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This course (Fundamentals of Integrated Circuit I, SME202) and Fundamentals of Integrated Circuit | (SME201)
together are two major foundational courses for the undergraduates majoring in microelectronics. They are the
extensions of SME102 in two important aspects—analog and digital integrated circuit design. The main task of this
course is to let students understand the basic concepts, basic principles, basic analysis and design methods of large-
scale CMOS integrated circuit design and Verilog HDL hardware description language; train students to use Verilog HDL
to design a CMOS integrated circuit. According to specific problems, students analyze the functional specifications and
design the integrated circuits. This will lay the foundation for future engineering and scientific research in the field of
integrated circuit design. This course introduces the following 5 major areas of knowledge:

1. CMOS integrated circuit foundation

2. Dynamic/Static CMOS IC

3. Analysis and design of synchronous sequential circuit

4. Verilog HDL level modeling, data flow modeling, behavioral level modeling

5. Basic knowledge of timing delay and logic synthesis using Verilog HDL
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This course enables students to understand

1. Basic analysis ideas and design methods of CMOS integrated circuits,

2.Basic concepts, principles, analysis and design methods of CMOS integrated circuit foundation, gate circuit,
combinational logic circuit, sequential logic circuit;

3.The syntax, modeling method, simulation method and synthesis method of Verilog HDL hardware programming
language.

Course experiment is one of the main practical teaching links of the course, and its main purpose is

1.Train students how to analyze problems, and consolidate and deepen the theoretical knowledge they have learned
through basic experimental skills training of logic circuits and system design for problem modeling.

2.Cultivate students' ability to use basic theories to analyze and deal with practical problems; master the computer-
aided design and simulation analysis methods of CMOS integrated circuits, learn to analyze CMOS integrated circuit
parameters and performance analysis, and cultivate basic CMOS integrated circuit and system design capabilities.
3.Through the practice teaching link, not only the basic practical ability of students should be cultivated, but also the
good scientific literacy of students should be cultivated.
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This course covers the basic knowledge of integrated circuits, the related content of the basic CMOS logic gate circuits
of integrated circuits, and the Verilog HDL hardware description language, and introduces the following five major

aspects of knowledge:

1. Basic knowledge of CMOS integrated circuits

2. CMOS integrated circuit logic gate circuit: combinational logic and sequential logic circuit




3. Analysis and design of synchronous sequential circuit

4. Verilog HDL level modeling, data flow modeling, behavioral level modeling

5. Basic knowledge of timing and delay and logic synthesis using Verilog HDL

The focus is on CMOS integrated circuits, commonly used combinational logic circuits and commonly used sequential
logic circuits. The difficulty is the analysis and design of sequential logic circuits. This course is composed of two parts:
theory teaching and course experiment. The theoretical teaching hours are 48 hours, and the course experiment hours

are 32 hours.

The teaching calendar of the theoretical lessons of this course is as follows:

Course content

Class
allocation

Teaching requirements, key points and
difficulties

Chapter 1 CMOS Integrated Circuit Basics

1) CMOS integrated circuit technology and devices
2) Logic functions 8 Transistors and logic algebra

8

Transistors and logic algebra

Chapter 2 CMOS Inverter
1) Static CMOS inverter
2) Evaluation of CMOS inverter stability

3) CMOS inverter dynamic characteristics
4) CMOS inverter power consumption, energy, and
energy delay

The impact of shrinking process size on
inverter metrics

Chapter 3 CMOS Combinational Logic Circuit

1) Commonly used medium-scale combinational logic
circuits-encoders, decoders, selectors, adders,
comparators, data selectors, etc.

2) Static CMOS design
3) Dynamic CMOS design

How to design complex CMOS combinational
logic circuits

Chapter 4 Edge trigger and latch
1) Static latches and registers

2) Dynamic latches and registers
3) Other register types

Performance indicators of commonly used
registers

Chapter 5 Sequential Logic Circuit

1) The structure, function characteristics and
classification of sequential logic circuits

2) Analysis of synchronous sequential logic circuit
3) Analysis method of sequential logic circuit

4) Analysis of asynchronous sequential logic circuit
5) Finite state machine design

Pipeline: A way to optimize sequential circuits

Chapter 6 Overview of Verilog HDL System

1) The meaning of hardware description language
2) Advantages of Verilog HDL

3) The development trend of hardware description
language

The difference between Verilog HDL and
VHDL

Chapter 7 Hierarchical Modeling
1) Design methodology

2) Four-digit pulse carry counter
3) Module instantiation

4) Logic simulation

5) Modules and ports

6) Gate-level modeling

Design Method of CMOS Large Scale
Integrated Circuit
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Chapter 8 Data Flow and Behavioral Modeling
1) Assignment statement

2) Delays, expressions, operators and operands
3) Structured procedure statement 6
4) Timing control statement Design method of finite state machine
5) Multiple branch statements

6) Sequential block and parallel block
7) Tasks and functions

8) Logic synthesis

. . 2
Exercise review
The teaching calendar of the Lab of this course is as follows:
: Class . . . i .
Lab iterms - Teaching requirements, key points and difficulties
allocation
lab environment 2 Familiar with FPGA compilation environment

(1) Inverter, combinational logic design and simulation
Combined CMOS integrated (2) Design and simulation of full adder circuit;

circuit design (3) Design and simulation of decoder circuit;

(4) Design and simulation of multiplier circuit.

(1) Design and simulation of edge D flip-flop;

4 (2) Functional design and application of shift register;
(3) Test and design of various counter principles.

(1) Master the design and simulation of multipliers and
Large-scale integrated circuit adders commonly used in convolution

design (2) Master the design and simulation of pipeline
multiplier and adder

Project Title: Design of Low Latency Multiplier and
Adder

Project objective: Design a low-latency multiplier and
adder using a customized adder.

Timing CMOS integrated
circuit design
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