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Differences between Metal. Insulator and Semiconductors on the basis of band theory ‘

Empty Conduction
band Almost full
conduction band

Almost Empty
Conduction band

>%eV

valence band o0

Insulator Semiconductor
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Conductors Semiconductors Insulators
g Conducts the electric current
Easily  conducts  the Does not conduct any
: less than conductor and greater
electrical current. ; current.
than insulator.
Has only one valence . .. | Has eight valence
i Has four valence electron in its . ;
electron 1n 1its outermost 3 electron n its
] outermost orbit. ]
orbit. outermost orbit.

Conductor formed using
metallic bonding,

Semiconductors are  formed

due to covalent bonding.

Insulators are formed
due to 1onic bonding,

Valence and conduction
bands are overlapped.

Valence and conduction bands
are separated by forbidden
energy gap of 1.1eV.

Valence and
conduction bands are
separated by forbidden
energy gap of 6 to
10eV.

. ; ; 3265 Resistance 1s  very
Resistance 1s very small Resistance 1s high high g
i
&4 : It has  negative
It has positive temperature | It has negative temperature
i ; temperature
coefficient coefficient ;
coefficient

Ex: copper,aluminium etc

Ex: silicon, germanium, etc

Ex: Mica, Paper, etc
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* Doping means adding impurities to pure semiconductor.

P-Type Doping P-Type Doping

.. cceplor Ext
Vb "A“;':Ea Conduction nole
6 Si 0 hole energy
.‘ . levels,
_ Q » 3 ..0.000000000. « Fermi
¢ Shi: B i:Sh ¢ level
S 2
g L8 g
.,. Si ’ 5 e ®
. il The absence of an electron creates the effect of a 22 Lo
Boron and gallium each have only three outer positive charge, hence the name P-type. ATy
electrons. eset i

Holes can conduct current. A hole happily accepts

6N mixeq Info e siicon i aice; 1oy 19/ an electron from a neighbor, moving the hole overa - -, . .:::

"holes"” in the lattice where a silicon electron has
nothing to bond to.
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N-Tvpe N-Type |
? Donor impurity
‘' ¢ ‘]\w vonducton
e, Ngerrngt Y@, :
.‘ ,,,,,, o.’ . : IFer{|n| T T
‘ A Y - W eve
‘tt. electron
! energy
. Si ’ levels
. ' ¥ I . .
It takes only a very small quantity of the impurityto . - - - <"
create enough free electrons to allow an electric - ::%%"

Phosphorus and arsenic each have five outer

electrons, so they're out of place when they getinto  cyrrent to flow through the silicon. N-type silicon is 225" "

the silicon lattice. a good conductor v
Electrons have a negative charge, hence the name Qi'-’;'ﬁ:
D......

The fifth electron has nothing to bond to, so it's free

to move around. N.fvne
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PN Junction

* An arrangement consisting
a p -type semiconductor
brought into a close contact
with n-type semiconductor,
1s called a p -n junction.
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P-N Junction ‘

- Extra
Conduction Conduction hole
Fermi - BUC B B B B B B B BN B N énergy
level levels.

Extra 0000000000, oFermi
energy : EE
levels
N-Type P-Type L
In the n-type region there are extra electrons and in . 7. e
the p-type region, there are holes from the acceptor . . . . o o
impurities . el
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P-N Junction

In the p-type region there are holes from the
acceptor impurities and in the n-type region there
are extra electrons.

0 I e e

I e LR

o ® o

o I -..;:,..'.
O:........, )’1

. .::.a _,‘..

Negative ion from Positive ion from . ' L eeeo®
sl yooos '

@ Elgctron '{Hole @ filling of p-type removal of electron S .0l '......00...
vacancy. from n-type impurity. T e ienett oo
S . e ® o ® .....
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P-N Junction

When a p-n junction is formed, some of the
electrons from the n-region which have reached the
conduction band are free to diffuse across the
Jjunction and combine with holes.
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P-N Junction

Filling a hole makes a negative ion and leaves l
behind a positive ion on the n-side.
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A space charge builds up, creating a depletion - " 2 el

(2]
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region.
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* The concentration of holes 1s higher in P-region than N-region and concentration
electrons 1s higher in N-region than in P-region.

* Due to these differences in concentrations of electrons and holes, charge
gradients(change in concentration of charge per unit distance) are created.

* The charge gradient causes charge to diffuse. (holes diffuse from P to N-region and
electrons diffuse from N to P- reglon)

lost one electron. Lo et

s
.
. L
......
e 0

. Slmllarly, When hole from P-region diffuse into electron, it leaves behlnd a negatlve 2 :1’ ' ‘

i0n havmg gain one electron. - ¥

immobile 10ns are created across P-region.
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Depletion Layer and Barrier Potential LA\ imimona cousc
* The region at the junction in which the . p-n juncton
positive and negative ions gather . % ’/
| l
separately and it 1s free from free mobile charge carriers 000 | +: ik
-|* 0 00
1s called depletion layer. 00 ®: Y
: . ONVECRE HoooTElectron
* When a depletion layer 1s formed at PN D
junction a number of positive charge stakes at one side Hole Depletion layer

g .
.
.
.
araT

and a number of negatlve ions stakes at other sides of junction. g '. A

barrier potential.

* This zone controls the behavior of diode.
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* It 1s the device in which P-type semiconductor and N-type semiconductor 1s placed in |
contact forming a junction between them.

It is the simplest form of diode. —D}—
Biasing a diode Sy?nbol

« When PN diode 1s connected to external source,

it is ready for operation called biasing of diode. ER it

Forward Biasing: e - AR PRARTE

e © ®
.
.......
s ©

* In this biasing, the p -side 1s connected to

positive terminal and n-side to negative terminal of a battery SR

® !
.....
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* The p-type region is connected to the positive terminal of the o ¢ Hlectrons
battery, the holes in the p-type region repel and move '
towards the junction. PType  N-Type
* On the other hand, the n-type region 1s connected to the ¥ |”|-

negative terminal of the battery, so electrons in the n-type

region also repel and move towards the junction.

SO currents start flowing through the diode. - -_ B & * T

©
. *
e *
.

>

* The PN Junction diode act as a conductor and the flow of current depends upon the - -+
applied forward voltage. AR o8 -

* The diode offers very low resistance called forward resistance.

* Diode works as an close circuit.
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RGVCI‘SG BiaSing Holes Electrons
— —
* In this biasing, the p -side 1s connected to 080 |
000
positive terminal and n-side to negative terminal of a battery. 000 §
: : : : P-Type N-Type
* The p-type region 1s connected to the negative terminal of the
battery, the holes in the p-type region attract and move i : I | I :
away from the junction PN Junction Diode Reverse Biasing

e *
s ®
.
.

electrons in the n- type region also attract and move away from the junction. - 2 ik

. e
.
.o

......

* As aresult, the width of the depletion increases and the potential barrier goes 1ncreasmg, SO 5 eees
currents cannot flow through the diode. Y. 5¥ &% %

* The PN Junction diode act as a insulator .
* The diode offers very high resistance called reverse resistance.

* Diode works as an open circuit.
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Semiconductor Diode Characterlstlcs A soaroicouse:

« Graphical representation between voltage (V) and current (l) in a semiconductor |
diode called diode characteristics.

Forward Characteristics: | J LI |
* The forward voltage 1s gradually increased - g_ S & )
and corresponding milliammeter 1s noted ' '

() A graph ls plotted between the Set Of (a) Diod;;‘ircuit-f;omwarccii t:;as ’ (tb) F‘o;uaarlc: O;haracteristics
{ orwar ias characteristics of a d e

voltages and current thus obtained.

......
v"
e

e @
a @
s ®

barrier potential, current increases rapldly - v afheees

 The forward voltage at which the diode current increases rapidly 1s c'a'llhed_ k'ne:e silcassets
voltage (/). '
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e Reverse Characteristics:

* The reverse voltage 1s gradually increased
and corresponding milliammeter is noted.

* A graph is plotted between the set of
voltages and current thus obtained.

* At first reverse current rises very slowly and becomes
very small over long range, of reverse voltage.

* This reverse current 1s due to minority charge carriers

in the diode known as reverse saturation current.

* The reverse voltage at which the reverse current

starts rising sharply is called breakdown voltage (Vp).

" W XAVIER
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r‘“@“‘—\
<G
N wA

Experimental arrangement for '

P-N junction reverse bias characteristic

Vg it /.

[

1(A)

gy
Depletion !
region i B
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* It 1s the process in which AC i1s converted into DC. And the devices used for |
rectification 1s called rectifier.

Circuit Diagram:
1. Half Wave Rectifier:

(1 Only half cycle of AC is converted into Dc. ~ pJransformer 4 X
0 The AC voltage to be rectified is connected between - >
imary
the primary of the transformer

[ To one coil of the secondary , the p junction of the
diode 1s connected

[ The output is measured across the load resistance R,
Working:
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* During the positive half cycle of the input AC voltage, say S; becomes positive and

S, becomes negative

* The p-n junction 1s forward biased and hence the resistance

) l

e N P 4l /

of the p-n junction diode becomes low \4 N B
* Hence, current flows in the circuit and we get output across the '
load resistance Ry Voitage
Case 2 e ==
* During the negative half cycle of the input AC voltage, S; becomes negative and S, becomes p('?él'tl'Ve » v
* The p-n junction is reverse biased and hence the resistance of the p-n junction diode beco'n‘lés’ fngh B %

’
..00" -

* Hence, no current flows in the circuit and we do not get any output across the load resmtance RL el

the ac cycle.

Hence only positive half of the AC appears across the load R}

When the diode is forward biased, the AC cycle pass through it and when it is reverse biased,.it blocks nes
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» It converts full cycle of AC into DC.
WOI'kln g Cenzrfe type A Dl
transtormer '
» During the positive half of the input cycle of AC voltage, , : l l

the junction diode D, is forward biased.

* The diode D, 1s reverse biased and hence no current due to D,

We get output when the same 1s measured across the
load resistance R; due to the diode D, alone

» During the negative half of the input cycle of AC voltage,

the junction diode D, is forward biased. N i
* The diode D; is reverse biased and hence no current due to D1 \/ \/ -

* We get output when the same 1s measured across

the load resistance R; due to the diode D, alone + Output

Due to Duecto ' Dueto ; Dueto !

» Hence both cvcles of the AC annears across the load R, along the same D, D, D,/ | D,

lacross R, )
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3. Bridge Rectifier
0 It converts full cycle of AC into DC.

0 It consist of four diode arranged in the form of Wheatstone bridge. l

0 The AC signal is applied at the input terminals, and the output is observed across the load resistor.

Input Voltage oy
Gy g
LI s e
/\ /\ R ‘ '. e .. .. .. [oa®] .‘
ZERD R & g€ H
Vot 4 | \\/ | \/ \/ , . giace &

Qutput Voltage g B S

e ®
Vsec e 008 ® ‘
Vo t , + + * — ..... . o @

;..... ,

] -
\ ...Q‘,‘
Z6R0 L_y." 0@
=i _...
®

AC Input
I,bOLJ(,eI

E"L‘ rm_

‘_r*" 3
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» In the first positive half cycle of the AC signal, the diodes D,and D5 become forward biased and start ‘
conducting. At the same time, the diodes D; and D, will be reverse biased and will not conduct. The
current will flow through the load resistor via the two forward-biased diodes..

» Now, during the negative half cycle of the AC signal, the diodes D, and D, will be forward biased and
diodes D, and D5 will become reverse biased. It is worth noting at this point that the current that will . > o
be flowing through the load resistor will have the same direction as it has with the positive halfcycle, - - -

B
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e The output of a rectifier 1s a pulsating DC (i.e. not a pure DC)

* The circuit which 1s connected between a rectifier and load to convert pulsating DC into steady DC is l

called Filter.
* [t contains the passive elements like inductor, capacitor ¢ E
or their combinations. VY ”
» We know that inductive reactance of inductor U 0 R
X; =2nfL R | s
* For DC, f=0, so X; =0, so inductor offers zero or low resistance REgJITFFI’EJ? i A.C.ggr.éz(égENT f %‘_ gﬁ‘iﬁj’f "
for DC and allows DC to pass through it but blocks the AC. |
» We know that Capacitive reactance of capacitor '_H%T?R. C!R?U-”' : e .
1 .;.:::' :
W= 21fC e - .

* For DC, f=0, so X, = 00, so capacitor offers infinite or high resistance for DC and bldéks 2P 7 * S ce000e
DC to nass throueh 1t but allows the AC.
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Inductor Filter

[0 In this filter an inductor is connected in series with load

resistance.

0 As inductor offers high resistance for AC and zero or low
resistance for DC, it blocks AC to pass through it but allows
the DC. This action reduces AC component across the load

considerably.

Capacitor Filter

" W XAVIER

M INTERNATIONAL COLLEGE

Inductor Filter

Full wave
rectified
input

.

[
[

In this filter a capacitor is connected across load resistance.
As capacitor offers infinite or high resistance for DC and low
resistance for AC, it blocks DC to pass through it but allows
the AC. This action reduces AC component across the load
considerably.

RECT

FIER

OUTPUT

&
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LC Filter

» In this filter an inductor is connected in series with load
resistance and capacitor 1s connected across the load.

» As inductor offers high resistance for AC and low resistance
for DC, it blocks AC to pass through it but allows the DC.

» The remaining AC component which is not block by inductor
bypass through capacitor as it allows AC to pass through it.
And the filtered DC appear across load.

1t Filter

» It consists of two capacitor and inductor connected in the
form of Greek letter .

Working:

» first of all, capacitor C; offer low resistance to AC
component so that it bypass appreciable amount of ac to
ground

» Inductor offering high resistance to ac so pass appreciable
amount of dc component to circuit and block ac as well.

» Capacitor C, act as C; and ground remaining ac component.

» In this way only DC component is available at output.

~ W XAVIER

M INTERNATIONAL COLLEGE

L-C Filter - Inductor input L Section Filter

211D -
| - l |
Rectified '

Output 21 Vou
+ !

RECTIFIER
OUTPUT
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Rridoe rectifier with T Filter |
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 When a PN junction is reversed biased it allows very small current to flow through it known as reverse saturation
current. This current is due to the movement of minority charge carriers and it is almost independent of the voltage
applied.

 Ifreverse bias is made too high, the current through PN junction increases abruptly and the voltage at which this
phenomenon occurs is called breakdown voltage .

* At this breakdown voltage , the crystal structure breaks down.

 This crystal structure returns to the normal state when excess reverse bias is removed , provided that overheatlng
has not permanently damaged the crystal :
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[0 This breakdown occurs in lightly doped PN junctions with R, N/ XAV]ER

wider depletion layer and lower concentration of impurity atoms. DA rimonn. couser

[0 This breakdown occurs in a diodes above 6V.

If reverse voltage increases - Velocity associated with carriers - Kinetic energy of carriers increases

increases

These carriers collide with atoms of crystal . - .° il

And a large current flows through the junction Avalanche and impart energy to valance electrons.  © . . - - ]
breakdown occurs o ¥ 602
. : .. .. .. *
s ® a8 ® ®
L ] .... ne 2 ] ﬁ
o ® t b ".. o ®
RETTS
e®"

: X °
. . . , This energy breaks more LS
This cumulative effect continuous — More carriers are generated — gy Y :‘.
covalent bonds 000000 o
bill L34
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0 This breakdown occurs in heavily doped PN junctions with
narrower depletion layer and higher concentration of impurity atoms.

[ This breakdown occurs in a diodes below 4V.

If reverse voltage increases -

Electric field at the junction
Increases

-
s
a A e ¥
*
g
-
WO *
o0 . v
e °
.
.
-
-

.
o 8
.
o ¢
-

This electric field is strongenough . - =" [ ..+ ""
to break covalent bonds i« &8

Zener breakdown

. : occurs
And a large current flows through the junction

Large number of minority carriers
are generated
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CURRENT
{(vaLLs ArercRos ) a
REVERSE BIAS [&
(voLT=s) L [
o s s a 3 2 1 A =
= IT-1.2 .3.4.6.6.7 .9 = l
— -
L FORWARD BIAS
P {(voLrs)
=
S - REVERS CURRENT 13
g = (MICRO AMPERES) la
&= =
g 3 5
= @
= & Te
= I3 L

&
00'...

Zener Diode

* It 1s a special purpose diode, named after the inventor C. Zener
* It 1s designed to operate under reverse bias in the breakdown region
* It has heavﬂy doped p- side and n-side. Due to this, the depletion region formed is Very thln

the junction 1s extremely high about for a small reverse bias voltage.
* The high electric field strength 1s high enough to pull the valence electrons from the host atoms bn “the" p s1d

which is accelerated to the n-side. This 1s known as 1onization.
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 Characteristics — The Current — Voltage characteristics of
Zener diode 1s shown alongside. ‘

* As seen from the graph, when the applied reverse bias voltage in I("lm’l‘: I
Zener diode reaches the breakdown voltage Vz of the Zener diode,

there is a large change in current { oo
* The Zener voltage remains constant even though the current through | i
the diode varies over wide range. This property of Zener diode is used =~ e P 'YZ : v
for regulating the supply voltages so that they are constant for Zener. C(;mn) F ____________ L | Fowite
. p—— Cut in voltage
Zener Diode as Voltage Regulator e

Region

* The unregulated DC voltage from the output of the rectifier 1s connected to
the Zener diode through a series resistance R such that the Zener diode 1s
reverse biased.

lz (mox)-4---ecmmmmmmeeaan .

Constant Zener Reverse
Voltage Iz Current

* The output is measured across the load resistance R
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Zener Diode as Voltage Regulator -~ Y XAVIER

Working:
I\
Regulation with varying input voltage: Ra |
* When the input voltage increases, the current through Rs and oy P S, .
. . Voltage IL
Zener diode increases 3 i f—
RL <€ ate
* This increases the voltage drop across Rs without any change in \J( va

* voltage across the Zener diode

* This 1s because in the breakdown region, the Zener voltage remains constant even though the current i’ = -
the Zener diode changes S 4 '

e *
s ®
.
.

* The voltage drop across Rs decreases W1th0ut any change in the voltage across the Zener lede Lees®

* Thus, the increase or decrease in the input voltage results in increase or decrease of Voltage drop a'ctois
Rs w1th0ut any change in voltage across the Zener diode

This way, Zener diode behaves as a voltage regulator
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‘e Regulation with varying load resistance:

When the load resistance R; decreases, the load current I; increases. this causes Zener current to
decrease. As a result of this the input current and the voltage drop across the series resistance remains
constant. Thus the load voltage V; 1s also constant.

When the load resistance R; increases, the load current I; decreases. This causes Zener current to o
increase. This again keeps the value of input current and the voltage drop across the series resistance - -
remains same. Thus the load voltage V; 1s also constant. e '

In this way Zener diode acts as a voltage regulator.
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Vmsinmt P A ‘
-
N\ AVAN lout
—
o—-
Trans- Rectifi Fil R latorhz. | Laaa
To ectifier ilter egulator oa
AC line former out
o

W e Y Va &

e *
©
‘8L

Components of typical linear power supply T o Liumn et
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The transistor is three terminal electronic device formed by the combination of

two PN junction.

- Basically transistor is the crystal with three doped region. (emitter, base and
collector)

Emitter: It is supplier of the transistor. It is heavily doped region and thicker than
base

Collector: It is thickest region. Moderately doped. It is collect charge supplied by
the emitter and base.

Base: it is thinnest and lightly doped region. its function is to pass the majority
charge carrier from emitter to collector.
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* NPN: In this transistor, emitter and collector are N type |
semiconductor and base is P type semiconductor.

* PNP : In this transistor, emitter and collector are P type
semiconductor and base is N type semiconductor.

Emitter
- ..

- + - s ..._. “‘..
Emitter (oo =% SEERGYe ¢ ' . S
Collector Collector N : g

Base Base C U AR R T
: e @ e ®

El

.....
.
L ]
e ®
e ®
. @

PNP ,Collector NPN , Collector . PR
Emitter Emitter : °
. » ° ....
> e
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Transistor Configuration/Connection

e 1. Common base configuration:

+ SCIENCE/MANAGEME 5 &
@ i)

Circuit

- In this configuration the transistor is Emitter
connected with base as common terminal,
input is applied between emitter and base
and output is taken between collector and

base terminal.
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- In this configuration the transistor is connected with emitter as common terminal,
input is applied between emitter and base and output is taken between collector |
and base terminal.
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0 In this configuration the transistor is connected with collector as common terminal,
input is applied between collector and base and output is taken between collector

and emitter terminal.
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[0 A device which turn on and off the electric current in an electric circuit is called switch.

0 The areas of operation for a transistor switch are known as the Saturation Region and the Cut-off
Region.

0 Cut off region: Here the operating conditions of the transistor are

zero input base current ( IB ), zero output collector current ( IC ) I

and maximum collector voltage ( VCE ) which results in a large
depletion layer and no current flowing through the device.
Therefore the transistor is switched “Fully-OFF~.

[ Saturation Region: Here the transistor will be biased so that the

maximum amount of base current is applied, resulting in maximum
collector current resulting in the minimum collector emitter voltage
drop which results in the depletion layer being as small as possible
and maximum current flowing through the transistor.

Therefore the transistor is switched “Fully- ON”.
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* Logic Gates are electronic circuits which makes logic decision.

* [t accepts two state input and gives two state output 1.e. O(low) and 1(high). |
* Types of logic gates

* Simple Logic Gates:

0 OR Gate

0 AND Gate oo R
0 NOT Gate

-
Al i
>

« Compound Logic Gates: e & P s B o
0 NOR Gate ) - Te o ek
0 NAND Gate SERREREY it
0 XOR i
0 XNOR
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"OR' GATE

» The OR gate is a digital logic gate that implements logical disjunction - it behaves according to the
truth table to the right. A HIGH output (1) results if one or both the inputs to the gate are HIGH (1). If
neither input is high,a LOW output (0) results. In another sense, the function of OR effectively finds
the maximum between two binary digits.

»Boolean expression-Y =A+B

Symbol-

Or gate from
diodes

—— o Output

Truth table-

Circuit diagram-
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Explanation of OR gate:
As seen 1n figure, the two input OR gate can be realized by two 1deal diodes D1 and D2 and a
resistor R. the following four cases are possible.

Case I: when A =0 and B = 0, both the diodes are not forward biased. They do not conduct
output across R 1s zero, 1.e. Y = 0.

Case I1: when A =0 and B = 1, the diode D1 is not forward biased and diode D2 1s forward
biased and 1t conducts. Voltage drop across D2 1s zero and full voltage(high) appears cross R
,1.e. Y = 1.

- ot =
.
.

S
.
e *

,1.e. Y =1. «-:.'.',E°
Case IV when A =1 and B =1, Both the diodes are forward biased and they conduéf T
Voltage drop across D1 and D2 are zero and full voltage(high) appears Cross. R:; 1.6 X = ele '.‘.2:

0'..

As we see truth table we found same as it 1s observation. i - ;-~-°,‘.'.°.'.-;:‘.'..o-°
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AND GATE A XAVIER

# The AND gate is a basic digital logic gate that implements logical conjunction - it behaves according
to the truth table to the right. A HIGH output (1) results only if both the inputs to the AND gate are
HIGH (1). If neither or only one input to the AND gate 1s HIGH, a LOW output results. In another l
sense, the function of AND effectively finds the minimum between two binary digits.

* Boolean expression —-Y = A. B

INPUTS OUTPUT
A — Truth table- A B C
SymbOI' F O 0 0
B — 0 1 0
1 0 0
AND . 9 i Lt
g iical AND GATE pe st
ractica D e
D1 k2 o ﬁ
Q.ndd gate from = %::j A CerU|t' +06V—0;\o—0/8.—‘ :0 0 @
iodes D2 — .
B lf::‘fll | RL

AND Gate using diocdes
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Explanation of AND Gate

As seen 1n figure, the two input AND gate can be realized by two i1deal diodes D1 and D2 and
a resistor R connected to a battery. The following four cases are possible.

Case I: when A =0 and B = 0, both the diodes are forward biased so they conduct and are
shorted. So the voltage drop across output 1s zero, 1.e. Y = 0. '

Case II: when A =0 and B = 1, the diode D2 1s not forward biased and diode D1 i1s: forward :
biased and it conducts and shorted. So the Voltage drop across output 18 ZEero, 1. e. Y =0. -

.
e« @
.
.
+

biased and it conducts and shorted So the Voltage drop across output 1S zero le. Y= O S

&
e O

v ®
......

conduct. and full Voltage(hlgh) appears cross the output , 1.e. Y = 1. PR T Y
As we sce truth  table we found same as it 1s observation. . iiT.:iiileeqiileeesy
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« A NOT gate (also often called Inverter) is a logic gate. It takes one input signal. In logic, there are

usually two states, 0 and 1. The gate therefore sends 1 as output, if it receives 0 as input. l

* Alternatively it recetved 1 as input, and sends 0 as output.
* Boolean expression—Y = A

Truth table-
Symbol- — A(IN) | B (OUT)
A . A ; 1

1 0 ......
Vee PraCticaI .. .. -( D : ' .. -..-..
A circuit- g 3
" + LT

Not gate using transistor - Voltage () A ; Lttt .
source .o vot

AO AVAYAY @) Q1
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Explanation of NOT gate.
NOT gate can be made using the transistor and resistors as shown 1in figure.
The following two cases are possible
Case I when A = 0, the base of transistor 1s connected to earth. So it’s base emitter
junction is not forward biased. Hence base current and collector current is zero.
Now the transistor is said to be in cut-off mode. At this condition output voltage is the: .

voltage of battery connected across the resistance R1.1.e. Y = 1. parr .

« * *
.
.

R1, and the output is low 1.e. Y =0.
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 The NOR gate represents the complement of the OR operation. Its name is an abbreviation of NOT
OR. The graphic symbol for the NOR gate consists of an OR symbol with a bubble on the output, l
denoting that a complement operation is performed on the output of the OR gate.

* Boolean Expression:Y = A+ B

Input Output
OR NOT A B Y
R 0 0 1
A A+B AB 0 1 0
B r—l 1 1 0
LOGIC CIRCUIT OF NOR GATE + R . @ i
= E: A B U e s ... s ® e ®
oul Lamp-ON="T Rl

SYMBOL OF NOR GATE Switch B-Open ="0", Closed="T

. = Lamp-OFF =0 AR = CRess s
B Switch A-Open ="0", Closed="1" . i . > ¢ :
. ..
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 NAND Gate: The NAND gate represents the complement of the AND operation. Its name 1s an
abbreviation of NOT AND. The graphic symbol for the NAND gate consists of an AND symbol with a l
bubble on the output, denoting that a complement operation is performed on the output of the AND

sate. Input Output
* Boolean Expression :Y = A.B A B |v=4B
0 0 1
0 1 1
A S I
B
T L
AND gate NOT gate R1 R2 e

NAND gate
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e Complete this using truth table ‘

ED-ED—
-
2-input AND Gate r y :
Aeo— | & >_O X
| & .
D Sl

NOT Gate B T e an i8R
2-input OR Gate
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