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11 Capacitor is an electronic component that stores electrical energy m the
torm of static electric field.
Capacitors consist of two parallel electrical conductors separated by a non-
conductive or insulating material called dielectric. Dielectric materials do
not allow the electricity to flow through them
Capacitor
Q| x|
12 Pure semiconductors are called intrinsic semiconductors. Silicon and
germanium are the most common examples of intrinsic semiconductors.
In intrimsic semiconductor the number of electrons in the conduction band
15 equal to the number of holes in the valence band. Therefore the overall
electric charge of a atom is neutral, 0‘2 X Qj
I3 Ripple Factor is the ratio of ms value of ac component present in the
rectified output to the average value of rectified output. It is a
dimensionless quantity and denoted by y. Its value is always less than unity.
Ripple Factor.V = RMS vaiue of AC component present in Rectifier Output
Average Value of Rectifier Output & ) q)
14
Ig = Ip + I
Ic = Ig-1Ig
Ig = Ig - Ic¢ o X | o

Page 1 of 10




te

IS5

Collector Emitter

Eniltter Collector

NPN Transistor PNP Transistor

mi

A passive component is an electronic component that consumes energy in
the form of voltage but does not supply energy.

1. Passive components cannot increase the power of an electrical
signal.

2. Passive components temporarily store the electrical energy in the
form of glectric field or magnetic field.

3. Passive components do not depend on the extemal source of
voltage to perform a specific task.

passive components include: Resistors, Capacitors and Inductors

Active component is an electronic component that consumes energy in the
form of voltage or current and supplies energy in the form of voltage or
current

1. Active components control the electric current flowing through
them.

2. Active components depend on the extemal voltage or current to
work.

3. Active components amplify the power of an electrical signal.

active components incluide: Diode, Transistor and Integrated circuit

Resi aSeri
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Resistors in Parallel
I =P
I 5 Rz 1
; " I3 K]
The total resistance Ry is given by
lfR“,;-a; =1/ :R] +1/ Rz + 1/ R3.
Therefore, Rpui=R; * Ry * R3 /Ry + R, + R;
=10%*20*30/10+20+30
=100Q
I3 Enery Enurgy Energy
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Zener Breakdown and Avalanche Breakdown

There are two processes which can cause junction breakdown. One is called

sener breakdown and the other is called avalanche breakdown. When reverse bias is

increased, the electric field at the junction also increases. High clectric field causes

covalent bonds to break. Thus a large number of carriers are generated, This causes
a large current to flow. This mechanism of breakdown is called zener breakdown.

In case of avalanche breakdown, the increased electric field causes increase in
the velocitis of minority carriers. These high energy carriers break covalent bonds,
thereby generating more carriers. Again, these generated carriers are accelerated
by the electrie ficld. They break more covalent bonds during their travel. A chain
reaction is thus established, creating a large number of carriers. This gives rise 0 a
high reverse current, This mechanism of breakdown is called avalanche breakdown.
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The positive or negative peak of a signal can be positioned at the desired
level by using the clamping circuits. As we can shift the levels of peaks of
the signal by using a clamper, hence, it is also called as level shifter

The clamper circuit consists of a_capacitor and diode connected in parallel
across the load. The clamper circuit depends on the change in the time
constant of the capacitor. The capacitor must be chosen such that, during
the conduction of the diode, the capacitor must be sufficient to charge
quickly and during the non conducting period of diode, the capacitor should
not discharge drastically. The clampers are classified as positive and
negative clampers based on the clamping method.

1. Negative Clamper

a

iL
Eu' m/\/’\/\f

M Vvt Negative Clamper

>4

1]

During the positive half cycle, the input diode is in forward bias- and as the
diode conducts-capacitor gets charged (up to peak value of input supply).
Duning the negative half cycle, reverse does not conduct and the output
voltage become equal to the sum of the input voltage and the voltage stored
across the capacitor.

2. Positive Clamper

Catut * ;

Pawdornes Positive Clamper

It is almost similar to the negative clamper circuit, but the diode is
connected in the opposite direction. During the positive half cycle, the
voltage across the output terminals becomes equal to the sum of the input
voltage and capacitor voltage (considering the capacitor as initially fully
charged). During the negative half cycle of the input, the diode starts
conducting and charges the capacitor rapidly to its peak input value. Thus
the waveforms are clamped towards the positive direction as shown above.
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Depending upon the terminal which is used as a common terminal to the

input and output terminals, the transistor can be connected in the following
three configurations. They are:

¢ Common base (CB) conficuration
¢ Common emitter (CE) configuration
e Common collector (CC) configuration

In every configuration. the base-emitter junction Jg is always forward
biased and the collector-base Junction J¢ is always reverse biased to operate
the transistor as a current amplifier.

In common base configuration. emitter is the input terminal. collector is the
output terminal, and base is the common terminal. The base terminal is
grounded in the common base configuration. So the common base
configuration is also known as grounded base configuration.

In common emitter configuration, base is the input terminal, collector is the
output terminal, and emitter is the common terminal. The emitter terminal
is grounded in the common emitter configuration. So the common emitter
configuration is also known as grounded emitter configuration.

In common collector configuration, base is the input terminal, emitter

is the output terminal, and collector is the common terminal. The collector
terminal is grounded in the common collector configuration. So the
common collector configuration is also known as grounded collector
configuration

Transistor confipuration: ()l commen emitter (b) common base
{c) common  collector
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Color Digit | Multiplier | Tolerance (24)
Black O 10° (1)

BErown 1 107 1
FRed =2 102 =
Orange 3 10%

e llow <} 104

Green 5 10° 0.5
Blue S 10° 0.25
Violet 7 107 O.1
Grey = 10°

White =) 1 0%

Gold 10" =
Silver 1077 10
(none) 20

The colors brown, red, green, blue, and violet are used as tolerance codes
on 5-band resistors only. All 5-band resistors use a colored tolerance band.
The blank (20%) “band” is only used with the “4-band” code (3 colored
bands + a blank “band”).

Digik Digy it Multiplier Tolerance

I il

d-band code

Dicyit Digit Digit nMMultiplier Tolerance

.‘ A i s
HEEH N

S—band code

A resistor colored Yellow-Violet-Orange-Gold would be 47 kQ with a
tolerance of +/- 5%.

A resistor colored Green-Red-Gold-Silver would be 5.2 Q with a tolerance
of +- 10%.

A resistor colored White-Violet-Black would be 97 Q with a tolerance of +/-
20%.
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A Transformer is an electrical device that can be used to transfer the power
from one circuit and another circuit without physical contact and without
changing its characteristics like frequency, phase. It is an essential device in
every electrical network circuitry. It consists majorly two circuits, namely
primary circuit and one or more secondary circuit.

Primary L

winding winding

i pures Ny turns

Prirvary
Secondary

4 current

-+

aC voltage
i

il

Sl

Primary 3 ‘ | % Secondary Primary 3 \ l E Secondary

Step-up Transformer

Secondary
AC vailage

'3

Step-down Transformer

Working Principle of Transformer
The transformer working depends upon Faraday’s electromagnetic
induction law. The mutual induction phenomenon between two or more
winding is responsible for power transformation.
According to Faraday’s laws, “The Rate of change of flux linkage with
respect to time is directly proportional to the EMF induced in a conductor
or coil”.

E=N d¢ /dt

Where,

E = Induced EMF

N = the number of turns

d¢ = Change in flux

dt = Change in time
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Paper Capacitor

Such type of capacitors is very cheap, hence extensively employed fixed
capacitors. The dielectric (insulating material between plates) is Kraft
paper, a comparatively dense and very high durability sulfate paper,
between the plates of aluminum plates, rolled up collectively and instilled
with resin. The whole arrangement is enclosed in a plastic or metal case in
order to avoid wet environment and contaminations. Axial leads are
generally got out of each end. Normal capacitances of such type run from
0.0001 to 2 pF, with 200 to 600 V voltage ratings.

Iinsulator
Conductor

(A)

) D

(B8)

Fig.3: Paper Capacitor (a) Schematic Diagram (b) Symbol
Ceramic Capacitor

Such type of capacitors comprises a ceramic-made disc with silver
electrodes linked to each flat surface. Leads are attached to these electrodes
for allowing connection to the unit. Figure 8 exhibits the ceramic disc
capacitor structure. these type of capacitors are utilized in certain
applications ranging from low to very high frequency through 1000 Mega-
Hz. Dielectic materials are formed from barium and strontium titanates
mixtures, combined with rare earth and other additives in order to enhance
electric characteristic.

PROTECTIVE

CERAMIC DISC
” COATING (BIELECTRIC)
} ! ELECTRODE
HOLD-OFF-KINK —— ONNECTING
WIRES
a b

Fig 8: (a) Ceramic Disc Capacitor (b) Construction of a ceramic disc
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Inductance

It is the current production in a coil due to change in magnetic flux in itself
or new coil. Whenever there is a coil, and you have a change in magnetic
flux or change in magnetic field, an induced emf is generated in that coil or
wire. This very property is inductance.

Here @ o I, where, @ is the magnetic flux and I is the current. In “n’ turns

of the coil, N @ « L. It is a scalar quantity and it’s SI unit is Henry. It is
denoted by H.

Self-induction means the coils induce the emf themselves. There is
a change in the magnetic flux through that coil and because of this, the
current will be induced in the coil by itself. So once the current get induced,
the current tries to oppose the flux. Here N® o [
N® = LI ( L is the self-induction)
Induced emf, E=-N d®(df)= -N di(dr) [ L/N]
E =-L dI(dr)

This is the self-induced emf. A coil having self-inductance ”L” is said to be
the induction coil.

. Flux Line
™3

Tcurrent

><_ iy
Loil =y iR ==
Switch Battery

Salf nductance

Here, there are two coils placed near each other. The first coil will

make turns and carry the current which results in the magnetic field. As
both the coils nearly close to each other, the magnetic field through one coil
will all pass through the other coil. So one coil causes the change in
magnetic flux because of which current is induced in the other coil.

Here there is the primary coil and another one is the secondary coil. This

type of induction mainly depends upon the number of turns, size, and shape
of the coil and medium between the two coils.

E =-M dI(dr)
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Formation of a PN-Junction

1. Joining n-type material with p-type material causes excess
electrons in the n-type material to diffuse to the p-type side and
excess holes from the p-type material to diffuse to the n-type side.

2. Movement of electrons to the p-type side exposes positive ion cores
in the n-type side while movement of holes to the n-type side
exposes negative ion cores in the p-type side, resulting in an
electron field at the junction and forming the depletion region.

3. A voltage results from the electric field formed at the junction.

P-type Netype

e o el o o ‘0 o
0 %0 o & &6 e o e e
g & ©° o0l ‘e @ e o
© © ¢ o°0|e @ 8, ®© ©

A PN-Junciton when just formed

Note that no external voltage has been connected to the PN-junction

P-type Electrie field), N-type
- ° ¥ e -
e £ O CEN IR C)
o ° o | i - -
e° © o P @, @, @
o o (= : :a L]
8. 9 @ e ® O
6. % o 1 H - »
© & ©:! O @ O
O it ;
- Depletion
region i

Space-charge region or depletion region is formed in the vicinity of the junction

Page 13 of 10




Vb

Ry
: - i —— ‘ Iy
 Unregulated { Ig
power ¥y ¥,
supply

z

z L

The zener-diode voltage regulator

The simplest regulator circuit consists merely of a resistor Rg connected in series
with the input voltage, and a zener diode connected in paratictwith the load
The voltage from an unregulated power supply is used as the input voltage Vi to the
regulator circuit. As long as the voltage across Ry is less than the zener breakdown
voltage ¥y, the zener diode does not conduct, If the zener diode does not conduct, the
resistors Rg and &, make a potential divider across ¥;. Atan increased ¥y, the voltage
across Ry becomes greater than the zener breakdown voltage. It then operates in its
breakdown region. The resistor Rg limits the zener current from excecding its rate
maximum 7.

The current from the unregulated power supply splits at the junction of the zener
diode and the load resistor. Therefore,

Ig= I+ 1 (4.33)

When the zener diode operates in breakdown region, the voltage V' across it remains
fairly constant even though the current I, flowing through it may vary considerably.

Via

Farward Cureent [
1 Ei Frwart
T
Brzaidm * Diode 1 Chancitc Cues |
Vatage 11
I
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Velage ¥y i Velize. ¥, H . |
1 j
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A reversed-biased PN-junction can be compared to a charged capacitor. The P and
N regions {away from the space charge region) are essentially fow resi arcas
duc to high concentration of majority carricrs. The space-charge region, which is
depleted of majority carriers, serves as an cffective insulation between the P and N
regions. The P and N regions act as the plates of the capacitor while the space -charge

region acts as the insulating diclectric, The reverse-biased PN-junction thus has an
effective capacitance. whose value is given as

&=
W
where £ (the Greek letter “epsilon™) is the permittivity of the semiconductor ial,

A is the area of the junction, and W is the width of the space-charge region. The width
W of the space-charge region is approximately proportional to the square root of the
reverse bias volage V. The arca A and permittivity £ being constant,

o=l

W
As the reverse bias increases, the space-charge region becomes wider, thus effec-
tively increasing the plate separation and decreasing the capacitance. Silicon diodes
optimised for this variable-capacitance effect are called varacrors. Figure 4,30 shows
the symbol used to represent a varactor diode. It also shows graphically how the
capacitance of a varactor diode varics with the reverse-bias voltage.

S |7 oy

“pnn

-— Reverse voltage

Varactor diode characteristic and its symbol
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The full wave rectifier circuit consists of two pwwer diodes connected to a
single load resistance (Ry) with each diode taking it in tum to supply
current to the load. When point A of the transformer is positive with respect
to point C, diode D conducts in the forward direction as indicated by the
arrows.

When point B is positive (in the negative half of the cycle) with respect to
point C, diode D> conducts in the forward direction and the current flowing
through resistor R is in the same direction for both half-cycles. As the
output voltage across the resistor R is the phasor sum of the two waveforms
combined, this type of full wave rectifier circuit is also known as a “bi-
phase” circuit.

Positive Clipper with Positive Vr

R

—AWW

. L 4

| A V'.

ingrut Cutput
| K V.
| T
Circuit Waveforms

During the positive half cycle the diode conducts causing the positive
reference voltage appear as output voltage; and, during the negative half
cycle, the entire input is generated as the output as the diode is in reverse
biased.

Negative Clipper with Positive Vr

A series positive reference voltage is added to the diode as shown in the
figure. During the positive half cycle, the input is generated as output, and
during the negative half cycle, a positive reference voltage will be the
output voltage as shown above.
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+ Full-wave voltage doubler

The full-wave voltage doubler consists of two diodes, two capacitors, and
input AC voltage source.

During the positive half cycle of the input AC signal, diode D, is forward
biased. So the diode D, allows electric current through it. This current will

flows to the capacitor C; and charges it to the peak value of input voltage
LeVm.

V:'lf\ £\ The diode D,
_v.,,l \/ \,/ does not allow

Imput wavaforsm e}ect[ic current
through it
Therefore, the
) % l capacitor C» is
Vi = W Ca LV

' uncharged.
[T

Fuli~-wave voltage doubier

2Vim t»w—w—ﬁ._fﬁu___
Lol

CQutput waveform

During the negative half cycle of the mput AC signal, the diode D> is
forward biased. So the diode D: allows electric current through it This
current will flows to the capacitor C; and charges it to the peak value of the
input voltage Le. Vi

On the other hand, diode D) is reverse biased during the negative half
cycle. So the diode D; does not allow electric current through it. Thus, the
capacitor C; and capacitor C; are charged during alternate half cycles. The
output voltage is taken across the two series connected capacitors C; and
Ca. The output voltage is equal to the sum of capacitor C, voltage and
capacitor Cz voltage Le. Ci+ Co =V + V=2V

The circuit is called full-wave voltage doubler because one of the output
capacitors is being charged during each half cycle of the input voltage.
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(d)

Centre-tap full-wave rectifier

The output voltage of full wave rectifier is described as

Uy © Vypsin @f 0<en<n
Vusinet n<arsn

A minus sign appears in the second equation because during the second half-cycle
the wave is still sinusoidal, but inverted. The average or the de value of voltage is

| p2=
Fgo =—1 v, d(on
T ZIL d! ,
Fipn 2 ]
n J“i (¥, sin ) d{wr) + L (=¥, sin @) d{wr)
i y R S 2%
= [I-—Vmcoswr;g # Wocos 1| ]
Vm

¥,
==|-cosm+cosO+cos2m-cosm]- 0
2z T
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N P N
Emitter :Q [ ] ° Collector
*e (=]
& 0090250 ‘
S9lee e|0° "
X ees

T Reverse
bias
P I LY - PR

X Two batteries are used to simplify operation theory. Most applications
require one voltage source. The negative terminal of the battery is
connected to the N emitter.

(X The positive terminal of the same battery is connected to the P-type base.
Therefore, the emitter-base circuit is forward biased

o In the collector circuit, the N collector is connected to the positive
battery terminal. The P base is connected to the negative terminal.
The collector-base circuit is reverse biased.

Electrons enter the emitter from the negative battery source and
flow toward the junction. The forward bias has reduced the
potential barrier of the first junction.

e The clectrons then combine with the hole carriers in the base to
complete the emitter-base circuit. However, the base is a very thin
section, about 0.001 inches.

e Most of the electrons flow on through to the collector. This electron
flow 1s aided by the low potential barrier of the second PN junction.

Approximately 95 to 98 percent of the current through the transistor is from
an emitter to collector. About two to five percent of the current moves
between emitter and base.

A small change in emitter to base bias voltage causes a somewhat larger
change in emitter-collector current. This is what allows ftransistors to be
used as amplifiers. The emitter-base current change, however, is quite small.
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IXb
P Common Common Common
st
SErd Emitter Collector
Input Impedance Medium High i
Cutput Impedance Very High High Low
:
Phase Shift o° 1807 09 J
Voltage Gain High Medium Low H
Current Gain Low Medium High Al}
Power Galn Low Very High Medium l
B
Xa
Saturation region
,;7 : Active region
‘ / 1= 160
7
& = ; 420 3
g _ 7 it
gf&l— i '}/// o AVee —t ! : 80
3 2 a5 .
8 . _apph
10
Ib=0
T T R A pe e
) 2 4 8 8 *
ie—— Colla?tor-to(gmi)ﬂer e
voltage (Veg Ei
What are a,p and y in a transistor ?
ALPHA (a): It is a large signal current gain in common base configuration.
It is the ratio of collector current (output current) to the emitter current
(input current).
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Collector current

Emitter current

I

e = ——

IE
It is a current gain in CB amplifier and it indicates that the amount of
emitter current reaching to collector. Its value is unity ideally and
practically less than unity.

Beta (B): It is a current gain factor in the common emitter configuration. It
is the ration of collector current (output current) to base current (output
current).

normally Its value is greater than 100.

Gama (y): It is a current gain in common collector configuration and it is
the ration of emitter current (output current) to base current (input current).

Ig

P¥=

Ip
It is also called emitter efficiency that how much current is injected from
the emitter to base after recombination of minority charge carriers in base.
It’s value is high compared to a,f.

What is the relation between a,B and v in a transistor?

w,p and y are the current gain factors in three CB, CE and CC
configurations respectively.

Relation between o, p and y :

i)
n=—"
g+1
o e
S
y=F8+1
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