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DETAILS OF SUBJECT PRE-REQUISITES

Year /Sem: IlI-I SEM Branch: EEE

Subject (Code): DIGITAL CIRCUITS AND SYSTEMS (15A04510)

S.NO Pre-Requisites

Basic idea about types of signals (Analog & Digital)

Basic idea about circuits

Basic logic operations like bit wise operations, Shift operations, ASCII

codes.

Idea on types of Memories

Knowledge on circuit analysis or analog electronics.




1. INTRODUCTION

An electronic circuit is composed of individual electronic components, such as resistors,
transistors, capacitors, inductors and diodes are connected by conductive wires or traces through
which electric current can flow. The combination of components and wires allows various
simple and complex operations involving amplification of signals, performing computations, and

moving data from one place to another

An electronic circuit can usually be categorized as an analog circuit, a digital circuit, or a

mixed-signal circuit (a combination of analog circuits and digital circuits).

Analog electronic circuits are those in which current or voltage may vary continuously
with time to correspond to the information being represented. Analog circuitry is constructed
from two fundamental building blocks: series and parallel circuits. In a series circuit, the same
current passes through a series of components. In a parallel circuit, all the components are
connected to the same voltage, and the current divides between the various components
according to their resistance. Analog circuits are usually much more susceptible to noise (small,

undesired variations in voltage). Small changes in the voltage level of an analog signal may

produce significant errors when being processed.

Digital circuits operate using digital, discrete signals. These circuits are usually made of a
combination of transistors and logic gates and, at higher levels, microcontrollers or other
computing chips. Information storage can be easier in digital systems than in analog ones. The
noise-immunity of digital systems permits data to be stored and retrieved without degradation. In
an analog system, noise from aging and wear degrade the information stored. In a digital system,

as long as the total noise is below a certain level, the information can be recovered perfectly.



https://learn.sparkfun.com/tutorials/digital-logic/combinational-logic

Digital circuits are used to build many kinds of computer circuits such as

Flip-flops

Counters

A/D and D/A converters

Memory circuits

Mixed-signal or hybrid circuits contain elements of both analog and digital circuits.
Examples include comparators, timers, phase-locked loops, analog to digital converters and
digital to analog convers. Most modern radio and communications circuitry uses mixed signal

circuits.

2. DIGITAL, ANALOG SIGNALS & SYSTEM

Signals carry information and are defined as any physical quantity that varies with time,
space, or any other independent variable. There are two types of signals: analog and digital

signals.

Analog signal is a kind of continuous wave form that changes over time. An anlaog
signal is further classified into simple and composite signals. A simple analog signal is a sine

wave that cannot be decomposed further. On the other hand, a composite analog signal can be

further decomposed into multiple sine waves. An analog signal is described using amplitude,

period or frequency and phase. Amplitude marks the maximum height of the signal. Frequency
marks the rate at which signal is changing. Phase marks the position of the wave with respect to

time zero.




An analog signal is not immune to noise, hence it faces distortion and decrease the

quality of transmission. The range of value in an analog signal is not fixed.
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Figure 1(a): Analog Signal

Digital signal is non-continuous, discrete time signal. Digital signal carries information or
data in the binary form i.e. a digital signal represent information in the form of bits (0 and 1).
Digital signal can be further decomposed into simple sine waves that are called harmonics. Each
simple wave has different amplitude, frequency and phase. Digital signal is described with bit
rate and bit interval. Bit interval describes the time require for sending a single bit. On the other

hand, bit rate describes the frequency of bit interval.

A digital signal is more immune to the noise; hence, it hardly faces any distortion.
Digital signals are easier to transmit and are more reliable when compared to analog signals.

Digital signal has a finite range of values. The range of a digital signal lies between O to 1.
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Figure 1(b): Digital Signal




A system can be defined as a physical device that performs an operation on a signal. For
example, an amplifier is used to amplify the input signal amplitude. In this case, the amplifier

performs some operation(s) on the signal, which has the effect of increasing the amplitude of the

desired information-bearing signal.

3. ADVANTAGES OF DIGITAL OVER ANALOG SIGNAL

1.The main advantage of digital signals over analog signals is that the precise signal level of the
digital signal is not vital. This means that digital signals are fairly immune to the imperfections
of real electronic systems which tend to spoil analog signals.

2. Digital signals can convey information with greater noise immunity, because each information
component (byte etc) is determined by the presence or absence of a data bit (0 or one). Analog

signals vary continuously and their value is affected by all levels of noise.

3. Digital signals can be processed by digital circuit components, which are cheap and easily

produced in many components on a single chip.

4. Digital signals do not get corrupted by noise etc.

5. Digital signals typically use less bandwidth.

6. Digital can be encrypted so that only the intended receiver can decode it

7. Enables transmission of signals over a long distance.

8. Transmission is at a higher rate and with a wider broadband width.

9. It is more secure.

10. It is also easier to translate human audio and video signals and other messages into machine




language.
11. There is minimal electromagnetic interference in digital technology.

12. It enables multi-directional transmission simultaneously.

4. NUMBER SYSTEM:
A system for representing (that is expressing or writing) numbers of a certain type.
Example: There are several systems for representing the counting numbers. These include: The

usual "base ten" or "decimal" system: 1, 2, 3... 10, 11, 12 ... 99, 100... (Or)

A number system is a way to represent numbers. We are used to using the base-10
number system, which is also called decimal. Other common number systems include base-16

(hexadecimal), base-8 (octal), and base-2 (binary). (Or)

A numeral system (or system of numeration) is a writing system for expressing numbers;
that is, a mathematical notation for representing numbers of a given set, using digits or other
symbols in a consistent manner. We are using mostly the base-10 number system to rep.

numbers, which is also called decimal.

Example:

Decimal Number system: The Decimal number system contains ten unique symbols.

0,1,2,3,4,5,6,7,8,9. Since Counting in decimal involves ten symbols its base or radix is ten. There

is no symbol for its base i.e., for ten.

Roman Number system: The numbers 1 to 10 are usually expressed in Roman numerals as
follows: I, II, IIL, 1V, V, VI, VII, VIII, IX, X. Numbers are formed by combining symbols and

adding the values, so Il is two (two ones) and XIII is thirteen (a ten and three ones).




Symbol I VX L C D | M

Value 1 5 10| 50 100 500 | 1,000

Activity
Before we get started, let's try a little activity for fun. There are many different ways to

represent a color, but one of the most common is the RGB color model. Using this model, every

color is made up of a combination of different amounts of red, green, and blue

Looking at Base-10

0,1,2,3,4,5,6,7,8,9, 10, 11... You've counted in base-10 all of your life. Quick, what is 7+5?
If you answered 12, you are thinking in base-10. Let's take a closer look at what you've been

doing all these years without ever thinking about it.

Let's take a quick look at counting. First, you go through all the digits: 0, 1, 2... Once you hit 9,
you have no more digits to represent the next number. So, you change it back to 0, and add 1 to

the tens digit, giving you 10. The process repeats over and over, and eventually you get to 99,

where you can't make any larger numbers with two digits, so you add another, giving you 100.

Although that's all very basic, you shouldn't overlook what is going on. The right-most digit
represents the number of ones, the next digit represents the number of tens, the next the number

of hundreds, etc.

5. THE DECIMAL NUMBER SYSTEM
The Decimal number system contains ten unique symbols. 0,1,2,3,4,5,6,7,8,9. Since
Counting in decimal involves ten symbols its base or radix is ten. There is no symbol for its base

1.e., for ten. It is a positional weighted system i.e., the value attached to a symbol depends on its



https://en.wikipedia.org/wiki/I
https://en.wikipedia.org/wiki/V
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location w.r.t. the decimal point. In this system, any number (Integer, fraction or mixed) of any
magnitude can be rep. by the use of these ten symbols only. Each symbol in the no. is called a
Digit. The leftmost digit in any no. rep, which has the greatest positional weight out of all the
digits present in that no.is called the MSD (Most Significant Digit) and the right most digit
which has the least positional weight out of all the digits present in that no. is called the LSD
(Least Significant Digit). The digits on the left side of the decimal pt. form the integer part of a
decimal no. & those on the right side form the fractional part. The digits to the right of the
decimal pt. have weights which are negative powers of 10 and the digits to the left of the decimal
pt. have weights are positive powers of 10. The value of a decimal number is the sum of the
products of the digit of that no. with their respective column weights. The weights of each
column is 10 times greater than the weight of unity or 10° i.e., the first digit (units digit) to the

left of the decimal pt. has a weight of 1 or 10°, for the second 10 or 10" & for the third 100 or 10*

like that the first digit to the right of the decimal pt. has a weight of 1/10 or 10™, for the second

1/100 or 107 & for the third 1/1000 or 10™.In general the value of any mixed decimal no. is

(dy, X 10™) + (d,_; X 10" 1) + + (dy X 10%) + (d; x 10%) + (dy X 10°) + (d_,
X 1071 + (d_, x 1072) + +(d_ X 107%)
Naturals, Integers, Rationals, Irrationals, Reals:

The Natural Numbers:

The natural (or counting) numbers are 1, 2, 3, 4, 5, etc. There are infinitely many natural

numbers. The set of natural numbers, {1, 2, 3,4, 5 ...}, is sometimes written N for short.




The Whole Numbers are the natural numbers together with 0.

(Note: a few textbooks disagree and say the natural numbers include 0.)

The sum of any two natural numbers is also a natural number (for example,

4+2000=2004), and the product of any two natural numbers is a natural number (4x2000=8000).

This is not true for subtraction and division, though.




6. INTEGERS

The integers are the set of real numbers consisting of the natural numbers, their additive

inverses and zero.

{...=5,-4,-3,-2,-1,0,1,2,3,4,5, ...}

The set of integers is sometimes written J or Z for short.
The sum, product, and difference of any two integers are also an integer. But this is not
true for division... just try 1+2.

The Rational Numbers:

The rational numbers are those numbers which can be expressed as a ratio between two
integers. For example, the fractions 1/3 and —1111/8 are both rational numbers. All the integers
are included in the rational numbers, since any integer z can be written as the ratio z/1.

All decimals which terminate are rational numbers (since 8.27 can be written as
827/100.) Decimals which have a repeating pattern after some point are also Rationals: for
example,
0.0833333....=1/12.

The set of rational numbers is closed under all four basic operations, that is, given any
two rational numbers, their sum, difference, product, and quotient is also a rational number (as
long as we don't divide by 0).

The Irrational Numbers:

An irrational number is a number that cannot be written as a ratio (or fraction). In
decimal form, it never ends or repeats. The ancient Greeks discovered that not all numbers are

rational; there are equations that cannot be solved using ratios of integers.

The first such equation to be studied was 2=X°. What number times itself equals 2?




V2 is about 1.414, because 1.4142=1.999396, which is close to 2. But you'll never hit

exactly by squaring a fraction (or terminating decimal). The square root of 2 is an irrational

number, meaning its decimal equivalent goes on forever, with no repeating pattern:

V2 =1.41421356237309...
Other famous irrational numbers are:

1+\/3:1 .61803398874989...

2

7 (p1), the ratio of the circumference of a circle to its diameter:
n=3.14159265358979...
and e, the most important number in calculus:
e =2.71828182845904...
Irrational numbers can be further subdivided into algebraic numbers, which are the
solutions of some polynomial equation (like V2 and the others), and transcendental numbers,

which are not the solutions of any polynomial equation.  and e are both transcendental.

The Real Numbers:

The real numbers is the set of numbers containing all of the rational numbers and all of
the irrational numbers. The real numbers are “all the numbers” on the number line.
The Complex Numbers:

The complex numbers are the set {a + bi | @ and b are real numbers}, where i is the
imaginary unit

Arithmetic operations:

The basic arithmetic operations are addition, subtraction, multiplication and division.




Addition (+):

Addition is the basic operation of arithmetic. In its simplest form, addition combines two
numbers, the addends or terms, into a single number, the sum of the numbers (Such as 2 +2 =4
or3+5=28).

Adding more than two numbers can be viewed as repeated addition; this procedure is
known as summation and includes ways to add infinitely many numbers in an infinite series;
repeated addition of the number 1 is the most basic form of counting.

Addition is commutative and associative so the order the terms are added in does not
matter. The identity element of addition (the additive identity) is 0, which is, adding O to any
number yields that same number. Also, the inverse element of addition (the additive inverse) is

the opposite of any number, that is, adding the opposite of any number to the number itself yields

the additive identity, 0. For example, the opposite of 7 is =7, s0 7 + (=7) = 0.

Addition can be given geometrically as in the following example:

If we have two sticks of lengths 2 and 5, then if we place the sticks one after the other,
the length of the stick thus formedis 2 +5="7.

Subtraction (-):

Subtraction is the inverse of addition. Subtraction finds the difference between two
numbers, the minuend minus the subtrahend. If the minuend is larger than the subtrahend, the
difference is positive; if the minuend is smaller than the subtrahend, the difference is negative; if
they are equal, the difference is 0.

Ex:5-2=3,68=-2,5-5=0




Subtraction is neither commutative nor associative. For that reason, it is often helpful to
look at subtraction as addition of the minuend and the opposite of the subtrahend, thatisa —b =
a + (—b). When written as a sum, all the properties of addition hold.

Multiplication (x or * or *):

Multiplication is the basic operation of arithmetic. Multiplication also combines two
numbers into a single number, the product. The two original numbers are called the multiplier
and the multiplicand, sometimes both simply called factors.

Ex: 5%4 =20

Multiplication is commutative and associative; further it is distributive over addition and
subtraction. The multiplicative identity is 1, which is, multiplying any number by 1 yield that
same number. Also, the multiplicative inverse is the reciprocal of any number (except O; O is the
only number without a multiplicative inverse), that is, multiplying the reciprocal of any number
by the number itself yields the multiplicative identity.

The product of a and b is written as a X b or a - b. When a or b are expressions not

written simply with digits, it is also written by simple: ab.

Division (< or /):

Division is essentially the inverse of multiplication. Division finds the quotient of two
numbers, the dividend divided by the divisor. Any dividend divided by O is undefined. For
distinct positive numbers, if the dividend is larger than the divisor, the quotient is greater than 1,
otherwise it is less than 1 (a similar rule applies for negative numbers). The quotient multiplied
by the divisor always yields the dividend.

Ex:6/2=3=22%3=6,2/4=05>4*%05=2




Division is neither commutative nor associative. As it is helpful to look at subtraction as

addition, it is helpful to look at division as multiplication of the dividend times the reciprocal of

the divisor, that is a + b = a x 1/b. When written as a product, it obeys all the properties of

multiplication.

6. ASCII TABLE

ASCII (American Standard Code for Information Interchange) is the most common format for
text files in computers and on the Internet. In an ASCII file, each alphabetic, numeric, or special
character is represented with a 7-bit binary number (a string of seven Os or 1s). 128 possible

characters are defined.

Hex Char

Qo Mul

01 Start of heading
0z  Start of text

03  Endof text

04 End of transmit
05 Enguiry

06  Acknowledge
a7 Audible bell

08 Backspace

0% Horizontal tab
04  Line feed

OE Verticaltab
Oc  Farm feed

O Carriage return
OE  Shift out

OF Shittin

10  Datalink escape

LU= S B T Y S L o |

e el e e e =
=] N ok W@ M O

11 Device control 1
12 Device contral 2
13 Device control 3
14 Device control 4
15  Meq. acknowwledge

[ A N =
M= O \0o @

16 Synchronous idle
17  Endtrans. hlock
18 Cancel

19  End of medium
14 Substitution

1E Escape

| ST ST T N O
0 I = R iy Y "
L o T (s Y oo [T S 5 T o Y SO oy B S

]
o

1C  File zeparator

I
\n
e T o R S A =T I = B B = B o = = N - = = S L N s (O e O I = - i v

T I T -~ o SN ¢ N o S B S N = = S = O = S L B (U 1T P o N o

1D  Group separstor

31 1F Unit separatar 63 3F 95 5F 127 YF O




7. ALGEBRA

What is the algebra?

It is an algebra dealing with letters (variables), numbers and operators.

It is a Mathematical system consisting of

e Set of elements
e Set of operators
e Axioms or postulates

It is a Mathematical system that uses equations containing letters (variables), numbers and

operators.

Algebraic Expression: It is a Mathematical Expression that can contain ordinary numbers,

variables (like x or y) and operators (like add, subtract, multiply, and divide).

Here are some algebraic expressions: a’+b’+2ab, ax*+bx+1, ax+1....

Arithmetic on natural numbers

Set of elements: N={1,2,3,4 ...}

Operator: +, —, *
Axioms: Associativity, Distributive, Closure, Identity Elements, etc.
Note: operators with two inputs are called binary

e Does not mean they are restricted to binary numbers!

e Operator(s) with one input are called unary

Basic Definitions
A set is collection of having the same property.

o §:set, x and y: element or event




o Forexample: S = {1, 2, 3, 4}
1. If x=2, thenx OJJS.
2. Ify=5,theny ¢ S.
A binary operator defines on a set S of elements is a rule that assigns, to each pair of elements
from S, a unique element from S.
o For example: given a set S, consider a*b = ¢ and * is a binary operator.
o If (a, b) through * get c and a, b, c[J[J §, then * is a binary operator of S.
o On the other hand, if * is not a binary operator of S and a, b[1[1 S, then ¢ ¢ S.
The most common postulates used to formulate various algebraic structures are as follows:
1. Closure: a set S is closed with respect to a binary operator if, for every pair of elements
of S, the binary operator specifies a rule for obtaining a unique element of S.
. For example, natural numbers N={1,2,3,...} is closed w.r.t. the binary operator + by the rule of
arithmetic addition, since, for any a, bl1[] N, there is a unique c[ 1] N such that
a+b=c
But operator — is not closed for N, because 2-3 =-1 and 2, 3 [ N, but (-1) ¢N.
2. Associative law: a binary operator * on a set S is said to be associative whenever
(x*y)*z=x*(y*gforallx,y,z0OOS
x+y+z=x+O +2)
3. Commutative law: a binary operator * on a set S is said to be commutative whenever
x*y=y*xforall x, y(I[J §

X+y=y+x

4. Identity element: a set S is said to have an identity element with respect to a binary

operation * on S if there exists an element e[ ][] § with the property that




e *x=x*e=xforevery x(I[1] S
O+x = x+0 =xforevery xUUO L I={...,-3,-2,-1,0,1,2,3 ...}.
I#x = x*] =xforeveryxUUI L I={...,-3,-2,-1,0,1,2,3 ...}.
5. Inverse: a set having the identity element e with respect to the binary operator to have an
inverse whenever, for every x[1[J §, there exists an element y[1[] S such that
x*y=e
The operator + over I, with e = 0, the inverse of an element a is (-a), since a+ (-a) = 0.

6. Distributive law: if * and . are two binary operators on a set S, * is said to be
distributive over. whenever
x*(y.=«x*y) . (x*2)
7. BITWISE OPERATORS

Bitwise operators are used to perform operations at binary digit level. These operators are

not commonly used and are used only in special applications where optimized use of storage is

required.

Operator Meaning

<< Shifts the Bits to Left

>> Shifts the Bits to Right

Bitwise Inversion (One’s Complement)

Bitwise AND

Bitwise OR

Bitwise XOR (Exclusive-OR)




8. LOGIC GATES
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Venn Diagram for logic gates is a schematic representation of A and B overlapping each

other inside a rectangle area, the diagram shows the relation of the boolean operators.
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