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15.1 Introduction

The word electronics is coined from the words elecitron mechanjcs. The subject of electronics
deals with the study of devices in which specific current {1} versus wvoltage { V) relationship
is obtained by controlling the preduction of electrons, theirs numbers and thei nduction.
Such relationships are different from the one cbeyed by Ohm's law in goo n ors in
which electric current is directly proportional to the electric potential differen

is different
¢ I+ V¥ relations
all in size and

There are many substances found in nature in which the conduction of
from the cne found in metals. Solid state devices are made having ap
by properly adding impurities in such a substance. Solid state de
light in weight. They are very efficient and cheap.

Semiconductor devices like the P — N junction diode, trans LED { Light emitting diode J,
solar cell and logic circuits which is a basis for digital &all be discussed in this
chapter.

15.2 Conductors, Insulators and Intrinsic Se

The elements in the first three groups of the abte like alkai metals, noble metals,
Aluminium, etc. are good conductors due he ence of free electrons. Non-metais are
bad conductors of eleckricity due to lack pf trons. The elements in the fourth group
of the periodic tahle like Si and Ge h r resistance than good conductors but less
than bad conductors. They are know onductors. They hehave as bad conductors at
absalute zero temperature in their p

The resistivity of the good co rfeases Si
with temperature, while th of the
semiconductors decreases n asing the
temperature unto a certai e conductivity
of the semicenducto nged by making
radiation of suitable ncident on them.

nt & onductors Ge and Si
Ppeth have diamond crystal
of Si is considered at the
edron, then s four nearest
t the vertices of a tetrahedron
the figure. Diamond crystalline
obtained on extending this
t in a three dimensional space.

Two wery impo

5i

The electronic arrangement of Si is 1% 2s° Epﬁ 382 ﬂpz. The
alectrons in 1s° 2s° 2|'.'||E completely occupy the K and L shells.
382 3p2 electrons are the valence electrons. These 2 s arbitals
and 2 p orbitals combine to form 4 spa complex orbitals.
These orbitals combine with similar such orbitals of the
neighbouring atoms and form covalent bonds. Thus, each of
the four walence electrons of the silicon forms a covalent
bond with its four neighbouring atoms as shown in the figure.
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At absolute zero temperature, Si and Ge hehave as insulators as the valence electrons are
bound in covalent bonds. At room temperature, these bonds break due to thermal oscillations
of atoms freeing the electrons which increases conductivity. Deficiency of electron in a bond
prodices a vacant space which is known as a hole. The hole has the ability of attracting
electrons and the randomly moving free electron can get trapped in a holegathus hole
behaves as a positive charge though it is neither a real particle nor has any pos harge.

On applying p.d. between
two ends of a crystal as
shown in the  figure,
electric current gets set up.
Now, thermal escillations
and external electric field
cause covalent bonds to

break and the free ]

electrans produced get + _
trapped In the  holes

during their motion.

Simuitanegusly, new holes

are produced by electrons
breaking free from the
covalent bonds. The free
electrons move towards the
positive end and the holes

to the negative end. The
motion of holes towards the nega ;
towards the positive end. Thus g in’ a semiconductor is due to {i} motion of free
etectrons and {ii } motion of b cifons. Hoth these currents are in the same direction.

The number density of fipegele s [(n,) and holes {ngp) in a pure semiconductor are
equal. Pure semiconductar d intrinsic semiconductor. Hence electrons and holes are

nd their number density is indicated by ni. ng = Ay = M.

: impurities  like
Arsenic in  pure
P.ype semiconductor
by adding trivalent
 fike Alumimtdum, Gallium or

figure shows MN-type
s@miconductor in which two Arsenic
atoms have replaced two Germamium
atoms in the lattice structure of Ge
crystal. Four of the five wvalence
electrons of As atom are used up in
forming covalent bonds and the fifth
electron can act as a free electron

As
with .01 eV energy. This energy is
0.05 ¥ in case of Silicon atom. This Q Ge @ As MN-type semiconductor
much energy is easily awvailable at
reom temperature as thermal energy.
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The pentavalent impurity is known as donor impurity as it donates the electric charge carrier,
etectron, to the host atom. It is added in proportion of 1 in 10° pure atoms. Hence in one
moie of crystal, about 10"’ impurity atoms and 16" free eclectrons are present. A good
conductor like copper contains nearly 10%* free electrons per mole. Besides these, some more

number is very small as compared to the free electrons from the impurity
are the majority charge carriers and holes minority charge carriers in thay

semiconductors {na, > np).

Pivpe semiconductors:

if trivatent impurities like aluminium is
added to Ge or 5§ then three free
electrons of this impurity atom form
covalent bonds with its neighbouring
three Ge or 5i atoms. Thus there is a
deficiency of one electron in the
formation of the fourth covalent bond.

This deficiency of electron can be
considered as a hole which is present
in one of the bonds between the
aluminium and Ge or 5i atoms. This
hole has a tendency to attract electron®
Hence aluminium atem is known
acceptor impurity. Here, holes
behave as positively charged
are  majority charge  carri
electrons are minority char
Hence such a semiconduct
as P.ype semiconductor
impurity added to Ge

15.4 Conductors, ars and semiconductors - [ A Band Picture )

The insulato ic#hductors and conductars are classitied on the basis of the energy
feveis of the

4N
....................... energy
e example of silicon to levels
the electrical conductivity of the

tors. forbidden gap < 3 eV

there he H number of silicon atoms. o

There are two 3 s° and six 3 pﬁ valence = 00— = _'3_:' _______ Er:Trgy
states of which four are filled. = levels

Thus there are BN wvaience states and the
corresponding energy levels are indicatad in the figure.

The closely spaced 4N levels form a band structure. By PFauli's exclusion principle, one
electron occupies only one energy level. Thus with the 4N avallable electrons, the lower
valence band is completely filled. As the band is completely filled, the electrons in this band
have no available energy to move. Hence there is no electrical conductivity.
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Above the valence band is the forbidden gap where there are neo awvalilable energy levels. The
width of the forbidden gap iz < 3eV.

Above the forbidden gap is the conduction band. At 0 ¥ temperature, it is completely empty.
If the electrons in the vaience band acquire sufficient energy to cross the forbiddgg gap, then
they can move to the conduction band and contribute to he electrical conductivi

A hole is created when an electron meves from the vaience band to the c band. In
a pure semiconductor, the number of holes and electrons in the cond d are equal
and hence they contribute equally to the electrical conductivity.

Insulator substances:

Such substances have large forbidden gap (> 3 eV ). Hence electro re not able to move
fram the valence band to the conduction band and such amis are bad conductors of
efectricity.

Conductors:

The figure sows the band structure of a sodiu

containing N atoms which explains its good . ZN level
The electronic configuration of sodium ato s g as

182 267 2 |'.'||E 3s'. There 2N number valence

states of which N are filled due to con from

each of the sodium atom. The rem tates are 2

empty. Hence, the electrons can ve intc the is

empty available states and co wards electrical

conductivity. In any metals, th cfion and wvalence

bands overlap with sach othger g in the electrons

contributing in the electri nd n.

The following figure completely filed valence and completely empty conduction bands

of N.type semicgnductor at 0 H temperature. It also sows the valence energy levels of the
impurity ator t#f dashed lines. As the impurity atoms are scattered in the crystal
structure jconductor, the wave functions of their valence states lie closer to the
impurity g¥gnd are not present in he entire crystal. Hence the symholic representation is

show e dBtted line.

EC T kS EC
T . . _m . El] . 1 1 . . — ED
| | [} Y
at 0 K at room temperature

The difference between Eg and Ep being very less, more and meore electrons from the
valence band of the semiconductor and that of the impurity atoms cross over to the
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conduction band and occupy empty energy levels in it. Hence in a NJype semiconductor
number of majority charge carriers, electrons 5 much more than in the pure semiconductors

and also much larger than the number of holes {ng >> np).

The following figure shows the energy levels and impurity atoms of a Pdype se

Here, energy fevels Ep of the trivalent Iimpurity atoms, containing holes, are v

valence energy levels, Ey. The electrons of the wvalence band can easily he empty
energy levels of the impurity atoms and of the conduction band on gettipg t energy
at the rcom temperature leaving behind large number of holes in their " nce in a P.

type semiconductor, the electirical conductivity is much mare t
semiconductor {nn *> ng ).

0 a 0 o o F
| ]
- L ]
A L ]
at 0 K

Some of the randomby moving elechl
efectron hole pair and its reco
position, the rate of electron h

rocess occur at the same time. In the equilibrium
ation and their recombination are equal.

The recombination rate (3 n, MhAg Wwhere R is the recombination coefficient.
For an intrinsic or p idgnductor, ng = AR = Aj.
Hence, the recombinat te = Ranphe = R mz

rat? for an Intrinsic semiconductor and itx extrinsic semiconductor as per
namics are equal.

2
O ngne = B

Junetion Diode

nction s obtained by combining

pe  semiconductor with an  Ntype (] P
semiconductor. the figure shows the P.N
junction diode before the formation of the —_ —_ —_ o o o o
junction. As @ @ Al

— — [ +] [+ ]

There are excess heoles, shown as small —_ —_ @ P o o o
circles, in the ¥P.section which exist in the As Al
covalent bond between the host atoms and - - - o o o

the impurity atoms. The figure shows two
impurity atoms of Aluminium near the
junction.
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There are excess electrons in the N.section obtained from the pentavalent impurity atoms. The
figure shows two Arsenic Iimpurity atoms near the junction. Both N and P sections are
efectrically neutral.

The electrons diffuse from N to ¥ section as the N section has excess of

amount of holes also diffuse from P to N section.

The adjoining figure shows the situation after
some diffusion has occurred. Ywo electrons of
Arsenic are shown to occupy the two holes near
the Aluminium atoms. This leaves Arsenic atoms
as positive jons and Aluminium atoms as
negative ions. As the diffusion progresses, more
and more Arsenic and Aluminium atoms become
positive and negative ions respectively.

E to the charges on the ions
ave to overcome this increasing
electrons stops when the electric
n. This situation is shown in the

This results in a steady electric field near the jum
direction of which is from N to P region. The ele
electric field to diffuse from N to P side. The g

field is sufficiently established to oppose
following figure.

Two points are noteworthy.

{1) Electrons are no longer
majority charge carriers
small region of the
material near the |u
the holes are not _th
charge carriers
region of
semiconductor
These regions

depletion
cirfemajority charge
wigth of the { E\

n is approximately \J}
1 width from

junction

ofcich
o

v

arying electric potential at
region near the junction is \ \ .
calied the depletion barrier. Iis N region » ' P region
value is about 8.7 ¥ for 5i and T':' """"""""
0.3 V for Ge.

it can be seen from the band
diagram of the P.N junction shown
that the charge carriers need about
qVe energy to cross the junction '
and go into the other region of ——— Junction ———>
the diode.

Less the amount of impurity atem added to the P and N type semiconductors, wider is
the depletion region and weaker the electric fiald intensity near the junction.
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The depletion region contains immobile positive and negative charges which constitute a
capacitor having depletion capacitance or transition capacitance, € 4. The width of the
depletion region increases with the increase in the reverse bias which decreases the value of
the capacitance (since € 1 1/d). Such diode in which wvalue of the capacitance varies with
voltage is known as varactor diode or variable diode.

.M Static Characteristics of P-N Junction Diode

The following figures show the circuit diagrams to study the IV curvg
dicdes in the forward and reverse bias conditions and the corres
curves.

<N junction
characteristic

Voltage across the
dicde can be wvaried
with the rheostat.
The milliammeter or N
the microameseter
measures the carrent.

v
—(@—
BE
®|o

Forward Bias:
in forward bias Junction
circiit, the positive
pole of the battery
is connected to the
£ end of the diode
and negative pole to
the N end.

(b)) the depletion region width
in a forward bias situation

and the reduction in the
depletion region {indicated
by broken lines)

Here, emf of the

battery and the p.d. - s :
across the depletion : > :
reglon oppos: €ac ' '
other which reduces N = p ) i i
® ) : :
* : Sl
ma () : R
AR A ] Junction
Rh +
(h) the depletion region width
) i {*} in a reverse bhias in a
ntional current situation and its increase
in the reverse {b) Reverse hias {indicated ) by broken lines
direction as shown
in the figure.

The current increases with the increase in the applied voltage as shown in the graph on the
next page. nitial increase in current is very less, but heyond a voltage known as ‘cutin
vaoltage', current increases rapidly { according to the fourth power }. Here, current does not
vary linearly as per Ohm’'s law and hence resistance of the junction is not given by it. The
resistance of the junction is found as follows.

The dynamic resistance {rg ) ( fb = forward bias } of the diode at any point is given by
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e = % where, AV and AI are the small changes in the wvoltage and current at the point.

The value of rp is different at different points.
Reverse bias: I[m.ﬁ.]ﬂ

in revarse bias circuit, the positive pole
of the battery is connected to the N end '
of the diode and negative pole to the P
end as shown in the figure on the
previous page. Here, emf of the battery
and the p.d. across the depletion region
are in series and assist each other. The
electrons find it difficult to move from N
to P type and holes from ¥ to N type.
The adjoining figure shows the I.¥ graph
for the reverse bias condition. YThe

current is negiigible (of the order of pA}
for smaller values of the voltage due to
minority charge carriers.

V[ forward bias)

LY
r

W (reverse Ly

cut-in
voltage

The electric cusrent is constant and s
¥nown as reverse saturation current. Th
voltage beyond a certain point know
never used beyond the reverse satu

udden rise in the current on increasing the
down voltage. Normally, P-N junction diode is

in the reverse bias mode, the [F] tife dynamic resistance (r;z) is of the order of o0 Q.
The symbolic representa of P.K junction diode is

shown in the adjoinin The arrow points in the o PH" a
direction of the conv I furrent. P is the anode and

N, the cathode. As t o electrodes, it is known as

£-N junction diode.

15.6 P.N J n Piode Rectifier

e process of converting alternating voltage ( or current) into direct voltage
«R junction diode can be used for this purpose. The conventional current flows
in the forward bias mecde, but the current is almost zere in the reverse hbias
us, when alternating voltage is applied to the dicde, current will flow in the circuit
at half cycle for which the P-N junction is forward biased. In the next half cycle,
wilt be no current when the diode becomes reverse biased. When a resistor is in the
, then direct voltage varying with time will be obtained.

Half wave rectifier:

The circuit diagram for half wawve rectification using P-N junction diode and the graphs for
input and output voltages are shown cocn the rext page.

The primary of the transformer { Pr) is connected to the alternating voltage source. One end
of the secondary is connected to the P end { A) of the diode while the other end Is

connecéted to the N end { B ) through the resistor R .

The alternating voltage wave figures are shown above the A8’ and AH ends of the
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transformer at any instant.
i A Ej —
2|/ N
Input L A : _E‘ :
alternating Q-:]l Prz =5 R, altzlrlrtlr:tlitng o :
voltago = L voltage D |
o 5 \;
g
H
g

Buring the first half cycle, the A end of the secondary col p Ia'e with respect to B end
making the P.N junction diode forward biased and the r s from D to T through the
resistor as shown in the figure. During the next half Eyclegthe A end becomes negative and
the 8 end becomes positive making the P.N ju i reverse biased and no current
flows through the circuit and the resistor. The 5 repeated in the subsequent half
cycles. Thus direct varying current flows resistor and hence direct varying
voltage develops across it during alternat es and no current flows during the
remaining alternate half cycles. The input tput voltages are as shown in the graph.

Full wave rectifier:

To obtain direct current and vo
used in the full wave rectif
transformer is used In this cffcui

g both the half cycles, two P.N junction diodes are
shown in the following figure. A centre tapped

Ll
4]
=
o
=
= a
s [N e
= . \ : ' time
=9 1 1 1 .
= ! 1 ] '

[] 1 1 1

A~ ! 1 ] '

= ; ' : ;
1 1 1

S NS NS N )
=] n >
s ! ! X v time
= 1 1 !
; ' ' : '
=
=
=)

ng the first half cycle, the A end of the secondary coil is positive with respect to central
terminal { €T ) and the central terminal is positive with respect to the # end which make
{PN}1 junction diode forward biased and the {PN)2 junction diode reverse biased. During the
second half cycle, the A end becomes negative with respect toe CT and the CT becomes
negative with respect to the B end which makes the [FK): junction diode reverse biased and
the {FN)z junction diode forward biased. Hence the conventional current fiows in the resistor
R | in the same direction, i.e., from B to € during both the half cycles. Hence, direct varying
current flows through the resistor in the same direction and hence direct varying voltage
develops across it during both the half cycles. Such a voltage is the superpesition of direct
and alternating voltage of different frequencies from which the alternating component can he
removed using suitable filter circuits.
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15.7 Certain specific types of PN junction diodes
157 (a] Zener diode:

Very little current of the order of A flows when the diode is reverse biased d minority
charge carriers. On increasing the reverse bias, at one particular voltage kno
voltage, the current starts te increase suddenly and becomes of the order
the concentration of impurity atoms is more. Two effects are responsible t
{1t} Zener effect and {2} Avalanche effect.

The width of the depletion region is very less at high impurity co ra sulting in high
electric field intensity at the depletion region sufficient to break tHE covilent bonds and free
the elecirons. A large number of covalent bonds break resulting i ormation of a large
number of electron-hole pairs and sudden increase in reverse current { Ig ). This
expianation was given by the scientist, C. E. Zener. Henc knfown as Zener effect and

such dicdes are known as zener diodes.

The breakdown voltage is high if the impurity cofgentr@ion is low. At high breakdown
vaoltage, the electric field intensity is high. TheyfeY reiers Hke electrons crossing the
depletion region get accelerated due to high  dig leld and break many covalent bonds
creating electron-hole pairs. Newly created cird hlso get accelerated and break further
covalent bonds and create more electron. airs” this increases the electron current and
the diode reaches the breakdown point. akdown s called Avalanche effect and such
dicdes are known as Avalanche died

Hreakdown is due to Zener eff reakdown voltage is

less than 4 ¥V and Avalancheffe it i= more than & V. A K
Hetwesn 4V and 6V, the brga due to both the effects. o ﬂ\ '
AH such dicdes are calied odes. The Zener diode is Anode Cathode

symbalically represented n in the adjoining figure in
which cathode is in t

The adjoining graph Wlveyf the characteristic of R
the zener diodeglihe fofWard bias characteristic is If {mA)

similar to th thedPN junction diode. For low
reverse bias , the current is very small of

the orde ar the breakdown vaoltage (Vi),
curre increases to the order of mA

down in this case is very sharp, ie., a . > ¥

change in voltage near the breakdown ) I ] f

It3Je, produces a large change in the current. | = [--==-=---4

s the voltage across the zener diode remains

constant for large changes in the current. Such a I, (mA)
dicde can be used as a voltage regulator circuit. l

Buch a circulit is shown in the figure on the next 100 mA
page. The direct vaoltage cutput of the rectifier hd
circuits changes with the change in the load current |z, Such a power supply is known as
the unregulated power supply. ¥ the output voltage remains constant with the change in the
load current 1z, then such a power supply is known as regulated power supply.
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As shown in the circuit, the zener dicde s connected in a reverse bias mode. A resistance
Rg is connected in series with the zener dicede and a lcad resistance R is connected in

paraliel with the zener diode. Hence zener woltage Yz across the zener diode remains
constant.

iet the unregutated VWA
voltage, v;, of the Rs
above circuit be K

:}nre thatr:a the :reak; v, (unregulated /x/ {regulated
own voltage, Vz, o o voltage) output voltage)

the zener dicde. iIn A

this case, when the

input direct voftage,

¥, increases then the

current in the zener

branch also increases. This increases the voliage dro e resistar, Rz, which will be
equal to the increase in the input voltage since thefwolta across the zener diode, Vz, is
constant. The decrease in the input voltage pro posite effect. The voltage across
fg is reduced which will be equal to the decrips he input voltage. The wvoltage across
the zener remains constant. Thus the vel a the load resistance, R, is constant.
Hence we can regulate the voiltage by usi er dlode.

157 (i b ] LED {Llight emifting diode :

Whenever electron in a German
band to the valence bhand, then
heat. In some semiconducto

ilicon atom makes a transition from the conduction
energy of the eleciron is dissipated in the form of
ium Arsenide, the energy is obtained in the form of

h
the eclectromagnetic waves have a wavelength A = E—cf

g

light. The maximum wav

where £y is the ban gy.

he nufMber of electrons in the conduction band and the number of holes n
aviptoc be large. For this, P.N junction is formed with large concentration

To achieve this,
the wvalance
of impurities.

diode is kept in a large
condition which results in high /L
to large concentration of p

As the width of the degletion - : —
r is extremely small, of the order of o N undtion. T

lectrons easily cross the junction and N
ombine with the holes. T

To obtain visible light, Arsenic and
Phosphorous impurities are added in Gallium semiconductor.

15.7 i ¢ ] Photo diode:

There is a window in a photo diode through which the light enters and s incident on the
dicde. The photo diode is always connected in a reverse bias mede.

Reverse saturation current flows through the PN junction diode which can be increased either
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by increasing the temperature of the diode

or making more light incident over it. When hf
the energy of the Fght incident on the F\’_\Fl"\;\'\N

junction th » Eg, large number of covalent
bonds are broken near the junction which :
produces a large number of electren-hole

pairs. Thus increase in the minecrity charge - 5

carriers increase the reverse current which
is of the order of y.h NR

The reverse current flowing through the
diode in the absence of the incident light is
known as dark current. The electron-hole pairs increase o reaﬂng the intensity of light.
This resufts in proportionate increase in current.

15.7 i d ] Solar Cell:

Bolar ceil 5 a semiconductor davice which co, energy inte electrical energy. It
works like a photo diode, but there is no extern in it.

o lransparent
R .
Lo
Aqude — I kJ L,L
3 i Anode in - HppeEr
PH —* - the shape i“"fsu"a[;g
Junctlon or fingers of solar
N cell
Cathode —

The abowve figure sh
jayers of N and P

construction of a solar cell. PN junction is made up of thin
miconductors. The metal part connected to the N.section is the
metal connection taken from the P.section s the anode. P type
semiconduct e #mitter and N type is the base. The incident Hght is directly incident on
the PN juncti he P.type material is made up of a very thin layer.

of the PN junction is kept very nght

ain large amount of power. Electron.
/ oK
N -
@ -
@ -

produced when the incident photon
Depletlun area T

= Eg. The electrons move towards the N- -
material and the holes to the P.type material. + P®
reduced is of the order of 0.5V o 0.6 V. The “—

to current, I, flows through the external circuit - @

when it is connected with a resistor Ry. The value
of the current depends on the intensity of light. vI,

8i, GaAs, Cadmium Sulphide { Cd8 }, Cadmium
Zelenide are some of the semiconductors used in
the solar cell. The arrangement of solar cells R,

conhected in series or parallel is called a solar

panel. Such panels are used in sateflites as a storage battery which are charged during day
time and used during the night time. They are used in calculators, electronic watch and
camera.
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15.8 Transistor

John Bardeen, Walter Braten and William Schetky Invented transistor in the Bell laboratory
and were awarded Mohel prize. Transistor is a device made up of two PN junction diodes.

There are two types of transistors.
{i}) PNP transistor: It is made by sandwiching a thin N-type semicenductor
P.type semiconductors.

{ il NPN transistor: It is made by sandwiching a thin Pdype semicondu @ een bwo
N-type semiconductors.

The figures =show the

construction and symbols Emitter Base )|lector
of NFN and PP i @
fransistors. o 3
The central chip is the - 4 4

base, on ohe side of

which is the emitter and . c
on the other side is the T & v

collectar. T Y

The collector has more { NPN Transistor)

volume than the emitter. of N ’
i Colle ctor
P EN P
C
{ PNP Transistor )

The impurity concentration
in base is more than that
of the caollector but less
than that of the emitter.
The resistivity of the
base is high and that
urrent in the transistor is due to both the electrons and the holes. Hence it is called
ofar junction transistor or BJT.

the emitter is low.

e directicn of the current.

158 ia] The Working of a Transistor:

NPMN transistors are the most widely used. {ts circuit diagram is shown on the next page. The
emitter junction is forward biased using the battery Vgg of voiltage 0.5V to 1.0V and the
collector junction is reverse biased using the battery Voo having voltage 5V to t0 V. The

emitter junction width is less as it is forward biased and the coliector junction width is more
as it is reverse biased. The electrons move easily into the base as the emitter junction is

forward biased and constitute emitter current [g. As the base has less width and less
impurity concentration, only 5% cof the electrons entering the base recombine with the holes



15 - SEMICONDUCTOR ELECTRONICS:
MATERIALS, DEVIGES AND SIMPLE CIRCUITS Page 14

while the rest go to the
collector due to the battery

Voo constituting collector Emitter junction Collector junction

current Ic. {a) \ {h) /

The electrons recombining
with the holes in the base

are attracted by battery Vg

constituting base current Ig.

©
Applying Kirchhoff's law at
the junction point,
I L
Ig = g + Ig Bl
The working of the PNP T_ =)
transistor can be explained

in a similar way.

There are three types of transistor circuits:
{1) Common - Base circuit, (2] Common —§
Al these three circuits for NPN transistor

uit, {3) Common -~ Collector circuit.
in the following figures.

............ SO o o IE I E T ‘_IC

el T J )
in . i
= ;
- At %Rﬁ I T Output

¥ 4B = v

1 e Iyt g . @
== hi i L
p— - vEE =V,
b z o - h

Common Base (TR} circuit

in a CB s the output current and lg is the Input current.
1
O e ﬁrdt:=—c'=1{'.*lc-=15',i
Ig
¥ circuit, Ig Iis the output current and Ig is the input current.
I
O current gain, Pac = Ii *»>»> t [ v Ig > Ig)
B

158 { b ) Characteristics of a Transistor:

{1} Static characteristic curve « the curve showing relationship between voltage and
corresponding current for a transistor

{2} Input characteristic curve « the curve showing relationship between the input voltage
and the input current for given output veoltage

{3) Output characteristic curve - the curve showing relationship between the ocutput voltage
and the outout current for aiven input current
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The following figure shows the circuit to study the static characteristics of a CE transistor
circuit.

Ic
- +
&
Ip c (mAy
LY
. () E CE@ Vee
“-“IEB ppE— + - -
Ry Ve
#*
The emitter junction is forward biaxed due to batt d the cecllector junction is
reverse biased with the help of battery Vgpo. Rheos Ry used to vary the bhase voltage
Vag and rhecstat Rz is used to vary the collecto E-
To study input characteristics, the collector i cE is set to any one value and base

voltdje Vpg set with the help of rheostat Ry.

for two values of Vg (2V and 18 W)
res. Such a characteristic curve is similar to

current Ig is noted for different values of t

The plot of input characteristic curves
are shown on the left side of the f
the one for a PN junction diode.

I {mAy

Vge (V) : .
Input characteristics Outpi charagcteristics ce (V)

study output characteristics, the base current lg is set to any one wvalue and collector
current Ig is noted for different wvaluex of the voltage Wgg. The plot of output characteristic

curves Ic vs. Veg for six values of Ig{ varying from 20 A to 120 YA ) are shown on the
right side of the above figures. The central portion of the curve is known as the active
region in which the collector current is independent of the value of Wog and is almost
constant. The transistor when used as an amplifier is used in this ragion.

The transister parameters can be found from the characteristic curve as under:
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e e —————————————————————————

{1} Input resistance:

input resistance, can be found from the input characteristic

[ﬁMBE

]
VCE constant

curve and its value is of the order of k2.

{21 Output resistance:

Av
Gutput resistance, r, = [TCE] can be found fronf the ut characteristic
C JI_ = constant
B
curve and its value is normally between 50 to 100 kfl. »
{2} Current gain: @
Al
Current gain, p = Al can b the active region of the output
a8 =
VCE constant
characteristic curve. Normally, its value is b en and 1040.
{41} Transconductance:
Alg

Transconductance, g = The unit of transconductance is mho.

Av
158 { ¢ ) Transistor as a el
The circuit diagram 5t widely used NPN CE transistor amplifier is shown in the

following figure.

The emitter jufgtion * I

is forward by ¢ 0
battery e T
collector is

v
applied o Qutput
base-emitter E/ < v
of the — o
The — ¢
amplified signal is

obtained hetween the
collector and emitter
terminals or in other

words across R

The alternating signal ( Ve } causes the change, AVae. in the base emitter wvoltage. This
results in the change, Afp, in the base current which is of the order of microampere and the
change, J} Alp. which is of the order of milliampere. The large amplified output voltage is
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cbtained across large value of R connected in the output clrcuit. The ratio of output voitage
te input voltage is known as voltage gain.

The working of the circuit
{ %} Inpuk girguit:

in the absence of the input voltage, Vg, to be amplified, as per Kirchhoff's s rd TRw,

Vpp = VEg .. . .. (1)

On applying the sigral voltage, ¥g, the change in the base emifterfyoltafle is AVRE.

[l Vg + Ve = Vg + AVBE .. .. {2} ¥

[0 Avge = ¥; [frem equations {1) and {21}]
{21 Output circuit:

Appiying KirchhcH's second law to the collec @napf

Voo = Ru'lo + Ve
0 Avge = R Ale + AVge
But AVge = as the batter mains constant.
g 0 = " Al +$
0 Avee = - @

A Veoe is the culljut anrass two ends of the load resistor and is the output voltage V.

Veltage ggd

Vo cutput voltage _ ¥,
input voltage Vs
Ry (&1
= + ———— | substituting from equations (4] and [(3])]
ri[&ig
Ry
i
ﬁlc ﬂ
where, |3 = A} = Y and is known as the current gain of the transistor. — is known
B Ti

as the transconductance of the transistor {gm ).
O Av = - gm RL

{ Negative sign indicates a phase difference of $80° between input and output valtage.)
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Power gain {Ap }):

Gutput A. €. Power
Input A. €. Power

Power gain, Ap = Av A = ['ﬂ H—L]{ﬁ}
r.

R
O lApt = Bz'—l' { The energy for power gain is supplied by the battery §fc.
r
i

15.8 {d} Transistoer Oscillator:

The electrical osxcillations in an L-C circuit get damped with the sagy of time. MNecessary
energy has to be supplied to the circuit te sustain them. This e done in a circuit
shown In the figure which is known as an oscillator.

Here L« netwoark is connected in the emiter
base circuit and inducter L4 in the collector
emitter circuit. The EB junction is kept
forward biased with the battery Vpp and C48
junction reverse biased with the battery V.

Working:

When the key K iz closed, the lleBjgr
current starfs increasing throug e il Ly
increasing the magnetic flux it.

This increases magnetic fluxg ! h the
coil L. The emf induyce
capacitor which helps in

the transistor. This i esfthe emitter current which also results in the increase of the
collectar current. In A fiux linked with the coils L and L also increase. The emf
induced in the coil L r increases the forward bias and hence the emitter and collector
current. This cofginues till the collector current reaches saturation.

with the coil L4 and L stop changing. This results in no further induced
emf in ircuit, discharge of capacitor through L and reduction in the forward bias
valta uces the emitter and collector current and the process continues till the
ent becomes zero. The capacitor is now completely discharged and there is no
to the forward bias. The emitter current starfs to increase again thereby increasing
or cufrent and the process keeps on repeating. Thus the collector current oscitlates
n the maximum and the zero value.

1
The frequency of oscillations, f = ———
2x4LC
The necessary energy comes from the coliector battery, Voo . Thus B. . electrical energy is
converted into A.C. electrical energy.

Oscillators are used to generate high frequency carrier signals for Radio and TV signal
commurdcations and In electronic apparatus tke AF.O0. and function generator in the
laboratory. in such apparatus, oscillators are used te generate signals of very low frequency

to very high frequency of the order of 10% Haz.
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15.8 Digital Electronics and Logic GCircuits

George Boole, a mathematician, developed Boolean algebra based on the science of logic. In
1938, a scientist called S8henon developed electrical circuits based on the Beolean algebra
which are known as logic circuits.

in amplifier or oscillater circuits, the current or the voltage continuously an with time
from minimum to maximum. Susch a signal is called analog signal. Two ren® types of

analog signals are shown in the following figure. Q
N O
. /\J/\/\f/ \/ - /(\w /

{ Analog signal) { Analog signal )

in the following figure, the voltage or t c nt ' as only two values, the maximum value
indicated by 't' and the minimum by @& signal i= known as a digitat signal.

There are two types of systems adiiited
a logic circuit.

1" level

it} g ¥ :

1t} Positive Logic System J/ 1 1 1 1

in this type of system, r positive B

voltage is taken ax h velgor '1' and the W

lower positive voltag as low level

or 0’ 0 0 0o o0 0

I
Syfptem: \l"\ t

‘0" position

in this s¥stem, the more negative

s "I’ and the less negative { Digital signal )

- te and OV as ‘0" state.
e of the terms used in digital elactronics are explained below.

Logic Gate: The logic circuit in which there 5 cne or moaore than cne input but onby
one output is called a logic gate. OR gate, AND gate and NOT gate are
the basic logic gates. The other gates like the BRAND and HOR gates can
be obtained from these basic gates.

Boclean Eguatioh: The Boolean equation represents the special type of algebraic
representation, which describes the working of the logic gates.

Truth Table: The tahle which indicates the cutput for different combinations of the
input voltage is known ax the truth table.
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15.9 {a]} OR gate:

The following figura shows the circuit containing the bulb and the two switches A and H
connected in paralle]l to illustrate the weorking of an OR gate.

A
|:/"'_ {able 1
= pl A B Bulb
o Open Dpen GFF
v — [}I@Lj Open | Close O
ST
I Clase Open ON
Guih
Close Close

OK
¢
The status of the bulb with respect to the switch posi own in table 1.

in this table, if the switch A is taken as input A andithe itch B is taken as input B and
the status of the bulb is taken ax output ¥, we th table 2 of an OR gate. In this
table, the OM state is taken as 't' and the ‘$'. The truth table ? describes the
characteristics of the OR gate.

“Whenever any one of both inputs are ! ) e get the output ‘t"."

Hoolean equation is given as: ¥
sign indicates OR operator.

is read ax ¥ is equal to A or B". Here ‘+'

A two input OR gate in els be constructed using diodex and a resistor. OR gate
circit and its symbolic reprdent ara shown in the folowing figures.
Dy
A
—————O
*
| [w
av
D2
- { OR gate circuit) { Circuit symhol of OR gate)

two inputs in the above circuit, there are four different combinations for the input

{2° =4} For three inputs, there would be 2* = 3§ combinations. Y is the output across the
resistor R. The 0 volt and +5 ¥V are indicated by he statex 0' and ‘1’ respectively.

{i}y ¥or A=8 and B =4, none of the diodes conduct and the output voltage is zero. (Y =0)

{iily ¥er A=18 and 8 =1, dicde Dy dees not conduct, but Dz being in forward bias conducts.
Treating resistance of the diode as negligible, output woltage = input wvoltage. In this

case, ¥ = +5 V. This output state ix indicated ax 1" state (¥ =1).
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{lii} For A=1 and B = 0, Dy is forward biased and Dz does not conduct and the output
voltage ¥ =~ #+5¥. This output state is indicated as “1° state (¥ =1).

{ivy For A =1 and B = 1, both the diodes are conducting and the output voilta ¥ =45 V.
This output state is indicated as ‘1" state (¥ =11

Al the above resulted are shown in table 2.

15.9 (b} AND gate:

The following figure shows the circuit containing the bulb and t switches A and B
connected in series to lfustrate the working of an AND gate.
*
Table 3 Tahkle 4
) -~
A B i A ] ¥=A-B
................ O g
] CFF 1 ] n
Bulb
ON i i 1

and the corresponding state of the bulb. The

Table 3 indicates the position of tM
own in tabhle 4. The truth table 4 describes the

truth table of the AND circu
characteristics of the OR gate

“The output of the AND only if all the inputs are equal to *1'. ¥or all other
conditions of the input it is o
is read as “Y is equal to A and B". Here B

Hoolean equation is
sign indicates AND o

A two Input g* in efectronics can be constructed using diodes and a resistor. AND
gate circui} a ymbolic representation are shown in the following figures.
D4

Ac H

5y —— { Clrcult symbal of AND game }

{ AND gate circuit)

The output states for different combinations of input states are discussed as under.

{i} For A =0 and 8 = U, both diodes are at &V { groundad ). Their anodes are connected
toe +5V through the resistor . Thus both diodes are forward biased and current flows

through the resistor R. Voltage drop across R is =~ +5V. Hence the output ¥ = 0.
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{ii) For A =1 and B = 0, U4 is reverse biased and hence no current flows through R. Dz
is at zero voltage | grounded } and the anode has positive voltage. Hence current flows

through R. Volitage drop across H is = #5V. Hence the output ¥ = 0.

{lliy For A =0 and 8 = 1, Dy is reverse biased and D4 is forward biased. current
flows through Bs and the resister R. Voltage drop across R is = Hedte the
output ¥ = 0.

{iw) For A =1 and B = 1, both the diodes are reverse biased and no % ows through
them and the resistor. The output voltage i= 5V and ¥ = 0.

Al the above resulted are shown in table 4.

15.9 (¢} NOT gate: »
Refer to the following figure for explanation of the op n e NOT gate.
e Table b
Bulb A Y=3&
v = e T o |
ﬂw& 4
Bulb Close OFF 1 0

NOY gate has only one output terminal. This gate inverts the input voltage. When

the switch A is ope
closed, no current flg

ows through the bulb and it is on. When the switch A is
pufih the bulb and it is off. These results are summarized in table
5 and in the Eruth tigl of the NOT gate. The following figure shows the construction of
the NOT gate ing the™iransistor which functions as an ON / OFF switch and the resistor.
The output is_ta aggoss the cellector emitter terminals.

|
|
5V ——

Do
%|i l Symbol

{ Circuit symbol of HOT gate )

=

=0
=< 0

{ Circuit of NOT gate )

As there is cnly one input, thera are two possibilities of the input state discussed below.



15 - SEMICONDUCTOR ELECTRONICS:
MATERIALS, DEVICES AND SIMPLE GIRCUITS Page 23

{i} For A = 0, the base current and voltage are zero and hence vcitage drop across Rp is

L

zero. Volage across collector and emitter, Vg =~ + 5V, is maximum. Hence the output
¥ = 1.

{§i} For A = 1, the emitter junction is forward biased since + 5V is applied a
transistor which results in collector current Io due Eo base current lg. V

is almost + 5V resulting in voltage acroxs collector and emitter, VgE
output ¥ = 0.

The truth table & describes the characteristics of the NOT gate as f]

“Whenever input is 1’ the output is ‘0" and when the input is '0 e ghutput is *1'." Hence
this gate is afso called the inverter.

Hoolean equation is given as: ¥ = A and is read as 5 qual to NOT A". The NOT
operator is indicated by the '—' {bar} symbol

The AND, OHR and NOT logic gates are called ogic gates in digital electronics.
These gates can be combined in different ways ewer gates. Two such logic gates

are discussed below.

15.9 (d} NOR gate:

The NOR gate is constructed by cgifibi the OR gate and the MHOT gate [ OR + NOY =
NOR ). Here the output of the OR _gaflijis en as input to the NOT gate.

Hoolean equation is given a é B and is read ax "Y is equal to HOY A or B."

The circuit diagram of th e, its symbaol and the truth table 7 are given below.

A \ + B .
*r—DO—c Tahle 7
B ¥ = A B
-ar A B A+B |[Y=A+8B
OR t HOT gate
ate § 0 0 0 1
0 1 1 0
F\ 1 0 1 0
e =Y 1 1 1 0

Symbol of HOR gate
The characteristic of the NOR gate is given as follows:

“The output is ‘0" whenever any one input is “1'. Whenever all the inputs are '0°, the output
is equal to *1°."
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15.9 {e ] NAND gate:

NAND gate is constructed by combining the AND gate and the NOT gate | AND + NOY =
NAND }. Here the output of the AND gate is given as input to the NOT gate.

Boolean equation is given as: ¥ = A[B and is read as "Y is equal to NOT B
The circuit diagram of the NAND gate, its symbol and the truth table 8 ar béffow.
Ao—
B o—r A-B
AND gate MOT gate
A o—
—D'ilr'
B o0—
MAND gate

The characteristic of the NAND

*The ocutput is equal to *1'
equal to ‘0" when ail the

1510 Primary Co IC

About 50 yea
resistors by

back, e electronic circuits were prepared from transistors, diodes and
thipmy using conducting wires. In the next generation, printed eircuit board
xistence. Here the electronic components are arranged on a board and
hetp of metal strips which helped reduce the size of the electronic
ese three dimensional circuits were made two dimensicnat to further reduce

their ich gave rise to integrated circuits (1, C.} size of which is about 1 mm x t mm.

nic gadgets.

. Is basically of three types:

. small sized crystal { or chip} is taken and transistors, diodes, resistors and
are internally connected which reduced both the size as well as the cost of the

{15 Fitm Circult: This [, C. consists of components like resistors and capacitors only.

{2) Monolithic Integrated Circuit:

3 Hyhrid [Entegrated Circuit:

This [, C. has components like transistors, diodas, resistors
and capacitors. ¥ is made from only cne type of
semiconductor | Si or 3e ) and hence calted Monolithic I C.

This type of 1 C. ix a combination of film circuit and
monolithic type and contains more than one chip.



