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BASIC ELECTRONICS ENGINEERING / DIPLOMA

Introduction :

In this fast developing society, electronics has come to stay as the most important
branch of engineering. Electronics devices are being used in almost all the industries for
quality control and automation and they are fast replacing the présent vast army o-f workers
engaged in processing and assembling in the factories. Great strides taken {n the industrial
applications of electronics during recent years have demonstrated that this versatile tool
can be of great importance in increasing production, efficiency and control.

( CHAPTER — 1 I

ELECTRONIC DEVICES

Electronics :

The branch of engineering which deals with current conduction through a vacuum
or gas or semiconductor is known as electronics.

Importance of Electronics :

Electronics has gained much more importance due to its numerous applicaﬁon n
industry. The electronic devices are capable of performing the following functions.

1. Rectification : The conversion of a.c. into d.c. is called as rectification. Electronics

devices can convert 2.C-power into d.c. power, with very high efficiency. This d.c. supply
can be used for charging storage batteries, field supply of d.c. generators, electroplating etc
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3. Control : Electronic devices find wide applications in automatic control, ,)

Ex : Speed motor, voltage across a refrigerator can be automatically controlled
the help of such devices. 3

4. Generation : Electronic devices-can convert d.c. power into a.c. power of
frequency. The devices performing this function is called as oscillators.
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S. Conversion of light into electricity : Electronic devices can convert |

ctricity. This conversion of light into electricity is known as photo-

otoelectric devices are used in Burglar alarams, sound recording on motion p
b. Conversion of electricity into light : Electronic devices can cem er
ht ) .t')p'e.ﬁy-‘.is used in TV and Radar, R
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?gé auvely charged particles called electrons revolve in dlfferent paths or orbi‘ta;

Nucleus :
© *Itis the central part of an atom and contains protons and neutrons. i

* A proton is a positively charged particle, while neutron has the same mass as the
proton, but has no charge. Therefore, the nucleus of an atom is positively charged.

* The sum of protons and neutrons constitutes the entire weight of an atom and is
called atomic weight. :

1.e., Atomic Weight = No. of protons + No. of neutrons.
Extra Nucleus : :
* It is the outer part of an atom and contains only electrons.
* Under ordinary condition in an atom no. of electrons is equal to no. of protons.
* Atomie no. = No. of protons or electrons in an atom.

_Valence Electrons :

* The electrons in the outermost orbit of an atom are known as valence electrons.
The valence electrons determine the physical and chemical properties of the material.

The valence electrons determine whether or not the material is chemlcally active;
'_metal or non-metal or a gas or solid.

W

SRt ~Note : When the no. of valence electrons of an atom is less than 4, the matenal 18
- usu '_1y a metal or conductor.

1 the no. of valence electrons of an atom is more than 4, the maten )
oran insulator, o
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Free electron : : e
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The valence electron which are v

free electrons. B
« A conductor contains large no. of free electrons. e

* An insulator contains practically no electrons, .

: w free el
* A semiconductor is a substance which has very fe

room lcmpt.‘!‘;lllll"c. ol

Energy levels :

We now that each orbit has a fixed amount of energy associated with it. The
moving in a particular orbit possess the energy of that orbit. The largelf the orblt; 7
is its energy. The outer orbit electrons possess more energy than the inner orbit

A convenient way of representing the energy of different orbits is as shown infig

below. This is known as energy level diagram. 3

: oy S .
The first orbit represents the first energy level, the second orbit indicates the sece

energy level and so on.

The larger the orbit of an electron, the greater is its energy and high
energy level. S

. 3venergylevel .
3 e
2" energy level
1" energy level
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greatly influenced by the Closély Pa'ck '___ e

ey 1y G

ever, an atom in a solid is

NAatomS. i3 bt 1A
~ (iv) Thus, the electron in any orbit of such an atom can have a range of etiérgle?\ﬁ 1ic
S ‘Ca]]ed as ene;‘gy band. ] :
Important Energy Bands in solids : _ | :
'-P(-')Though there are a no. of energy bands iIn solids, the followmg are of

particular importance. .
(1) Valence Band (2) Conduction Band (3) Forbidden energy gap.

v
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Conduction Band

o

Bound energy

Forbidden energy Gap

Valence Band
L p ittt

1. Valence Band :
* The range of energies possessed by valence electrons is known as valence band.
* In a normal atom, valence band has the electrons of highest energy.
* This band may be completely or partially filled.

; Example : In case of Inert gases, the valence band is full whereas for other materials,

;_il;éiﬁ’.only"partially filled. The partially filled band can accommodate more electrons.

2. Conduction Band :
Koy * The range pf energies possessed by conduction band electrons is known as

tion band. HEaD
\ll the electrons in the conduction band are free electrous.

é‘ _' - , - .
15, If a substance has empty conduction band, it means current conduction is not
that substance. e :

ally, insulator have empty conduction band and for conductors, i
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* No electmn of a'solid can stay in
energy state in this region. i .
% The width of forbidden energy gap is a measure of the bondag_g

to the atom.
* The greater the energy gap more tight

the nucleus.
* In order to push an electron from valence b

energy equal to the forbidden energy gap must be supplied.

Classification of solids and energy bands :
Depending upon energy bands solids can be classified into three categories
. Insulators 2. Conductors 3. Semiconductors

1. Insulators :

* Insulators are those substances which do not allow the passage of electric
through them.

* In insulators the valence band is full while the conduction band is empty.

* The energy gap between valence band and conduction band is very large (

* Because of very large band gap, a very high electric field is required to p
valence electrons to the conduction band.

* Therefore the electrical conductivity of such materials is extremely small
be regarded as nil under ordinary condition.

* At room temperature, the valence electrons of the insulators do not have
energy to cross over to the conduction band. When the temperature is raised, son
valunce electrons may acquire enough energy to cross over to the conduction ban
the resistance of an insulator decreases with the increase in temp. i.e., an in
negative temp. coefficient of resistance.

Example : Wood, Glass etc.
* Energy band diagram in case of insulator is given below.

ly the valence eleétrﬂn'éf

and to the conduction b
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35 ,Cenductors are those substances which easily allow the passgggof* 3 B
ifffeugh them. o

% There are a large no. of electrons available in a conductor.

* In conductor, valence and conduction bands overlap with each other. , iy '
* % Due to the ovcrlappuig ol conduction band .. ence bund w sk g ‘;
dlﬂ'erence across a conductor causes the free electrons to constitute electric cugtent b

Example : Copper, Aluminium etc.
* The energy band diagran) in case of conductors is given below.

>

i . Conduction Band ———

AT
e

Band energy T

\\.\

Valence Band

Semiconductor :
* Semiconductors are those substances whose electrical conductivity lies in between
conductors and insulators.
* In semiconductors the valence band is almost filled while the conductlon band is
almost empty.

_ * The energy gap between valence and conduction band is very small (= i eV)
Thcrcfore, comparatively small electric field is required to push the electrons from t.l;e
valence band to the conduction band. 9 s SN e

~* The band diagram of semiconductor is given below. i ST o ot

SR
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7 Valence Band
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behaves as an inst
conduction band is
rons (about one electron for 1
conductivity to ths semicon

* At low temp. a semiconductor virtually
temp., the valence band is completely filled and

* However, even at room temp. SOre ‘elt_ac
cross over to the conduction band, imparting little

(10

- ' the conduc
As the temp. increased, more valence electrons cross over to U 1

i iVi iconducto
and the conductivity increases i.e., the electrical conduFUVIty ofa Se?ficient e
with the rise in temp. i.e., A semiconductor has negative temp. coe :
Exampie : Germanium, Nichrome, Silicon, Selenium.-
L}

Bands in Semiconductor : o
' * The atoms of every element are held together by the }?o-ndlng act1ﬂ
valence electrons. roash s

* The bonding is due to the fact that it is the tendency of each dtom to comple
last orbit by acquiring 8 electrons in it. '

* In most substances, the last orbit is incomplete i.e., the last orbit does not a\
electrons. This maKes the atom active to enter into bargain with other atoms to acqui

electrons in the last orbit. To do so, the atom may lose, gain or share valence electro
other atoms. . - ‘

* In semiconductors, bonds are formed by sharing valence electrons. Such bo
called as covalent bonds.

‘ * In the formation of a covalent bond, each atom contributes equal noj 0
electrons and the contributed electrons are shared by the atoms engaged in th
» of the bond. s
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ELECTRON EMISSION

o ton ? o

The valencg electrons of the conductor atoms are loosely bound to the atomic nuélé{;;
At room temp., the thermal energy in the conductor is adequate to break the bonds of the
valence electrons and leave them attached to any one nucleus. These bound electrons
move at random within the conductor and are known as free electrons. If an electric field

oss the conductor, these free electrons move through the conductor in an
o

is applied acr
ordinary panner, thus constituting electric current.

Many electronic devices depend on the movement of electrons in an evacuated space
for their operation. For this purpose, the free electrons must be ejected from the surface of
metallic conductor by supplying sufficient energy from some external source. This is known
as electron emission. The emitted electrons can be made to move in vacuum under the
influence of an electric field, thus constituting electric current in vacuum.

Electron emission :

The liberation of electrons from the surface of a substance is known as
electron emission.

* For electron emission, metals are used as they have many free electrons.

*If we investigate a piece of metal atroomtemp. o .o ojectron Surface
the random motion of free electrons is as shown below. | /
But these electrons can only transfer from one atom to
another within the metal but can not leave the metal _
surface to provide electron emission, because of (D\J d
positive nuclei pulling. Thus at the surface of a metal, ®—> |
a free electron encounters forces that prevent it to leave
the metal. i.e., the metallic surface offers a barrier to p 59 Gf

free electrons.and is known as surface barrier.

* Work Function : The amount of additional energy required to emit an electron
from a metallic surface is known as work function of that metal. z

_* Work function of a pure metal varies roughly from 2 to 6 eV.
’.:"_Work function depends upon the nature of the metal, its purity and the conditions

HE: B 26

Metals should have low work function so that a small amount of energy is requ
R cinission. | ' : . e by AR

L
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Types of Electron Emission : o

The electron emission from the surface e

iti : ' e external source:

additional energy is supplied from som ton
from a variety of sourdes such as heat energy, t’:neftg}i’e a0
kinetic energy of the electric charges boml?ardlﬂg e
four methods of obtaining electron emission from the

(1) Thermionic emission

(2) Field emission

(3) Photo-electric emission 1

(4) Secondary emission .
(1) Thermionic Emission : ;

The process of electron emission from a metal surface b
to it is known as thermionic emission. o

At ordinary temp., the energy possessed by free electrons in the metal 1S ina
o cause them to escape from the surface. When heat is applied to the metal, some o
energy is converted into kinetic energy causing accelerated motion of free electrons.
the temp. rises sufficiently, these electrons acquire additional energy equal to the
function of the metal. Consequently, they overcome the restraining surface barrié
leave the metal surface.

* Metals with lower work function will require less additional energy and th
will emit electrons at lower temp. ¥

al surface. AccOl'd n
tal surface. They are -

y supplying thermal

* The commonly used materials for electron emission are tungsten, thoriated -I gst
and metallic oxides of barium and strontium. ’
* High temperatures are necessary to cause thermionic emissi
Thermionic Emitter : :

* The substances used for electron emission is kn

: , - S known 1 emi A7
* The cathode is heated in an evaluated space to emit ;Z :; emitter or ¢
* If the cathode ‘vere heated to the required temp. in ons. _

because of the presence of oxygen in the air. ~ k- 1 open air, it wou

- * The substance selected as cathode shoul
i eeied as cathode should have Jo : :

emission takes place by applying small amount of heat én\\;rwcrlf fuann
* The substance used as a cathode B R

on.

s
i
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17'.’5"‘1& Emission : | ' R
% The process of electron emission by the application of strong elecuic field at the
surface of a metal is known as field emission. A
* When a metal surfac® is placed close to a high voltage conductor which is posmve
w.r.t. the metal surface, the electric field experts attractive force on the free electrons in the
metal. If the positive potential is great enough, it succeeds in overcoming the restraining
forces of the metal surface and the free electrons will be emitted from the metal surface
* Very intense electric field is required to produce field emission.
* Usually a voltage of the order of a million volts per centimetre distance between
the emitting surface and the positive conductor is necessary to cause field emission.
% Field emission can be obtained at temperatures much lower than required for
thermionic emission and therefore it is also called as cold cathode emission or auto

electric emission. Positive
Conductor
+
+
+
electron X
P
\' L—> +
[~ +
Emitting [\ +
Surface 3
T 2
. +
Region of Intension
electric field

3. Photo-electric Emission :

* Electron emission from a metallic surface by the application of light is known as
photo-¢lectric emission.

* When a beam of light strikes the surface of certain metals (e.g. potassu.lrmP SOdﬂm,
cesium), the energy of photons of light is transferred to the electrons within the metal. If
(he energy of the striking photons is greater than the work function of the metal then free

hs-photo electrons and the phenomenon is called as photoelectm tmisslan,

electrons will be knocked out from the surface of the metal. The emitted electrons are 3
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AT . llic surface by the bombardment of

ission from a meta

* Electron emission ! i
lectrons or other particles is known as scconda_ry emtssmrf. Skl .
i r(i When high speed electrons suddenly strike a metallic surface they may
I of their kinetic energy to the free electrons in the metal. If the energy of th
ora f 31 ' B
lectrons is sufficient, it may cause free electrons to escape from ihe metal surface

- IS Ci as secondary emission. g
yhenomenon is called as seconc ' o8
| * The electrons that strike the metal are called primary electrons and the emi

electrons are known as secondary electrons. _ : g
* The intensity of secondary emission depends upon the emitter maierial, mass an :

energy of the bombarding particles.
Crystals : 1
A substance in which the atoms or molecules are arranged in an ordinary pattern is
known as a crystal. All semiconductors have crystalline structure. :

Commonly used semiconductors :
The two most frequently used materials are Germanium (Ge) and Siiicon (Si).
Because, the eneigy required to break their covalent bonds is very small being about 0.7
eV for Germanium and about 1.1 eV for silicon. i
1. Germanium : b
* Germanium has become the mode! substance among the semiconductors becal_lsﬂf’
it can be purified relatively well and crystallised easily.
* Germanium is an earth element and was discovered in 1886 and recovered from
the ash of certain coals or from the flue dust of zinc smeliers. -
* Generally recovered germanium is in the form of Germanium dioxide pOW
which is then reduced to pure Germanium. .
“ * The atomic no. of Germanium is 32 i.e., it has 32 nrotons and 32316(:.&01&?

e

~

R s el i Bl _
- * Germanium has four valence electrons i.e., it is a tetravalent element.

--—."q-

.-)_i';
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(Bonding in Germanium)

Silicon :
* Silicon is an element in most of the common rocks.

* The silicon compounds are chemically reduced to silicon which is 100% pure for
use as a semiconductor.

* The atomic no. of silicon is 14, i.e., 14 has is protons and 14 electrons.
* The valency of silicon is 4, as it has four electrons in its outer orbit.
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are no fm;w
¥ At this temp, the covalent bonds are very strong and there

" Therefore, the semiconductor crystal behaves as a perfect lnsul:ti)‘l'v VI b?;
* Here, the valence band is filled and there is a large ghap f:l e
conduction band. Therefore, no valence electron can reach the co mlconductor bchave&
free electron. Due to the non-availability of frée electrons, a s€ |

an.insulator.

U

Conduction hand i

. . | Pure Ge 7///////////////// Valence band ! ‘_
_. e 2/
¥ .-_—MW T, v v

2 Above absolute zero : ' 1

o

* When the temp. is raised above absolute zero, some of the covalent bonds in the
‘semiconductor break due to the thermal energy supplied.

* The breaking of bonds sets those electrons free which are engaged in the formatmn
pf these bonds.

* As aresulta few free electrons are available in a semiconductor. These free electrons
can constitute a tiny electric current if potential difference is applied across the
semiconductor crystal. £
t * So the resistance of a semlconductor decreases with.

rise in tem 1.e., it has negat
~temp. cocfﬁcwnt of remstance p: g

"5

F
-..." b'

~ * As the temp. is raised, some of the valence el
e the conduction band and thus become free

ectrons acquire sufficient en
electrons.
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At room ternp some of the covalent bonds in pure semlconductor blfe,a];7 sgmg
“ﬁ:ee electrons Under the influence of electric field, these free electrons constitute cgnqu,_ 5
At the same time, another current i.e., hole current, also flows in semiconductor.
" When a covalent bond is broken due to thermal energy, the removal of one electron
Jeaves a vacancy i.e., a missing electron in the covalent bond, which is called as a hole
(positive charge). For one electron set free, one hole is created. Therefore, thermal energy.
creats electron-hole pairs. . 5 o
The currént conduction by holes can be explained as follows :

-

The hole shows a missing electron.

* et the valence electron be at L (as shown in figure below) has become free electron
due to thermral energy.

* This creates a hole in the covalent bond at L. il &
% The hole is a strong centre of attraction for the electron.

% A valence electron (say at M) from nearby covalent bond comes to fill in the hole
atL. ' : s

* This results in the création of hole at M, thus creating a hole at N.

* Thus, the hole having a positive charge has moved from L to N i.e., towards the
negative thermal of supply. This constitutes hole current.

'he ho@e current is due to the movement of valence el '

; "'f,mu.,.s _
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Types of Semiconductors :

Semiconductors are of two types :
1. Intrinsic semiconauctor
2. Extrinsic semiconductor

1. Intrinsic semiconductor : | & b
* A semiconductorin an extremely pure form is known as an inirinsic semiconductor,

* In an intrinsic semiconductor even at room temp. electron hole pairs are created,

* When electric field is applied across an intrinsic semiconductor, the curre
conduction takes place by two processes namely by free electrons and by holes. Therefore,

the total current inside the semiconductor is the sum of currents due to free electro i
and holes.

* The current in the external wires is fully by electrons.
* Intrinsic semiconductor has little current conduction capability at room temp.
2. Extrinsic semiconductor :

* Since the intrinsic semiconductor has little current conduction capability at room

temp. to be useful in electronic devices, it is needed that the semiconductor has more
conduction capability.

*This is achieved by adding a small amount of suitable i impurity to a qemlconduc OB
* When impurity is added to a semiconductor it is called as extrinsic ruarmconduc
* The process of adding impurity to a semiconductor is called as doping. _
* Generally for 10* atoms of semiconductor one lmpurlty atom is added.

* Depending upon the type of i impurity added extrinsic semiconductors are classif
Into two types.

(a) n-type semiconductor
(b) p-type semiconductor
A (a) n - type semiconductor :

* When a small amount of pentavalent i impurity is added to a pure semiconc
Wn as n-type semiconductor.,

The .addmon of pentavalent impurity provides a large no. af free
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Pentavalent impurity
Atom

The formation of n-type semiconductor can be explained as follows :
* Let’s consider a pure germaniuin crystal.
* Ge has four valence electrons.

* When a small amount of pentavalent impurity like As or Sb is added to germanium
crystal a large no. of free electrons become available in the crystal.

* As is pentavalent i.e., its atom has five valence electrons. An ‘As’ atom fits in the
Germanium crystal in such a way that its four valance electrons form covalent bonds with
four Ge atoms. The fifth valence electron of As atom finds no place in covalent bonds and
thus becomes free. ;

* Therefore, for each As atom added, one tree election will be available in the
Ge crystal.

* As each As atom provides one free electron an extremely small amount of As
impurity provides enough atoms to supply millions of free electrons.

* The energy band description of n-type semi conductor is given below.
o o oo @ o o on ol helibaa S0 2K
SR 0t w5 1 o o o o o o onduction Baﬁ?'l@ B

7T
77
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% [n n-type semi conductor
charge carriers are holes.
% Due to the predominance 0
Current conduction in n-type semiconductor :
% The current conduction in an n-type semicond
is called n-type or electron type conductivity.

* When potential difference is applied across
electrons in the crystal will be directed towar(_is the p

the majority charge carries are electrons and

f electrons over holes it is called as n-type semi condi

uctor is mainly by free electrons am{ ¥

the n-type semiconductor, the free
ositive terminal, constituting

electric current.
Positively __—Free electron

charged impurit?_“"“'é)@‘ @ﬁé_‘ é_. 1

w5 5T |
L5 B, 2 g |

l n-type I 1

P-type semiconductor :

: _
When a small amount of trivalent impurity is added to a pure semiconductor 1t is
called n-type semiconductor. :

* The addition of trivalent impurity provides a large no. of holes in the sennconducbr i
* Example of trivalent impurity are Gallium and Indium.

* Such impurities are known as acce m an 4
ptor impurities, because tl
e, e holes created C

* Let’s consider a pure Ge crystal. When a small a :
mount of tri
Ga, is added to Ge crystal, a large no. of holes are available in the cry‘:::jm unpunty

~ Gallium is trivalent. Each atom of gallium fits into th -
_. eG
Ff* d—yalent bonds can be firms. e 0“1'
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* The figure below shows the energy band description of the P-type semiconductor.
® Conduction
@ ® Band
Band energy
0<0 +0 0 Valence Band

(o it o Bhoc o A0 el @) - Fecinn A

b e

f;'i.l e Due to predominance of holes over free electrons 1t is called p-type seuncoﬁductqr :
;m-_ e When potential difference is applied to the p-type serruconductor I:he ,hplqs a}:e

d from one co-valent bond to another. il
';ésthe holes are posmvely charged, they are dlrected towards the negat:'

hole current.
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PN-Junction :

When a p-type semiconductor is suitably joined to n-type semiconducte
surface 1s called as PN-Junction.

The N-region has free electrons as iajority charge carr..es ahn:Is ;::
impurity atoms, called positive ions (or donor ions). The P-region (as

| ‘harged imy - c called negative 10ns (or acceptor ione)
carmies) and negatively charged imputity atoms all 4 acceptor ons).

As so0n as the junction is formed the conduction and valence lf)ands of P and N
matenals overlap. The holes from the P-region diffuse to the N)-rcgton and combine wit ‘
the free electrons and the free electrons, from the N-region diffuse to the P-region
combine with the holes and disappears due to recombination. In this process the negati
acoepior ions in the P-region and positive donor ions in the N-region are left uncovered in
the vicinity of junction. The additional holes, trying to diffuse to the N-region, are repelled

by the uncovered positive charge of the donor ions. Similarly, the electrons, trying to diffuse
into the F-region, are repelled by the uncovered negative charge of the accepter ions. As:
result of this, the further diffusion of free electrons and holes across the junction is stopped.

The region containing the uncovered acceptor and donor ions, in the vicinity of the
Junction, is called depletion region. Since this region has immobile ions, which are
electrically charged, therefore the depletion region is also known as space-charge region.
Moreover, as the uncovered charges with the depletion region exists in the form of parailel

rows or plates of opposite charges, therefore it is known as depletion layer. The depletion
layer behaves like an insulator. '

L
1

~ The width of depletion layer depends upon the doping level of the impurity in N
1 or P-type semiconductor, The higher the doping level, the thinner will be t e deplet

¥ g .l‘
" -|i'| i -

epletion layer contains fixed rows of oppositely charged ions on its tw
large separation, an electric potential is established ac
|15 not connected to any external voltage source,

! ':r r p ! .45

'r | Var

€T, . , oo
i L ’ 3 > L 4
ol . % e | .
: o B 1k
IENE I I'- 100 RN, T I oy
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Depletion Layer

(Formation of depletion Layer)
P N

C > Width €
Ll (Junction or barrier voltage) L |
5 | C-"" voltage across pll-Juncnon or Biasing offa pn Ji
’ Jun ,ﬂ-cm there are two types of blasmg suéh a8 L
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i Porward Biasing : 1 |
* When external d.c. voltage apphed to the Juncuon is in such rfw
cancels the potent1a1 barrier, thus permitting current flow, it is called fo |

* Forward biasing can be applied to a pn- Junctton by connectmg p‘ S

of the battery to p-type and’ negative terminal to n-type of the semiconducto
* Here the potential barrier is reduced and at some forward voltage (0-
ininated allogethet 7

* The junction offers low resistance (called forward resistance, Ro) to ¢ rrent f]

* Current flows in the ckt. due to the establishment of low resustance p h.
magnitude of current depends upon the apphed forward voltage. 9

_____W_i_i_
1111

-+

__....__.._
e ) = — -

e

_J

— — - No external field R

| F—— External field

B

The mechanism of current flow in a forward biased pn
follows : '

-

-Junction can be desc:

* The free electrons from the negatwe tertmnal continue to pour into the n-t
while the free electron in the n-region move towards the i junction.

-y

* The electrons travel through the n—regton as free electrons 1.e., current
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“ When the exnernal d‘c. voltage applied to the junoﬁon m .
ential barrier is increased, it is called reverse blasing

t *'m y AR
~ % Reverse biasing can be applied to a pn-Junctmn by connecting mgaﬁm T

tery to p-type and positive terminal to n-type of thc pn-Junction. ,

s 465 VR

_ * With reverse bias to pn-Junction, the potential barrier is increased. = :‘v‘ﬂ. ., !‘l

% ' * The junction offers a very hi gh resistance (called as reverse resistance, R) to tlle"i
: ﬂww of current. g

% No current flows.in the ckt due to the establishment of high resistance path.

V-I characteristics of pn-Junction :

The V-I characteristic of a pn-Junction is the curve between voltage across the junction
and the ckt. current (voltage along X-axis and current along Y-axis).

The characteristics can be studied under three heads such as
1. Zero external voltage. ; |
2. Forward characteristics.
3. Reverse characteristics.
1. Zero External Voltage : e - '

When the external voltage is zero, the potential barrier at the junction does notpm'rmt
current flow. Therefore, the circuit current is zero as shown by point 0. o s
AL in mA

Barriér
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p——

2. Forward characterlst.lc,. SRk
It is the curve between forward _VO]’ T
~1,inmA

|

07V

—— > V,involts

“ Here the curve OAB represents the-forward characteristic of a sil;

Junction diode.

* It is clear from the forward characteristic

A is reached, because the external applied voltage is opposed by the _]unctlon
whase value is 0-7 V for silicon and 0-3 V for Ge.

* As the voltage is increased above that po

X

Note : It has been observed that a voltag
- of zbout 20 to 50 mA.

; 3. Reverse characteristic :

~ Itis the curve between reverse voltage V

vV, «

* The voltage at which the diode starts conducting,
- barrier voltage or cent-in voltage or threshold voltage.

¢ of about | volt produces a forwz

z and reverse curreht IR '

that there is no diode currenl'txll |;h  poir

.,1 -
int A, the diode current increases rag

is called as knee Vt}l
e
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Self Study Basic Electronics Engineering : |

* The curve OCD represents the reverse characteristic of the diode.

- *While forward biasing, the potential barrier at the junction is mcreased the tion
| ’ré"slstancc becomes very high and practically no current flows through the cn'cmt e

* Practically a very small current (of the order of pwA) flows in the ckt. which is
called as reverse saturation current () and is due to the minority charge carries i.e., holes.

* If reverse voltage is increased continuously, the kinetic energy of electrons may
become high enough to knock out the electrons from the semiconductor atoms. At this
stage breakdown of the junction occurs, characterised by a sudden rise of reverse current
and sudden fall of the resistance of barrier region. This may destroy the junction permanently.

* The voltage at which breakdown of the junction occurs, is called as
breakdown voltage.

Zener diode :

We know that when the reverse bias on a crystal diode is increased, a critical voltage
called breakdown voltage is reached where the reverse current increases rapidly to a
high value.

The satisfactory explanation of the junction was first given by American scientist
C. Zener. Tnerefore, the breakdown voltage is sometimes called as zener voltage and the
sudden increase in current is known as Zener current. |

The breakdown or zener voltage depends upon the amount of doping. If the diode is

heavily doped, depletion layer will be thin and consequently the breakdown of the _]uncuon
will occur at a lower reverse voltage. While a lightly doped diode has a hlgher

breakdown voltage.
A properly doped crystal diode which has a sharp breakdown voltage is known asgﬁ’ o
zener diode. The followmg points may be noted about the zener diode. |

e af._'
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* The zener dloée is not immediately burnt just because 1tNas &ETE
region. As long as the external ckt. connected to "hﬁ d‘mhmm thQ A
than burn out value, the diode will not burn out. 15T :

(Symbol of Zenerdiode)

Reverse ch#racteristic of zener
Ll Bt o g diode
Application of Zener diode : :

* It can be used as a voltage regulator.

#* It can be used as a fixed reference voltage in transistor biasing ckt.

J ~ *lItcan be used as peak clippers or limiters in waveshaping ckts.
' E iﬂ!‘f‘
P

. % Used for meter protectiOn against damage from accidental applications etc.
Eras. -

oudilieud will udliioC
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s =Y

l? .+
+

(Schematic symbol of LED)

— Although LEDs are available in several colours the schematic symbol is same for o
aIl LEDs REL |

Radiated
light (W)

1100 .
niEc

v

B0 In-wv-“

| The Qbove figure shows the gtaph betque ) 'g,l
: qum the graph it can be studied the .;t..he-._.;
‘fBIWal'd aurrent qf LED
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* Longer life (More than 20 years)
* Fast on-off switching.

Applications of LEDS:
ns of LEDs are;

Two most commonly applicati? iy
(i) As a power indicator (i1) Seven-segment dispiay ;

Binolar Junction Transistor @I : . .
o IT), was developed by Dr. Shockley along w

* The Bipolar Junction Transistor (B

Bell laboratories team in 1951 :
* The BJT is a main building block of all modern electronic systems. |
# It is a three-terminal device whose output current, voltage, and / or powe - al
controlled by its input current. ' .
] * In communication system, it is used as the primary component in the amplifier.
o * In digital computer electronics, the BIT is used as a high-speed electronic s
~ that is capable of switching between two operating stages at a rate of several billion
g times per second. g\
A % A BJT has a very impotant property that it can raise the strength of a weak » -.-:" i
BJT Construction : &
FA ABlpolar.luncliun Transistor consists of two PN Junctions. The junctions are forme '
b-.y'l.sgn'dwuching either P-type or N-type semiconductor la b 8
" site types. ) yers between a pair (
i A I?J T has, essentially, three regions known as emitter, base and coll 1 ;:.j :
: mm regions are provided with terminals, which are chelicd echz_ -
~ Base) and C(for Collector). as E(for Emitter), B
| emitter  base Collector :

'u ]

| s

.
4 <
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Emitter : It is a region situated in one mde
S to the other two regxons.

!-{ &

* The emltter isa heavnly doped reglon

Base It is the middle reglon that forms two PN Junctlons, in thed:rnnslﬁ

ok The base of a transistor is thm, as compared to the emitter and i is a i

3

o

Collector : * It is a region s:tuated on the oth

er side of the transistor, which collects
charge carriers. ” %

: .. . ; ‘ -,'.: .‘ l. : .} :_;
. ’ i

* The'coll_ector of a transistor is always larger than the emitter and base of a i:ransistbﬁ |

~*The doping level of the collector i is intermediate between the doping lebel of el:rutteri
and base ‘ Bl

BJT has two PN junctions such as errutter base junction and collector base i Junctlon

Blpolar Junction Transistor Symbols : ' s

b c £y .' 4 u .

)
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1301 Self Study Basic Eleatronics Engs

Working of PNP Transistor :

(i) The base emitter Junctl
reverse biased.

(i) The forward bias causes the electrons in the

- the base.
B F 34 E
ad pad jed e e g
| Y hom e
‘. .. IB l, b
i < II < l||<—'
@ H T T
A Ve ;. v.j
" .- :_t "’!i
« (ii1) This constitues the emitter current [ g

- (iv) As these electrons flow through the p-type base, they tend to combine w th h

A (vj As the base is lightly doped and very thin.

As the base is lightly doped and very thin, therefore only a few elec ror
lcornbme with holes to constitute base current b
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(iv) As these holes cross into n-type base, they tend to combine with the electrons.

(v) As the base is lightly doped and very thin, therefore, a few holes (less than 5%)
combine with the electrons.

(vi) The remaining (more than 95%) cross into the collector region to constitute
collector current I .

(vii) In this way, almost the entire emitter current flows in the collector circuit.

Integrated circuits :

(i) An integrated circuit is that circuit in which circuit components such as transistors,
dlodes resistors, capacitors etc. are automatically part of a small semiconductor chip.

(11) An L. C consists of a no. of circuit components and thelr mter-connecuoﬂﬁﬂ a
smgle small package to perform a complete electronic functlon |

(iii) In an 1.C, the various components arc automatlcally partofa small semlce l ctor
chip and the individual components cannot be removed or replaced. - 4

(lV) The size of an [, Cis extremely small

P ’ﬂ*ﬂq (v) No components of an L. C are seen to project above ﬂi\g

i, sdp .1 ¥ ,‘ h i)
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(iii) Lesser weight and space requirement.

(iv) Low power requirements. __ \ s

(v) Greater ability to operate at extreme values of temp.

(vi) Low cost

(vii) The circuit lay out is greatly simplified.
Disadvantages : b7t }

(i) If any component in an I.C goes out of order, the whole I.C has to ber '
the new one. , B

(i1) In I.C it is neither conyenient nor economical to fabricate capacitances ex
- . s . - . - e
30 PF, therefore for high values of capacitance, discrete components exterior to IC ch
“are connected. Tl

~

(iii) It is not possible to fabricate inductors and transformers on the su

ence between Vacuum tube and Semiconductor :
Semiconductor Vacuum Tube
linsize | (i) Big in size el (il
eight (ii) Heavy in weight
(iii) Have less life o
(iv)- CARNEA T SN ETE |

. [y
i B
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