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COURSE BASICS

• Classes Morning : Monday 11:30AM- 01:30PM

• Classes Evening : Sunday 04:30 PM- 06:30PM

• Location : level 1, CSE103

•ௗ Email: dr.yasiral-zubaidi@uodiyala.edu.iq

• Lecture : Google Classroom
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COURSE REQUIREMENTS

References

• Digital Logic Circuit Analysis and Design, by Nelson, 2010.

• ௗDigital Systems Design Using VHDL 2nd Edition,

by Charles H. Roth, Jr. and Lizy Hurian John, Thomson.

• ௗThe Student's Guide to VHDL by Peter J. Ashenden, Morgan Kaufmann.

Computer Software:

Altera Quartus 13 or 9.1 

https://www.intel.com/content/www/us/en/programmable/downloads/software/qua

rtus-ii-we/120.html

Xilinx ISE WebPACK & ModelSim PE Student Edition

http://www.xilinx.com/tools/webpack.htm

http://www.model.com 
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GRADING

• Homework : 10 %

• Monthly Exam : 30 %

• Laboratory : 10 %

• Final Exam 50 %
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COURSE OUTLINE

• Week 1: Introduction to Digital Systems Design

• Week 2: Complex Programmable Logic Devices (CPLDs) 

• Week 3: Field Programmable Gate Array (FPGA) 

• Week 4-5: Introduction to Sequential Logic Circuits 

• Week 6-10: Analysis and Synthesis of Synchronous Sequential 
Circuits (Moore  Model and Mealy Model) 

• Week 11-12: Simplification of Sequential Circuits 

• Week 13-15:  Sequential circuits with programmable logic devices 
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SYSTEM
• System

System: a set of related parts that actuate as a whole to 
achieve a given goal.

• System has:
- Inputs.
- Outputs.
- Behaviour.

• Behaviour: a function that translates inputs to outputs.
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SYSTEM
• An entity consisting of Hardware and Software

 Hardware:

High speed

Low power consumption

Less price (probably)

 Software:

Flexible

Easy to modify and upgrade 
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DIGITAL CIRCUITS AND SYSTEMS?

• What are digital circuits and systems?

• Any system that can be implemented with digital circuits

• What kinds of systems can be implemented with digital circuits?

• This depends on the complexity of the problem to be solved

• For those who has complexity proportional to polynomial 

functions, they are generally solvable with digital systems

• E.g. The inversion of a N  N matrix

8



9



DIGITAL SYSTEM EXAMPLE:

A Digital Counter (e. g., odometer):

1 30 0 5 6 4
Count Up

Reset

Inputs: Count Up, Reset

Outputs: Visual Display

State: "Value" of stored digits



• What is a digital system?

• A system that implements functions using digital logics
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• What are the constitutional blocks of a digital system?

• It has input interfaces

• Key boards, antennas, wire jackets, 

sensors and microphones

• It also has output interferences

• Monitors, speakers, motors, printers,

antennas, wire jackets and actuators

• It definitely has signal processing units,

or, in other words, arithmetic and logic units.
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• How to develop a digital system?

• First, it is not only designing a digital circuit

• A digital circuit is designed to realize functions that serve systems’ 

requirements

• A system may involves knowledge of control theories, communications, 

biology, mechanics, chemistries and etc.

• Digital circuits can be categorized into 

• General purpose circuits

• Computers, Digital signal processors

• Application specific circuits

• Modems, GPS, cellphones
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• How to develop a digital circuit?
• We need knowledge about digital logic

• We need tools to explore the ideas, to simulations the operational 

conditions, to realize circuits and to validate functionalities

• We need platforms to field test, emulate, the designs

• Do we have a language that can specify these purposes?

• This language is called hardware description language (HDL), e.g. 

VHDL and Verilog HDL

• In addition to language, we need translators, simulators, synthesizers and 

hardware evaluation and development systems
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• Translators : 

• To compile VHDL or Verilog HDL languages into a language that can be 

understand by a computer

• Simulators:

• To simulate the system response according to input signals

• Synthesizers:

• To synthesize VHDL or Verilog language into digital circuits

• Validations:

• Digital circuit development systems
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• Digital circuits developments

• There are many of them

Altera DE1-S0C
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• What we are going to learn?

• Design a general purpose logic circuit

• Design a application specific logic circuit

• Systematic ways of designing digital systems

• More advanced topics in logic designs

• Modeling logic problems with HDLs

• Simulating logic functions

• Synthesizing logic circuits with HDLs

• Validating designs with programmable logic devices on a 

hardware development system

• The concept of a digital system
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