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MODULE-I
DIODE AND APPLICATIONS
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» . Rectifiers with Capacitive Filter



Based on the electrical

conductivity, materials are divided into three types.
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PN JUNCTION DIODE

What do you mean by diode?

A PN junctionis a deviceformedby joining p-type with n-

type semiconductors and separated by a thin junction is called

PN Junction




PN JUNCTION DIODE
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THEORY OF PN JUNCTION DIODE

» The depletion layer contains no free and mobile charge
carriers but only

fixed and immobile ions.
» Its width depends upon the doping level..
» Heavily doped........ thin depletion layer
» lightly doped........ thick depletion layer

Forward bias mode : positive terminal connected to p-
region and negative terminal connected to n region.

Reverse bias mode:negative terminal connected to p-
region and positive terminal connected to n region



PN JUNCTION —FORWARD BIAS

Narrow depletion region Forward Current
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» |t forcesthe majority charge carriers to move

across the junction decreasing the width of the depletion
layer.




PN JUNCTION —REVERSE BIAS
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> The free electrons and free holes are attracted towards the battery, hence

depletion layer width increases.




V-1 CHARACTERISTICS OF PN JUNCTION DIODE
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V-l characteristics of PN junction diode




STATIC OR DC RESISTANCE

> The resistance of a diode at a particular operating point is called

the dc or static resistance diode.

> The resistance of the diode at the operating point can be found

simply by finding the corresponding levels of V,and |,
> It can be determined using equation
Rp=Vp/Ip

> The lower current through a diode the higher the dc resistance

level

12



STATIC OR DC RESISTANCE
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DYNAMIC OR AC RESISTANCE

»Static resistance is using dc input.

If the input is sinusoidal the |

Diode characteristic \

scenario will change.

> The ac resistance is r e

Aly

determinedby straight l_ ﬁ

- @& D-point
({dc operation)

line drawn betweenthe

two intersections of the

maximum and minimum

values of input voltage. Fig: Dynamic resist



PN JUNCTION DIODE CHARACTERISTICS
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DIODE EQUIVALENT CIRCUIT

When a diode is F.B, we can use the approximate
model for the on state




PN DIODE- LOAD LINE ANALYSIS

diode response
M

+ -
= %Z A load line is a line drawn on
- |- the characteristic curve, a graph of

the current vs. voltage in a
nonlinear device like a diode.

load hine

/ —— operating poinl

Voo

»The curve shows the diode response (I vs V) while the
straight line shows

the behavior of the linear part of the circuit:
|=(VDD'VD)/R-
»The point of intersection gives the actual cu




JUNCTION CAPACITANCE

In a p-n junction diode, two types of capacitance take
place. They are,

* Transition capacitance (C;)

* Diffusion capacitance (Cp)

Transition Capacitance C;

The amount of capacitance changed with increase in
voltage is called transition capacitance. The transition
capacitance is also known as depletion region

capacitance, junction capacitance or barrier capacitance.

18
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TRANSITION CAPACITANCE C;

The change of capacitance at the depletion region can be
defined as the

change in electric charge per change in voltage.
C;=dQ/dVv
Where,
C;= Transition capacitance

dQ = Change in electric charge

dV = Change in voltage




DIFFUSION CAPACITANCE (Cp)

Diffusion capacitance occurs in a forward biased p-n
junction diode. Diffusion capacitance is also sometimes

referred as storage capacitance. It is denoted as C,.

The formula for diffusion capacitance is

Co=dQ/dV




DIODE APPLICATIONS

common applications of diodes are
»Switches

»Rectifiers

» Clipper Circuits

» Clamping Circuits

»Reverse Current Protection Circuits
»In Logic Gates
»Voltage Multipliers




RECTIFIER

» A circuit that converts ac voltage of main supply into
pulsating dc voltage

using one or more PN junction diodes is called rectifier.

> Half Wave Rectifier

> Full Wave Rectifier

» Bridge Rectifier




Half Wave Rectifier

»The process of removing one-half the input signal to

establish a dc level is called half-wave rectification.

»In Half wave rectification, therectifier conducts current
during positive

» half cycle of input ac signal only.

» Negative half cycle is suppressed.
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HALF WAVE RECTIFIER

Average DC load Current (lpc):

Mathematically, current waveform can be described as,

sin ot for 0 <wt = mn

i, = I,
0

i, = for m =wmt = 2n

In = peak value of load current R R,
| = T AW AW o ==
loe = 5= [ic do) =5 [Insin (ot d(ot) €on _

0 0 RL Vi

kA )

L

Iy -
luc = - = average value oo .17,

(a) Equivalent circuit

where R, = resistance of secondary winding of transformer. If R, is not given it
be neglected while calculating Im.




HALF WAVE RECTIFIER

Average DC voltage (Edc):
R R,

EIJ'L' = [lil'.."E'l_ o— *;'T"— T W ° B T
Epc = [—::RL g“g@ | ) %hRL Ve
Esm . L o S, S

* [RTR sRga"

(a) Equivalent circuit

But as R; and R, are small compared to R, , (R; + R)/R, is negligibly small compared
ta 1. S0 neglecting it we get,

E %171

Epe =




HALF WAVE RECTIFIER

RMS Load Current (Irms):

Igns = J%f{lmsin wt)? d{wt) > Inns = -
0

RMS Load Voltage (Erms):

E
EL (rms) “‘ﬁl

Peak Inverse Voltage (PIV):

PIV=Em

Diode must be selected based on the PIV rating and

the circuit specification.



HALF WAVE RECTIFIER

DC Power Delivered to the load:

D.C. Power output

]
HT..
=
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HALF WAVE RECTIFIER

AC input power from transformer secondary:

The power input taken from the secondary of transformer i1s the power supplied to
three resistances namely load resistance R, , the diode resistance Ry and winding resistance
R.. The a.c. power is given by,

R Ry Ry
Pac = I-E‘M:.;[RL + R + R:l] ‘ o— -

EW -
lpns = IT'" for half wave, g“%% ) > 3RV

o—

12
Pac = -'f-[EL'*'RI'l'Ra]

(a) Equivalent circuit




HALF WAVE RECTIFIER

Rectifier Efficiency(n):
_ D.C.output power  Ppe
T = AT inputpower  Pac
I, R
— %2 - __(4/=%)R, :n=40.6%
|2 I:Rf -I'RL -I-Rl'_l

2[Ry +Ry +R,]

Unuer vestconuiuuns (nu uivue 10ss) uiny 4u.0% of the ac input power is

converted into dc power.

The rest remains as the ac power in the load



HALF WAVE RECTIFIER

Ripple Factor:

R.M.S, value of a.c. component of output (or)

: I
Ripple factor = —=
Average or d.c.component of output FP r

Ripple factor 7= o

Tnnss )
_] -1
Inc
[Im) 2
2 mcd
-1= 1= J1.4674 -> ¥ = 1.211

This indicates that the ripple content in the output are 1.211 times the dc

component.

i.e. 121.1 % of dc component.



HALF WAVE RECTIFIER

Disadvantage of HWR:

»The ripple factor of half wave rectifier is 1.21, which is
quite high.

»The output contains lot of ripples
»The maximum theoretical efficiency is 40%.

»The practical value will be quite less than this.

»This indicates that HWR is quite inefficient.




FULL-WAVE RECTIFIER

m

o
tal~
N]

» The full wave rectifier circuit consists of two power diodes connected to a

single load resistance (R,) with each diode taking it in turn to supply

current to the load.

» When point A of the transformer is positive with respect to point C,

diode D, conducts in the forward direction as indicated



FULL-WAVE RECTIFIER

»When point B is positive (in the negative half of the
cycle) with respect to point C, diode D, conducts in the
forward direction and the current flowing through resistor

Ris in the same direction for both half-cycles.

» As the output voltage across the resistor R is the phasor
sum of the two waveforms combined, this type of full

wave rectifier circuit is also known as a “bi-phase” circuit.

34



FULL-WAVE RECTIFIER
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FULL-WAVE RECTIFIER

Average DC current:

E T
L, =Ipe = %jiLd[mﬂ = :—Illmsm ot dot
0 0

Inc = E:t_m for full wave rectifier
Average (DC): Voltage Epc = IpeRy = 21wy
i
. . 2 Eun R]_ E- E:.;;'u
Substituting value of T_, Epe = — = :
B " " = TR R, +R,] { R;+I{‘J
mil+
Ry
But as R; and R, =< R, hence —¢ + R, <= 1




FULL-WAVE RECTIFIER

RMS Load Current (Irms):

Ipas = JLTE -F Iiii[[ﬂ-t] = Igys = J?I 1., sin wt] d(wt) > Inmis NG
0 0

RMS Load Voltage:

I
Evgs) = T R =5 Ry

DC Output Power:

D.C. Power output = Epclpe = 15 R

Poe = I5.R —[H—”"TR
pC = pett T TR L

Poc = 3R,



FULL-WAVE RECTIFIER

AC input power (Pac):

The a.c. power input is given by,

2
Pac = Igus(ﬂf+n,+RL)=[]ﬁ} (R +Ry+Ry)
I(Re+Rs +Ry)
FH.C = 2
Rectifier Efficiency(n):
b
_llszT. 8 R,
Ppe output - 1M = S W | n(R;+R,+Ry)
T Pac input IL(Re+R+R ) FATRET TR T
2
But if R; + R, << Ry, neglecting it from denominator
8 Ry 8
=37

% Noax = ixlmzau%




FULL-WAVE RECTIFIER

Ripple Factor:

Ripple factor = J [I"—"’E] -1

For full wave Iy = lo/42  and  Ipe = 2lp/n

2
, Im /42 7l
RIPF]E factor = J{m} =1 = ? -]

Ripple factor = y = 0.48




FULL-WAVE RECTIFIER

Peak Inverse Voltage:

p VY, < © } Vo
V., V. D V.
+ _ -t &
- ¥ W -
0 T g CT 0 T '
2 - + Voo 2
Ve
- N %

PIV of diode = 2 Eg,




FULL-WAVE RECTIFIER

Advantages of Full Wave Rectifier:
* Efficiency is higher.
 The large dc power output

* The ripple factoris less

Disadvantages of Full Wave Rectifier:

* PIV rating of diode is higher.

* Higher PIV diodes are larger in size and costlier.

* The cost of center tap transfo



BRIDGE RECTIFIER

®
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WORKING OF BRIDGE RECTIFIER

»During the positive half cycle of secondary

L j&* voltage, the diodes D1 and D2 are forward-
. AC.supply
QH N\ _V%l‘_. biased, but diodes D3 and D4 do no
- Dz RI.

conduct. The current is through D1, R, D2

® rf‘_ i —
= and secondary winding.

Current flow during positive half cycle

»During the negative half cycle, the

®_ — A Direction of
. D bad::‘,umnl
%” Jw_ / I- e diodes D3 and D4 are forward-biased,
A.C.supply
but diodes D1 and D2 do not conduct.
® T e

The current is through D3, secondary

winding, D4 and R.

Current flow during negative half cycle

43



BRIDGE RECTIFIER WAVEFORMS




BRIDGE RECTIFIER PARAMETERS

2B
Epe = IpcRy ===
3 4 b
P[I: = IEI'RI'EE_IIF”RL
R, +R,+R
Pac = Rus(Rs +1H"+RL}"_{ E"E' L}
iR,
- .-II':Iu"II i =H]~2I:Fu'
5 AR R AR ™
0.48




RECTIFIERS WITH CAPACITIVE FILTER

R g
>| g - D1
D » l H
DC '
AC l i g™ i — 2RLDC
ip C D2 C ! olp
' | |
Fig: H/W rectifier with filter Fig: F/W rectifier with filter

*In full wave rectifier circuit using a capacitor filter, the capacitor C

is located across the RL load resistor. The working of this rectifier

is almost the same as a half wave rectifier.




RECTIFIERS WITH CAPACITIVE FILTER WAVEFORMS

Discharging

SRR

Halfwave Rectifier Output

Fullwave Rectifier Output
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MODULE-II
BIPOLAR JUNCTION TRANSISTOR

Principle of Operation and characteristics - Common Emitter,
Common Base, Common Collector Configurations, Operating point,
DC & AC load lines, Transistor Hybrid parameter model,
Determination of h- parameters from transistor characteristics,
Conversion of h-parameters.

48



CONTENTS

»Introduction

»Common Emitter Configuration

» Common Base Configuration
»Common Collector Configuration

» Operating point, DC & AC load lines

» Transistor Hybrid parameter model

» Conversion of h-parameters.




INTRODUCTION

Transistor is a device that can be used as either an amplifier
or a switch. Transistor is current controlling device.

Bipolar Transistor Circuit Symbols

NPN Transistor PNP Transistor
¢ JCollector ¢ /) Collector
Base Base
b b
; Emitter ¢ Emitter
N Never P Points
P Points



INTRODUCTION

>

The three layers of BJT are called Emitter, Base and Collector

A\

Base is very thin compared to the other two layers

A\

Base is lightly doped. Emitter is heavily doped. Collector is moderately
doped

» NPN — Emitter and Collector are made of N-type semiconductors; Base
is P-type

A\

PNP — Emitter and Collector are P-type, Base is N-type

» Both types (NPN and PNP) are extensively used, either separately or in
the same circuit

» BIJT has two junctions — Emitter-Base (EB) Junction

> and Collector-Base (CB) Junction

»The device is called “bipolar junction transistor” because current is due
to motion of two types of charge carriers — free electrons & holes

» Transistor Analogous to two diodes connected back-to-back: EB diode

and CB diode

51



TRANSISTOR OPERATION

» Operation of NPN transistor is discussed here

» For normal operation (amplifier application)

»— EB junction should be forward biased

»— CB junction should be reverse biased

» Depletion width at EB junction is narrow (forward biased)

» Depletion width at CB junction is wide (reverse biased)

»When EB junction is forward biased, free electrons from emitter

region drift towards base region

»Some free electrons combine with holes in the base to form small

base current

52



TRANSISTOR OPERATION

Emitter Base Cellector
Cars >
P N P
=) 2 J |9 DB @ HDHHH 9O ® 2
® v, YL |elees o | PPos 0O 9
QW & ouv S @ HHD HHBH 9D )
9 @ HHHI QO | PEHH SS 0 9
E J J J |9 e @ HHHP 9D J
J 2 9 ] S HEH HEHH IS &)
) 9 SN IHHH O PHHD 9O
W.g © ° Vieglees |esess ee @ e
J & J 9 S HbHD ® HHHH 9D 9 ® )
| @ HhHs HHDH S |

.
BE

h 4
BC

depletion

WV > Holes
@ ———> Positive ions

depletion B
@ ———> Free electrons
@ ———> Negative ions




TRANSISTOR CHARACTERISTICS

Common Base (CB) Configuration of Transistor
»In CB Configuration, the base terminal of the transistor will be common between

the input and the output terminals as shown by Fig.4. This configuration offers

low input impedance, high output impedance, high resistance gain and high
|

voltage gain. ) 'y
I 7 Ic T Ve Ve, s
< D T f f' Visz” Vg ’:,/-—-—
. :—j 8 |,' .J. I|I b
Signal Ip A R¢ _g / ‘:I:,' | —
a5 -l| || II+ —L / / |'| I
|| | I /o f/—:w :
VEB VCB > Ve i
Fig.4: NPN Transistor in CB Fig.5: CB Configuration Fig.6: CB Configuration
I/P Characteristics O/P Characteristics

Configuration
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TRANSISTOR CHARACTERISTICS

» This leads to the expression for the input resistance as o A
AVpp
Rin =
in Al

VEB:CGHSITWLIT .
Vg is Constant

> output resistance can be obtained as
AVeg
Al

Rﬂut —

d

e

Ig=constant
Fig.7: CB Configuration Current

» The current gain has a value less than 1 and can o
Transfer Characteristics

expressed as
Al

“ T AL

VI:B= constant

Common Collector (CC) Configuration of Transistor




TRANSISTOR CHARACTERISTICS

» This offers high input impedance, low output impedance, voltage gain less than

one and a large current gain.

1 lg A
R
Output =—
=Vec
S
Signal % X
Ll | b
Vee

Fig.8: NPN Transistor in CC
Configuration

le A

oz
Bz > lg2 > gy
Veer Vem I
Veez » Ve

|51

»Vee

>V Fig.10: CC Configuration O/P
Characteristics

|!
Fig.9: CC Configuration I/P

Characteristics

Ver is Constant Fig.11: CC Configuration Current
e e Transfer Characteristics




TRANSISTOR CHARACTERISTICS

Common Emitter (CE) Configuration of Transistor

»In this configuration, the emitter terminal is common between the input and
t he output terminals as shown by Fig.12. This configuration offers medium

input impedance, medium output impedance,medium current gain and

5 o lc

Veer Vee

IEl3

lgz = lgz = Igq

Veez > Vees |
B2
g1
> Vee »Vee
Fig.12 NPN Transistorin  Fig.13: CE Configuration /P Fig.14: CE Configuration O/P
CE Configuration Characteristics Characteristics
le A
Ve is Constant Fig.15: CE Configuration Current

Transfer Characteristics
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COMPARISON OF TRANSISTOR CONFIGURATIONS

%2 IARE &
% &

IS. No.I Characteristic lCommon base

Common emitter ICommon collectorl

&

Input resistance

Output resistance

Voltage gain

Applications

Current gain

Low (about 100 Q)

Very high (about
450 kQ)

about 150

For high frequency
applications

No (less than 1)

Low (about 750 Q)

High (about 45 kQ)

about 500

For audio frequency
applications

High (B)

Very high (about
750 kQ)

Low (about 50 )

less than |

For impedance
matching

Appreciable

e 000

£ &
% ron




DC AND AC LOAD LINE

DC Load Line
Ic
A IC(mA)T
i, s
« Vee [A 3
V- o RC B1
CE R S Ip2
No Signal £ € g \ Ip3
| e I
ki U ! w5 =
| | | 0 €C  —>»V-p(volts)
BE Vee

Fig.18: CE O/P characteristics with DC

Fig.17: CE Amplifier circuit with no I/P
load line

signal
» The value of collector emitter voltage at any given time will be

Vee=VeeIRc

» The fig.18 shows the DC load line.
»To obtain the load line, two points be A and B of the straight line are t

determined.



TRANSISTOR HYBRID PARAMETER MODEL

CE, CC, & CB Amplifiers

- ?vm

Practical common emitter amplifier

circuit
C C2
= ‘. E c - _—
‘I{‘ +I" 'r.t u :+IL
R% UL R T b %“‘
vl@ _:‘h"EE vﬂﬂ%-‘
R I - - .—1 ------

Common base circuit



TRANSISTOR HYBRID PARAMETER MODEL

Hybrid model of CE, CC, & CBAmplifiers

CE
Vi ™ g Iy + iy Ve

T = hyg Iy + higg Ve

] i
Vg = el h,V,
]--l‘lttb*hmu-

cB .
Ve =g ly+hy Ve
]:nhl:l-[-l * |I"'l:i:l-l""rlz

Transistor configurations and their hybrid models
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TRANSISTOR HYBRID PARAMETER MODEL

Small Signal Analysis Of A Junction Transistor

e
° |

Basic transistor amplifier

§ }}“ 34 {I g.’:

+ EJIL

nework wih v R,
=1
2

Transistor amplifier in its h-parameter model




TRANSISTOR HYBRID PARAMETER MODEL

Small signal analysis of transistor amplifier




TRANSISTOR HYBRID PARAMETER MODEL

Steps for ac analysis of a transistor circuit

>
>
>
>

Draw the actual circuit diagram

Replace Coupling Capacitors & emitter bypass capacitor by short circuit
Replace dc source by a short circuit. In other words, short v..and ground lines
Mark the points B(base), C(collector), E(emitter) on the circuit diagram and

locate these points as the start of the equivalent circuit.

Replace the transistor by its h-parameter model.




TRANSISTOR HYBRID PARAMETER MODEL

Approximate H-Model For CE Amplifier

l Current Gain Ai " o= hk

-t C
Tlll
Input Impedance R, = h,
v | v

. gh‘ (* e T o Ye AR, _ ARy
Voltage Gain : Ay = N, b

'1"_‘ Output Impedance Y, =0
Hﬂ Hﬂ. R, = v‘:am

Rt = Ro||RL = || R

Approximate CE model 5.




MODULE-III

NUMBERSYSTEMS

Number systems: Complements of Numbers, Codes- Weighted and Non-
weighted codes and its Properties, Parity check code and Hamming code.
Boolean Algebra: Basic Theorems and Properties, Switching Functions-
Canonical and Standard Form, Algebraic Simplification, Digital Logic Gates,
EX-OR gates, Universal Gates, Multilevel NAND/NOR realizations
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NUMBER SYSTEMS

»Binary number system.

A method of representing numbers that has 2 as its base and
uses only the digits 0 and 1.

Ex:10100010

»Decimal number system
A number system that uses a notation in which each number is
expressed in base 10 by using one of the first nine integers or 0 in
each place and letting each place value be a power of 10

Numbers:0,1,2,3,4,5,6,7,8,9




NUMBER SYSTEMS

»Octal number system

The octal numbering system uses the numerals 0-1-2-3-
4-5-6-7.

»Hexa decimal number system

The hexadecimal numeral system, often shortened to "hex", is

a numeral system made up of 16 symbols (base 16) they are

0,1,2,3,4,5,6,7,8,9,A,B,C,D,E.




NUMBER BASE CONVERSION

Binary to Decimal Conversion:
It is by the positional weights method . In this method,each binary digit

of the no. is multiplied by its position weight . The product terms are added to

obtain the decimal no

Example:

20
21
22
23
24
25

101011, =>

NOWONMNHR

1l x
1l x
0 x
1l x
0 x
1l x

w




NUMBER BASE CONVERSION

Binary to Octal conversion:

Starting from the binary pt. make groups of 3 bits each, on either side

of the binary pt, & replace each 3 bit binary group by the equivalent octaldigit.

Example:

1011010111, = 2,

1 011 010 111

A\

\

1 3 2 7

y A\ A\

1011010111, = 13274



NUMBER BASE CONVERSION

Binary to Hexadecimal conversion:

For this make groups of 4 bits each, on either side of the binary pt &

replace each 4 bit group by the equivalent hexadecimal digit.

Example:
1010111011, = 2,

10 1011 1011

S

2 B B

1010111011, = 2BB,



NUMBER BASE CONVERSION

Decimal to Binary conversion:

Technique

» Divide by two, keep track of the remainder
» First remainder is bit 0 (LSB, least-significant bit)

» Second remainder Is bit 1 etc

125,, = 2, ;% ;
2] 31 0

s15 1

2 7 1

ol 3 1

1

1

21
0

1255, = 1111101,




NUMBER BASE CONVERSION

Decimal to Octal Conversion:

Toconvert a mixed decimal no. Toa mixed octal no. convert the integer

and fraction parts separately.

To convert decimal integer no. to octal, successively divide the given
no by 8 till the quotient is 0. The last remainder is the MSD .The remainder

read upwards give the equivalent octal integer no.

Toconvert the given decimal fraction to octal, successively multiply the
decimal fraction & the subsequent decimal fractions by 8 till the product is O or
till the required accuracy is the MSD. The integers to the left of the octal pt read

downwards give the octal fraction.
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NUMBER BASE CONVERSION

Example:

1234,

O O OO @

?g

1234
154 2
19 2
2 3
0 2

1234,, = 2322,



NUMBER BASE CONVERSION

Decimal to Hexadecimal conversion:

It is successively divide the given decimal no. by 16 till the quotient is
zero. The last remainder is the MSB. The remainder read from bottom to top

gives the equivalent hexadecimal integer.

Toconvert a decimal fraction to hexadecimal successively multiply the
given decimal fraction & subsequent decimal fractions by 16, till the product is
zero. Or till the required accuracy is obtained and collect all the integers to the
left of decimal pt. The first integer is MSB & the integer read from top to

bottom give the hexadecimal fraction known as the hexadabble method.
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NUMBER BASE CONVERSION

Example:
1234, = ?4¢
le | 1234
16 177 2
16 4 13 =D




NUMBER BASE CONVERSION

Octal to binary Conversion:

Convert each octal digit to a 3-bit equivalent binary representation

705, = ?,

(A

111 000 101

705, = 111000101,




NUMBER BASE CONVERSION

Octal to decimal Conversion:

Multiply each digit in the octal no by the weight of its

position & add all the product terms Decimal value of the octal no.

724, => 4 x 80 = 4
2 z 81 = 16
7 % 82 = 448

468,




NUMBER BASE CONVERSION

Octal to hexadecimal conversion:

The simplest way is to first convert the given octal no. to binary & then

the binary no. to hexadecimal.

10765 = ?4¢
1 0 7 &
001 0|00 111 110
2 3 E




NUMBER BASE CONVERSION

Octal to hexadecimal conversion:

The simplest way is to first convert the given octal no. to binary & then

the binary no. to hexadecimal.

10765 = ?4¢
1 0 7 &
001 0|00 111 110
2 3 E




NUMBER BASE CONVERSION

Hexa decimal to binaryConversion:

Convert each hexadecimal digit to a 4-bit equivalent binary

representation

1 0 A F

IR

0001 0000 1010 1111

10AF,, = 0001000010101111,




NUMBER BASE CONVERSION

Hexa decimal to decimal Conversion:

Convert each hexadecimal digit to a 4-bit equivalent binary

representation

ABC,, => Czx 16" =12 2 1= 12

Bx let =11 x 16 = 176
A x 162 = 10 z 256 = 2560




BINARYARITHMETIC

Binary Addition:

Rules: 0+0=0
0+1=1
1+0=1
1+1=10

i.e, O withacarryofl.

Binary Subtraction:

Rules: 0-0=0

1-1=0
1-0=1
0-1=1

with a borrow of 1



COMPLEMENTS

9’s & 10’s Complements:

It is the Subtraction of decimal number can be

’

accomplished by the 9's & 10’s compliment methods similar to the 1’s
& 2s compliment methods of binary . The 9s compliment of a
decimal number is obtained by subtracting each digit of that decimal

number from 9. The 10’s compliment of a decimal number s

obtained by adding a 1 to its 9scompliment.




BINARY CODED DECIMAL

BCD Addition:
It is individually adding the corresponding digits of the
decimal numbers expressed in 4 bit binary groups starting from the

LSD .

If there is no carry & the sum term is not an illegal code, no
correction is needed.

If there is a carry out of one group to the next group or if

the sum term is an illegal code then 610(0110) is added to the sum

term of that group & the resulting carry is added to the nextgroup.




BINARY CODED DECIMAL

BCD Subtraction:
Performed by subtracting the digits of each 4 bit group of
the subtrahend the digits from the corresponding 4- bit group of the

minuend in binary starting from the LSD . if there is no borrow from

the next group , then 615(0110) is subtracted from the difference

term of thisgroup.




ERROR — DETECTING CODES

Some Common Error Detecting and CorrectingCodes

» Parity Code

» Hamming Code

Parity Code:

> A parity bit is an extra bit added to a string of data bits in order to
detect any error that might have crept into it while it was being
stored or processed and moved from one place to another in a

digital system.

» This simple parity code suffers from two limitations. Firstly, it
cannot detect the error if the number of bits having undergone a

change is even.
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ERROR — DETECTING CODES

The parity bit can be set to 0 and 1 depending on the type of the

parity required.

» For even parity, this bit is set to 1 or 0 such that the no. of "1 bits"
in the entire word is even. Shown in fig. (a).

» For odd parity, this bit is set to 1 or 0 such that the no. of "1 bits"

In the entire word is odd. Shown in fig. (b).

P |— Databits | P |« Databits |

011001011 1|1001011
Fig. (a)

P | Databits | P | Databits —

111001011 0]1000110

fig. (a)

fig. (b)




ERROR — DETECTING CODES

Hamming Code:

>

An increase in the number of redundant bits added to message
bits can enhance the capability of the code to detect and correct

errors.

If sufficient number of redundant bits arranged such that different
error bits produce different error results, then it should be
possible not only to detect the error bit but also to identify its

location.

In fact, the addition of redundant bits alters the ‘distance’ code
parameter, which has come to be known as the Hamming

distance.
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ERROR — DETECTING CODES

» The code word sequence for this code is written as P;P,D1P3D,D3Dy,
with P1, P, and P3being the parity bits and D1, D,, Dsand D4 being

the data bits.

» Generation of HammingCode:

pp P, D P, D, Dy D

Data bits (without parity) 0 1 l 0
Data bits with parity bit P, 1 0 1 0
Data bits with parity bit P, l 0 l 0
Data bits with parity bit P; 0 I l 0
Data bits with parity 1 ] 0 0 l l 0




BOOLEAN ALGEBRA

OR operation

» I|dentityElements X Y| X+0 | X+Y | Y+X | X' | X+X
> a:X+0=X 0O 0o 0] O 0 |1 1
» b:Xel1=X 0O 1} O 1 1 1 1
e Commutativity 1 0] 1 1 1 0 1
y o arX+Y=Y+X 1 1] 1 1 1 0 1
>  b:XeY=YeX
e Complements AND operation
y a:X+X'=1 Y| Xel| XeY | YeX | X' [ XeoX
»  b:XeX'=0 0

Rl O|lO| X
=IOl O
== 0| O
|l O| O] O
R |l|O| O] O
ol ol =] =




BOOLEAN ALGEBRA

» Associativity
» a: (X+Y)+Z=X+(Y+2)
y b:(XeY)eZ=Xe(YeZ)

X Y Z| X+Y | (X+Y)+Z | Y2Z | X#(Y+2Z) | XoY | (XeY)eZ]| YoZ | Xo(Y+2)
0O 0 0 O 0 0 0 0 0 0 0
0 0 1 O 1 1 1 0 0 0 0
0 1 0 1 1 1 1 0 0 0 0
o 1 1| 1 1 1 1 0 0 1 0
1 0 0 1 1 0 1 0 0 0 0
1 0 1/ 1 1 1 1 0 0 0 0
1 1 0o 1 1 1 1 1 0 0 0
1 1 1] 1 1 1 1 1 1 1 1




BOOLEAN ALGEBRA

» Distributivity
» a: X+(YeZ) =(X+Y)e(X+Z)
y b: Xe(Y+Z) =(XeY)+(XeZ)

(X+Y)e X+ XeY+ Xe
X Y Z| X+Y | X4Z | (X42) | voz [ (YoZ) | XoY | XeZ | XoZ | Y47 | (V+Z)
0 00| O 0 0 0 0 0| o 0 0 0
001 0 1 0 0 0 0| o 0 1 0
0 10| 1 0 0 0 0 o | o 0 1 0
01 1| 1 1 1 1 1 0| o 0 1 0
100 1 1 1 0 1 0| o 0 0 0
101 1 1 1 0 1 0| 1 1 1 1
110 1 1 1 0 1 1] 0 1 1 1
111 1 1 1 1 1 1| 1 1 1 1




BOOLEAN ALGEBRA

» |dempotency

a: X+X=X
b: XeX=X OR__AND
X Y| X+Y | XoY | X4+X | XeX | X+1 | XeO | X' | X"
> Nullelements
0 O
a:X+1=1
b:Xe0=0 121
‘XOol)=
' 1 0O
1 1

Rk |R|o
Rl|O|OQ] O
=l k=l K=
ROl O
Pl e -
olo|lo|o
olo|-| -
=l ol o

> |Involution

a: (X')’zx o




BOOLEAN ALGEBRA

» Absorption
»  ar (XeY)+(XeY eZ)=(XeY)+(XeZ)
) b: (X+Y)e(X+Y'+Z) = (X+Y)e(X+2)

(XY)+ (XY)+ X+Y | (X+Y)e (X+Y)e
XYZ | Y XY | XY'Z | (XY'Z) | xz| (XZ) | Xx+Y | +Z | (X+Y'+Z) | x+Z | (X+2)
ooof1|0]| o o o o [ o 1 0 0 0
001/ 1| 0| © o o] o | o 1 0 1 0
010 0|/0]| O o o o [ 1 0 0 0 0
011{0| 0| o o o o [ 1 1 1 1 1
100 1|0 0 o [of| o | 1 1 1 1 1
101/ 1] 0] 1 1 (1] 1 1 1 1 1 1
110{0[1] o0 1 (ol 1 1 1 1 1 1
1110 1] 0 1 (1| 1 1 1 1 1 1




BOOLEAN ALGEBRA

» DeMorgan’s theorem (very important!)
a: (X+Y)'=X"eY’
X+Y =XeY  break (or connect) the bar & change the sign
b (XY)=X'+Y
XeY = X+Y break (or connect) the bar & change the sign

Generalized DeMorgan’s theorem:
o GTsa: (X1+X2+...+Xn-1+Xn),= X]_’.XZ’.....Xn-]_’.Xn’
e GT8b: (X1°X2°...'Xn-1°xn)'= X1'+X2’+...+Xn-1’+Xn’

OR AND

[X Y X+Y[XeY ] o [V | (X Y) | XoY | (XY) | X+Y°
0 0| 0 o | 1] 1 1 1 1
0 1| 1 o [ 1|0 0 0 1 1
1 o 1 o | o]l 0 0 1 1
1 1] 1 0] o0 0 0 0 0




BOOLEAN ALGEBRA

» Consensus Theorem
y a: (XeY)+(X' eZ)+(YeZ) = (XeY)+(X Z)
y b (X+Y)e(X'+Z)e(Y+Z) = (X+Y) (X' +2)

(XY)+ (X+Y)e

(X'Z)+ | (xy)+ (X'+Z)® | (X+Y)e
X Yz|x | xy|xz|vyz]| (YZ) | (X2) | x+y | x'+z | v+z | (Y+Z) | (X'+2)
ooo| 1| 0| 0] O 0 0 0 1 0 0 0
0oo1| 1| o0 | 1] 0 1 1 0 1 1 0 0
010 1|0 0] O 0 0 1 1 1 1 1
011 1|0 | 1|1 1 1 1 1 1 1 1
100/0| 0] 0| O 0 0 1 0 0 0 0
1010 0] 0| 0O 0 0 1 1 1 1 1
110/0| 1] 0 0 1 1 1 0 1 0 0
111|0| 1] 0| 1 1 1 1 1 1 1 1




SWITCHING FUNCTIONSs

» For nvariables, there are 2n possible combinations of Values from

all Os to all 1s

» There are 2 possible values for the output of a function of a

combination of values of n variables i.e. 0 and 1

» There are 22" different switching functions for n variables
» n=0(no inputs) 22n=220=21=2
Output can be either O or1

» n=1(1input, A) 22n=221=22=4

OutputcanbeO, 1, A, or A




SWITCHING FUNCTIONS EXAMPLE

» n=2 (2 inputs, A and B) = 22n=222=24=16

AB

foh G ffy 658 g fofp £y 12 f13 f14 1150 0

output 00

01

10
11

fo=0
f1=A'B’=(A+B)’
f,=N'B
f3=AB+AB=A’(B’+B)=A

010101010101 0101
0011001100110

011
ooo001111000011T11
ooo0o0000O01I1I1I1TT1T1T11



CANONICAL AND STANDERED FORMS

Logical functions are generally expressed in terms of different
combinations of logical variables with their true forms as well as the
complement forms. Binary logic values obtained by the logical
functions and logic variables are in binary form. An arbitrary logic

function can be expressed in the following forms.

» Sum of the Products(SOP)

» Product of the Sums(POS)




CANONICAL AND STANDERED FORMS

» Product Term: In Boolean algebra, the logical product of several
variables on which a function depends is considered to be a product
term. In other words, the AND function is referred to as a product

term or standard product.

» Sum Term: An OR function is referred to as a sum term
» Sum of Products (SOP): The logical sum of two or more logical
productterms is referred to as a sum of products expression
Y = AF + BC + AC
» Product of Sums (POS): Similarly, the logical product of two or
morelogical sum terms is called a product of sums expression

Y =(A+B+CYA+B+0)

102



CANONICAL AND STANDERED FORMS

> Standard form: The standard form of the Boolean function is when it

is expressed in sum of the products or product of the sums fashion

Y =AF + BC + AC

» Nonstandard Form: Boolean functions are also sometimes expressed in
nonstandard forms like F = (AB + CD)(AB + CD), which is neither a sum

of products form nor a product of sums form.

» Minterm: A product term containing all n variables of the function in
either true or complemented form is called the minterm. Each minterm is
obtained by an AND operation of the variables in their true form or

complemented form.
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CANONICAL AND STANDERED FORMS

» Maxterm: A sum term containing all n variables of the function in either
true or complemented form is called the Maxterm. Each Maxterm is
obtained by an OR operation of the variables in their true form or

complemented form.

» The canonical sum of products form of a logic function can be obtained

by using the following procedure:

» Check each term in the given logic function. Retain if it is a minterm,
continue to examine the next term in the same manner.

» Examine for the variables that are missing in each product which is not
a minterm. If the missing variable in the minterm is X, multiply that

minterm with (X+X’).

» Multiply all the products and discard the redundant terms.
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CANONICAL AND STANDERED FORMS

> Standard form: The standard form of the Boolean function is when it

is expressed in sum of the products or product of the sums fashion

Y =AF + BC + AC

» Nonstandard Form: Boolean functions are also sometimes expressed in
nonstandard forms like F = (AB + CD)(AB + CD), which is neither a sum

of products form nor a product of sums form.

» Minterm: A product term containing all n variables of the function in
either true or complemented form is called the minterm. Each minterm is
obtained by an AND operation of the variables in their true form or

complemented form.
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CANONICAL AND STANDERED FORMS

* Example: Obtain the canonical sum of product form of the following
function F (4,B,C) = A + BC

* Solution:
" F(AB,C) = A+ BC

=AB+B)(C+C)+BC(A+ 4
= (AB + AB) (C + C) + ABC + ABC
= ABC + ABC + ABC + ABC + ABC + ABC

= ABC + ABC + ABC + ABC + ABC (as ABC + ABC = ABC)

* Hence the canonical sum of the product expression of the given function is

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



CANONICAL AND STANDERED FORMS

»The product of sums form is a method (or form) of simplifying the Boolean
expressions of logic gates. In this POS form, all the variables are ORed, i.e. written
as sums to form sum terms. All these sum terms are ANDed (multiplied) together
to get the product-of-sum form. This form is exactly opposite to the SOP form. So
this can also be said as —Dualof SOPform||.

(A+B) * (A+ B+ C) * (C+D)
POS form can be obtained by
» Writing an OR term for each input combination, which produces LOW

output.

» Writing the input variables if the value is 0, and write the complement of the

variable if its value is AND the OR terms to obtain the outputfunction.
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ALGEBRAIC SIMPLIFICATION

Minimize the following Boolean expression using Boolean identities -

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

Solution

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

F (A,B,C)=A.A+A.C+B.A+B.C [Applying distributive Rule]
F(A,B,C)=A+A.C+B.A+B.C [Applying Idempotent Law]
F(A,B,C)=A(1+C)+B.A+B.C [Applying distributive Law]
F(A,B,C)=A+B.A+B.C [Applying dominance
F(A,B,C)=(A+1).A+B.C [Applying distributive Law]
F(A,B,C)=1.A+B.C [Applying dominance Law]
F(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.
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DIGITAL LOGIC GATES

AND GATE:
AND
/=A.B CS A
X 0o o] o
. o 1| o
1 0] o
¥ 1 1] 1
Z = X & Y
OR GATE:

/=A+B




DIGITAL LOGIC GATES

NOT GATE:
=N NOT X |Y
X_I>ol’ 0o | 1
1 |0
Y =X
NAND GATE:

Z=A.B




DIGITAL LOGIC GATES

NOR GATE:

Z=A+E X Y| Z

0o ol 1

X ] 0o 1| 0

v 1 0| 0

1 1| 0

Ex-OR GATE:
Z=A &B

P
e
[




MULTILEVEL NAND-NOR REALIZATION

NAND Gate as an Inverter Gate

(}( e X = X (Before Bubble)
27

NAND Gate as an AND Gate

DA T

\ ] | J

MAMD Gate Inverter

=lol=]=]<]

= | olo|la|l N

| } Equivalentto Inverter

=—  Equivalentto AND (Gate




MULTILEVEL NAND-NOR REALIZATION

NAND Gate as an OR Gate

F=XY =X+Y =X+Y
v{}f}

|. J
\ Y J Y

Inverters NAMD Gate
XY |2
olo|o
0D11/11:
11011 =  Equivalentto OR Gate
111




MULTILEVEL NAND-NOR REALIZATION

1. All NOR nput pins connect to the input signal A gives an output A’.

‘=A" .
LEI): (A+A)=A A l> A

2. One NOR input pin is connected to the input signal A while all other input pins are
connected to logic 0. The output will be A’

A ‘A’
0

Implementing OR Using only NOR Gates

An OR gate can be replaced by NOR gates as shown in the figure (The OR is
replaced by a NOR gate with its output complemented by a NOR gate inverter)

A (A+B)’ A+B A :Dha
—
B B




MULTILEVEL NAND-NOR REALIZATION

Examplel: implement the following function F = AB+CD
» The implementation of Boolean functions with NAND gatesrequires

that the functions be in sum of products (SOP)form.

» This function can be implemented by three steps.




MULTILEVEL NAND-NOR REALIZATION

Examplel: implement the following function F = AB+CD
» The implementation of Boolean functions with NAND gatesrequires

that the functions be in sum of products (SOP)form.

» This function can be implemented by three steps.




MODULE-IV
MINIMIZATION OF BOOLEAN FUNCTIONS

Karnaugh Map Method - Up to five Variables, Don't Care Map Entries, Tabular
Method,

Combinational Logic Circuits: Adders, Subtractors, comparators, Multiplexers,
Demultiplexers, Encoders, Decoders and Code converters, Hazards and Hazard
Free Relations.
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CONTENTS

» Up to five Variables,

»Don't Care Map Entries,

»Tabular Method,

> Adders,

»Subtractors,

»comparators, Multiplexers, Demultiplexers,

»Encoders, Decoders and Code converters,

> Hazards and Hazard Free Relations.




KARANAUGH MAP

» A two-variable function has four possible minterms. We can re- arrange

these minterms into a Karnaughmap

bs y |minterm Y

0 0 x'y' 0 A
0 Ll v ) . (O [y [«

1 © XY 1 | xy xy

1 1 xy

» Now we can easily see which minterms containcommonliterals
o Minterms on the left and right sides contain y’ and y respectively

o Minterms in the top and bottom rows contain x’ and x respectively

~ Y| Y
0 1
X {0 x'y' ' X Xy X'Y

1| xy' | xy X X)/ XY
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KARANAUGH MAP

* Make as few rectangles as possible, to minimize the numberof
products in the finalexpression.

* Make each rectangle as large as possible, to minimize the numberof
literals in each term.

* Rectanglescan be overlapped, if that makes them larger
* The most difficult step is grouping together all the 1s in the K-map
* Make rectangles around groupsof one, two, four or eightls

« All of the 1s in the map should be included in at least
one
rectangle. Do not include any of theOs

* Each group corresponds to oneproductterm
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3 VARIABLEK-MAP

» Let’s consider simplifying f(x,y,z) = xy + y'z + xz
» Youshould convert the expression into a sum ofmintermsform,

» The easiest way to do this is to make a truth table forthe
function, and then read off theminterms

> Youcan either write out the literals or use theminterm
shorthand

» Here is the truth table and sum of minterms for ourexample:

X Yy z f(x.,y,z)
¢ 0 O 0 f(x,y,2) = xX'y'z +xyz +xyz'
0 0 1 1 + xyz
0 1 o0 0
| o 1 1 0 =M1y + Ms+ Mg+ My
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1
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3 VARIABLEK-MAP

* Maxterms are grouped to find minimal PoS

expression 1z
00 01 11 10

0

X X +y+Z X+y+Z' X+y'+Z' X+y'+Z

1] x +y+Z x‘+y+ z' x‘+y'+ z' x‘+y‘+ Z




4-VARIABLE K-MAP

» We can do four-variable expressionstoo!
— The minterms in the third and fourth columns, andinthethird
and
fourth rows, are switchedaround.
— Again, this ensures that adjacent squares havecommonliterals

» Grouping minterms is similar to the three-variable case, but:
— Youcan have rectangular groups of 1, 2, 4, 8 or 16 minterms
— You can wrap around all four sides
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4-VARIABLE K-MAP

YZ

WX\ 00 01 11 10

00

o1

1

W

10

Y
wlxlylzl wlxlylz ‘“lellyZ wlxlyzl
WIXYIZI wlxylz wlxyz wlxyzl
wxy'z' | wxy'z | wxyz | wxyz

Mo | M1 [ m3 | mz
my ms mz Mg
Miz | Mz | Mis | Mg




DON’T CARE CONDITION

» Youdon’t always need all 2"input combinations inann-variable
function

— If you can guarantee that certain input combinationsnever
occur

— |f some outputs aren’t used in the rest of thecircuit

fix.y.z)

= =0 OO0 O X
= D Ol = O Of=
= O Ol O = OlN
=] [=R -]

» Wemark don’t-care outputs in truth tables and K-maps with Xs.




DON’T CARE CONDITION

> Find a MSP for
flw,xy,z) = 2m(0,2,4,5,8,14,15), d(w,x,y,z) =>m(7,10,13)

»This notation means that input combinations wxyz = 0111, 1010 and

1101 (corresponding to minterms m7, migand ms3) are unused.

Y

Ol—=|X]|O
X | =|O|+=

= O = =
O|IX | =]|O




DON’T CARE CONDITION

» Find a MSP for:
flw,xy,z) = 2m(0,2,4,5,8,14,15), d(w,x,y,z) =>~m(7,10,13)

Y

1| 1]

—

H z |

1

1 1|x
X

1]

f(w,x,y,2)=x2" + wxy’ + wxy




COMBINATIONAL CIRCUITS

» 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 arefollowing:

» The output of combinational circuit at any instant of time, depends
only on the levels present at inputterminals.

» The combinational circuit do not use any memory. The previousstate of
input does not have any effect on the present state of thecircuit.

» A combinational circuit can have an n number of inputs and mnumber of
outputs.
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COMBINATIONAL CIRCUITS

» Block diagram:

possible combinations of inputvalues.

n input — | Combinational — /M output
variables Logic Circuit variables

» Specific functions : of combinational circuits

» Adders, subtractors , multiplexers, comparators , encoder, Decoder MSI

Circuits and standardcells




ANALYSIS PROCEDURE

Analysis procedure

Toobtain the output Boolean functions from a logic diagram,proceed as follows:

>

Label all gate outputs that are a function of input variables with arbitrary

symbols. Determine the Boolean functions foreachgate output.

Label the gates that are a function of input variables and previously
labeled gates with other arbitrary symbols. Find the Boolean functions for

these gates.

Repeat the process outlined in step 2 until the outputs of the

circuit areobtained.
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DESIGN PROCEDURE

Design Procedure
» The problem is stated

» The number of available input variables andrequiredoutput variables is

determined.

» The input and output variables are assigned letter symbols.

» The truth table that defines the required relationshipbetween inputs
and outputs is derived.

» The simplified Boolean function for each output is obtained.

» The logic diagram isdrawn.




BINARY ADDERS

ADDERS

Half Adder
A Half Adder is a combinational circuit with two binary inputs (augends and
addend bits and two binary outputs (sum and carry bits.) It adds the two

inputs (A and B) and produces the sum (S) and the carry (C) bits.

Tnputs Outputs
™ e =
p—of flaadder |0 01 1 0
1 0 1 0
1 1 o 1
Fig 1:Blockdiagram
Fig 2:Truthtable

Sum=A'B+AB’=A( B
Carry=AB




BINARYSUBTRACTORS

Full subtractor

» The full subtractor perform subtraction of three input bits: the minuend,

subtrahend, and borrow in and generates two output bits difference and

inputs __ Difference  Borrow
B b

borrow out. aA—. d
B——={ Full-subtractor
by ———* ——— b

Fig 7:Blockdiagram

il = N = = O -
k== = = ) -
—- 00 =0 = =08
= OO0 .-

Fig 8: Truthtable
d=ABb,+ ABb,+ ABb, + ABb, =A®B®b,

b= ABb, + ABb, + ABb, + ABb.. = AB + (A @ B)b,




PARALLEL ADDER ANDSUBTRACTOR

» A binary parallel adder is a digital circuit that adds two binary numbers in
parallel form and produces the arithmetic sum of those numbers in

parallel form B, B, A B A B A

[ N N

Y Y

Cy Sy Ss S; 5,

Fig 9:paralleladder

vyl vl v

Couta FA, Cos Cons FA, Caz Couz FA, Eha Cour 1 Cpq=1

P+

Fig 10:parallelsubtractor



CARRY LOOK-A- HEAD ADDER

» In parallel-adder , the speed with which an addition can be
performed is governed by the time required for the carries to

propagate or ripple through all of the stages oftheadder.

» The look-ahead carry adder speeds up the process byeliminating

this ripple carrydelay.

S,=P,@&C, whereP,=A &B,
Cﬂﬂ = CJH—! = G.F:I‘ + Pncu where Gn = hl‘l ’ Bﬂ




CARRY LOOK-A- HEAD ADDER

-~ :’% P ” :D_ ”
Sa

% 1) s
Lo >

- -
e S M

i : - Ca :)D_ Se

y ) >—-
) >—-=

]  D—=

, ] :

Fig:1 blockdiagram




BINARY MULTIPLIER

» A binary multiplier is an electronic circuit used in digital electronics, such
as a computer, to multiply two binary numbers. It is built using binary

adders.

Example: (101 x 011)

Partial products are: 101 » 1 0 1
x 0 1 1
1 0 1
1 0 1
0O 0
1 1




BINARY MULTIPLIER

» We can also make an n x m “block” multiplier and use that to

form partial products.

» Example: 2 x 2 — The logic equations for each partial-product

binary digit are shownbelow

» We need to "add" the columns to get the product bits PO, P1,
P2, and P3




BINARY MULTIPLIER

A1
B1 Bo
; A
HA HA
e
P; P, P, Po

Fig 1: 2 x 2 multiplierarray



MAGNITUDE COMPARATOR

»Magnitude comparator takes two numbers as input in binary form and
determines whether one number is greater than, less than or equal to the

other number,

1-Bit Magnitude Comparator

» A comparator used to compare two bits is called a single bit comparator.

1-hit .
Comparator

Fig :1 Block diagram




MAGNITUDE COMPARATOR

Inputs Qutputs
A|B|A>B|A=B|A<B
0|0 0 1 0
0] 1 0 0 1
110 1 0 0
i ¢ 0 1 0
A | : } AB C—DA<B
:Dw AB+AB D A=B
} AB c—DA>B
B ——| >0—1  J

Fig 2:Logic diagram of 1-bitcomparator




S
s
<
o
=
@
O
L
=
-
E=
2
T,
<
=

» 2 Bit magnitude comparator

A<B

A=B

Inputs

By | A>B

A

A=B

Gl—> B
N ——

2-hit
Comparator

Li—>a-8

Ay ——pr
A P

A['

e
Bo——

[

Fig :3 Blockdiagram

Fig :4 Truthtable




MAGNITUDE COMPARATOR

:)———— AECB

| .;—}i/l‘q = By)(Ap > Bo)
T AGTB
!
lf q,_}_(i> By)
— (Ay = By)(Ag < By)
' ALTB

_)-_(ii <By)

Fig 5:Logic diagram of 2-bitcomparator




BCD ADDER

BCD Adder

» Perform the addition of two decimal digits in BCD, together with an input carry
from a previous stage.

» When the sum is 9 or less, the sum is in proper BCD form and no correction is

needed.
» When the sum of two digits is greater than 9, a correction of 0110 should be

added to that sum, to produce the proper BCD result. This will produce a carry

to be added to the next decimal position.




BCD ADDER




DECODER

» A binary decoder is a combinational logic circuit that converts binary information
from the n coded inputs to a maximum of 2"runique outputs.

» We have following types of decoders 2x4,3x8,4x16....

2x4 decoder
—p DO Inputs Qutput
A > > wd > D1 A| B |D:- D: D: D:
Decoder o/l0o |1 00 O
B =—p — 2 0|11]/0 120 0
e )3 0|10 01 0
1|10 00 1

Fig 2:Truthtable

Fig 1: Blockdiagram




DECODER

Higher order decoder implementation using lower order.

Ex:4x16 decoder using 3x8decoders

- YO
B 3to8
C Decoder
E Y7
Y8
3to8
Decoder




ENCODERS

» An Encoderis a combinational circuit that performs the reverse
operation of Decoder. It has maximum of 2ninput lines and ‘n’

output lines.

» It will produce a binary code equivalent to the input, which is active High.

Y3 —

v, —| 402 [A

Encoder |——y
Y1 —> Ay

Yo —>

Fig 1:block diagram of 4x2encoder




ENCODERS

Octal to binaryencoder

Octal inputs
Octal digs __ Binary "D, D, D, D, Dy D, O,
Ay A Ag
D, 0 0 0 0
p, 1 ©0 0 1 \
p, 2 0 1 0 Ay
D, 3 0 1 1
D, 4 1 0 0
o, 5 1 0 1 . = A 'm
D, 8 1 1 0
7 01 1 1
“ A
Fig 2:Truth table

Fig 3: Logicdiagram




ENCODERS

Priority encoder

A 4 to 2 priority encoder has four inputs Y3, Y3, Y1 & Yoand two outputs A; &
Ao. Here, the input, Y3 has the highest priority, whereas the input, Yo has the

lowest priority.

Inputs Outputs
Y3 Y5 Yy Yo Ay Ag v
0 0 0 0 0 0 0
0 0 0 1 0 0 1
D D 1 X 0 1 1
0 1 X X 1 0 1
1 X X X 1 1 1

Fig 4:Truthtable



MULTIPLEXERS

» Multiplexer is a combinational circuit that has maximum of 2n data inputs,
‘n’ selection lines and single output line. One of these data inputs will be

connected to the output based on the values of selection lines.

» We have different types of multiplexers 2x1,4x1,8x1,16x1,32x1......

L — >  axt
I; —— Multiplexer

[T

51 So




MULTIPLEXERS

- EESE

I

Lop ¥

Io

Fig 3: Logicdiagram

» Now let us implement the higher-order Multiplexer using

lower-order Multiplexers.




MULTIPLEXERS

» Ex: 8x1 Multiplexer

g >  axi

[s —— Multiplexer

i, —»
T L— 2x1
54 , Multiplexer N
N
Si) ==
v T
I, e— s
I — > ax1

1, —>»{ Multiplexer

Fig 3: 8x1 Multiplexer diagram



MULTIPLEXERS

» Implementation of Boolean function usingmultiplexer

» f(Al,A2,A3)=%(3,5,6,7) implementation using 8x1mux

— /I
0 I
I,
13 — F
I, 8x1
I=  MUX
Ig

Ay Az A




MULTIPLEXERS

f(A1, A2, A3)=X(3,5,6,7) implementation using 4x1 mux

Method:1
Minterms | A, A, Az
0 1] 0 0
1 1] 0 1
2 1] 1 0
3 1] 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1

i K I Iy
Ay 0 1 2 )
a e ® © O
0 Ay Ay 1
1 —{>0— o
Ay Iy 4x1
Iz Mux _1(3,5,6,7)
I3




MULTIPLEXERS

Method:2
Minterm | A, | A, Az f I
0
% __
0 0 |0 0 |0 0
Ag Il 4x1
I 0 |0 oo =0 | — f
IZ MUX
2 0 I 0|0
3 0 | ! I =43 | L Iy
4 1 0 0 |0
5 1 0 1 1 f=As3 |
Ay A3
6 | l 0 [




DEMULTIPLEXER

» A demultiplexer is a device that takes a single input line and routes it to

one of several digitaloutputlines.

» A demultiplexer of 2n outputs has n select lines, which are used to

select which output line to send theinput.

» We have 1x2,1x4,8x1.... Demultiplexers.

1x4
I - »| De-Multiplexer




DEMULTIPLEXER

Boolean functions for each outputas

lfg = 313{..[ I

Ys = 351801 %
Y, = sy'sp] \/ v

Yo =s1'sd'T

Y3

Yy

Yo

el

Fig:3 Logicdiagram




CODE CONVERTERS

» A code converter is a logic circuit whose inputs are bit patterns representing
numbers (or character) in one code and whose outputs are the corresponding

representation in a different code.

Design of a 4-bit binary to gray codeconverter

-t Dbmary <A -l Sray
=1 B [ = B, 1=y Sy S =,
Ls L o L L ] Ln L. o
i L L ] 1 o o Lo 1
e [ 1 L} o O 1 b |
i o 1 1 — i 1 o
(-] a1 [w L or 1 1 Ll
i 1 O 1 o 1 1 N |
O 1 1 o o 1 Lo 1
i 1 1 1 o 1 L] o
1 L o L. 1 1 L O
1 o o 1 1 1 Lo h
1 L 1 L 1 1 1 1
1 i 1 1 1 1 1 [ ]
1 1 — L 1 [n ] T L]
1 | Lo 1 1 Lo T A
1 b 1 L 1 i i |
1 1 L 1 1 i i £

Fig :1 Truthtable




CODE CONVERTERS

B, ‘ Gy,
Eﬂj:{' G
B, ‘ D_ %

Fig: 2 Logicdiagram




HAZARDS AND GLITCHES

>  glitch: unwanted output
» A circuit with the potential for a glitch has a hazard.
»  Glitches occur when different pathways have different delays
Causes circuit noise
Dangerous if logic makes a decision while output is unstable
» Solutions
Design hazard-free circuit
Difficult when logic is multilevel

Wait until signals are stable




TYPES OF HAZARDS

>  Static 1-hazard

~
|

Output should stay logic 1

Gate delays cause brief glitch to logic 0

>  Static 0-hazard

Output should stay logic O 1 ‘ )

Gate delays cause brief glitch to logic 1

IO

> Dynamic hazards

Output should toggle cleanly 1 7 1 ﬂ
0 0 0 |0

Gate delays cause multiple transitions




STATIC HAZARDS

»  Often occurs when a literal and its complement momentarily assume the
same value

Through different paths with different delays
Causes an (ideally) static output to glitch

A multiplexer A
A

S D‘L i

Y I e

S

F

I P
: /;Df féf

static-0 hazard




DYNAMIC HAZARDS

»  Often occurs when a literal assumes multiple values
Through different paths with different delays
Causes an output to toggle multiple times

S T O ) B

Dynamic hazards

Dynamic hazard



ELIMINATING STATIC HAZARDS

» Key idea: Glitches happen when a changing input spans separate K-
map encirclements

Example: 1101 to 0101 change can cause a static-1 glitch

. A = ABCD: 1101 - 0101
cp~ 00 01 11 10 A
oolo |0 |1 [1 AB S
F=AC' + A'D cp~. 00 01711 10
O1f1 |11 |1 00|0 |0 |1 |1
D 001 A 100
C111 1/lo |0 111 CH . 011 |11 |1
101
10 1 00 A
0|0 |0 |0 111 D4 001 {:111 100
B 10{p |0 |0 |0




ELIMINATING STATIC HAZARDS

»  Solution: Add redundant K-map encirclements
Ensure that all single-bit changes are covered by same block
First eliminate static-1 hazards: Use SOP form
If need to eliminate static-0 hazards, use POS form

» Technique only works for 2-level logic

. . i AB _A
F=AC'+ AD+ CD cp-~ 00 01 11 10

000 [0 |1 |1
ﬂl"l 111 |1

—_—
114
10| p

1[0 |0
0|0 |0

>
1O ¢
s

B




ELIMINATING STATIC HAZARDS

»> We can eliminate static hazards in 2-level logic for single-bit changes
Eliminating static hazards also eliminates dynamic hazards

» Hazards are a difficult problem
Multiple-bit changes in 2-level logic are hard

Static hazards in multilevel logic are harder

Dynamic hazards in multilevel logic are harder yet




MODULE-V
SEQUENTIAL CIRCUITS FUNDAMENTALS

Basic Architectural Distinctions between Combinational and Sequential
circuits, SR Latch, Flip Flops: SR, JK, JK Master Slave, D and T Type Flip Flops,
Excitation Table of all Flip Flops, Timing and Triggering Consideration,
Conversion from one type of Flip-Flop to another.

Registers and Counters: Shift Registers — Left, Right and Bidirectional Shift
Registers, Applications of Shift Registers - Design and Operation of Ring and
Twisted Ring Counter, Operation of Asynchronous and

Synchronous Counters
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CONTENTS

»Combinational and Sequential circuits,

»SR Latch, Flip Flops: SR, JK, JK Master Slave,

» D and T Type Flip Flops, Excitation Table of all Flip Flops,

» Timing and Triggering Consideration,

»Shift Registers — Left, Right and Bidirectional Shift Registers, Operation of

Asynchronous and

»Synchronous Counters.




SEQUENTIAL CIRCUITS

> Gated latch is a basic latch that includesinput gating and a control signal.

> The latch retains its existing state when the control input is equal to O.

>|ts state may be changed when the control signal is equal to 1.In our

discussion we referred to the control input as the clock.

> We consider two types of gated latches:
- Gated SR latch uses the Sand Rinputs to set the latch to 1
- Gated D latch uses the Dinput to force the latch into a state that has the

same logic value as the Dinput.
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SEQUENTIAL CIRCUITS

> Basic latch is a feedback connection oftwo NOR gates or two NAND gates.
> It can store one bit ofinformation.

> It can be setto 1 usingthe S input andreset to 0 using the Rinput.

o[>

» A feedback loop with even numberof inverters
»IfA=0,B=10orwhenA=1,B=0

> This circuit is not useful due to the lack ofa mechanism for

changing its state




RS LATCH:

hea ""\ h= 21k = =4 ofr - 1%
e w2 s 13 13 a0 fnae ahansead
1 s = () (no changa)
e I 1 o 1 o
- 1 1 0 1
LY 2 1 1 1 o
=2 —) =k
(a) Circuit () Characleristic table

)

n
O = o= 0 =0+~ 0+¢

(e Tirming diagrarm

= 2
A
= =

)y SGraphical syrmibaol




D LATCH:

=
(IData) <
s
—'}.c R <
(=) CTircuit
Cllk I | @cz+ 1> i) -
O > Q)
1 O 8] e
1 1 1 <t Q
() Characteristic table () Graphical syimibol
ry £y rg F
Clk [ 1 [ |
D | | | | [ 1 | |
< | |

() Tirming diagrarm

—_— = THirmie




FLIP FLOPS:

> Aflip-flop is a storage element based onthe gated latch principle.

> It can have its output state changed onlyon the edge of the controlling clock

signal.

Types Of Flip-flops:
» SR flip-flop (Set, Reset)
» T flip-flop (Toggle)

» D flip-flop (Delay)

» JKflip-flop




FLIP FLOPS:

> Edge-triggered flip-flop is affected only by the  input values present when
the active edge ofthe clock occurs

> Master-slave flip-flop is built with twogated latches

> The master stage is active during half of the clock cycle, and the slave stage
is active during the other half.

> The output value of the flip-flop changes on the edge of the clock that

activates the transfer into the slave stage




SR FLIP FLOP

CLK —
Ql
INPUTS OUTPU | STATE
Sel e— S Q — O Utput T
CLK S R Q
X 0 0 No [|Previous
RECTIONICS
b T —— e
£ A 0 1 0 | Reset
A 1 0 1 Set
o f 1 1 - Forbidde
n




SR FLIPFLOP EXCITATION TABLE &TIMING DIAGRAM

SR FLIP-FLOP

Q) Qit+1y | S =
0 0 0 e
0 1 1 0
1 0 0 1
1 1 = 0

0

PRI P 0 ©

D #'D » 0 & D » D =

bo—

m =

2 IARE 3
% \
& 23




D FLIPFLOP

(a) Logic diagram with NAND gates

—1D a0
cP —=

00

(b) Graphical symbol

Q D | Qit+1)
00 0
01 1
10 0
11 1

(c¢) Transition table




D FLIPFLOP EXCITATION TABLE &TIMING DIAGRAM:

Present Next state D
state (Q,) (Qu41)

0 0 0
0 | |

l 0 0

|




T FLIPFLOP :

(2) Logic diagram

—F T Q |—
e T——

Q'l—

(b) Graphical svmbol

| Qit+1)
0

QT
o0
01 1
7 Be 1
11 0

(c) Transition table



JK FLIPFLOP

J
D Q . O
Clock
(a) Circuit
J K|Oo@+1)
o O Q (1) — 17 Ql—
0o 1 O
1 O 1 - —
— 1K I
11| am 2

(b) Characteristic table (c) Graphical symbol




JK FLIPFLOP

Q Output Inputs
Present Next J, | K,
State State
0 0 0 X
0 1 1 X
1 0 X 1
1 i X 0

clock

-




MASTER SLAVE JK FLIPFLOP

Master Stage Slave Stage
L Q
DO D T

R-S R-8

Latch Latch
O " oD ek

b

Sample inputs while clock high Sample inputs while clock low
Uses time to break feedback path from outputs to inputs!

1's

Set Reset  Catch  Toggle 100
1 1 1 1 1 1 1
J T g A |
K | I
Clk — . L — Correct Toggle
p (P —— . Mader Operation
P ] ; & i L outputs
Q ——> 1 L——T L gy
| Edetosteliures |



CONVERSION OF FLIPFLOP:

1. Draw the block diagram of the target flip
flop from the given problem.

2. Write truth table for the target flip-flop.

3. Write excitation table for the available flip-
flop.

4. Draw k-map for target flip-flop.
5. Draw the block diagram.




JKTO SR FLIPFLOP:

*» (Characteristic Table
—_—

S R

Q(t+1) Operation \J

0 0
01
1 0

11

O(f)  No change

0 Reset —_—
1 Set
? Undefined

* Characteristic Equation

Qt+1)=JQ+KQ

= Excitation Table
—

Q(t) Q(t+1)[J K Operation
0 0 0 X No change
0 1 1 X Set

Change
1 X 1 Reset
1 X 0 No Change

K [Q(t+1) Operation
0 0| O  Nochange
0 1 0 Reset
1 0 1 Set
1 1| O Complement
(Toggle)
J‘D:D_ D ¥
K-I ﬂ __.> C D.-u—




CHARACTERISTIC EQUATION:

Flip-flop Characteristic Equation
D Q(t+1)=D
T Q(t+1) =T2 Q(t)
SR Q(t+1) =S+ R Q(t)
JK Q(t+1) =J Q(t)' + K Qft)




COUNTERS:

> Counters are a specific type of sequential circuit.

> Like registers, the state, or the flip-flop values themselves, serves as the
“output.”

> The output value increases by one on each clock cycle.

> After the largest value, theoutput “wraps around” back to 0.

> Counters can act as simple clocks to keep track of “time.”




ASYNCHRONOUS COUNTERS:

> Asynchronous counter created from two JK flip-flops An asynchronous (ripple)

counter is a single d-type flip-flop, with its J (data) input fed from its own

inverted output. This circuit can store one bit, and hence can count from zero

to one before it overflows (starts over from 0).




ASYNCHRONOUS UP/DOWN COUNTERS:

=} =N = [

"Up™ count sequence
o |1 ]lofxr]lofalofar|lofxs]lofa]lo]1 o]

"Down™ count sequence
¢ 1 ]lo[xlof1lolrx]lol1]lol1lo[1]lo[1]o|




SYNCHRONOUS COUNTERS:

> The counters which use clock signal to change their transition are called
“synchronous counters”. this means the synchronous counters depends on
their clock input to change state values. in synchronous counters, all flip flops

are connected to the same clock signal and all flip flops will trigger at the same

time.

Types of Counters:

> 4 bit Binary synchronous UP& DOWN counter
> 4 bit Binary synchronous UP / DOWN counter
» BCD counters

» Ringcounters

> Johnson counters etc.
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SHIFT REGISTER:

> Shift registers, like counters, are a form of sequential logic. Sequential logic,
unlike Combinational Logic is not only affected by the present inputs, but
also, by the prior history. In other words, sequential logic remembers past

events. Basic shift registers are classified by structure according to the

Types of Shift Registers:
» Serial-in/serial-out
» Parallel-in/serial-out

> Serial-in/parallel-out

Universal parallel-in/parallel-out



Ly Qe e QD‘I

Soral | D T-— L Q T-— T:—_ D J
aria
Dens FFA FFB FFC FFD
CLK — LK —C LK — LK

CLR CLR CLR CLR
Clear l l L
Clock | |

SERIAL IN TO PARALLEL OUTPUT:

4-bit Parallel Data Output




SERIAL IN TO SERIAL OUTPUT:

@l bhool%o sl olldn g

@\ FrA | | FRB | [FRC| [FFD| e

Data out

CLK CLK CLK CLK

mal [ ]




PARALLEL IN TO SERIAL OUTPUT:

1 Q
*@- - Q v _@ bt _@ bt _Eerial
FFA FFB FFC FFD | Data out
CLK CLK CLK CLK
al | [
Clock
| P[:. P:: PE. PA|

4-bit Parallel Data Input




PARALLEL IN TO PARALLEL OUTPUT:

4-bit Parallel Data Output

Q¢

Qs

il

i

— D D D Q D
FFA FFB FFC FFD
CLK CLK CLK CLK
al | L]
Clock
Po Pc Pz Fa

4-bit Parallel Data Input

Q.



