Via Naming Conventions 

2. CAD tools for design of digital circuits (SYNOPSYS) 

2.1. Methodologies 

Introduction, The Design Process, Detailed Design, FPGA's and ASIC's, FPGA Design Flow, ASIC Design Flow 

2.2. Synopsys Environment 

CoCentric, Physical Synthesis, Synthesis Tools, DesignWare, Library Compiler, Simulation Tools, Static Timing and Formal Verification 

2.3. VHDL and Verilog 
3.  Design of deep-submicron devices (subtreshold, gate leakage etc.)

4. System design, future trends (multiphysics simulation, error propagation, multi-technology, multi-scale: device (nm) to board (dm), analogue and digital design for deep-submicron technologies).

Teaching methods
The theoretical part of the course is presented in the Moodle learning environment in the form of HTML tutorials.

The practical work represents a project for design of submicron integrated circuit with a remote access to SYNOPSIS and CADENCE which run on the server of ECAD laboratory at TU-Sofia.

In both cases on-line support by the tutor is provided.

Assessment

The course grade consists of these components:

40% – Knowledge test with a multiple choice questionnaire
60% – Final Project
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