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Preface
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List of Practical
1 Design and develop a reprogrammable embedded computer using 8051 microcontrollers

and to show the following aspects.
(a) Programming
(b) Execution
(c) Debugging

2 A Configure timer control registers of 8051 and develop a program to generate given time
delay.

B To demonstrate use of general purpose port, i.e., Input/output port of two controllers for
data transfer between them.

3 A Port I/O: Use one of the four ports of 8051 for O/P interfaced to eight LEDs. Simulate
binary counter (8 bit) on LEDs.

B To interface 8 LEDs at input-output port and create different patterns.
C To demonstrate timer working in timer mode and blink LED without using any loop delay

routine.
4 A Serial I/O: Configure 8051 serial port for asynchronous serial communication with serial

port of PC exchange text messages to PC and display on PC screen. Signify end of
message by carriage return.

B To demonstrate interfacing of seven-segment LED display and generate counting from
0 to 99 with fixed time delay.

C Interface 8051 with D/A converter and generate square wave of given frequency on
oscilloscope.

5 A Interface 8051 with D/A converter and generate triangular wave of given frequency on
oscilloscope.

B Using D/A converter generate sine wave on oscilloscope with the help of lookup table
stored in data area of 8051.

6 Interface stepper motor with 8051 and write a program to move the motor through a given
angle in clockwise or counter-clockwise direction.

7 Generate traffic signal.
8 Implement Temperature controller.
9 Implement Elevator control.

10 Using FlashMagic
A To demonstrate the procedure for flash programming for reprogrammable embedded

system board using FlashMagic.
B To demonstrate the procedure and connections for multiple controllers programming of

same type of controller with same source code in one go, using FlashMagic.
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1.1 Introduction
An embedded system is one kind of a computer system mainly designed to perform several tasks

like to

1. access,
2. process,
3. store and
4. also control the data

in various electronics-based systems. Embedded systems are a combination of hardware and
software where software is usually known as firmware that is embedded into the hardware. One of its
most important characteristics of these systems is, it gives the output within the time limits. Embedded
systems support to make the work more perfect and convenient. So, we frequently use embedded
systems in simple and complex devices too. The applications of embedded systems mainly involve in
our real life for several devices like microwave, calculators, TV remote control, home security and
neighborhood traffic control systems, etc.

An embedded system is a combination of 3 things:

1. Hardware
2. Software
3. Mechanical Components

And it is supposed to do one specific task only.

Example 1: Washing Machine
A washing machine from an embedded systems point of view has:

1. Hardware: Buttons, Display and buzzer, electronic circuitry.
2. Software: It has a chip on the circuit that holds the software which drives controls and

monitors the various operations possible.
3. Mechanical Components: The internals of a washing machine which actually wash the

clothes control the input and output of water, the chassis itself.
Example 2: Air Conditioner

An Air Conditioner from an embedded systems point of view has:

1. Hardware: Remote, Display and buzzer, Infrared Sensors, electronic circuitry.
2. Software: It has a chip on the circuit that holds the software which drives controls and

monitors the various operations possible. The software monitors the external temperature
through the sensors and then releases the coolant or suppresses it.

3. Mechanical Components: the internals of an air conditioner the motor, the chassis, the
outlet, etc.

Embedded System: An embedded system is an electronics/electromechanical system designed to
do a specific job only and it is a combination of both hardware and firmware (software). Every
embedded system in unique and the hardware as well as firmware is highly specialized to the
application domain. Embedded system are becoming an inevitable part of any product or equipment in
all fields including house hold appliances, telecommunication, medical equipment, industrial control,
consumer product, etc.
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Embedded
System

Fig. 1.1: Embedded System

Example: A washing machine can only wash clothes, an air conditioner can control the
temperature in the room in which it is placed.

The hardware and mechanical components will consist all the physically visible things that are
used for input, output, etc.

An embedded system will always have a chip (either microprocessor or microcontroller) that has
the code or software which drives the system.

1.1.1 Embedded System and General Purpose Computer System
General Purpose Systems

A general purpose computer system is what you think of when someone says the word
“computer.” The defining feature of a general purpose computer is that it can be reconfigured for a
new purpose. In the early days of digital computers, this involved actually rewiring the entire system.

General Computer System is a computer that is built to be customizable in software, like desktop
PCs and laptops, you can make it do many thing, sometimes together, with low or no constraints on
power, performance or cost, also a general computing system is contained in itself, it’s not a part of a
larger system, it is the system itself.

Embedded Systems
Embedded System, as it appears from its name, is a part of a bigger system, a computer restricted

to one function (or a finite set of functions) that controls, monitors or integrate with larger systems like
automotive, robotics, home appliances and military applications.

They have very tight constraints regarding size, performance, memory, price and durability, also
an embedded system is required in most cases to respond in real time, you don’t want your brakes to
work after pressing the pedal by a couple of seconds.

Finally
The Embedded System and the General purpose computer are at two extremes. The embedded

system is designed to perform a specific task whereas as per definition the general purpose computer is
meant for general use. It can be used for playing games, watching movies, creating software, work on
documents or spreadsheets, etc.
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Following are certain specific points of difference between embedded systems and general
purpose computers:

Criteria General purpose Computer Embedded System

Content It is combination of hardware, software
and a general purpose operating system
execution a variety of application.

It is combination of special purpose
hardware and embedded operating system
for execution specific set of application.

Operating
System

It has general purpose Operating System It may or may not have operating system

Change Application are changeable by
user/programmer

Application are not changeable by user

Key Fact r “Performance” is key factor “Application specific” is the key factor

Power
Consumption

More Less, generally they are battery operated

Response Time Not critical It is critical in some application

Example Personal computer, Desktops, Laptops Air conditioner, Microwaves,
Refrigerator, Automobile

1.1.2 History
While Android and Linux are relatively new to the scene, the concept of an embedded operating

system is not as recent of a development as thought. In fact, the history of embedded systems dates
back to the 1960’s. But the technology has come quite a long way since then, and the evolution is
likely far from over.

The first recognized embedded system is the Apollo Guidance Computer (AGC) developed by
MIT lab.

1. AGC was designed on 4K words of ROM and 256 words of RAM.
2. The clock frequency of first microchip used in AGC was 1.024 MHz.
3. The computing unit of AGC consists of 11 instructions and 16 bit word logic. It used 5000 ICs.
4. The UI of AGC is known DSKY (display/keyboard) which resembles a calculator type

keypad with array of numerals.
5. The first mass-produced embedded system was guidance computer for the Minuteman-I

missile in 1961.
6. In the year 1971 Intel introduced the world’s first microprocessor chip called the 4004, was

designed for use in business calculators. It was produced by the Japanese company Busicom.
7. Check out the table below for a quick rundown of how embedded technology got to where it

is today, and where we see it going in the near future…and beyond!

Sr. No. Year Description

1. 1960 Developed by C.S.D rapper at MIT instrumentation Laboratory, Monolithic
integrated circuits were used to reduce size and weight of the Apollo Guidance
Computer
(First Embedded System)
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2. 1961 The Autonetics D-17 guidance computer for the Minuteman missile was made
from transistor logic and had a hard as a main memory
(First Mass Produced Embedded System)

3. 1965 DEC’s 12 bit PDP-8 minicomputer. PDP was world first selling computer
(First embedded computer in Commercial Instrumentation)

4. 1966 The Minutemen II replaced D17, because cost of Nand Gate IC is reduced
(First High Volume use of Integrated Circuits

5. 1968 B.Noyce and G.Moore formed Integrated Electronics.
(Intel was Formed)

6. 1969 The Volkswagon 1600’s fuel injection was controlled by microprocessor
(First Embedded System in Car)

7. 1971 Intel 4004 was designed for Calculator
(First 4-bit microprocessor)

8. 1974 Intel designed 8008 and 8080, Motorola introduced MC6800 Microprocessor
(First 8-bit microprocessor)

9. 1974 The CLIP-4 carried out multiple calculations simultaneously
(First Parallel architecture computer)

10. 1975 Bill gates and Paul Allen delivered first BASIC compiler to MITS
(Microsoft is born)

11. 1975 ALTAIR 8800 was released
(First home computer was released)

12. Early
1980’s

Microprocessor optimized for speed and size
Microcontroller optimized for power and physical size
(the design of Microntroller)

13. 1983 Hewlett Packard’s HP-150 utilized a beam of Infrared beam across the front of the
monitor detecting the finger movement.
(First Home computer with touch screen technology)

14. 1987 Vxworks Embedded Operating system introduced by Wind River, which became
operation system for MARS Path finder Space Mission in 1997.
(Embedded Operating System by VXWorks)

15. 1989 T.Berners-Lee invented world Wide Web
(Invention of Internet)

16. 1989 Embedded System such as DOT matrix Printer, restricted to 8 bit due to power
utilization and tight electrical timing constraints
Main stream computer such as Super Nintendo Entertainment System moves to
utilize 80386 16- bit processing and Pentium 32-bit Processing
(8 bit Operating System)



Introduction to Embedded Systems6

17. 1990 Design and features of the system advanced via distributed computing technology
using a network as computing resource, such as google.
(Introduced Embedded System with world wide web)

18. 1992 In1992 there were 10 million phone came to in use
(Embedded System goes Wireless)

19. 1993 Apple Released PDA with touch screen technology
(Handheld Touch Screen Technology)

20. 1996 Microsoft entered the embedded market place
(Windows Embedded CE1.0 was designed)

21. 1998 FSM Labs patented technique used in RTLINUX
(Birth of RT)

22. 1999 Embedded Linux Product launched in Market
(First Embedded Linux Product)

23. 2000 Time Sys launched first Real Time version of LINUX
(First LINUX/RT1.0)

24. 2005 ANDROID technology stepped forward
(Google acquired ANROID)

25. 2007 Apple first iPhone Launched
(All in one Embedded mobile Device)

26. 2008 T-mobile G1,The first ANROID phone is launched and ANROID code was
declared as OPEN Source
(The ANDROID ALLAINCE)

27. 2008/09 Designers look into ANROID use beyond a Phones
(The ANDROID revolution is Linux Powered)

Today and Beyond

28. Electronic Chips produced for Embedded System

29. There use in every day product is the major evolution every were technology is used.

30. Embedded System hidden in Familiar objects like automobiles, Train, Palne, Tractor, cranes,
robot, etc.

31. Embedded System in objects like watches, washers, dryers, ovens, refrigerator, microwaves
smart cards, etc.

32. Embedded System in Higher end medical imaging devices, medical tablets, best side servers,
Digital XRays, MRI machine, etc.

33. Some High end cars utilize 100 CPU,The cost of Electronics was more then cost od Steel used
in CAR

34. The embedded Android is today First Choice of Engineers and Embedded Developers
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Future

35. Autonomous Network of Embedded System are the Future

36. Computerized object will interact with each other without human Intervention

37. Cars will communicate with each other, the road side, and the city is organized to traffic

38. Sensors will detect the rivers flood, Forest Fires, building structural Health etc

39. Finally more objects then human will be connected to Internet

1.1.3 Classification of Embedded System
The classification of embedded system is based on following criteria’s:

A. On Generation
B. On Complexity and Performance
C. On Deterministic Behavior
D. On Triggering
E. On Functional Requirements

A. Based on Generation
1. First Generation (1G):

 Built around 8bit microprocessor and microcontroller.
 Simple in hardware circuit and firmware developed.
 Examples: Digital telephone keypads.

2. Second Generation (2G):
 Built around 16-bit μp and 8-bit μc.
 They are m re complex and powerful than 1G μp and μc.
 Examples: SCADA systems

3. Third Generation (3G):
 Built around 32-bit μp and 16-bit μc.
 Concepts like Digital Signal Processors (DSPs),
 Application Specific Integrated Circuits (ASICs) evolved.
 Examples: Robotics, Media, etc.

4. Fourth Generation:
 Built around 64-bit μp and 32-bit μc.
 The concept of System on Chips (SOC), Multicore Processors evolved.
 Highly complex and very powerful.
 Examples: Smart Phones.

B. Based on Complexity and Performance
1. Small-scale:

 Simple in application need
 Performance not time-critical.
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 Built around low performance and low cost 8 or 16 bit μp/μc.
 Example: an electronic toy

2. Medium-scale:
 Slightly complex in hardware and firmware requirement.
 Built around medium performance and low cost 16 or 32 bit μp/μc.
 Usually contain operating system.
 Examples: Industrial machines.

3. Large-scale:
 Highly complex hardware and firmware.
 Built around 32 or 64 bit RISC μp/μc or PLDs or Multicore Processors.
 Response is time-critical.
 Examples: Mission critical applications.

C. Based on Deterministic Behaviour
1. This classification is applicable for “Real Time” systems.
2. The task execution behaviour for an embedded system may be deterministic or non-

deterministic.
3. Based on execution behaviour Real Time embedded systems are divided into Hard and Soft.

D. Based on Triggering
1. Embedded systems which are “Reactive” in nature can be based on triggering.
2. Reactive systems can be:

 Event triggered
 Time triggered

E. Based on Functional Requirement
1. Stand Alone Embedded Systems

 Stand alone embedded systems do not require a host system like a computer, it works by
itself.

 It takes the input from the input ports either analog or digital and processes, calculates
and converts the data and gives the resulting data through the connected device-Which
either controls, drives and displays the connected devices.

 Examples for the stand alone embedded systems are mp3 players, digital cameras, video
game consoles, microwave ovens and temperature measurement systems.

2. Real Time Embedded Systems
 A real time embedded system is defined as, a system which gives a required o/p in a

particular time.
 These types of embedded systems follow the time deadlines for completion of a task.
 Real time embedded systems are classified into two types such as soft and hard real time

systems.
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3. Networked Embedded Systems
 These types of embedded systems are related to a network to access the resources.
 The connected network can be LAN, WAN or the internet. The connection can be any

wired or wireless.
 This type of embedded system is the fastest growing area in embedded system applications.
 The embedded web server is a type of system wherein all embedded devices are

connected to a web server and accessed and controlled by a web browser.
 Example for the LAN networked embedded system is a home security system wherein

all sensors are connected and run on the protocol TCP/IP
4. Mobile Embedded Systems

 Mobile embedded systems are used in portable embedded devices like cell phones,
mobiles, digital cameras, mp3 players and personal digital assistants, etc.

 The basic limitation of these devices is the other resources and limitation of memory.

1.1.4 Application and Purpose of Embedded System
Embedded systems find numerous applications in various fields such as digital electronics,

telecommunications, computing network, smart cards, satellite systems, military defense system
equipment, research system equipment and so on.

A. Application of Embedded System
The application areas and the products in the embedded domain are countless.

1. Embedded Systems in Automobiles and in Telecommunications
 Motor and cruise control system
 Body or Engine safety
 Entertainment and multimedia in car
 E-Com and Mobile access
 Robotics in assembly line
 Wireless communication
 Mobile computing and networking
 Anti-Lock Breaking System (ABS)
 Engine control
 Telephones
 Cell Phones
 Telephone Switches

2. Embedded Systems in Smart Cards, Missiles and Satellites
 Security systems
 Telephone and banking
 Defense and aerospace
 Communication
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Game Machine Electronic book,
Tablet

Television

Industry, Airlines,
Space

Broadcasting,
Medical

Digital Signage

Amusement
Machines

Printer

Car

Camera

Smart Phone

Mobile Phone

Fig. 1.2: Application of Embedded System

3. Embedded Systems in Peripherals and Computer Networking
 Displays and Monitors
 Networking Systems
 Image Processing
 Network Cards and Printers
 Scanners
 Gaming Consoles
 Router and Switches

4. Embedded Systems in Consumer Electronics
 Digital Cameras
 Set top Boxes
 High Definition TVs
 DVDs
 Camcorders

5. Embedded System in Household Appliances
 Washing Machine
 Refrigerator
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 Air Conditioner
 Room Warmer
 Microwave
 Sprinklers
 Fire and Gas Alarms

6. Embedded System in Health Care
 EEG (Electro-Encephalo-Gram)
 EMG (Electro-Myo-Graphy)
 ECG (Electro-Cardio-Graphy)
 CT (Computerized Tomography) Scan Machine
 MRI (Magnetic Resonance Imaging) Machines
 X Ray Machines

7. Embedded System in Banking and Retail
 Automatic Teller Machines
 Cheque Collection Machine
 Point of Sales

8. Embedded System in Card Readers
 Barcode
 Smart Card Readers
 RFID Readers

B. Purpose of Embedded System
The first reason why we need embedded systems is because general-purpose computers, like PCs,

would be far too costly for the majority of products that incorporate some form of embedded system
technology (Christoffer, 2006). Another reason why we need embedded systems is because general-
purpose solution might also fail to meet a number of functional or performance requirements such as
constraints in power-consumption, size-limitations, reliability or real-time performance, etc.

The digital revolution, started decades ago, has reached a stage that we cannot conduct our
normal modern daily lives without this technology. Indeed, it is safe to say that we already own at
least one piece of equipment, which contains a processor, whether it is a phone, a television, an
automatic washing machine or an MP3 player.

The colossal growth of processing power in small packages has fuelled the digital revolution. All
sectors of the economy have been influenced by the digital revolution and the industry has
experienced tremendous developments in all aspects of engineering disciplines (Bruce, 2011).

1. Data Collection/Storage/Representation
 Embedded system designed for the purpose of data collection performs acquisition of

data from the external world.
 Data collection is usually done for storage, analysis, manipulation and transmission.
 Data can be analog or digital.
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 Embedded systems with analog data capturing techniques collect data directly in the
form of analog signal whereas embedded systems with digital data collection mechanism
converts the analog signal to the digital signal using analog to digital converters.

 If the data is digital it can be directly captured by digital embedded system.
 A digital camera is a typical example of an embedded.
 System with data collection/storage/representation of data.
 Images are captured and the captured image may be stored within the memory of the

camera. The captured image can also be presented to the user through a graphic LCD unit.
2. Data Communication

 Embedded data communication systems are deployed in applications from complex
satellite communication to simple home networking systems.

 The transmission of data is achieved either by a wire-line medium or by a wire-less medium.
 Data can either be transmitted by analog means or by digital means.
 Wireless modules-Bluetooth, Wi-Fi.
 Wire-line modules-USB, TCP/IP.
 Network hubs, routers, switches are examples of dedicated data transmission embedded

systems.
3. Data Signal Processing

 Embedded systems with signal processing functionalities are employed in applications
demanding signal processing like speech coding, audio video codec, transmission
applications, etc.

 A digital hearing aid is a typical example of an embedded system employing data
processing.

 Digital hearing aid improves the hearing capacity of hearing impaired person
4. Monitoring

 All embedded products coming under the medical domain are with monitoring functions.
 Electro cardiogram machine is intended to do the monitoring of the heartbeat of a patient

but it cannot impose control over the heartbeat.
 Other examples with monitoring function are digital CRO, digital multi-meters, and

logic analyzers.
5. Control

 A system with control functionality contains both sensors and actuators.
 Sensors are connected to the input port for capturing the changes in environmental

variable and the actuators connected to the output port are controlled according to the
changes in the input variable.

 Air conditioner system used to control the room temperature to a specified limit is a
typical example for CONTROL purpose.

6. Application Specific user Interface
 Buttons, switches, keypad, lights, bells, display units, etc are application specific user

interfaces.
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 Mobile phone is an example of application specific user interface.
 In mobile phone the user interface is provided through thekeypad, system speaker,

vibration alert, etc.

1.2 Core of Embedded System
Embedded systems are domain and application specific and are built around a central core. The

core of the embedded system falls into any of the following categories:

1. General purpose and Domain Specific Processors
A. Microprocessors
B. Microcontrollers
C. Digital Signal Processors

2. Application Specific Integrated Circuits (ASIC)
3. Programmable logic devices (PLD’s)
4. Commercial off-the-shelf components (COTs)

1.2.1 Microprocessor and Microcontroller
A. Microprocessors

1. A microprocessor has all the functional component of CPU on a single silicon chip designed
using microelectronics technology.

2. Figure shows a block diagram of a microprocessor CPU, which contains an arithmetic and
logic unit (ALU), a program counter (PC), a stack pointer (SP), some working registers, a
clock timing circuit, and interrupt circuits.

3. To make a complete microcomputer, one must add memory, usually read- only program
memory (ROM) and random-access data memory (RAM), memory decoders, an oscillator,
and a number of input/output (I/O) devices, such as parallel and serial data ports.

4. In addition, special-purpose devices, such as interrupt handlers and counters, may be added
to relieve the CPU from time-consuming counting or timing chores.

5. By connecting the microcomputer with mass storage devices, like a floppy and hard disk
drives, and I/O peripherals, such as a keyboard and a CRT display, makes the small
computer that can be used for general-purpose software applications.

6. The main purpose of a microprocessor is to read data, perform extensive calculations on that
data, and store those calculations in a mass storage device or display the results for further
investigation.

7. The programs used by the microprocessor are stored in the mass storage device and loaded
into RAM as the user gives the command.

8. A few microprocessor programs are stored in ROM. This programs are called as BIOS.
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Fig. 1.3: Microprocessor

9. Developers of microprocessors.
 Intel – Intel 4004 – November 1971 (4-bit).
 Intel – Intel 4040.
 Intel – Intel 8008 – April 1972.
 Intel – Intel 8080 – April 1974 (8-bit).
 Motorola – Motorola 6800.
 Intel – Intel 8085 – 1976.
 Zilog - Z80 – July 1976.

10. Evolution of Intel Microprocessor

Name Year Transistors Data Width Clock Speed

8080 1974 6,000 8 bits 2 MHz

8085 1976 6,500 8 bits 5 MHz

8086 1978 29,000 16 bits 5 MHz

8088 1979 29,000 8 bits 5 MHz

80286 1982 134,000 16 bits 6 MHz

80386 1985 275,000 32 bits 16 MHz

80486 1989 1,200,000 32 bits 25 MHz

PENTIUM 1993 3,100,000 32/64 bits 60 MHz

PENTIUM II 1997 7,500,000 64 bits 233 MHz

PENTIUM III 1999 9,500,000 64 bits 450 MHz

PENTIUM IV 2000 42,000,000 64 bits 1.5 GHz
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Architectures used for processor design are Harvard or Von-Neumann.

I. Harvard Architecture

Program
14 Bit

Address
13 Bit

Data 8 Bit

Address
9 Bit

Program
Memory

Data
MemoryCPU

Fig. 1.4: Harvard Architecture

(a) Harvard architecture is a computer architecture with physically separate storage and signal
pathways for instructions and data. and it requiring dedicated buses for each of them.

(b) Instructions and operands can therefore be fetched simultaneously.
(c) The term originated from the Harvard Mark I relay-based computer, which stored

instructions on punched tape (24 bits wide) and data in electro-mechanical counters
(23 digits wide).

(d) These early machines had limited data storage, entirely contained within the data processing
unit and provided no access to the instruction storage as data, making loading and modifying
programs an entirely offline process.

(e) Different program and data bus widths are possible, allowing program and data memory to
be better optimized to the architectural requirements.

(f) Example If the instruction format requires 14 bits then program bus and memory can be
made 14-bit wide, while the data bus and data memory remain 8-bit wide. Fig. 4 show Block
diagram of Harvard Architecture.

II. Von-Neumann Architecture
(a) The Von-Neumann architecture is a computer design model that uses a processing unit and

a single separate storage structure to hold both instructions and data.
(b) It is named after mathematician and early computer scientist John Von-Neumann who knew

of Alan Turing’s seminal hypothetical idea of a ‘universal computing machine’, that had
been published in 1936.

(c) Such a computer implements a universal Turing machine, and the common “referential
model” of specifying sequential architectures, in contrast with parallel architectures.

(d) A stored-program computer is generally a computer with this design, although as modern
computers are usually of this type, the term has fallen into disuse.Fig. shows architecure of
VON-Neuman System.
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Fig. 1.5: VON-Neuman Architecture

(e) John Von-Neumann’s, One shared memory for instructions (program) and data with one
data bus and one address bus between processor and memory.

(f) Instructions and data have to be fetched in sequential order (known as the Von-Neuman
Bottleneck), limiting the operation bandwidth.

(g) Its design is simpler than that of the Harvard architecture. It is mostly used to interface to
external memory.

Sr. No. Von-Neumann Architecture Hardvard Architecture

1. It is named after the mathematician and early
computer scientist John Von-Neumann.

The name is originated from “Harvard Mark
I” a relay based old computer,which stored
instruction on punched tape(24 bits wide)
and data in electo-mechanical counters.

2. The computer has single storage system
(memory) for storing data as well as program
to be executed.

The computer has two separate memories for
storing data and program.

3. A single set of address/data buses between
CPU and memory.

Two sets of address/data buses between
CPU and memory.

4. Processor needs two clock cycles to complete
an instruction. Pipelining the instructions is
not possible with this the first clock cycle the
processor gets the instruction from memory
and decodes it.

Processor can complete an instruction in one
cycle if appropriate pipelining strategies are
implemented.

5. In the next clock cycle the required data is
taken from memory. For each instruction this
cycle repeats and hence needs two cycles to
complete an instruction.

In the first stage of pipeline the instruction to
be executed can be taken from program. In
the second stage of pipeline data is taken
from the data memory using the decoded
instruction or address.
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6. This is a relatively older architecture and was
replaced by Harvard architecture.

Most of the modern computing architectures
are based on Harvard architecture.But the
number of stages in the pipeline varies from
system to system.

7. Comparatively Cheaper Comparatively Costlier

8. Accidental corruption of program memory
may occur if data memory and program
memory are stored physically on same chip

Since data memory and program memory
are stored physically on different chip or
location no chances exist for accidental
corruption of program

B. Microcontrollers
1. Figure shows the block diagram of a typical microcontroller, which is a true computer on a

chip. The design includes all of the features of the micro-processor CPU: ALU, PC, SP,
and registers.

2. It also has other features necessary to make a complete computer like ROM, RAM, parallel
I/O serial I/O, counters, and a clock circuit.

ALU

Accumulator

Register(s)

Internal
RAM

Stack Pointer

Timer/Counter

Internal
ROM

Program Counter

I/P
Port

I/P
Port

Interrupt
Circuits

Clock
Circuit

Fig. 1.6: Microcontroller

3. Like the microprocessor, a microcontroller is a general-purpose device, but microprocessor
is designed or used to read data, perform limited calculations on that data and control its
environment based on those calculations.

4. The main use of a microcontroller is to control the operation of a machine using a fixed
program that is stored in ROM and that does not change over the lifetime of the system.

5. The microcontroller design uses a much more limited set of single and double-byte
instructions that are used to move code and data from internal memory to the ALU.

6. Many instructions are coupled with pins on the integrated circuit package; the pins are
“programmable” i.e, capable of having several different functions depending on the wishes
of the programmer.
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7. The microcontrollers are concerned with getting data from and to its own pins; the
architecture and instruction set are optimized to handle data in bit and byte size.

8. The icrocontroller can function as a computer with the addition of no external digital parts,
the micro processor must have many additional parts to be operational.

9. Microcontroller is compact version of microcomputer. The microcontroller is normally
application specific system. It is not general purpose system.

10. Texas Instrument’s TMS 1000 Is considered as the world’s first microcontroller.
11. Some embedded system application require only 8 bit controllers whereas some requiring

superior performance and computational needs demand 16/32 bit controllers.
12. The instruction set of a microcontroller can be RISC or CISC.
13. Microcontrollers are designed for either general purpose application requirement or domain

specific application requirement.

C. Digital Signal Processors
1. DSP are powerful special purpose 8/16/32 bit microprocessor designed to meet the

computational demands and power constraints of today’s embedded audio, video and
communication applications.

2. DSP are 2 to 3 times faster than general purpose microprocessors in signal processing
applications. This is because of the architectural difference between DSP and general
purpose microprocessors.

3. DSPs implement algorithms in hardware which speeds up the execution whereas general
purpose processor implement the algorithm in software and the speed of execution depends
primarily on the clock for the processors.

4. DSP includes following key units:
 Program Memory: It is a memory for storing the program required by DSP to process

the data.
 Data Memory: It is a working memory for storing temporary variables and data/signal

to be processed.
 Computational Engine: It performs the signal processing in accordance with the stored

program memory computational engine incorporated many specialized rithmetic units
and each of them operates simultaneously to increase the execution speed. It also
includes multiple hardware shifters for shifting operands and saves execution time.

 I/O Unit: It acts as an interface between the outside world and DSP. It is responsible for
capturing signals to be processed and delivering the processed signals.

5. Examples:
 Audio video signal processing, telecommunication and multimedia applications.
 SOP (Sum of Products) calculation
 Convolution
 FFT (Fast Fourier Transform)
 DFT (Discrete Fourier Transform), etc. are some of the operation performed by DSP.
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1.2.2 RISC and CISC Controller
 The main difference between RISC and CISC is in the number of computing cycles each of

their instructions take.
 The difference the number of cycles is based on the complexity and the goal of their

instructions.

Machine Instructions

Instruction
Execution

Fig. 1.7: Reduced Instruction Set Computers

A. RISC – Reduced Instruction Set Computers
1. The term RISC stands for ‘Reduced Instruction Set Computer’. It is a CPU design strategy

based on simple instructions and fast performance.
2. RISC is small or reduced set of instructions. Here, each instruction is meant to achieve very

small tasks.
3. In a RISC machine, the instruction sets are simple and basic, which help in composing more

complex instructions.
4. Each instruction is of the same length; the instructions are strung together to get complex

tasks done in a single operation.
5. Most instructions are completed in one machine cycle. This pipelining is a key technique

used to speed up RISC machines.
6. RISC is a microprocessor that is designed to carry out few instructions at the same time.
7. Based on small instructions, these chips require fewer transistors, which make the transistors

cheaper to design and produce. Some other features of RISC include:
 Less decoding demand
 Uniform instruction set
 Identical general purpose register
 Simple addressing nodes
 Few data types in hardware

8. Also, while writing codes, RISC makes it easier by allowing the programmer to remove
unnecessary codes and prevents wasting of cycles.
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B. CISC – Complex Instruction Set Computer

Machine Instructions

Microcode Conversion

Microinstructions

Microinstruction
Execution

Fig. 1.8: Complex Instruction Set Computer

1. The term CISC stands for ‘Complex Instruction Set Computer’. It is a CPU design strategy
based on single instructions, which are capable of performing multi-step operations.

2. CISC computers have shorted programs. It has a large number of complex instructions,
which takes long time to execute.

3. Here, a single set of instruction is covered in multiple steps; each instruction set has more
than three hundred separate instructions.

4. Most instructions are completed in two to ten machine cycles. In CISC, instruction
pipelining is not easily implemented.

5. The CISC machines have good performances, based on the simplification of program
compilers; as the range of advanced instructions are easily available in one instruction set.

6. They design complex instructions in one simple set of instructions.
7. They perform low level operations such as an arithmetic operation, or a load from memory

and memory store. CISC makes it easier to have large addressing nodes and more data types
in the machine hardware.

8. However, CISC is considered less efficient than RISC, because of it inefficiency to remove
codes which leads to wasting of cycles.

9. Also, microprocessor chips are difficult to understand and program for, because of the
complexity of the hardware.

C. Comparison between RISC and CISC
Criteria RISC CISC
Acronym It stands for ‘Reduced Instruction Set

Computer’.
It stands for ‘Complex Instruction Set
Computer’.

Definition The RISC processors have a smaller
set of instructions with few addressing
nodes.

The CISC processors have a larger set of
instructions with many addressing nodes.
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Memory unit It has no memory unit and uses a
separate hardware to implement
instructions.

It has a memory unit to implement complex
instructions.

Program It has a hard-wired unit of
programming.

It has a micro-programming unit.

Design It is a complex complier design. It is an easy complier design.
Calculations The calculations are faster and precise. The calculations are slow and precise.
Decoding Decoding of instructions is simple. Decoding of instructions is complex.
Time Execution time is very less. Execution time is very high.
External
memory

It does not require external memory for
calculations.

It requires external memory for
calculations.

Pipelining Pipelining does function correctly. Pipelining does not function correctly.
Stalling Stalling is mostly reduced in

processors.
The processors often stall.

Code
expansion

Code expansion can be a problem. Code expansion is not a problem.

Discospace The space is saved. The space is wasted.
Applications Used in high end applications such as

video processing, telecommunications
and image processing.

Used in low end applications such as
security systems, home automations, etc

Number of
Instruction

Less Number of Instruction More number of instruction

Registers Large Number of register Less Number of register
Type of
Instruction set

Orthogonal instruction Set (allows
each instruction to operate on any
register and use any addressing mode.

Non-orthogonal set (all instructions are not
allowed to operate on any register and
use any addressing mode.

Length of
Instruction

It is single, fixed length instruction. It is variable length instruction.

Architecture With Harvard Architecture Can be Harvard or Von-Neumann
Architecture.

1.2.3 Big Endian and Little Endian Processor
Endiannes

 Endianness specifies the order which the data is stored in the memory by processor
operations in a multi byte system.

 Based on Endiannes processors can be of two types:
1. Little Endian Processors
2. Big Endian Processors
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1. Little Endian Processors: Little-endian means lower order data byte is stored in memory at
the lowest address and the higher order data byte at the highest address. For e.g, 4 byte long
integer Byte3, Byte2, Byte1, Byte0 will be store in the memory as follows:

Byte Address + 0 Byte 0 Byte 0 Byte Address + 0

Byte Address + 1 Byte 1 Byte 1 Byte Address + 1

Byte Address + 2 Byte 2 Byte 2 Byte Address + 2

Byte Address + 3 Byte 3 Byte 3 Byte Address + 3

Fig. 1.9: Little-endian

2. Big Endian Processors: Big-endian means the higher order data byte is stored in memory at
the lowest and the lower order data byte at the highest address. For e.g. a 4 byte integer
Byte3, Byte2, Byte1, Byte0 will be stored in the memory as follows:

Byte Address + 0 Byte 0 Byte 3 Byte Address + 0

Byte Address + 1 Byte 1 Byte 2 Byte Address + 1

Byte Address + 2 Byte 2 Byte 1 Byte Address + 2

Byte Address + 3 Byte 3 Byte 0 Byte Address + 3

Fig. 1.10: Big-endian

Examples with the number 0×12345678 (i.e. 305 419 896 in decimal):
 little-endian: 0×78 0×56 0×34 0×12
 big-endian: 0×12 0×34 0×56 0×78

1.2.4 Application Specific IC(ASIC)
 The term ‘ASIC’ stands for ‘application-specific integrated circuit’. An ASIC s basically an

integrated circuit designed specifically for a special purpose or ap1ication.
 Strictly speaking, this also implies that an ASIC is built only for one and only one customer.
 An example of an ASIC is an IC designed for a specific line of cellular phones of a company,

whereby no other products can use it except the cell phones belonging to that product line.
 Aside from the nature of its application, an ASIC differs from a standard product in the

nature of its availability.
 The intellectual property, design database, and deployment of an ASIC is usually controlled

by just a single entity or company, which is generally the end-user of the ASIC too.
 Thus, an ASIC is proprietary by nature and not available to the general public. A standard

product, on the other hand, is produced by the manufacturer for sale to the general public.
 Standard products are therefore readily available for use by anybody for a wider range of

applications.
 The first ASIC known as uncommitted logic array or ULA’s, utilized gate array technology.
 Having up to a few thousand gates, they were customized by varying the mask for metal

interconnections.
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 Thus, the functionality of such a device can be varied by modifying which nodes in the
circuit are connected and which are not.

 Later versions became more generalized, customization of which involve variations in both
the metal and polysilicon layers.

 ASIC’s are usually classified into one of three categories:
 full-custom,
 semi-custom, and
 structured.

A. Full-custom
1. AS are those that are entirely tailor-fitted to a particular application from the very start.
2. Since its ultimate design and functionality is pre-specified by the user, it is manufactured

with all the photolithographic layers of the device already fully defined, just like most off-
the-shelf general purpose IC.

3. The use of predefined masks for manufacturing leaves no option for circuit modification
during fabrication, except perhaps for some minor fine- tuning or calibration.

4. This means that a full-custom ASIC cannot be modified to suit different applications, and is
generally produced as a single, specific product for a particular application only.

B. Semi-custom
1. Semi-custom ASIC on the other hand, can be partly customized to serve different functions

within its general area of application.
2. Unlike full-custom ASIC semi-custom ASIC are designed to allow a certain degree of

modification during the manufacturing process.
3. A semi-custom ASIC is manufactured with the masks for the diffused layers already fully

defined, so the transistors and other active components of the circuit are already fixed for
that semi-custom ASIC design.

4. The customization of the final ASIC product to the intended application is done by varying
the masks of the interconnection layers, e.g., the metallization layers.

5. Structured or Platform ASIC’s, which belong to a relatively new ASIC classification, are
those which have been designed and produced from a tightly defined set of design
methodologies, intellectual properties (IP’s) and well-characterized silicon, aimed at
shortening the design cycle and minimizing the development costs of the ASIC.

C. Examples of ASIC s Include
1. An IC that encodes and decodes digital data using a proprietary encoding/decoding

algorithm.
2. A medical IC designed to monitor a specific human biometric parameter.
3. An IC designed to serve a special function within a factory automation system.
4. An amplifier IC designed to meet certain specifications not available in standard amplifier

products.
5. A proprietary system-on-a-chip (SOC).
6. An IC that is custom-made for a particular automated test equipment.
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1.2.5 Programmable Logic Device
A. Programmable Logic Devices (PLDS)

1. In recent years programmable logic devices (PLDs) have all but replaced special-purpose
logic devices such as AND gates, flip-flops, counters, multiplexers, etc.

2. PLDs are chips that can be programmed, and often re-programmed, to implement different
logic functions.

3. The main reason for using programmable logic is to reduce total costs.
4. This is due to a number of reasons: One important advantage is that design with PLDs is

faster and this reduces the time required to bring a product to market. Programmable devices
also reduce the risks associated with product development since they allow last-minute
changes, often without having to redesign circuit boards.

5. Since PLDs often replace several other special-purpose devices the design usually has fewer
components and this reduces PCB, assembly, test and repair costs.

6. Using PLDs also means fewer parts needs to be stocked and this reduces inventory costs.
7. Since more of the logic is integrated into each chip the number of interconnections is

decreased and this increases the reliability of the product.
8. Of course, there are some disadvantages to using programmable logic.
9. Design with PLDs requires additional development software and hardware which is often

very expensive.
10. Design staff often needs to be trained to use new design tools. In addition, parts must be

programmed before they can be assembled into a final product.
11. In spite of these disadvantages programmable logic usually makes economic sense except

for very simple (e.g. bus buffers, latches, some decoders), very complex (e.g. CPU), or very
high-speed circuits (e.g. DRAM controller).

12. Even for one-of designs it’s often easier to use PLDs if the development tools are available.
13. Compared to ASICs (standard-cell or gate arrays) PLDs offer lower costs (zero vs. tens of

thousands of dollars), fast (1 hour vs. several weeks) design turn-around, lower risk and
simpler design tools.

14. On the other hand, ASICs will operate at higher speeds and will be less expensive at very
high volumes (typically many thousands of parts).
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Fig. 1.11: General Structure of PLD
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The PLD Advantages
Advantages of using PLDs are:

 Less board space requires
 Faster in speed
 Lower power requirements (i.e., smaller power supplies)
 Less costly assembly processes
 Higher reliability (fewer ICs and circuit connections means easier troubleshooting)
 Availability of design software

B. Field-Programmable Gate Arrays (FPGAS)
1. FPGAs (Field-Programmable Gate Arrays) are PLDs with large numbers of small macro-

cells each of which can be interconnected to only a few neighboring cells.
2. A typical FPGA might have 100 cells, each with only S inputs and 2 outputs.
3. The output of each cell can be programmed to be an arbitrary function of its inputs.
4. FPGAs typically have a large number of I/O pins. FPGA architectures vary in the

complexity of their individual cells (simple cells are “fine-grained” and complex cells are
“coarse-grained”) and the flexibility of the interconnections between cells (“routing
resources”).

5. Simple cells are arranged as simple ROM-like look-up tables (LUTs) while more complex
cells such as the Xilinx CLBs (Configurable Logic Blocks) can include more specialized
logic such as carry look-head generators for high speed adders and may include multiple
levels of logic within the cell.

6. A typical FPGA is the Xilinx XC4003. The XC4000 family is a coarse-grained architecture
in which each CLB has 2 sets of 4 inputs, a second level of logic to combine the two
intermediate outputs and 2 registered outputs.

7. FPGAs are ideal for designs that require large amounts of logic since it’s possible to
integrate multiple storage registers, arithmetic and logic circuits, controllers, etc. on the
same device.

8. One disadvantage of FPGAs is the relatively large propagation delays. To complicate things,
these delays are hard to predict before the circuit design is finished.

9. This is due to the need to route signals through multiple levels of logic and interconnection
blocks.

10. Typical RAM-based FPGA circuits will have propagation delays of 20 to 50ns. Another
disadvantage of FPGAs is the expensive ($3000 and up) and slow design software. FPGAs
are typically designed using either schematic capture or HDLs.

11. This is typically done with third-party tools (e.g. View logic schematic capture or Synopsys
FPGA Compiler).

12. These tools then output netlists 3 (lists of gates or cells and how they are to be logically
interconnected).

13. The components in the net list must then be assigned to specific cells on the device and the
routing between cells laid out.
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Fig. 1.12: FPGA Structure

14. This “place and route” process is a complex optimization problem winch typically includes
constraints on propagation delay and the number of cells used.

15. Although EEPROM and OTP (one-time programmable) FPGAs are available, the most
popular designs use RAM to store their configuration.

16. The device’s configuration RAM thus has to be loaded each time it is powered up. Stand-
alone designs can load their configuration from serial EPROMS while FPGAs in larger
circuits can be loaded from another device such as a microprocessor.

17. It should be noted that OW fuse-based FPGAs are considerably faster than RAM-based
FPGAs because signals have to propagate through fewer gates.

Application of FPGA
1. Automotive

 Best-in-class security for secured data and connectivity
 Supply assurance from credible supplier with high-reliability experience
 Low power for optimal power efficiency
 Lowest cost of ownership

2. Communications
 Significantly improved network capacity and coverage with limited spectrum and

CAPEX
 Delivers 4K vide
 Lower OPEX
 IoT growth with minimal energy consumption
 Lower physical and carbon footprint

3. Defense
 Anti-tamper for Foreign Military Sales (FMS)
 Increasing automation in vehicles and weaponry
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 Battlefield portability and increased mission life
 Increased cyber security
 Supply chain security

4. Industrial
 Increased networking of factory automation
 M2M—growth of additional sensors and nodes
 Rise of cloud services requiring decentralized, secure computing
 Portability becoming m re prevalent
 Cyber security threats and functional safety requirements

5. Space
 SEU Immune FPGA Configuration
 High-speed processing RT FPGAs
 Up to 150 KLE, 5 Mbit SRAM, 462 Multipliers
 Up to 24 lanes x 3.125 SERDES

C. CPLD: Complex Programmable Logic Device
1. A complex programmable logic device comprises of a group of programmable FBs

(functional blocks).
2. The inputs and outputs of these functional blocks are connected together by a GIM (global

interconnection matrix).
3. This interconnection matrix is reconfigurable, so that we can modify the contacts between

the functional blocks.
4. There will be some input and output blocks that let us to unite CPLD to external world. The

architecture of CPLD is shown below.

FB FB

FB FB

FB FB

FB FB

I/O I/O
Inter-

connect
Matrix

Fig. 1.13: CPLD Architecture
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5. Generally, the programmable FB looks like the array of logic gates, where an array of AND
gates can be programmed and OR gates are stable.

6. But, each manufacturer has their way of thinking to design the functional block. A listed
output can be found by operating the feedback signals attained from the OR gate outputs.

7. In CPLD programming, the design is first coded in Verilog or VHDL language once the
code is simulated and synthesized.

8. During synthesis, the CPLD model (target device) is handpicked and a technology based
mapping net list is produced.

9. This list can be close-fitting to the genuine CPLD architecture using a place and route
process, typically achieved by the place-and-route software of CPLD Company’s
proprietary.

10. Then the operator will do some confirmation processes. If everything is good, he will utilize
the CPLD, else he will rearrange it.

Application of CPLD
 CPLDs are ideal for critical, high-performance control applications.
 CPLD can be used for digital designs which perform boot loader functions.
 CPLD is used to load configuration data for an FPGA from non-volatile memory.
 CPLD are generally used for small designs, for example, they are used in simple

applications such as address decoding.
 CPLDs are often used in cost-sensitive, battery-operated portable applications, because of its

small size and low-power usage.

D. Difference between FPGA and CPLD
1. FPGA contains up to 100,000 of tiny logic blocks while CPLD contains only a few blocks

of logic that reaches up to a few thousands.
2. In terms of architecture, FPGAs are considered as ‘fine-grain’ devices while CPLDs are

‘coarse-grain’.
3. FPGAs are great for more complex applications while CPLDs are better for simpler ones.
4. FPGAs are made up of tiny logic blocks while CPLDs are made of larger blocks.
5. FPGA is a RAM-based digital logic chip while CPLD is EEPROM-based.
6. Normally, FPGAs are more expensive while CPLDs are much cheaper.
7. Delays are much more predictable in CPLDs than in FPGAs.

1.2.6 COTS (Commercial off-the-shelf Components)
 Industrial customers have long benefited from COTS products from the rapidly advancing

commercial/industrial technology market to economically and reliably meet their most
demanding application requirements.

 Commercial “off-the-shelf technology” (COTS) products enable our aerospace, military,
scientific, and industrial customers to achieve a tremendous increase in price performance
with reduced development costs and improved time-to-market.
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 COTS (Commercial Off-the-Shell) products are products which are commercially available
to the general public with published pricing and specifications.

 COTS products are typically used “as-is” and equivalent products based on industry
standard specifications are readily available from multiple suppliers at competitive prices for
immediate delivery from stock.

1. Reliable Quality Products
 Industry standard mass-produced COTS products offer outstanding price/performance.
 Use them as delivered - designed for quick start-up and easy installation.
 Use of rugged industrial-duty COTS products reduces overall project cost.
 Field proven COTS components reduce complexity and maximize system reliability.
 Open systems software is faster and cheaper to use than writing software from scratch.
 Standard operating systems ensure software migration and supportability.
 Changes in future application requirements can be met by upgrading with COTS.
 COTS components can be easily integrated into both new and legacy systems.

2. State of the Art Technology
 Rapid prototyping facilitates the use of the latest commercial technological advances.
 COTS is backwards-compatible with systems incorporating standard components.
 Reduced development time enables the implementation of successive refinements.
 Shorter design cycles facilitate the continuous insertion of newer and higher Performance

components at regular intervals over the life of a program.
 Early adaptation of state-of-the-art components helps maintain technological superiority.

3. Save Time
 Industry-standard COTS products feature published pricing and specifications.
 Published pricing minimizes the need for bidding and lowers system acquisition costs.
 COTS helps avoid Non-Reoccurring Engineering (NRE) product development charges.
 Life cycle costs are lower due to availability of industry-standard replacement parts.

4. Save Money
 Industry-standard COTS products feature published pricing and specifications.
 Published pricing minimizes the need for bidding and lowers system acquisition costs.
 COTS helps avoid Non-Reoccurring Engineering (NRE) product development charges.
 Life cycle costs are lower due to availability of industry-standard replacement parts.

5. Huge Selection
 A large selection is available of standard, modified, and custom COTS products.
 COTS components with similar specifications are available from a variety of vendors.
 The addition of COTS vendors dramatically expands the available DOD supplier base.
 Cyber Research offers One-Stop-Shopping with over 4,000 COTS products available.
 One of the major advantages of COTS software, which is mass-produced, is its relatively

low cost.
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