L ogic Gates with Boolean
Functions

A

In this chapter you will learn about,

signals used in electronic science

basic logic gates and combinational logic gates

representing Boolean expressions using truth tables

creating combinational logic gates based on basic log

drawing digital circuits for Boolean expressions

Constructing truth tables after writing Boolean jons for digital
circuits

integrated Circuits \
e practical usage of logic gates

(4.1 Introduction

J

Communlcatlon happens inWarious ways among living be| ngs in day to

it. Before you start ajourney in acar, al its doors should be closed properly. If at
|east ogcioor is not closed properly, alight will be on or there will be a sound for

the driver to signal it. When al the doors are closed, this signa will be stopped.
ther, you should wear seat belts if you are seated in the front seats of a car.
ise there will be asignal to indicate this. Thus, as we use signalsin our day

to life to make decisions, the computer also uses signals.
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(4.2 Logic Gates )

Circuits which enable building of certain logical conditions using binary
values and which enable making certain decisions, are called Logic Circuits. T
Computer is made of alarge number of complex digital circuits. These electroni
circuits are designed as required connecting alarge number of basic logical i

called logic gates.
Central Processing Unit is made up of a collection of a large
logic gates.

The following Figure 4.1 shows a circuit made up of
AND, OR, and NOT.

CPU

& Circuit with Basic Logic Gates
Théfunctien’carried out by alogic gate is giving an output considering an

4
input or severalAputs.
There are numerous of technical methods to produce logic gates and its
intgrnal circuit consists of devices such as transistors, diodes and resistors.
According to the way that the circuits are used, logic gates can be classified,

\into two types.
1.

Basic Logic Gates

L 4

2. Combinational Logic Gates
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(4.3 BasicLogic Gates

)

There are three types of basic logic gates. Those are,

1. AND gate — >

A

2. OR gate j/}

3. NOT gate 4D37
(4.3.1 AND Gate) 4?

Let us consider the example given below to unde

 |If the door of your computer lab is locked
key and padlock key are needed to opef tha
can open the door. If either door key o
the door. Further, if keys are not there, yo

annot open the door.

sy and padlock, both door
oor. If both keys are there, you
padlock key is used, you cannot open

« Let us consider the simple seri ronic circuit given below to understand

AND operation. V
u/' J_ o—0o o—0—

L [

Figure 4.2 — Electronic circuit when input A and Figure 4.3 — Electronic circuit when input
B valueisO. Aand B valueis 1.

6\& P .

I
|[

Figure 4.4 - Electronic circuit for
AND logic gate.
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Let

Here, the two switches A and B, bulb Q and two batteries are connected in series.
us condder the two switches asinput and the bulb as outpuit.
When both switches A and B are closed only, the bulb will be switched on. The

bulb will not be switched on when either switch A or B is closed. When both switchesare

open, the bulb will not be switched on.
4.2) andif Logic O indicates when one switch is open and the bulb is switched off (F

4.3), the relationships between AND | ogic gate inputs and outputs are given bel ow
4.1)

Table 4.2 — Truth Table for AND

If Logic 1 indicates both switches are closed and the bulb is switched on (Figu "

Table 4.1 — Nature of the bulb in the circuit for AND

A B
Open Open
Open Closed

Closed Open
Closed Closed

Logic Gate
A B Q
0 0 0 Here, Q=1 when both A and B input are
ate only. When either inputsarein “0” state
0 1 0 0. This table is called the truth table for AND
1 0 ic gate.
1 1

>

east oneinput isin "0" state, the output of AND gateis"0".

Fo&ates (22 = 4) are shown in the table as this gate consists of two inputs.

Logic of AND gateis“A” AND“B”. According to Boolean expressions, it
epresented asA.B

A

B

Figure 4.5 - The Boolean algebra expression and symbol for AND logic gate.
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This AND logic gate consists of a minimum of two inputs and there are
AND logic gates with more than two inputs.

Activity

1. Givenbelowis an AND logic gate with threeinputs; A, B and C.

& Figure 4.6

y (( (Fig )
!

A
B Q=AB.C
C

Figure 4.6 - AND logic gate with three inputs.

The above AND logic gate is equivalent to the circuit givenib: C(Figure 4.7)
A P
B Q
S

Figure 4.7 - Electronic circuit for AND logiglgate with three inputs

I.  Write down Pwhich isthe outﬁt of the AND logic gate for A and B inputs.

II. Write down Q whichis w of AND logic gate for Pand C inputs.

I1I. Thevaueof Qis

jval o the output of AND logic gate with three inputs

A, BandC
Hence, the Bo ression for thiscircuit is,
Q=AB8C

There are 8 in the Truth Table related to the above circuit. As there are 3
inputs, there are 8 states in the Truth Table. (23 = 8)

. Fi& the table given below. Fill in column A.B column using the truth
@ble or AND logic gate with 2 inputs. (Table 4.3) Fill in A.B.C subsequently.
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Table 4.3 - Truth Table for AND logic gate with 3 inputs.

A B C A.B Q=A.B.C
0 0 0 0o | ..

0 0 1 | .. 0

0 1 0 0o | ..

0 1 1 [

1 0 0 0

1 0 1 [ ..

1 1 0o [ ...

1 1 1 [ ..

[ 432 OR Gate

e A bus passenger who isin atwo door

door.

e If there are several routes to reach

Here A and B two swit

parallel. Let usconsid W

d Q bulb are connected to two batteries in
itchesA and B asinput and the bulb as output.

Figure 4.8 - Electronic circuit when one
logical state of the two inputsis 1

. The bulb of thiscircuit will be ‘on' when either A or B switch or both A and
switches are closed. This can be tabulated as follows. (Table 4.4)

Table 4.4 - Nature of the bulb of the electronic circuit for OR

AY

Let us consider the following example to understand OR

down from the front or back

onz, you can use any of these routes,

Let us consider the ssmple electronic circuit given below. (Figure 4.8 and 4.9)

Figure 4.9 — Electronic circuit when the
logical state of thetwo inputsisO.

<

A B Q
Open Open Switched off
Open Closed Switched on
Closed Open Switched on
Closed Closed Switched on

For free distribution 113



https://www.ict-with-udula-priyankara.online/

When either of the switches A or B is "on", it is represented as state "1"
(Figure 4.7). The state when both switches are open or the bulb is switched off
(Figure 4.8) is indicated as logic “0”. This table is called the Truth Table for OR
logic gate. (Table 4.5)

Table 4.5 - Truth Table for OR logic gate.
A B

I =lle)

R|IRL|O|O
R|O|FRL|O

Observation \ ;
x At least one input should be 1 for th%ut of OR gateto be 1.
When both input of the above OR 0, output will alwaysbe 0. Further,
when al inputs are 0 of an OR logic gate With more than 2 inputs, output will
aways beO.
In the abovetable (Table 4. A=1or B=1or bothA and B arein state
"1", Q=1. Thistableis called the Trith Table related to the OR logic gate.
In Boolean algebra, ation is symbolically represented as “A + B”.

Note that thisis not the@dditi eration you use in Mathematics to add numbers.
to indicate a plus number. Hence, it represents “A

Igure 4.9 is the Boolean algebra expression related to the

OR gate and the Gikedit symbols.

(.9\& ﬁq

Figure 4.10 - The Boolean algebra expression and the symbol for OR
logic gate.
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Activity
~ Following is the logical circuit for AND to get the Q output fromA, B
«((+ andCinputs. (Figure4.11)

‘9
A .
B Q=
C

C

Figure 4.11 - OR logic gate with three inputs.

1. Write the Boolean expression for this.
2. Construct the Truth Table to obtain the above output.

(433 NOT Gate) ~\

xnderstand the NOT gate. The
‘- t as the output. Thus, complement

L et uslearn about the complement S
task of the NOT gateisto providethe co
of “0” is“1” and the complement of “ 1 0.

The NOT gate is the electronic cireuit that provides the complement as the
output of the input. Let us consider the circuit given below. (Figure 4.12)

N g@ Q
Qure 4.12 — Electronic circuit for NOT logic gate.

When the A switch is closed, the bulb is not switched on as no electricity
runSithrough. However, when the A switch is open, the bulb will be switched on.

::5 When'the input is A here, the complement of A is the output. In Figure 4.13 is the

olean algebra expression related to the NOT operation and its circuit symbols.

For free distribution 115



https://www.ict-with-udula-priyankara.online/

A Q= K
Figure 4.13 - Boolean algebra expression related to NOT logic gate and
symbols.
Following is the truth table related to the NOT gate. (Table 4.6)

Table 4.6 - Truth Table related to the NOT logic gate.

Al Q

T {?‘

(4.4 Combinational Logic Gates

J

The function of devices such as th@ , calculator, washing machine,

microwave oven, mobile phone, modern t ons, digital clock, air condition etc
is based on the function of logic gates. There'ae circuits which are designed with

various logic gates to get the requiged output. Such combinational logic circuit can
be designed using basic logic gat

(441 NOR Gate;Q\/
Thelogic Indicates NOT OR (i.e. complement operation of the

OR operation) isc NOR gate. Thelogic of the NOR gate isthe combination
of OR and NO the output from NOT after leading the output to NOT from
OR gate. This can be shown as follows. (Figure 4.14)

'S &A Q1:A+B
\ Q=A+B
B
Figure 4.14 — Electronic circuit for the NOR logic gate.

The truth table for this can be built based on basic truth tables. (Table 4.7)
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Table 4.7 - Truth Table for NOR logic gate based on basic Truth Tables.

A B | Q=A+B [Q=A+B
0 0 0 1
0 1 1 0
1 0 1 0
1 1 1 0

Observation

When the both inputs of the NOR logic gate is O, the ut is aways

. "1". Further, in an NOR logic gate with more th
those inputs are O, output is always 1.

Thus, the NOR gate is equivalent to the OR and NOT gates connected
in series. Following is the Boolean expressi the NOR gate and the circuit
symbols.

Q=A+B

Figure 4.15 - Boolean expression for NOR gate and the circuit symbols

\v

Thelogic circy @ e Truth Table related to this are given below. (Table 4.8)

able 4.8 - Truth Table for the NOR logic gate
A B Q

2
R, |O|O

R|O|R|O
O|O|O|F
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Activity

((( Thelogic circuit with output Q and inputsA, B and C is given below.

(Figure 4.16)

‘9
A

: Q =A+B+C_ g

© B Q=
@

Figure 4.16 — NOR logic gate with three inputs

1. Write the Boolean expression for the above.

2. Construct the truth table. v

(4.42 NAND Gate )
Q

&

N
K

* Here, the switches A and B, and the bulb Q
are connected to'a battery. Let us consider the two

/ /
A B

swit input and the bulb as output. When both
A an switches are closed only the bulb is not
switched on. On all the other occasions, the bulb will

I
Figure 4.17 — Electron
circuit for the NANP

gate

e'switched on.

The logic gate which indicates the
complement operation of AND or NOT AND
operationiscalled the NAND gate. Thisisequivalent

to connecting,output of AND gate to a NOT gate in series. This can be shown
asfollows. (Figure 4.18)

Figure 4.18 - Electronic circuit for NAND logic gate
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The Truth Table for this logic based on the Truth Tables related to basic
gates. (Table 4.9)

Table 4.9 - The Truth Table for the NAND logic gate based on basic

Truth Tables.
A B |Q=AB|Q=AB
0 0 0 1
0 1 0 1
1 0 0 1
1 1 1 0

The Boolean symbol and expression to represent ﬁ can be shown as

follows. (Figure 4.19) !
A —

Q=AB
B

Figure 4.19 — Boolean expressi he'symbol for NAND logic gate.

Truth Table for NAND logic gate is given below. (Table 4.10)

Table 4.10 - Truth Table for the NAND logic gate

B [Q=AB
0 1

0| 1 1

1 [ o 1

1| 1 0

&ser vation
L 4
6\‘-7 When the both (or all) inputs of NAND logic gate are 1, the output is

always 0.
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Activity
, The following is the NAND logic circuit with three inputs A, B and C
«((+ withoutput Q. (Figure 4.20)

Figure 4.20 — NAND logic gate with three inputs

1. Write the Boolean expression for this.
2. Construct the Truth Table to get the above output.

4.5 Designing Logical ClrcwtsR ed to oolean
EXxpressions

Let us design a circuit with logig gates to get Boolean expression
Q=A.(A+B)+B.

There are two inputs in thiS'eikcuit. These are A and B. The logical circuit
for the above Boolean expression % below. (Figure 4.21)

A - DA.(MB)
A+B

B B Q=A.(A+B)+B

&Zi gure 4.21 — The circuit for the Boolean expression Q=A.(A+B)+B
.

>
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Activity

1. Draw circuits for the Boolean expressions given below and
(- construct the related truth tables.
‘9 (@ A+AB

(b) A.(A+B)

(c) (A+B).(A.C)

2. Write Boolean expressions for the circuits given d
construct Truth Tables.
(). E

T

\/
%

e
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(d).

| | Qy~
LB
A A

(). Q

Q

Qvity

.

6\ Use MultimediaLogic (MM Logic) softwareto draw all thelogic circuits
< e

_ you have learnt in this chapter. Observe the function of the circuit.
‘9 (http://www.softronix.com/logic.html)
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(4.6 Integrated Circuits )

Integrated Circuits (ICs) are used to construct electronic circuits. A complex
electronic circuit consists of various circuits. For instance, a modern televisiop
Ci rcwt and a moblle phone consust of _many Ci rcwts An integrated CI rcuitis at o

so that one circuit can be packed in one. Circuits produced in this way ‘T*. o
integrated circuits.
As per Figure 4.23, a micro processor is made of a large nu
circuits which use logic gates.

In these integrated circuits, there are logic gates. FopiRstance, Figure4.22 is
alogic circuit which usesan AND gate. Thus, there are int ircuits designed
with the logic gates. 4

14 13 12 11 10 9 8

Figure 4.23 — External appearance of an
Integrated Circuit.

2 3

inputs. 3, 6, 11 pins are outputs. Figure 4.23 is the external appearance of an
integrated circuit which consists of 16 pins.
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Activity
1. Consider the Integrated Circuit given below. (Figure 4.24)

(- (][] [2] [ [] [°] [7]

| &
3 Lo}

Figure 4.24 — NOR Logic Integrated Circuit %

Consider thepins 1, 2 and 3intheabovecircuit. If 2=0and 3=0 hevalue

of pin 1? v
2. Inthe Integrated Circuit given below (Figure 4.34), ﬁ'ﬂk =1land2=1, what

isthe value of 3?

] 7] [2] [=]

)

Exam 1

HomeAlarm System
Thecircuit given below isan alarm system which informsthe house owner of
at home. Thisisdesigned using OR gates. Thiscircuit protects two windows,
front and back door of the house. When any window or door is opened, an alarm
system will be on. The logic gates which is connected to windows and doors are
connected to sensors. Input is" 1" when windows or doors are open; input is 0 when
windows or door are closed. As shown in Figure 4.27, when all the inputs are O,
there will be no alarm.
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This means al the window are closed at this moment. However, there will
be an alarm when one input value is 1 or severa input values are 1 or al input
valuesare 1. This means when athief opens one window or door or several of these,
there will be an alarm. For instance, Figure 4.28 shows the alarm which warns
the house owner when the first window is opened by somebody. The moments th
alarmison like thisare shown in Table 4.11.

Window 1 sensor

Window 2 sensor

Front door sensor

Back door sensor

Window 1 sensor

Window 2 sensor

Front door sensor

Back door sensor

Figure 4.28 — Alarm on when at least one door or window is open
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Window 1 | Window 2 | Front Back Door Occasion
Door

0 0 0 0 0
0 0 0 1 1
0 0 1 0 1
0 0 1 1 1
0 1 0 0 1
0 1 0 1 1
0 1 1 0

0 1 1 1 1
1 0 0 0 1
1 0 0 1 1
1 0 1 0 1
1 0 1 1 1
1 1 0 1
1 1 0 1
1 1 1 0 1
1 1 1 1 1

atus
1
warning state = 0
Example 2

Ci rcuiiflesi gned to control street lights.
¢ Fotlowing Figure4.29 isacircuit designed using logic gatesto control street
li Thisisdesigned using adark / light sensor, timer and a manual switch.

ere are several occasions when the lights are on. These are,
*  When only the manuals switch is closed
*  When theinput of the timer is 1 and when the environment is dark
«  When only the manuals Switch is closed
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When the manual switch is closed, itsinput is 1. Hence, the light ison.
When the input of the timer is 1 and when the environment is dark

If the time is in the range of two pre-arranged ranges the input is 1 an
otherwise 0. This means, the input is 1 when time is from 6 pm and 6 am, and th
input is 0 when from 6 am to 6 pm. Further, the light sensor will be 1 wh
is light above pre arranged value and it will be O when it is dark. Here, th
light will be on when the timer’sinput is 1 and light sensor’s value is 0.

environment is gloomy with arain cloud, the street light will not be &n th@ugh the
light sensor’svalue is 0 if the timeis not between 6 am and 6 p
Manual switch
[
Timer Street lamp

Light sensor

Figure 4.29,- The circuit to control street lights.

Activity

<(( ine ot on or when there is damage to a shutter. This has three
P S
ther there is a damage to a shutter. Another sensor is there to detect
whether the car is moving.
X This circuit is designed with three basic circuits. One of these is a
¢ _ NOT gate and the other two gates should be included in the empty boxes. What are
\e logic gates suitable for these?

Draw the circuit.
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| Engine sensor |i>o—|;
— alarmsigna |

Shutter damage T | e

R — L
| Movement sensor |—|_
Summary
Logic Gate Symbol Boolean Expression

=A+B

AND A

P

; A |Q
NOT A 0
1 |0
B

NOR ij Q=A+B

A ——
NAND A }Q Q

Rrlr|lo|lo]|>

Flo|lr|o|lm
~lolo|lolo

O
I
>|

o

Rlr|lo|lo]|>
Rlo|lr|o|lm
o|lo|o|r|o

I
>
o

NI E=1=153
Rrlo|lr|lo|lm
olr|r|r
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