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Digital Logic Fundamentals 
Types of Computer 

Computers can be broadly classified by their speed and computing power. 

S.No. Type Specifications 

1 
PC (Personal 

Computer) 

It is a single user computer system having moderately 

powerful microprocessor 

2 Workstation 
It is also a single user computer system, similar to personal 

computer however has a more powerful microprocessor. 

3 Mini Computer 
It is a multi-user computer system, capable of supporting 

hundreds of users simultaneously. 

4 Main Frame 

It is a multi-user computer system, capable of supporting 

hundreds of users simultaneously. Software technology is 

different from minicomputer. 

5 Supercomputer 
It is an extremely fast computer, which can execute hundreds 

of millions of instructions per second. 

PC (Personal Computer) 
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A PC can be defined as a small, relatively inexpensive computer designed for an individual user. 

PCs are based on the microprocessor technology that enables manufacturers to put an entire CPU 

on one chip. Businesses use personal computers for word processing, accounting, desktop 

publishing, and for running spreadsheet and database management applications. At home, the 

most popular use for personal computers is playing games and surfing the Internet. 

Although personal computers are designed as single-user systems, these systems are normally 

linked together to form a network. In terms of power, now-a-days high-end models of the 

Macintosh and PC offer the same computing power and graphics capability as low-end 

workstations by Sun Microsystems, Hewlett-Packard, and Dell. 

Workstation 

 

Workstation is a computer used for engineering applications (CAD/CAM), desktop publishing, 

software development, and other such types of applications which require a moderate amount of 

computing power and relatively high quality graphics capabilities. 

Workstations generally come with a large, high-resolution graphics screen, large amount of RAM, 

inbuilt network support, and a graphical user interface. Most workstations also have mass storage 

device such as a disk drive, but a special type of workstation, called diskless workstation, comes 

without a disk drive. 

Common operating systems for workstations are UNIX and Windows NT. Like PC, workstations 

are also single-user computers like PC but are typically linked together to form a local-area 

network, although they can also be used as stand-alone systems. 

Minicomputer 

It is a midsize multi-processing system capable of supporting up to 250 users simultaneously. 
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Mainframe 

Mainframe is very large in size and is an expensive computer capable of supporting hundreds or 

even thousands of users simultaneously. Mainframe executes many programs concurrently and 

supports many simultaneous execution of programs. 

Computers can be generally classified by size and power as follows, though there is considerable 

overlap: 

 Personal computer: A small, single-user computer based on a microprocessor. 

 Workstation: A powerful, single-user computer. A workstation is like a personal 

computer, but it has a more powerful microprocessor and, in general, a higher-quality 

monitor. 

 Minicomputer: A multi-user computer capable of supporting up to hundreds of users 

simultaneously. 

 Mainframe: A powerful multi-user computer capable of supporting many hundreds or 

thousands of users simultaneously. 

 Supercomputer: An extremely fast computer that can perform hundreds of millions of 

instructions per second. 

Supercomputer  

Supercomputer is a broad term for one of the fastest computers currently available. 

Supercomputers are very expensive and are employed for specialized applications that require 

immense amounts of mathematical calculations (number crunching). For example, weather 

forecasting requires a supercomputer. Other uses of supercomputers scientific simulations, 

(animated) graphics, fluid dynamic calculations, nuclear energy research, electronic design, and 

analysis of geological data (e.g. in petrochemical prospecting). Perhaps the best known 

supercomputer manufacturer is Cray Research. 
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Mainframe  

Mainframe was a term originally referring to the cabinet containing the central processor unit or 

"main frame" of a room-filling Stone Age batch machine. After the emergence of smaller 

"minicomputer" designs in the early 1970s, the traditional big iron machines were described as 

"mainframe computers" and eventually just as mainframes. Nowadays a Mainframe is a very 

large and expensive computer capable of supporting hundreds, or even thousands, of users 

simultaneously. The chief difference between a supercomputer and a mainframe is that a 

supercomputer channels all its power into executing a few programs as fast as possible, whereas 

a mainframe uses its power to execute many programs concurrently. In some ways, mainframes 

are more powerful than supercomputers because they support more simultaneous programs. But 

supercomputers can execute a single program faster than a mainframe. The distinction between 

small mainframes and minicomputers is vague, depending really on how the manufacturer wants 

to market its machines. 

  

Minicomputer 

It is a midsize computer. In the past decade, the distinction between large minicomputers and 

small mainframes has blurred, however, as has the distinction between small minicomputers and 

workstations. But in general, a minicomputer is a multiprocessing system capable of supporting 

from up to 200 users simultaneously. 

  

Workstation 

It is a type of computer used for engineering applications (CAD/CAM), desktop publishing, 

software development, and other types of applications that require a moderate amount of 

computing power and relatively high quality graphics capabilities. Workstations generally come 

with a large, high-resolution graphics screen, at large amount of RAM, built-in network support, 

and a graphical user interface. Most workstations also have a mass storage device such as a disk 

drive, but a special type of workstation, called a diskless workstation, comes without a disk 

drive. The most common operating systems for workstations are UNIX and Windows NT. Like 

personal computers, most workstations are single-user computers. However, workstations are 

typically linked together to form a local-area network, although they can also be used as stand-

alone systems. 

N.B.: In networking, workstation refers to any computer connected to a local-area network. It 

could be a workstation or a personal computer. 
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Personal computer: 

It can be defined as a small, relatively inexpensive computer designed for an individual user. In 

price, personal computers range anywhere from a few hundred pounds to over five thousand 

pounds. All are based on the microprocessor technology that enables manufacturers to put an 

entire CPU on one chip. Businesses use personal computers for word processing, accounting, 

desktop publishing, and for running spreadsheet and database management applications. At 

home, the most popular use for personal computers is for playing games and recently for surfing 

the Internet. 

Personal computers first appeared in the late 1970s. One of the first and most popular personal 

computers was the Apple II, introduced in 1977 by Apple Computer. During the late 1970s and 

early 1980s, new models and competing operating systems seemed to appear daily. Then, in 

1981, IBM entered the fray with its first personal computer, known as the IBM PC. The IBM PC 

quickly became the personal computer of choice, and most other personal computer 

manufacturers fell by the wayside. P.C. is short for personal computer or IBM PC. One of the 

few companies to survive IBM's onslaught was Apple Computer, which remains a major player 

in the personal computer marketplace. Other companies adjusted to IBM's dominance by 

building IBM clones, computers that were internally almost the same as the IBM PC, but that 

cost less. Because IBM clones used the same microprocessors as IBM PCs, they were capable of 

running the same software. Over the years, IBM has lost much of its influence in directing the 

evolution of PCs. Therefore after the release of the first PC by IBM the term PC increasingly 

came to mean IBM or IBM-compatible personal computers, to the exclusion of other types of 

personal computers, such as Macintoshes. In recent years, the term PC has become more and 

more difficult to pin down. In general, though, it applies to any personal computer based on an 

Intel microprocessor, or on an Intel-compatible microprocessor. For nearly every other 

component, including the operating system, there are several options, all of which fall under the 

rubric of PC 

Today, the world of personal computers is basically divided between Apple Macintoshes and 

PCs. The principal characteristics of personal computers are that they are single-user systems and 

are based on microprocessors. However, although personal computers are designed as single-

user systems, it is common to link them together to form a network. In terms of power, there is 

great variety. At the high end, the distinction between personal computers and workstations has 

faded. High-end models of the Macintosh and PC offer the same computing power and graphics 

capability as low-end workstations by Sun Microsystems, Hewlett-Packard, and DEC. 

III Personal Computer Types 

Actual personal computers can be generally classified by size and chassis / case. The chassis or 

case is the metal frame that serves as the structural support for electronic components. Every 

computer system requires at least one chassis to house the circuit boards and wiring. The chassis 

also contains slots for expansion boards. If you want to insert more boards than there are slots, 

you will need an expansion chassis, which provides additional slots. There are two basic flavors 

of chassis designs–desktop models and tower models–but there are many variations on these two 

basic types. Then come the portable computers that are computers small enough to carry. 
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Portable computers include notebook and subnotebook computers, hand-held computers, 

palmtops, and PDAs. 

Tower model 

The term refers to a computer in which the power supply, motherboard, and mass storage devices 

are stacked on top of each other in a cabinet. This is in contrast to desktop models, in which 

these components are housed in a more compact box. The main advantage of tower models is 

that there are fewer space constraints, which makes installation of additional storage devices 

easier. 

Desktop model 

A computer designed to fit comfortably on top of a desk, typically with the monitor sitting on top 

of the computer. Desktop model computers are broad and low, whereas tower model computers 

are narrow and tall. Because of their shape, desktop model computers are generally limited to 

three internal mass storage devices. Desktop models designed to be very small are sometimes 

referred to as slimline models. 

Notebook computer 

An extremely lightweight personal computer. Notebook computers typically weigh less than 6 

pounds and are small enough to fit easily in a briefcase. Aside from size, the principal difference 

between a notebook computer and a personal computer is the display screen. Notebook 

computers use a variety of techniques, known as flat-panel technologies, to produce a 

lightweight and non-bulky display screen. The quality of notebook display screens varies 

considerably. In terms of computing power, modern notebook computers are nearly equivalent to 

personal computers. They have the same CPUs, memory capacity, and disk drives. However, all 

this power in a small package is expensive. Notebook computers cost about twice as much as 

equivalent regular-sized computers. Notebook computers come with battery packs that enable 

you to run them without plugging them in. However, the batteries need to be recharged every 

few hours. 

Laptop computer 

A small, portable computer -- small enough that it can sit on your lap. Nowadays, laptop 

computers are more frequently called notebook computers. 

Subnotebook computer 

A portable computer that is slightly lighter and smaller than a full-sized notebook computer. 

Typically, subnotebook computers have a smaller keyboard and screen, but are otherwise 

equivalent to notebook computers. 
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Hand-held computer 

A portable computer that is small enough to be held in one’s hand. Although extremely 
convenient to carry, handheld computers have not replaced notebook computers because of their 

small keyboards and screens. The most popular hand-held computers are those that are 

specifically designed to provide PIM (personal information manager) functions, such as a 

calendar and address book. Some manufacturers are trying to solve the small keyboard problem 

by replacing the keyboard with an electronic pen. However, these pen-based devices rely on 

handwriting recognition technologies, which are still in their infancy. Hand-held computers are 

also called PDAs, palmtops and pocket computers. 

Palmtop 

A small computer that literally fits in your palm. Compared to full-size computers, palmtops are 

severely limited, but they are practical for certain functions such as phone books and calendars. 

Palmtops that use a pen rather than a keyboard for input are often called hand-held computers or 

PDAs. Because of their small size, most palmtop computers do not include disk drives. However, 

many contain PCMCIA slots in which you can insert disk drives, modems, memory, and other 

devices. Palmtops are also called PDAs, hand-held computers and pocket computers. 

PDA 

Short for personal digital assistant, a handheld device that combines computing, telephone/fax, 

and networking features. A typical PDA can function as a cellular phone, fax sender, and 

personal organizer. Unlike portable computers, most PDAs are pen-based, using a stylus rather 

than a keyboard for input. This means that they also incorporate handwriting recognition 

features. Some PDAs can also react to voice input by using voice recognition technologies. The 

field of PDA was pioneered by Apple Computer, which introduced the Newton MessagePad in 

1993. Shortly thereafter, several other manufacturers offered similar products. To date, PDAs 

have had only modest success in the marketplace, due to their high price tags and limited 

applications. However, many experts believe that PDAs will eventually become common 

gadgets. 

PDAs are also called palmtops, hand-held computers and pocket computers. 
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Supercomputer 

Supercomputers are one of the fastest computers currently available. Supercomputers are very 

expensive and are employed for specialized applications that require immense amount of 

mathematical calculations (number crunching). 

 

For example, weather forecasting, scientific simulations, (animated) graphics, fluid dynamic 

calculations, nuclear energy research, electronic design, and analysis of geological data (e.g. in 

petrochemical prospecting). 

 

Input / Output Devices: 

 

Input Devices: 

1. Graphics Tablets 

2. Cameras 

3. Video Capture Hardware 

4. Trackballs 

5. Barcode reader 

6. Digital camera 

7. Gamepad 

8. Joystick 

9. Keyboard 

10. Microphone 
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11. MIDI keyboard 

12. Mouse (pointing device) 

13. Scanner 

14. Webcam 

15. Touchpads 

16. Pen Input 

17. Microphone 

18. Electronic Whiteboard 

19. OMR 

20. OCR 

21. Punch card reader 

22. MICR (Magnetic Ink character reader) 

23. Magnetic Tape Drive 

  

OUTPUT  DEVICES: 

1. Monitor (LED, LCD, CRT etc) 

2. Printers (all types) 

3. Plotters 

4. Projector 

5. LCD Projection Panels 

6. Computer Output Microfilm (COM) 

7. Speaker(s) 

8. Head Phone 

9. Visual Display Unit.   

10.  Film Recorder.    

11. Microfiche 
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Both Input–OutPut Devices: 

1. Modems 

2. Network cards 

3. Touch Screen 

4. Headsets (Headset consists of Speakers and Microphone.  

5. Speaker act Output Device and  Microphone act as Input device) 

6. Facsimile (FAX)  (It has scanner to scan the document and also  

7. have printer to Print the  document) 

8. Audio Cards / Sound Card 

Number system conversions- binary, octal, decimal and hexadecimal 

When we type some letters or words, the computer translates them in numbers as 

computers can understand only numbers. A computer can understand the positional 

number system where there are only a few symbols called digits and these symbols 

represent different values depending on the position they occupy in the number. 

The value of each digit in a number can be determined using − 

 The digit 

 The position of the digit in the number 

 The base of the number system (where the base is defined as the total number of digits 

available in the number system) 

Decimal Number System 

The number system that we use in our day-to-day life is the decimal number system. Decimal 

number system has base 10 as it uses 10 digits from 0 to 9. In decimal number system, the 

successive positions to the left of the decimal point represent units, tens, hundreds, thousands, 

and so on. 

Each position represents a specific power of the base (10). For example, the decimal number 

1234 consists of the digit 4 in the units position, 3 in the tens position, 2 in the hundreds position, 

and 1 in the thousands position. Its value can be written as 

(1 x 1000)+ (2 x 100)+ (3 x 10)+ (4 x l) 

(1 x 103)+ (2 x 102)+ (3 x 101)+ (4 x l00) 

1000 + 200 + 30 + 4 
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1234 

As a computer programmer or an IT professional, you should understand the following number 

systems which are frequently used in computers. 

S.No. Number System and Description 

1 
Binary Number System 

Base 2. Digits used : 0, 1 

2 
Octal Number System 

Base 8. Digits used : 0 to 7 

3 
Hexa Decimal Number System 

Base 16. Digits used: 0 to 9, Letters used : A- F 

Binary Number System 

Characteristics of the binary number system are as follows − 

Uses two digits, 0 and 1 

Also called as base 2 number system 

Each position in a binary number represents a 0 power of the base (2). Example 20 

Last position in a binary number represents a x power of the base (2). Example 

2x where x represents the last position - 1. 

Example 

Binary Number: 101012 

Calculating Decimal Equivalent − 

Step Binary Number Decimal Number 

Step 1 101012 ((1 x 24) + (0 x 23) + (1 x 22) + (0 x 21) + (1 x 20))10 

Step 2 101012 (16 + 0 + 4 + 0 + 1)10 

Step 3 101012 2110 
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Note − 101012 is normally written as 10101. 

Octal Number System 

Characteristics of the octal number system are as follows − 

Uses eight digits, 0,1,2,3,4,5,6,7 

Also called as base 8 number system 

Each position in an octal number represents a 0 power of the base (8). Example 80 

Last position in an octal number represents a x power of the base (8). Example 

8x where x represents the last position - 1 

Example 

Octal Number: 125708 

Calculating Decimal Equivalent − 

Step Octal Number Decimal Number 

Step 1 125708 ((1 x 84) + (2 x 83) + (5 x 82) + (7 x 81) + (0 x 80))10 

Step 2 125708 (4096 + 1024 + 320 + 56 + 0)10 

Step 3 125708 549610 

Note − 125708 is normally written as 12570. 

Hexadecimal Number System 

Characteristics of hexadecimal number system are as follows − 

Uses 10 digits and 6 letters, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, F 

Letters represent the numbers starting from 10. A = 10. B = 11, C = 12, D = 13, E = 14, F = 15 

Also called as base 16 number system 

Each position in a hexadecimal number represents a 0 power of the base (16). Example, 160 

Last position in a hexadecimal number represents a x power of the base (16). Example 

16x where x represents the last position - 1 

Example 

Hexadecimal Number: 19FDE16 
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Calculating Decimal Equivalent − 

Step Binary 

Number 

Decimal Number 

Step 1 19FDE16 ((1 x 164) + (9 x 163) + (F x 162) + (D x 161) + (E x 160))10 

Step 2 19FDE16 ((1 x 164) + (9 x 163) + (15 x 162) + (13 x 161) + (14 x 160))10 

Step 3 19FDE16 (65536+ 36864 + 3840 + 208 + 14)10 

Step 4 19FDE16 10646210 

Note − 19FDE16 is normally written as 19FDE. 
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Computer - Number Conversion 

There are many methods or techniques which can be used to convert numbers from one base to 

another. In this chapter, we'll demonstrate the following − 

 Decimal to Other Base System 

 Other Base System to Decimal 

 Other Base System to Non-Decimal 

 Shortcut method - Binary to Octal 

 Shortcut method - Octal to Binary 

 Shortcut method - Binary to Hexadecimal 

 Shortcut method - Hexadecimal to Binary 

Decimal to Other Base System 

Step 1 − Divide the decimal number to be converted by the value of the new base. 

Step 2 − Get the remainder from Step 1 as the rightmost digit (least significant digit) of the new 
base number. 

Step 3 − Divide the quotient of the previous divide by the new base. 

Step 4 − Record the remainder from Step 3 as the next digit (to the left) of the new base number. 

Repeat Steps 3 and 4, getting remainders from right to left, until the quotient becomes zero in 

Step 3. 

The last remainder thus obtained will be the Most Significant Digit (MSD) of the new base 

number. 

Example 

Decimal Number: 2910 
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Calculating Binary Equivalent − 

Step Operation Result Remainder 

Step 1 29 / 2 14 1 

Step 2 14 / 2 7 0 

Step 3 7 / 2 3 1 

Step 4 3 / 2 1 1 

Step 5 1 / 2 0 1 

As mentioned in Steps 2 and 4, the remainders have to be arranged in the reverse order so that the 

first remainder becomes the Least Significant Digit (LSD) and the last remainder becomes the 

Most Significant Digit (MSD). 

Decimal Number : 2910 = Binary Number : 111012. 

Other Base System to Decimal System 

Step 1 − Determine the column (positional) value of each digit (this depends on the position of 
the digit and the base of the number system). 

Step 2 − Multiply the obtained column values (in Step 1) by the digits in the corresponding 

columns. 

Step 3 − Sum the products calculated in Step 2. The total is the equivalent value in decimal. 

Example 

Binary Number: 111012 

Calculating Decimal Equivalent − 
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Step Binary Number Decimal Number 

Step 1 111012 ((1 x 24) + (1 x 23) + (1 x 22) + (0 x 21) + (1 x 20))10 

Step 2 111012 (16 + 8 + 4 + 0 + 1)10 

Step 3 111012 2910 

Binary Number : 111012 = Decimal Number : 2910 

Other Base System to Non-Decimal System 

Step 1 − Convert the original number to a decimal number (base 10). 

Step 2 − Convert the decimal number so obtained to the new base number. 

Example 

Octal Number : 258 

Calculating Binary Equivalent − 

Step 1 - Convert to Decimal 

Step Octal Number Decimal Number 

Step 1 258 ((2 x 81) + (5 x 80))10 

Step 2 258 (16 + 5)10 

Step 3 258 2110 

Octal Number : 258 = Decimal Number : 2110 

Step 2 - Convert Decimal to Binary 

Step Operation Result Remainder 
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Step 1 21 / 2 10 1 

Step 2 10 / 2 5 0 

Step 3 5 / 2 2 1 

Step 4 2 / 2 1 0 

Step 5 1 / 2 0 1 

Decimal Number : 2110 = Binary Number : 101012 

Octal Number : 258 = Binary Number : 101012 

Shortcut Method ─ Binary to Octal 

Step 1 − Divide the binary digits into groups of three (starting from the right). 

Step 2 − Convert each group of three binary digits to one octal digit. 

Example 

Binary Number : 101012 

Calculating Octal Equivalent − 

Step Binary Number Octal Number 

Step 1 101012 010 101 

Step 2 101012 28 58 

Step 3 101012 258 

Binary Number : 101012 = Octal Number : 258 
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Shortcut Method ─ Octal to Binary 

Step 1 − Convert each octal digit to a 3-digit binary number (the octal digits may be treated as 

decimal for this conversion). 

Step 2 − Combine all the resulting binary groups (of 3 digits each) into a single binary number. 

Example 

Octal Number : 258 

Calculating Binary Equivalent − 

Step Octal Number Binary Number 

Step 1 258 210 510 

Step 2 258 0102 1012 

Step 3 258 0101012 

Octal Number : 258 = Binary Number : 101012 

Shortcut Method ─ Binary to Hexadecimal 

Step 1 − Divide the binary digits into groups of four (starting from the right). 

Step 2 − Convert each group of four binary digits to one hexadecimal symbol. 

Example 

Binary Number : 101012 

Calculating hexadecimal Equivalent − 

Step Binary Number Hexadecimal Number 

Step 1 101012 0001 0101 
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Step 2 101012 110 510 

Step 3 101012 1516 

Binary Number : 101012 = Hexadecimal Number : 1516 

Shortcut Method - Hexadecimal to Binary 

Step 1 − Convert each hexadecimal digit to a 4-digit binary number (the hexadecimal digits may 

be treated as decimal for this conversion). 

Step 2 − Combine all the resulting binary groups (of 4 digits each) into a single binary number. 

Example 

Hexadecimal Number : 1516 

Calculating Binary Equivalent − 

Step Hexadecimal Number Binary Number 

Step 1 1516 110 510 

Step 2 1516 00012 01012 

Step 3 1516 000101012 

Hexadecimal Number : 1516 = Binary Number : 101012 
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Binary Codes 

In the coding, when numbers, letters or words are represented by a specific group of symbols, it 

is said that the number, letter or word is being encoded. The group of symbols is called as a code. 

The digital data is represented, stored and transmitted as group of binary bits. This group is also 

called as binary code. The binary code is represented by the number as well as alphanumeric 

letter. 

Advantages of Binary Code 

Following is the list of advantages that binary code offers. 

 Binary codes are suitable for the computer applications. 

 Binary codes are suitable for the digital communications. 

 Binary codes make the analysis and designing of digital circuits if we use the binary codes. 

 Since only 0 & 1 are being used, implementation becomes easy. 

Classification of binary codes 

The codes are broadly categorized into following four categories. 

 Weighted Codes 

 Non-Weighted Codes 

 Binary Coded Decimal Code 

 Alphanumeric Codes 

 Error Detecting Codes 

 Error Correcting Codes 

Weighted Codes 

Weighted binary codes are those binary codes which obey the positional weight principle. Each 

position of the number represents a specific weight. Several systems of the codes are used to 

express the decimal digits 0 through 9. In these codes each decimal digit is represented by a group 

of four bits. 
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Non-Weighted Codes 

In this type of binary codes, the positional weights are not assigned. The examples of non-

weighted codes are Excess-3 code and Gray code. 

Excess-3 code 

The Excess-3 code is also called as XS-3 code. It is non-weighted code used to express decimal 

numbers. The Excess-3 code words are derived from the 8421 BCD code words adding (0011)2 

or (3)10 to each code word in 8421. The excess-3 codes are obtained as follows − 

 

Example 

 

Gray Code 

It is the non-weighted code and it is not arithmetic codes. That means there are no specific weights 

assigned to the bit position. It has a very special feature that, only one bit will change each time 
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the decimal number is incremented as shown in fig. As only one bit changes at a time, the gray 

code is called as a unit distance code. The gray code is a cyclic code. Gray code cannot be used 

for arithmetic operation. 

 

Application of Gray code 

 Gray code is popularly used in the shaft position encoders. 

 A shaft position encoder produces a code word which represents the angular position of 

the shaft. 

Binary Coded Decimal (BCD) code 

In this code each decimal digit is represented by a 4-bit binary number. BCD is a way to express 

each of the decimal digits with a binary code. In the BCD, with four bits we can represent sixteen 

numbers (0000 to 1111). But in BCD code only first ten of these are used (0000 to 1001). The 

remaining six code combinations i.e. 1010 to 1111 are invalid in BCD. 
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Advantages of BCD Codes 

 It is very similar to decimal system. 

 We need to remember binary equivalent of decimal numbers 0 to 9 only. 

Disadvantages of BCD Codes 

 The addition and subtraction of BCD have different rules. 

 The BCD arithmetic is little more complicated. 

 BCD needs more number of bits than binary to represent the decimal number. So BCD is 

less efficient than binary. 

Alphanumeric codes 

A binary digit or bit can represent only two symbols as it has only two states '0' or '1'. But this is 

not enough for communication between two computers because there we need many more 

symbols for communication. These symbols are required to represent 26 alphabets with capital 

and small letters, numbers from 0 to 9, punctuation marks and other symbols. 

The alphanumeric codes are the codes that represent numbers and alphabetic characters. Mostly 

such codes also represent other characters such as symbol and various instructions necessary for 

conveying information. An alphanumeric code should at least represent 10 digits and 26 letters 

of alphabet i.e. total 36 items. The following three alphanumeric codes are very commonly used 

for the data representation. 

 American Standard Code for Information Interchange (ASCII). 

 Extended Binary Coded Decimal Interchange Code (EBCDIC). 

 Five bit Baudot Code. 

ASCII code is a 7-bit code whereas EBCDIC is an 8-bit code. ASCII code is more commonly 

used worldwide while EBCDIC is used primarily in large IBM computers. 

Error Codes 

There are binary code techniques available to detect and correct data during data transmission. 

Error Code Description 
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Error Detection and 

Correction  

Error detection and correction code techniques 

 

 

Codes Conversion 

There are many methods or techniques which can be used to convert code from one format to 

another. We'll demonstrate here the following 

 Binary to BCD Conversion 

 BCD to Binary Conversion 

 BCD to Excess-3 

 Excess-3 to BCD 

Binary to BCD Conversion 

Steps 

 Step 1 -- Convert the binary number to decimal. 

 Step 2 -- Convert decimal number to BCD. 

Example − convert (11101)2 to BCD. 

Step 1 − Convert to Decimal 
Binary Number − 111012 

Calculating Decimal Equivalent − 

Step Binary Number Decimal Number 

Step 1 111012 ((1 × 24) + (1 × 23) + (1 × 22) + (0 × 21) + (1 × 20))10 

Step 2 111012 (16 + 8 + 4 + 0 + 1)10 
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Step 3 111012 2910 

Binary Number − 111012 = Decimal Number − 2910 

Step 2 − Convert to BCD 

Decimal Number − 2910 

Calculating BCD Equivalent. Convert each digit into groups of four binary digits equivalent. 

Step Decimal Number Conversion 

Step 1 2910 00102 10012 

Step 2 2910 00101001BCD 

Result 

(11101)2 =  (00101001)BCD 

BCD to Binary Conversion 

Steps 

 Step 1 -- Convert the BCD number to decimal. 

 Step 2 -- Convert decimal to binary. 

Example − convert (00101001)BCD to Binary. 

Step 1 - Convert to BCD 

BCD Number − (00101001)BCD 

Calculating Decimal Equivalent. Convert each four digit into a group and get decimal equivalent 

for each group. 

Step BCD Number Conversion 
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Step 1 (00101001)BCD 00102 10012 

Step 2 (00101001)BCD 210 910 

Step 3 (00101001)BCD 2910 

BCD Number − (00101001)BCD = Decimal Number − 2910 

Step 2 - Convert to Binary 

Used long division method for decimal to binary conversion. 

Decimal Number − 2910 

Calculating Binary Equivalent − 

Step Operation Result Remainder 

Step 1 29 / 2 14 1 

Step 2 14 / 2 7 0 

Step 3 7 / 2 3 1 

Step 4 3 / 2 1 1 

Step 5 1 / 2 0 1 

As mentioned in Steps 2 and 4, the remainders have to be arranged in the reverse order so that the 

first remainder becomes the least significant digit (LSD) and the last remainder becomes the most 

significant digit (MSD). 

Decimal Number − 2910 = Binary Number − 111012 

Result 
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(00101001)BCD = (11101)2 

BCD to Excess-3 

Steps 

 Step 1 -- Convert BCD to decimal. 

 Step 2 -- Add (3)10 to this decimal number. 

 Step 3 -- Convert into binary to get excess-3 code. 

Example − convert (1001)BCD to Excess-3. 

Step 1 − Convert to decimal 
(1001)BCD = 910 

Step 2 − Add 3 to decimal 
(9)10 + (3)10 = (12)10 

Step 3 − Convert to Excess-3 

(12)10 = (1100)2 

Result 

(1001)BCD = (1100)XS-3 

Excess-3 to BCD Conversion 

Step1. 

Subtract (0011)2 from each 4 bit of excess-3 digit to obtain the corresponding BCD code. 

Example − convert (10011010)XS-3 to BCD. 

Given XS-3 number  = 1 0 0 1 1 0 1 0  

Subtract (0011)2   = 0 0 1 1 0 0 1 1 

                    -------------------- 

               BCD = 0 1 1 0   0 1 1 1 

Result 

(10011010)XS-3 = (01100111)BCD 
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logic gates 

Logic gates are the basic building blocks of any digital system. It is an electronic circuit having 

one or more than one input and only one output. The relationship between the input and the output 

is based on a certain logic. Based on this, logic gates are named as AND gate, OR gate, NOT gate 

etc. 

AND Gate 

A circuit which performs an AND operation is shown in figure. It has n input (n >= 2) and one 

output. 

 

Logic diagram 

 

Truth Table 

 

OR Gate 

A circuit which performs an OR operation is shown in figure. It has n input (n >= 2) and one 

output. 
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Logic diagram 

 

Truth Table 

 

NOT Gate 

NOT gate is also known as Inverter. It has one input A and one output Y. 

 

Logic diagram 

 

Truth Table 

 

NAND Gate 

A NOT-AND operation is known as NAND operation. It has n input (n >= 2) and one output. 
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Logic diagram 

 

Truth Table 

 

NOR Gate 

A NOT-OR operation is known as NOR operation. It has n input (n >= 2) and one output. 

 

Logic diagram 

 

Truth Table 

 

XOR Gate 
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XOR or Ex-OR gate is a special type of gate. It can be used in the half adder, full adder and 

subtractor. The exclusive-OR gate is abbreviated as EX-OR gate or sometime as X-OR gate. It 

has n input (n >= 2) and one output. 

 

Logic diagram 

 

Truth Table 

 

XNOR Gate 

XNOR gate is a special type of gate. It can be used in the half adder, full adder and subtractor. 

The exclusive-NOR gate is abbreviated as EX-NOR gate or sometime as X-NOR gate. It has n 

input (n >= 2) and one output. 

 

Logic diagram 
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Truth Table 
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Boolean Algebra 

Boolean Algebra is used to analyze and simplify the digital (logic) circuits. It uses only the binary 

numbers i.e. 0 and 1. It is also called as Binary Algebraor logical Algebra. Boolean algebra was 

invented by George Boole in 1854. 

Rule in Boolean Algebra 

Following are the important rules used in Boolean algebra. 

 Variable used can have only two values. Binary 1 for HIGH and Binary 0 for LOW. 

 Complement of a variable is represented by an overbar (-). Thus, complement of variable 

B is represented as . Thus if B = 0 then = 1 and B = 1 then  = 0. 

 ORing of the variables is represented by a plus (+) sign between them. For example ORing 

of A, B, C is represented as A + B + C. 

 Logical ANDing of the two or more variable is represented by writing a dot between them 

such as A.B.C. Sometime the dot may be omitted like ABC. 

Boolean Laws 

There are six types of Boolean Laws. 

Commutative law 

Any binary operation which satisfies the following expression is referred to as commutative 

operation. 

  

Commutative law states that changing the sequence of the variables does not have any effect on 

the output of a logic circuit. 

Associative law 

This law states that the order in which the logic operations are performed is irrelevant as their 

effect is the same. 
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Distributive law 

Distributive law states the following condition. 

 

AND law 

These laws use the AND operation. Therefore they are called as AND laws. 

 

OR law 

These laws use the OR operation. Therefore they are called as OR laws. 

 

INVERSION law 

This law uses the NOT operation. The inversion law states that double inversion of a variable 

results in the original variable itself. 

 

Important Boolean Theorems 

Following are few important boolean Theorems. 

Boolean function/theorems Description 

Boolean Functions  

Boolean Functions and Expressions, K-Map and NAND 

Gates realization 

De Morgan's Theorems  

De Morgan's Theorem 1 and Theorem 2 
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Boolean Expression ⁄ Function 

Boolean algebra deals with binary variables and logic operation. A Boolean Function is 

described by an algebraic expression called Boolean expressionwhich consists of binary 

variables, the constants 0 and 1, and the logic operation symbols. Consider the following example. 

 

Here the left side of the equation represents the output Y. So we can state equation no. 1 

 

Truth Table Formation 

A truth table represents a table having all combinations of inputs and their corresponding result. 

It is possible to convert the switching equation into a truth table. For example, consider the 

following switching equation. 

 

The output will be high (1) if A = 1 or BC = 1 or both are 1. The truth table for this equation is 

shown by Table (a). The number of rows in the truth table is 2n where n is the number of input 

variables (n=3 for the given equation). Hence there are 23 = 8 possible input combination of 

inputs. 

 

Methods to simplify the boolean function 
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The methods used for simplifying the Boolean function are as follows − 

 Karnaugh-map or K-map, and 

 NAND gate method. 

Karnaugh-map or K-map 

The Boolean theorems and the De-Morgan's theorems are useful in manipulating the logic 

expression. We can realize the logical expression using gates. The number of logic gates required 

for the realization of a logical expression should be reduced to a minimum possible value by K-

map method. This method can be done in two different ways, as discussed below. 

Sum of Products (SOP) Form 

It is in the form of sum of three terms AB, AC, BC with each individual term is a product of two 

variables. Say A.B or A.C etc. Therefore such expressions are known as expression in SOP form. 

The sum and products in SOP form are not the actual additions or multiplications. In fact they are 

the OR and AND functions. In SOP form, 0 represents a bar and 1 represents an unbar. SOP form 

is represented by . 

Given below is an example of SOP. 

 

Product of Sums (POS) Form 

It is in the form of product of three terms (A+B), (B+C), or (A+C) with each term is in the form 

of a sum of two variables. Such expressions are said to be in the product of sums (POS) form. In 

POS form, 0 represents an unbar and 1 represents a bar. POS form is represented by . 

Given below is an example of POS. 
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NAND gates Realization 

NAND gates can be used to simplify Boolean functions as shown in the example below. 
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De Morgan's Theorems 

De Morgan has suggested two theorems which are extremely useful in Boolean Algebra. The two 

theorems are discussed below. 

Theorem 1 

 

 The left hand side (LHS) of this theorem represents a NAND gate with inputs A and B, 

whereas the right hand side (RHS) of the theorem represents an OR gate with inverted 

inputs. 

 This OR gate is called as Bubbled OR. 

 

Table showing verification of the De Morgan's first theorem − 

 

Theorem 2 
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 The LHS of this theorem represents a NOR gate with inputs A and B, whereas the RHS 

represents an AND gate with inverted inputs. 

 This AND gate is called as Bubbled AND. 

 

Table showing verification of the De Morgan's second theorem − 

 

Simplification Using Algebraic Functions 

In this approach, one Boolean expression is minimized into an equivalent expression by applying 

Boolean identities. 

Problem 1 

Minimize the following Boolean expression using Boolean identities − 

F(A,B,C)=A′B+BC′+BC+AB′C′F(A,B,C)=A′B+BC′+BC+AB′C′ 

Solution 

Given, F(A,B,C)=A′B+BC′+BC+AB′C′F(A,B,C)=A′B+BC′+BC+AB′C′ 
Or,F(A,B,C)=A′B+(BC′+BC′)+BC+AB′C′F(A,B,C)=A′B+(BC′+BC′)+BC+AB′C′ 
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[By idempotent law, BC’ = BC’ + BC’] 

Or,F(A,B,C)=A′B+(BC′+BC)+(BC′+AB′C′)F(A,B,C)=A′B+(BC′+BC)+(BC′+AB′C′) 
Or,F(A,B,C)=A′B+B(C′+C)+C′(B+AB′)F(A,B,C)=A′B+B(C′+C)+C′(B+AB′) 
[By distributive laws] 

Or,F(A,B,C)=A′B+B.1+C′(B+A)F(A,B,C)=A′B+B.1+C′(B+A) 
[ (C' + C) = 1 and absorption law (B + AB')= (B + A)] 

Or,F(A,B,C)=A′B+B+C′(B+A)F(A,B,C)=A′B+B+C′(B+A) 
[ B.1 = B ] 

Or,F(A,B,C)=B(A′+1)+C′(B+A)F(A,B,C)=B(A′+1)+C′(B+A) 
Or,F(A,B,C)=B.1+C′(B+A)F(A,B,C)=B.1+C′(B+A) 
[ (A' + 1) = 1 ] 

Or,F(A,B,C)=B+C′(B+A)F(A,B,C)=B+C′(B+A) 
[ As, B.1 = B ] 

Or,F(A,B,C)=B+BC′+AC′F(A,B,C)=B+BC′+AC′ 
Or,F(A,B,C)=B(1+C′)+AC′F(A,B,C)=B(1+C′)+AC′ 
Or,F(A,B,C)=B.1+AC′F(A,B,C)=B.1+AC′ 
[As, (1 + C') = 1] 

Or,F(A,B,C)=B+AC′F(A,B,C)=B+AC′ 
[As, B.1 = B] 

So,F(A,B,C)=B+AC′F(A,B,C)=B+AC′is the minimized form. 

Problem 2 

Minimize the following Boolean expression using Boolean identities − 

F(A,B,C)=(A+B)(B+C)F(A,B,C)=(A+B)(B+C) 

Solution 

Given, F(A,B,C)=(A+B)(A+C)F(A,B,C)=(A+B)(A+C) 

Or, F(A,B,C)=A.A+A.C+B.A+B.CF(A,B,C)=A.A+A.C+B.A+B.C [Applying distributive Rule] 

Or, F(A,B,C)=A+A.C+B.A+B.CF(A,B,C)=A+A.C+B.A+B.C [Applying Idempotent Law] 

Or, F(A,B,C)=A(1+C)+B.A+B.CF(A,B,C)=A(1+C)+B.A+B.C [Applying distributive Law] 

Or, F(A,B,C)=A+B.A+B.CF(A,B,C)=A+B.A+B.C [Applying dominance Law] 
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Or, F(A,B,C)=(A+1).A+B.CF(A,B,C)=(A+1).A+B.C [Applying distributive Law] 

Or, F(A,B,C)=1.A+B.CF(A,B,C)=1.A+B.C [Applying dominance Law] 

Or, F(A,B,C)=A+B.CF(A,B,C)=A+B.C [Applying dominance Law] 

So, F(A,B,C)=A+BCF(A,B,C)=A+BC is the minimized form. 

Karnaugh Maps 

The Karnaugh map (K–map), introduced by Maurice Karnaughin in 1953, is a grid-like 

representation of a truth table which is used to simplify boolean algebra expressions. A Karnaugh 

map has zero and one entries at different positions. It provides grouping together Boolean 

expressions with common factors and eliminates unwanted variables from the expression. In a K-

map, crossing a vertical or horizontal cell boundary is always a change of only one variable. 

Example 1 

An arbitrary truth table is taken below − 

A B A operation B 

0 0 w 

0 1 x 

1 0 y 

1 1 z 

Now we will make a k-map for the above truth table − 

 

Example 2 

Now we will make a K-map for the expression − AB+ A’B’ 
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Simplification Using K-map 

K-map uses some rules for the simplification of Boolean expressions by combining together 

adjacent cells into single term. The rules are described below − 

Rule 1 − Any cell containing a zero cannot be grouped. 

 

Wrong grouping 

Rule 2 − Groups must contain 2n cells (n starting from 1). 

 

Wrong grouping 

Rule 3 − Grouping must be horizontal or vertical, but must not be diagonal. 
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Wrong diagonal grouping 

 

Proper vertical grouping 

 

Proper horizontal grouping 

Rule 4 − Groups must be covered as largely as possible. 

 

Insufficient grouping 
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Proper grouping 

Rule 5 − If 1 of any cell cannot be grouped with any other cell, it will act as a group itself. 

 

Proper grouping 

Rule 6 − Groups may overlap but there should be as few groups as possible. 

 

Proper grouping 

Rule 7 − The leftmost cell/cells can be grouped with the rightmost cell/cells and the topmost 

cell/cells can be grouped with the bottommost cell/cells. 
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Proper grouping 

Problem 

Minimize the following Boolean expression using K-map − 

F(A,B,C)=A′BC+A′BC′+AB′C′+AB′CF(A,B,C)=A′BC+A′BC′+AB′C′+AB′C 

Solution 

Each term is put into k-map and we get the following − 

 

K-map for F (A, B, C) 

Now we will group the cells of 1 according to the rules stated above − 

 

K-map for F (A, B, C) 

We have got two groups which are termed as A′BA′B and AB′AB′. 
Hence, F(A,B,C)=A′B+AB′=A⊕BF(A,B,C)=A′B+AB′=A⊕B. It is the minimized form. 
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Tabulation method  

 

Combinational circuit is a circuit in which we combine the different gates in the circuit, for 

example encoder, decoder, multiplexer and demultiplexer. Some of the characteristics of 

combinational circuits are following − 

 The output of combinational circuit at any instant of time, depends only on the levels 

present at input terminals. 

 The combinational circuit do not use any memory. The previous state of input does not 

have any effect on the present state of the circuit. 

 A combinational circuit can have an n number of inputs and m number of outputs. 

Block diagram 

 

We're going to elaborate few important combinational circuits as follows. 

Half Adder 

Half adder is a combinational logic circuit with two inputs and two outputs. The half adder circuit 

is designed to add two single bit binary number A and B. It is the basic building block for addition 

of two single bit numbers. This circuit has two outputs carry and sum. 

Block diagram 
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Truth Table 

 

Circuit Diagram 

 

Full Adder 

Full adder is developed to overcome the drawback of Half Adder circuit. It can add two one-bit 

numbers A and B, and carry c. The full adder is a three input and two output combinational circuit. 

Block diagram 
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Truth Table 

 

Circuit Diagram 

 

N-Bit Parallel Adder 

The Full Adder is capable of adding only two single digit binary number along with a carry input. 

But in practical we need to add binary numbers which are much longer than just one bit. To add 

two n-bit binary numbers we need to use the n-bit parallel adder. It uses a number of full adders 

in cascade. The carry output of the previous full adder is connected to carry input of the next full 

adder. 
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4 Bit Parallel Adder 

In the block diagram, A0 and B0 represent the LSB of the four bit words A and B. Hence Full 

Adder-0 is the lowest stage. Hence its Cin has been permanently made 0. The rest of the 

connections are exactly same as those of n-bit parallel adder is shown in fig. The four bit parallel 

adder is a very common logic circuit. 

Block diagram 

 

N-Bit Parallel Subtractor 

The subtraction can be carried out by taking the 1's or 2's complement of the number to be 

subtracted. For example we can perform the subtraction (A-B) by adding either 1's or 2's 

complement of B to A. That means we can use a binary adder to perform the binary subtraction. 

4 Bit Parallel Subtractor 

The number to be subtracted (B) is first passed through inverters to obtain its 1's complement. 

The 4-bit adder then adds A and 2's complement of B to produce the subtraction. 

S3 S2 S1 S0 represents the result of binary subtraction (A-B) and carry output Cout represents the 

polarity of the result. If A > B then Cout = 0 and the result of binary form (A-B) then Cout = 1 and 

the result is in the 2's complement form. 
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Block diagram 

 

Half Subtractors 

Half subtractor is a combination circuit with two inputs and two outputs (difference and borrow). 

It produces the difference between the two binary bits at the input and also produces an output 

(Borrow) to indicate if a 1 has been borrowed. In the subtraction (A-B), A is called as Minuend 

bit and B is called as Subtrahend bit. 

Truth Table 

 

Circuit Diagram 
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Full Subtractors 

The disadvantage of a half subtractor is overcome by full subtractor. The full subtractor is a 

combinational circuit with three inputs A,B,C and two output D and C'. A is the 'minuend', B is 

'subtrahend', C is the 'borrow' produced by the previous stage, D is the difference output and C' 

is the borrow output. 

Truth Table 

 

Circuit Diagram 

 

Multiplexers 

Multiplexer is a special type of combinational circuit. There are n-data inputs, one output and m 

select inputs with 2m = n. It is a digital circuit which selects one of the n data inputs and routes it 

to the output. The selection of one of the n inputs is done by the selected inputs. Depending on 
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the digital code applied at the selected inputs, one out of n data sources is selected and transmitted 

to the single output Y. E is called the strobe or enable input which is useful for the cascading. It 

is generally an active low terminal that means it will perform the required operation when it is 

low. 

Block diagram 

 

Multiplexers come in multiple variations 

 2 : 1 multiplexer 

 4 : 1 multiplexer 

 16 : 1 multiplexer 

 32 : 1 multiplexer 

Block Diagram 
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Truth Table 

 

Demultiplexers 

A demultiplexer performs the reverse operation of a multiplexer i.e. it receives one input and 

distributes it over several outputs. It has only one input, n outputs, m select input. At a time only 

one output line is selected by the select lines and the input is transmitted to the selected output 

line. A de-multiplexer is equivalent to a single pole multiple way switch as shown in fig. 

Demultiplexers comes in multiple variations. 

 1 : 2 demultiplexer 

 1 : 4 demultiplexer 

 1 : 16 demultiplexer 

 1 : 32 demultiplexer 

Block diagram 
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Truth Table 

 

Decoder 

A decoder is a combinational circuit. It has n input and to a maximum m = 2n outputs. Decoder 

is identical to a demultiplexer without any data input. It performs operations which are exactly 

opposite to those of an encoder. 

Block diagram 

 

Examples of Decoders are following. 

 Code converters 

 BCD to seven segment decoders 

 Nixie tube decoders 

 Relay actuator 

2 to 4 Line Decoder 

The block diagram of 2 to 4 line decoder is shown in the fig. A and B are the two inputs where D 

through D are the four outputs. Truth table explains the operations of a decoder. It shows that 

each output is 1 for only a specific combination of inputs. 
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Block diagram 

 

Truth Table 

 

Logic Circuit 
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Encoder 

Encoder is a combinational circuit which is designed to perform the inverse operation of the 

decoder. An encoder has n number of input lines and m number of output lines. An encoder 

produces an m bit binary code corresponding to the digital input number. The encoder accepts an 

n input digital word and converts it into an m bit another digital word. 

Block diagram 

 

Examples of Encoders are following. 

 Priority encoders 

 Decimal to BCD encoder 

 Octal to binary encoder 

 Hexadecimal to binary encoder 

Priority Encoder 

This is a special type of encoder. Priority is given to the input lines. If two or more input line are 

1 at the same time, then the input line with highest priority will be considered. There are four 

input D0, D1, D2, D3 and two output Y0, Y1. Out of the four input D3 has the highest priority and 

D0 has the lowest priority. That means if D3 = 1 then Y1 Y1 = 11 irrespective of the other inputs. 

Similarly if D3 = 0 and D2 = 1 then Y1 Y0 = 10 irrespective of the other inputs. 
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Block diagram 

 

Truth Table 

 

Logic Circuit 

 

The combinational circuit does not use any memory. Hence the previous state of input does not 

have any effect on the present state of the circuit. But sequential circuit has memory so output 

can vary based on input. This type of circuits uses previous input, output, clock and a memory 

element. 
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Block diagram 

 

 

 

Flip Flop 

Flip flop is a sequential circuit which generally samples its inputs and changes its outputs only at 

particular instants of time and not continuously. Flip flop is said to be edge sensitive or edge 

triggered rather than being level triggered like latches. 

S-R Flip Flop 

It is basically S-R latch using NAND gates with an additional enable input. It is also called as 

level triggered SR-FF. For this, circuit in output will take place if and only if the enable input (E) 

is made active. In short this circuit will operate as an S-R latch if E = 1 but there is no change in 

the output if E = 0. 

Block Diagram 
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Circuit Diagram 

 

Truth Table 

 

Operation 

S.N. Condition Operation 

1 S = R = 0 : No change If S = R = 0 then output of NAND gates 3 and 4 are forced 

to become 1. 

Hence R' and S' both will be equal to 1. Since S' and R' 

are the input of the basic S-R latch using NAND gates, 

there will be no change in the state of outputs. 

2 S = 0, R = 1, E = 1 Since S = 0, output of NAND-3 i.e. R' = 1 and E = 1 the 

output of NAND-4 i.e. S' = 0. 

Hence Qn+1 = 0 and Qn+1 bar = 1. This is reset condition. 
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3 S = 1, R = 0, E = 1 Output of NAND-3 i.e. R' = 0 and output of NAND-4 i.e. 

S' = 1. 

Hence output of S-R NAND latch is Qn+1 = 1 and Qn+1 bar 

= 0. This is the reset condition. 

4 S = 1, R = 1, E = 1 As S = 1, R = 1 and E = 1, the output of NAND gates 3 

and 4 both are 0 i.e. S' = R' = 0. 

Hence the Race condition will occur in the basic NAND 

latch. 

Master Slave JK Flip Flop 

Master slave JK FF is a cascade of two S-R FF with feedback from the output of second to input 

of first. Master is a positive level triggered. But due to the presence of the inverter in the clock 

line, the slave will respond to the negative level. Hence when the clock = 1 (positive level) the 

master is active and the slave is inactive. Whereas when clock = 0 (low level) the slave is active 

and master is inactive. 

Circuit Diagram 
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Truth Table 

 

Operation 

S.N. Condition Operation 

1 J = K = 0 (No change) When clock = 0, the slave becomes active and master is 

inactive. But since the S and R inputs have not changed, 

the slave outputs will also remain unchanged. Therefore 

outputs will not change if J = K =0. 

2 J = 0 and K = 1 (Reset) Clock = 1 − Master active, slave inactive. Therefore 
outputs of the master become Q1 = 0 and Q1 bar = 1. That 

means S = 0 and R =1. 

Clock = 0 − Slave active, master inactive. Therefore 
outputs of the slave become Q = 0 and Q bar = 1. 

Again clock = 1 − Master active, slave inactive. 
Therefore even with the changed outputs Q = 0 and Q 

bar = 1 fed back to master, its output will be Q1 = 0 and 

Q1 bar = 1. That means S = 0 and R = 1. 

Hence with clock = 0 and slave becoming active the 

outputs of slave will remain Q = 0 and Q bar = 1. Thus 

we get a stable output from the Master slave. 
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3 J = 1 and K = 0 (Set) Clock = 1 − Master active, slave inactive. Therefore 
outputs of the master become Q1 = 1 and Q1 bar = 0. That 

means S = 1 and R =0. 

Clock = 0 − Slave active, master inactive. Therefore 
outputs of the slave become Q = 1 and Q bar = 0. 

Again clock = 1 − then it can be shown that the outputs 
of the slave are stabilized to Q = 1 and Q bar = 0. 

4 J = K = 1 (Toggle) Clock = 1 − Master active, slave inactive. Outputs of 
master will toggle. So S and R also will be inverted. 

Clock = 0 − Slave active, master inactive. Outputs of 

slave will toggle. 

These changed output are returned back to the master 

inputs. But since clock = 0, the master is still inactive. So 

it does not respond to these changed outputs. This avoids 

the multiple toggling which leads to the race around 

condition. The master slave flip flop will avoid the race 

around condition. 

Delay Flip Flop / D Flip Flop 

Delay Flip Flop or D Flip Flop is the simple gated S-R latch with a NAND inverter connected 

between S and R inputs. It has only one input. The input data is appearing at the output after some 

time. Due to this data delay between i/p and o/p, it is called delay flip flop. S and R will be the 

complements of each other due to NAND inverter. Hence S = R = 0 or S = R = 1, these input 

condition will never appear. This problem is avoid by SR = 00 and SR = 1 conditions. 

Block Diagram 
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Circuit Diagram 

 

Truth Table 

 

Operation 

S.N. Condition Operation 

1 E = 0 Latch is disabled. Hence no change in output. 

2 E = 1 and D = 0 If E = 1 and D = 0 then S = 0 and R = 1. Hence irrespective of 

the present state, the next state is Qn+1 = 0 and Qn+1 bar = 1. This 

is the reset condition. 

3 E = 1 and D = 1 If E = 1 and D = 1, then S = 1 and R = 0. This will set the latch 

and Qn+1 = 1 and Qn+1 bar = 0 irrespective of the present state. 

Toggle Flip Flop / T Flip Flop 

Toggle flip flop is basically a JK flip flop with J and K terminals permanently connected together. 

It has only input denoted by T as shown in the Symbol Diagram. The symbol for positive edge 

triggered T flip flop is shown in the Block Diagram. 
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Symbol Diagram 

 

Block Diagram 

 

Truth Table 

 

Operation 

S.N. Condition Operation 

1 T = 0, J = K = 0 The output Q and Q bar won't change 

2 T = 1, J = K = 1 Output will toggle corresponding to every leading edge of clock 

signal. 
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Counter 

Counter is a sequential circuit. A digital circuit which is used for a counting pulses is known 

counter. Counter is the widest application of flip-flops. It is a group of flip-flops with a clock 

signal applied. Counters are of two types. 

 Asynchronous or ripple counters. 

 Synchronous counters. 

Asynchronous or ripple counters 

The logic diagram of a 2-bit ripple up counter is shown in figure. The toggle (T) flip-flop are 

being used. But we can use the JK flip-flop also with J and K connected permanently to logic 1. 

External clock is applied to the clock input of flip-flop A and QA output is applied to the clock 

input of the next flip-flop i.e. FF-B. 

Logical Diagram 

 

Operation 

S.N. Condition Operation 

1 Initially let both the FFs be in the reset state QBQA = 00 initially 

2 After 1st negative clock edge As soon as the first negative clock 

edge is applied, FF-A will toggle 

and QA will be equal to 1. 
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QA is connected to clock input of 

FF-B. Since QA has changed from 

0 to 1, it is treated as the positive 

clock edge by FF-B. There is no 

change in QB because FF-B is a 

negative edge triggered FF. 

QBQA = 01 after the first clock 

pulse. 

3 After 2nd negative clock edge On the arrival of second negative 

clock edge, FF-A toggles again 

and QA = 0. 

The change in QA acts as a 

negative clock edge for FF-B. So 

it will also toggle, and QBwill be 1. 

QBQA = 10 after the second clock 

pulse. 

4 After 3rd negative clock edge On the arrival of 3rd negative 

clock edge, FF-A toggles again 

and QA become 1 from 0. 

Since this is a positive going 

change, FF-B does not respond to 

it and remains inactive. So 

QB does not change and continues 

to be equal to 1. 

QBQA = 11 after the third clock 

pulse. 
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5 After 4th negative clock edge On the arrival of 4th negative 

clock edge, FF-A toggles again 

and QA becomes 1 from 0. 

This negative change in QAacts as 

clock pulse for FF-B. Hence it 

toggles to change QBfrom 1 to 0. 

QBQA = 00 after the fourth clock 

pulse. 

Truth Table 

 

 

Synchronous counters 

If the "clock" pulses are applied to all the flip-

flops in a counter simultaneously, then such a 

counter is called as synchronous counter. 

2-bit Synchronous up counter 

The JA and KA inputs of FF-A are tied to logic 

1. So FF-A will work as a toggle flip-flop. The 

JB and KB inputs are connected to QA. 

Logical Diagram 

 

Operation 

S.N. Condition Operation 
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1 Initially let both the FFs be in the reset state QBQA = 00 initially. 

2 After 1st negative clock edge As soon as the first negative clock 

edge is applied, FF-A will toggle 

and QA will change from 0 to 1. 

But at the instant of application of 

negative clock edge, QA , JB = 

KB = 0. Hence FF-B will not 

change its state. So QB will remain 

0. 

QBQA = 01 after the first clock 

pulse. 

3 After 2nd negative clock edge On the arrival of second negative 

clock edge, FF-A toggles again 

and QA changes from 1 to 0. 

But at this instant QA was 1. So 

JB = KB= 1 and FF-B will toggle. 

Hence QB changes from 0 to 1. 

QBQA = 10 after the second clock 

pulse. 

4 After 3rd negative clock edge On application of the third falling 

clock edge, FF-A will toggle from 

0 to 1 but there is no change of 

state for FF-B. 

QBQA = 11 after the third clock 

pulse. 
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5 After 4th negative clock edge On application of the next clock 

pulse, QA will change from 1 to 0 

as QB will also change from 1 to 0. 

QBQA = 00 after the fourth clock 

pulse. 

Classification of counters 

Depending on the way in which the counting progresses, the synchronous or asynchronous 

counters are classified as follows − 

 Up counters 

 Down counters 

 Up/Down counters 

UP/DOWN Counter 

Up counter and down counter is combined together to obtain an UP/DOWN counter. A mode 

control (M) input is also provided to select either up or down mode. A combinational circuit is 

required to be designed and used between each pair of flip-flop in order to achieve the up/down 

operation. 

 Type of up/down counters 

 UP/DOWN ripple counters 

 UP/DOWN synchronous counter 

UP/DOWN Ripple Counters 

In the UP/DOWN ripple counter all the FFs operate in the toggle mode. So either T flip-flops or 

JK flip-flops are to be used. The LSB flip-flop receives clock directly. But the clock to every 

other FF is obtained from (Q = Q bar) output of the previous FF. 

 UP counting mode (M=0) − The Q output of the preceding FF is connected to the clock 
of the next stage if up counting is to be achieved. For this mode, the mode select input M 

is at logic 0 (M=0). 

 DOWN counting mode (M=1) − If M = 1, then the Q bar output of the preceding FF is 
connected to the next FF. This will operate the counter in the counting mode. 
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Example 

3-bit binary up/down ripple counter. 

 3-bit − hence three FFs are required. 

 UP/DOWN − So a mode control input is essential. 

 For a ripple up counter, the Q output of preceding FF is connected to the clock input of the 

next one. 

 For a ripple up counter, the Q output of preceding FF is connected to the clock input of the 

next one. 

 For a ripple down counter, the Q bar output of preceding FF is connected to the clock input 

of the next one. 

 Let the selection of Q and Q bar output of the preceding FF be controlled by the mode 

control input M such that, If M = 0, UP counting. So connect Q to CLK. If M = 1, DOWN 

counting. So connect Q bar to CLK. 

Block Diagram 
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Truth Table 

 

Operation 

S.N. Condition Operation 

1 Case 1 − With M = 0 (Up counting mode) If M = 0 and M bar = 1, then the 

AND gates 1 and 3 in fig. will be 

enabled whereas the AND gates 2 

and 4 will be disabled. 

Hence QA gets connected to the 

clock input of FF-B and QBgets 

connected to the clock input of FF-

C. 

These connections are same as 

those for the normal up counter. 

Thus with M = 0 the circuit work as 

an up counter. 

2 Case 2: With M = 1 (Down counting mode) If M = 1, then AND gates 2 and 4 in 

fig. are enabled whereas the AND 

gates 1 and 3 are disabled. 

Hence QA bar gets connected to the 

clock input of FF-B and QB bar gets 
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connected to the clock input of FF-

C. 

These connections will produce a 

down counter. Thus with M = 1 the 

circuit works as a down counter. 

Modulus Counter (MOD-N Counter) 

The 2-bit ripple counter is called as MOD-4 counter and 3-bit ripple counter is called as MOD-8 

counter. So in general, an n-bit ripple counter is called as modulo-N counter. Where, MOD 

number = 2n. 

Type of modulus 

 2-bit up or down (MOD-4) 

 3-bit up or down (MOD-8) 

 4-bit up or down (MOD-16) 

Application of counters 

 Frequency counters 

 Digital clock 

 Time measurement 

 A to D converter 

 Frequency divider circuits 

 Digital triangular wave generator. 
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shift register 

Flip-flop is a 1 bit memory cell which can be used for storing the digital data. To increase the 

storage capacity in terms of number of bits, we have to use a group of flip-flop. Such a group of 

flip-flop is known as a Register. The n-bit register will consist of n number of flip-flop and it is 

capable of storing an n-bit word. 

The binary data in a register can be moved within the register from one flip-flop to another. The 

registers that allow such data transfers are called as shift registers. There are four mode of 

operations of a shift register. 

 Serial Input Serial Output 

 Serial Input Parallel Output 

 Parallel Input Serial Output 

 Parallel Input Parallel Output 

Serial Input Serial Output 

Let all the flip-flop be initially in the reset condition i.e. Q3 = Q2 = Q1 = Q0 = 0. If an entry of a 

four bit binary number 1 1 1 1 is made into the register, this number should be applied to Din bit 

with the LSB bit applied first. The D input of FF-3 i.e. D3 is connected to serial data input Din. 

Output of FF-3 i.e. Q3 is connected to the input of the next flip-flop i.e. D2 and so on. 

Block Diagram 

 

Operation 

Before application of clock signal, let Q3 Q2 Q1 Q0 = 0000 and apply LSB bit of the number to be 

entered to Din. So Din = D3 = 1. Apply the clock. On the first falling edge of clock, the FF-3 is set, 

and stored word in the register is Q3Q2 Q1 Q0 = 1000. 
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Apply the next bit to Din. So Din = 1. As soon as the next negative edge of the clock hits, FF-2 

will set and the stored word change to Q3 Q2 Q1 Q0 = 1100. 

 

Apply the next bit to be stored i.e. 1 to Din. Apply the clock pulse. As soon as the third negative 

clock edge hits, FF-1 will be set and output will be modified to Q3 Q2 Q1 Q0 = 1110. 

 

Similarly with Din = 1 and with the fourth negative clock edge arriving, the stored word in the 

register is Q3 Q2 Q1 Q0 = 1111. 

 

http://www.tnbedcsvips.in/trb-study-materials/



S.Purushothaman M.Sc B.Ed., 

 

Truth Table 

 

Waveforms 

 

Serial Input Parallel Output 

 In such types of operations, the data is entered serially and taken out in parallel fashion. 

 Data is loaded bit by bit. The outputs are disabled as long as the data is loading. 

 As soon as the data loading gets completed, all the flip-flops contain their required data, 

the outputs are enabled so that all the loaded data is made available over all the output 

lines at the same time. 

 4 clock cycles are required to load a four bit word. Hence the speed of operation of SIPO 

mode is same as that of SISO mode. 
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Block Diagram 

 

Parallel Input Serial Output (PISO) 

 Data bits are entered in parallel fashion. 

 The circuit shown below is a four bit parallel input serial output register. 

 Output of previous Flip Flop is connected to the input of the next one via a combinational 

circuit. 

 The binary input word B0, B1, B2, B3 is applied though the same combinational circuit. 

 There are two modes in which this circuit can work namely - shift mode or load mode. 

Load mode 

When the shift/load bar line is low (0), the AND gate 2, 4 and 6 become active they will pass B1, 

B2, B3 bits to the corresponding flip-flops. On the low going edge of clock, the binary input B0, 

B1, B2, B3 will get loaded into the corresponding flip-flops. Thus parallel loading takes place. 

Shift mode 

When the shift/load bar line is low (1), the AND gate 2, 4 and 6 become inactive. Hence the 

parallel loading of the data becomes impossible. But the AND gate 1,3 and 5 become active. 

Therefore the shifting of data from left to right bit by bit on application of clock pulses. Thus the 

parallel in serial out operation takes place. 
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Block Diagram 

 

Parallel Input Parallel Output (PIPO) 

In this mode, the 4 bit binary input B0, B1, B2, B3 is applied to the data inputs D0, D1, D2, 

D3 respectively of the four flip-flops. As soon as a negative clock edge is applied, the input binary 

bits will be loaded into the flip-flops simultaneously. The loaded bits will appear simultaneously 

to the output side. Only clock pulse is essential to load all the bits. 

Block Diagram 

 

Bidirectional Shift Register 

 If a binary number is shifted left by one position then it is equivalent to multiplying the 

original number by 2. Similarly if a binary number is shifted right by one position then it 

is equivalent to dividing the original number by 2. 
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 Hence if we want to use the shift register to multiply and divide the given binary number, 

then we should be able to move the data in either left or right direction. 

 Such a register is called bi-directional register. A four bit bi-directional shift register is 

shown in fig. 

 There are two serial inputs namely the serial right shift data input DR, and the serial left 

shift data input DL along with a mode select input (M). 

Block Diagram 

 

Operation 

S.N. Condition Operation 

1 With M = 1 − Shift right operation If M = 1, then the AND gates 1, 3, 5 and 7 

are enabled whereas the remaining AND 

gates 2, 4, 6 and 8 will be disabled. 

The data at DR is shifted to right bit by bit 

from FF-3 to FF-0 on the application of 

clock pulses. Thus with M = 1 we get the 

serial right shift operation. 

2 With M = 0 − Shift left operation When the mode control M is connected to 0 

then the AND gates 2, 4, 6 and 8 are enabled 

while 1, 3, 5 and 7 are disabled. 
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The data at DL is shifted left bit by bit from 

FF-0 to FF-3 on the application of clock 

pulses. Thus with M = 0 we get the serial 

right shift operation. 

Universal Shift Register 

A shift register which can shift the data in only one direction is called a uni-directional shift 

register. A shift register which can shift the data in both directions is called a bi-directional shift 

register. Applying the same logic, a shift register which can shift the data in both directions as 

well as load it parallely, is known as a universal shift register. The shift register is capable of 

performing the following operation − 

 Parallel loading 

 Lift shifting 

 Right shifting 

The mode control input is connected to logic 1 for parallel loading operation whereas it is 

connected to 0 for serial shifting. With mode control pin connected to ground, the universal shift 

register acts as a bi-directional register. For serial left operation, the input is applied to the serial 

input which goes to AND gate-1 shown in figure. Whereas for the shift right operation, the serial 

input is applied to D input. 

 

 

 

 

 

 

http://www.tnbedcsvips.in/trb-study-materials/



S.Purushothaman M.Sc B.Ed., 

 

Digital Transmission 

Data or information can be stored in two ways, analog and digital. For a computer to use 

the data, it must be in discrete digital form.Similar to data, signals can also be in analog and digital 

form. To transmit data digitally, it needs to be first converted to digital form. 

Digital-to-Digital Conversion 

This section explains how to convert digital data into digital signals. It can be done in two ways, 

line coding and block coding. For all communications, line coding is necessary whereas block 

coding is optional. 

Line Coding 

The process for converting digital data into digital signal is said to be Line Coding. Digital data 

is found in binary format.It is represented (stored) internally as series of 1s and 0s. 

 

Digital signal is denoted by discreet signal, which represents digital data.There are three types of 

line coding schemes available: 

 

Uni-polar Encoding 

Unipolar encoding schemes use single voltage level to represent data. In this case, to represent 

binary 1, high voltage is transmitted and to represent 0, no voltage is transmitted. It is also called 

Unipolar-Non-return-to-zero, because there is no rest condition i.e. it either represents 1 or 0. 
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Polar Encoding 

Polar encoding scheme uses multiple voltage levels to represent binary values. Polar encodings 

is available in four types: 

 Polar Non-Return to Zero (Polar NRZ) 

It uses two different voltage levels to represent binary values. Generally, positive voltage 

represents 1 and negative value represents 0. It is also NRZ because there is no rest 

condition. 

NRZ scheme has two variants: NRZ-L and NRZ-I. 

 

NRZ-L changes voltage level at when a different bit is encountered whereas NRZ-I 

changes voltage when a 1 is encountered. 

 Return to Zero (RZ) 

Problem with NRZ is that the receiver cannot conclude when a bit ended and when the 

next bit is started, in case when sender and receiver’s clock are not synchronized. 
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RZ uses three voltage levels, positive voltage to represent 1, negative voltage to represent 

0 and zero voltage for none. Signals change during bits not between bits. 

 Manchester 

This encoding scheme is a combination of RZ and NRZ-L. Bit time is divided into two 

halves. It transits in the middle of the bit and changes phase when a different bit is 

encountered. 

 Differential Manchester 

This encoding scheme is a combination of RZ and NRZ-I. It also transit at the middle of 

the bit but changes phase only when 1 is encountered. 

Bipolar Encoding 

Bipolar encoding uses three voltage levels, positive, negative and zero. Zero voltage represents 

binary 0 and bit 1 is represented by altering positive and negative voltages. 

 

Block Coding 

To ensure accuracy of the received data frame redundant bits are used. For example, in even-

parity, one parity bit is added to make the count of 1s in the frame even. This way the original 

number of bits is increased. It is called Block Coding. 
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Block coding is represented by slash notation, mB/nB.Means, m-bit block is substituted with n-

bit block where n > m. Block coding involves three steps: 

 Division, 

 Substitution 

 Combination. 

After block coding is done, it is line coded for transmission. 

Analog-to-Digital Conversion 

Microphones create analog voice and camera creates analog videos, which are treated is analog 

data. To transmit this analog data over digital signals, we need analog to digital conversion. 

Analog data is a continuous stream of data in the wave form whereas digital data is discrete. To 

convert analog wave into digital data, we use Pulse Code Modulation (PCM). 

PCM is one of the most commonly used method to convert analog data into digital form. It 

involves three steps: 

 Sampling 

 Quantization 

 Encoding. 

Sampling 

 

The analog signal is sampled every T interval. Most important factor in sampling is the rate at 

which analog signal is sampled. According to Nyquist Theorem, the sampling rate must be at 

least two times of the highest frequency of the signal. 
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Quantization 

 

Sampling yields discrete form of continuous analog signal. Every discrete pattern shows the 

amplitude of the analog signal at that instance. The quantization is done between the maximum 

amplitude value and the minimum amplitude value. Quantization is approximation of the 

instantaneous analog value. 

Encoding 

 

In encoding, each approximated value is then converted into binary format. 

Transmission Modes 

The transmission mode decides how data is transmitted between two computers.The binary data 

in the form of 1s and 0s can be sent in two different modes: Parallel and Serial. 

Parallel Transmission 

 

The binary bits are organized in-to groups of fixed length. Both sender and receiver are connected 

in parallel with the equal number of data lines. Both computers distinguish between high order 
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and low order data lines. The sender sends all the bits at once on all lines.Because the data lines 

are equal to the number of bits in a group or data frame, a complete group of bits (data frame) is 

sent in one go. Advantage of Parallel transmission is high speed and disadvantage is the cost of 

wires, as it is equal to the number of bits sent in parallel. 

Serial Transmission 

In serial transmission, bits are sent one after another in a queue manner. Serial transmission 

requires only one communication channel. 

 

Serial transmission can be either asynchronous or synchronous. 

Asynchronous Serial Transmission 

It is named so because there’is no importance of timing. Data-bits have specific pattern and they 

help receiver recognize the start and end data bits.For example, a 0 is prefixed on every data byte 

and one or more 1s are added at the end. 

Two continuous data-frames (bytes) may have a gap between them. 

Synchronous Serial Transmission 

Timing in synchronous transmission has importance as there is no mechanism followed to 

recognize start and end data bits.There is no pattern or prefix/suffix method. Data bits are sent in 

burst mode without maintaining gap between bytes (8-bits). Single burst of data bits may contain 

a number of bytes. Therefore, timing becomes very important. 

It is up to the receiver to recognize and separate bits into bytes.The advantage of synchronous 

transmission is high speed, and it has no overhead of extra header and footer bits as in 

asynchronous transmission. 
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DCN - Analog Transmission 

 

To send the digital data over an analog media, it needs to be converted into analog signal.There 

can be two cases according to data formatting. 

Bandpass:The filters are used to filter and pass frequencies of interest. A bandpass is a band of 

frequencies which can pass the filter. 

Low-pass: Low-pass is a filter that passes low frequencies signals. 

When digital data is converted into a bandpass analog signal, it is called digital-to-analog 

conversion. When low-pass analog signal is converted into bandpass analog signal, it is called 

analog-to-analog conversion. 

Digital-to-Analog Conversion 

When data from one computer is sent to another via some analog carrier, it is first converted into 

analog signals. Analog signals are modified to reflect digital data. 

An analog signal is characterized by its amplitude, frequency, and phase. There are three kinds 

of digital-to-analog conversions: 

 Amplitude Shift Keying 

In this conversion technique, the amplitude of analog carrier signal is modified to reflect 

binary data. 

 

When binary data represents digit 1, the amplitude is held; otherwise it is set to 0. Both 

frequency and phase remain same as in the original carrier signal. 
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 Frequency Shift Keying 

In this conversion technique, the frequency of the analog carrier signal is modified to 

reflect binary data. 

 

This technique uses two frequencies, f1 and f2. One of them, for example f1, is chosen to 

represent binary digit 1 and the other one is used to represent binary digit 0. Both 

amplitude and phase of the carrier wave are kept intact. 

 Phase Shift Keying 

In this conversion scheme, the phase of the original carrier signal is altered to reflect the 

binary data. 

 

When a new binary symbol is encountered, the phase of the signal is altered. Amplitude 

and frequency of the original carrier signal is kept intact. 

 Quadrature Phase Shift Keying 
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QPSK alters the phase to reflect two binary digits at once. This is done in two different 

phases. The main stream of binary data is divided equally into two sub-streams. The serial 

data is converted in to parallel in both sub-streams and then each stream is converted to 

digital signal using NRZ technique. Later, both the digital signals are merged together. 

Analog-to-Analog Conversion 

Analog signals are modified to represent analog data. This conversion is also known as Analog 

Modulation. Analog modulation is required when bandpass is used. Analog to analog conversion 

can be done in three ways: 

 

 Amplitude Modulation 

In this modulation, the amplitude of the carrier signal is modified to reflect the analog 

data. 

 

Amplitude modulation is implemented by means of a multiplier. The amplitude of 

modulating signal (analog data) is multiplied by the amplitude of carrier frequency, which 

then reflects analog data. 

The frequency and phase of carrier signal remain unchanged. 
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 Frequency Modulation 

In this modulation technique, the frequency of the carrier signal is modified to reflect the 

change in the voltage levels of the modulating signal (analog data). 

 

The amplitude and phase of the carrier signal are not altered. 

 Phase Modulation 

In the modulation technique, the phase of carrier signal is modulated in order to reflect 

the change in voltage (amplitude) of analog data signal. 
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Phase modulation is practically similar to Frequency Modulation, but in Phase modulation 

frequency of the carrier signal is not increased. Frequency of carrier is signal is changed 

(made dense and sparse) to reflect voltage change in the amplitude of modulating signal. 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.tnbedcsvips.in/trb-study-materials/



S.Purushothaman M.Sc B.Ed., 

 

Types of RAM and ROM 

RAM (Random Access Memory) is the internal memory of the CPU for storing data, program, 

and program result. It is a read/write memory which stores data until the machine is working. 

As soon as the machine is switched off, data is erased. 

 

Access time in RAM is independent of the address, that is, each storage location inside the 

memory is as easy to reach as other locations and takes the same amount of time. Data in the 

RAM can be accessed randomly but it is very expensive. 

RAM is volatile, i.e. data stored in it is lost when we switch off the computer or if there is a power 

failure. Hence, a backup Uninterruptible Power System (UPS) is often used with computers. 

RAM is small, both in terms of its physical size and in the amount of data it can hold. 

RAM is of two types − 

 Static RAM (SRAM) 

 Dynamic RAM (DRAM) 

Static RAM (SRAM) 

The word static indicates that the memory retains its contents as long as power is being supplied. 

However, data is lost when the power gets down due to volatile nature. SRAM chips use a matrix 

of 6-transistors and no capacitors. Transistors do not require power to prevent leakage, so SRAM 

need not be refreshed on a regular basis. 

There is extra space in the matrix, hence SRAM uses more chips than DRAM for the same amount 

of storage space, making the manufacturing costs higher. SRAM is thus used as cache memory 

and has very fast access. 
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Characteristic of Static RAM 

 Long life 

 No need to refresh 

 Faster 

 Used as cache memory 

 Large size 

 Expensive 

 High power consumption 

Dynamic RAM (DRAM) 

DRAM, unlike SRAM, must be continually refreshed in order to maintain the data. This is done 

by placing the memory on a refresh circuit that rewrites the data several hundred times per second. 

DRAM is used for most system memory as it is cheap and small. All DRAMs are made up of 

memory cells, which are composed of one capacitor and one transistor. 

Characteristics of Dynamic RAM 

 Short data lifetime 

 Needs to be refreshed continuously 

 Slower as compared to SRAM 

 Used as RAM 

 Smaller in size 

 Less expensive 

 Less power consumption 

Key Difference:  RAM stands for Random Access Memory. It refers to a common type of 

computer memory which can be accessed randomly. It is mainly of two types – Static RAM 

and Dynamic RAM. 

RAM stands for Random Access Memory. It is a type of computer data storage which is also 

known as the working memory of the computer.  Memory in computers assists in storing a large 

amount of data. RAM provides temporary storage in a computer system. The nature of most 

RAMs is volatile, which means that it only retains memory until the power is attached. It is 

known as Random memory as the memory cells can be accessed from or to any locations, and 

the access to these memory cells takes the same time without taking any account of the exact 

location. 
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RAMS are generally classified into SRAM and DRAM. 

SRAM – It stands for Static Random Access Memory. Flip 

flops are used for retaining memory by SRAM. Four to six transistors are used by flip flops for a 

memory cell. This memory can story information till the power supply is on. This memory is 

faster than DRAM and is expensive.  These are mainly used in processor’s cache memory .It 
does not require refreshing, as it is quiet faster in comparison to some other types. 

DRAM – It stands for Dynamic Random Access Memory. It 

makes use of a transistor and a capacitor to form a memory cell standing for a single bit of 

data.  They are not able to retain information for a longer time even if the power supply is on 

throughout. Therefore, it needs refreshing dynamically, and therefore is known as the dynamic 

type of memory. This is the most common type of computer memory.  It provides more memory 

per chip due to lesser number of components in comparison to SRAM. It is slower and less 

expensive than SRAM. This type of memory is primarily used for creating a large system RAM 

space. 

Apart from SRAM and DRAM, some other types of RAM are – 

FPM DRAM – It stands for Fast Page Mode Dynamic 

Random Access Memory.  This memory is little faster in comparison to conventional DRAM. 

The access time is improved for this memory as it sends row address only once for accessing the 

neighboring locations in memory.  Despite of its name, it is still one of the slowest Rams used 

today. This memory is not considered good for high speed memory buses over 66 MHz. 
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EDO DRAM – It stands for Extended Data Output Dynamic 

Random Access Memory. It can be seen as an improved version of FPM, as it can retain data 

valid for a longer period than FPM. Due to this feature, it is known as the extended out. It started 

replacing FPM DRAM in 1993. It stores 265 bytes of data information into laches and these 

latches hold next same amount of information. This arrangement makes it possible for programs 

to be executed sequentially without any delay. 

SDRAM – It stands for Synchronous Dynamic Random access 

memory. The word synchronized refers to its synchronization feature with the system bus. It 

requires a startup sequence just like DRAM, however signal generation is not that difficult in this 

as in DRAM. It is twice as faster as EDO DRAM. One of the major disadvantages of using 

SDRAM is that it works in Single Data Rate which allows it to carry out only a single task per 

clock cycle. Due to this disadvantage of SDRAM, Double Data Rate SDRAM was introduced 

later. 

DDR SDRAM – It stands for Double Data Rate. 

SDRAM were introduced in order to give an alternative to Single Data Rate SDRAM. It provides 

better speed than SDRAM and that too by consuming a lesser amount of energy. The transfer 

rate of data became just doubles as it is capable of sending data on both edges of the clock. These 

memories are labeled with names like PCXXXX where XXXX depicts the speed in Mo/sec. 

DDR2 SDRAM – In 2003, DDR2 SDRAM emerged. It stands for Double Data Rate type 2 

SSDRAM. It also doubled the speed of DDR SDRAM belonging to the first generation. The 

standards for DDR2 vary from 4oo to 800 or even higher. It performance is better than DDR as 

its input/output buffer frequency is doubled. These chips may also appear different than DDR 

ones as most DDR chips use TSOP-II form factor, whereas DDR2 uses FBGA form factor. 
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DDR3 SDRAM – It stands for Double Data Rate Type 3 Synchronized Dynamic Random 

Access Memory.  This memory was introduced in 2007. It is also considered to be an improved 

version of DDE2 types as it also doubles the speed of DDR2, again with lesser power 

consumption. It is the one which is prevailing in the market currently. However, soon can to be 

replaced by the DDR4. Its transfer rates ranges from 800 to 1600 Mbps. 

DDR4 SDRAM – It stands for Double Data Rate Type 4 Synchronous Dynamic Random Access 

Memory. This RAM is a higher speed successor to the technology used by DDR3. This is the 

latest variant in this field.  This provides better system level reliability, capacity, performance 

scalability and power efficiency in comparison to the previous DDR 3 ones. As the technology is 

new, it must keep few points in mind like it must work for reducing the changes that hinder 

design migration. 

Apart from these RAMs there are some other RAMs like – NVRAM which stands for Non-

volatile random access memory. This memory is different from other RAMs as it retains the 

information even if power is turned off. This feature makes it different from SRAMs and 

DRAMs. Another non-volatile memory is ferroelectric RAM. It does not require a separate 

battery like NVRAM. 

Read Only Memory 

ROM stands for Read Only Memory. The memory from which we can only read but cannot 

write on it. This type of memory is non-volatile. The information is stored permanently in such 

memories during manufacture. A ROM stores such instructions that are required to start a 

computer. This operation is referred to as bootstrap. ROM chips are not only used in the 

computer but also in other electronic items like washing machine and microwave oven. 

 

Let us now discuss the various types of ROMs and their characteristics. 

MROM (Masked ROM) 

The very first ROMs were hard-wired devices that contained a pre-programmed set of data or 

instructions. These kind of ROMs are known as masked ROMs, which are inexpensive. 

PROM (Programmable Read Only Memory) 
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PROM is read-only memory that can be modified only once by a user. The user buys a blank 

PROM and enters the desired contents using a PROM program. Inside the PROM chip, there are 

small fuses which are burnt open during programming. It can be programmed only once and is 

not erasable. 

EPROM (Erasable and Programmable Read Only Memory) 

EPROM can be erased by exposing it to ultra-violet light for a duration of up to 40 minutes. 

Usually, an EPROM eraser achieves this function. During programming, an electrical charge is 

trapped in an insulated gate region. The charge is retained for more than 10 years because the 

charge has no leakage path. For erasing this charge, ultra-violet light is passed through a quartz 

crystal window (lid). This exposure to ultra-violet light dissipates the charge. During normal use, 

the quartz lid is sealed with a sticker. 

EEPROM (Electrically Erasable and Programmable Read Only Memory)  

EEPROM is programmed and erased electrically. It can be erased and reprogrammed about ten 

thousand times. Both erasing and programming take about 4 to 10 ms (millisecond). In EEPROM, 

any location can be selectively erased and programmed. EEPROMs can be erased one byte at a 

time, rather than erasing the entire chip. Hence, the process of reprogramming is flexible but slow. 

Advantages of ROM 

The advantages of ROM are as follows − 

 Non-volatile in nature 

 Cannot be accidentally changed 

 Cheaper than RAMs 

 Easy to test 

 More reliable than RAMs 

 Static and do not require refreshing 

 Contents are always known and can be verified 
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