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Digital Design Concepts: A Broad Overview
(Instructor: Saraju P. Mohanty)

• Historical development of computers
• Introduction to a basic digital computer
• Software / Hardware Hierarchy in a computer
• Five classic components of a computer
• Microprocessor
• IC design abstraction level
• Intel processor family
• Developmental trends of ICs
• Moore’s Law
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What is a digital Computer ?

A fast electronic machine that accepts 
digitized input information, processes it 
according to a list of internally stored 
instruction, and produces the resulting 
output information.

List of instructions Computer program

Internal storage Memory
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Different Types and Forms of Computer

• Personal Computers (Desktop PCs)
• Notebook computers (Laptop computers)
• Handheld PCs
• Pocket PCs
• Workstations (SGI, HP, IBM, SUN)
• ATM (Embedded systems)
• Supercomputers
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A Personal Computer System: Hardware 

Monitor Hard DiskKeyboard

RAM

Bus Interface 

Disk Controller

External Cache 

Graphics Adapter

Processor
(CPU, FPU, MMU, 

Internal Cache)
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Software-Hardware Hierarchy in a Digital Computer

Hardware
Sy

ste
ms software

App
lications software
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Digital Computer : Program Execution Flow

High Level Language 
Program

Assembly  Language 
Program

Machine  Language 
Program

Control Signal 
Specification

Compiler

Assembler

Machine Interpretation

lw $15, 0($2)
lw $16, 4($2)
sw $16, 0($2)
sw $15, 4($2)

0000 1001 1100 0110 1010 1111 0101 1000
1010 1111 0101 1000 0000 1001 1100 0110 
1100 0110 1010 1111 0101 1000 0000 1001 
0101 1000 0000 1001 1100 0110 1010 1111 

temp = v[k];
v[k] = v[k+1];
v[k+1] = temp;

( C-Program )
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Five classic components of a Computer

Processor

Computer

Control

Datapath

Memory Devices

Input

Output

(1) Input, (2) Output, (3) Datapath, (4) Controller, and (5) Memory
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What is a microprocessor ?
• A microprocessor is an integrated circuit (IC) built on a tiny piece 

of silicon. It contains thousands, or even millions, of transistors, 
which are interconnected via superfine traces of aluminum. The 
transistors work together to store and manipulate data so that the 
microprocessor can perform a wide variety of useful functions. 
The particular functions a microprocessor performs are dictated 
by software. (source : Intel)

• Simply speaking, microprocessor  is the CPU on a single chip. 
CPU stands for “central processing unit” also known as 
processor.

• Processor can be “general purpose” or “special purpose”. A 
special purpose processor is also known as “application specific 
integrated circuit” (ASIC).

The terms have become more or less fuzzy at present.
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History of Computers
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The Babbage Difference Machine in 1832
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The First Electronic Computer in 1946 (ENIAC)
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How does a microprocessor look like now ??

(1) ASIC (2) Sun UltraSparc (3) PentiumPro
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Digital Circuits : Design Abstraction Levels

In this CourseIn this Course
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Digital Circuits : Transistor Vs Device

(Transistor Diagram) (Layout Diagram)

(NAND Gate) (IEC Symbol)
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Different Attributes of a Microprocessor or a Chip

• Gate count of a chip

• Transistor count of a chip

• Operating frequency of a chip

• Power consumption of a chip

• Power density in a chip

• Size of a device used in chip

NOTE: Chip is informal name for IC.
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Intel 4004 : 2.3K Transistors (1971)
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Pentium : 3.1 M Transistors (1993)
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Pentium II : 7.5 M Transistors (1997)
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Pentium III : 28.1 M Transistors (1999)
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Summary of different Intel processors

Refer: http://www.pcmech.com/show/processors/35/ or http://www.x86.org/

NOTE: More updated data is available at present.



Dept. of Comp. Sc. & Eng. CSCI 4330 or 5330 : Digital System Design with VHDL

Summary of different Intel processors ….

65 nanometer0.5 BillionNA2004NA

0.13 micron technology42-55M1300-
3200

2000Pentium IV

0.18 micron, 6-layer metal 28.1M450-
1400

1999Pentium III
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Increase in Transistor Count

Moore’s Law: Number of transistors of a chip doubles 
every 1.5 to 2 years.
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Increase in Gate Count
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Increase in Operating Frequency (Performance)

Operating frequency doubles every two years.
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Decrease in Feature Size

Transistor size is measured in terms of gate length. Minimum gate 
length is 65nanometer, available from Intel. Refer: SIA roadmap.
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Increase in Power Consumption



Dept. of Comp. Sc. & Eng. CSCI 4330 or 5330 : Digital System Design with VHDL

Increase in Power Density

Power density is power consumption per unit area.
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In this course …. ???

CPU = Control unit (supervises information 
flow between the units)  + datapath 
(operations as specified by the program).

FPU = like the CPU except its datapath 
and control unit perform floating-point 
operations.

Memory = internal cache, external cache, 
RAM, etc. (Internal / external cache allow 
the CPU/FPU to get at the data to be 
processed much faster than with the RAM 
alone.

I/O bus: keyboard, graphics adapter card, 
disk controller…all attached to the I/O bus.  

Design of each of computer components at gate level.


