


Electrical Devices
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. & Electrical

Electronic Devices: The devices which can control the flow of
electrons, thereby controlling the flow of energy.




Vacuum Tube

8 - \ Heater j

- Vacuum creation is challenging - Low life

+ Operates at high power «  Lessreliability




E Journey of Development of Electronic Devices

SEMICONDUCTOR
47




Semiconductor: Properties

Conductivity can be controlled

o\

© No Vacuum or heating is required -~ High reliability

- Operates at low power and low voltage




& Semiconductors

Material Resistivity (p) Conductivity (6 = 1/p)

P
A 4 4

Conductors 1072 — 1078 Om 102 — 108 S/m

P
A 4

Semiconductors 107° —10° Om 107% — 10> S/m

P
A 4

Insulators 10t —101° Om 107 —1071 S/m

- Elemental semiconductors: - Compound semiconductors:
Silicon (§i) , Germanium (Ge) GaAs,InP,CdS, Anthracene, Doped phthalocyanines

Polypyrrole, Polyaniline, Polythiophene



Semiconductors in Periodic Table

. Semiconductors




Energy states in an Isolated Atom

Bohr's model

- Inan isolated atom, discrete energy levels are present.




Energy Band in Crystal
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Energy Bands in Na Crystal

Energy Band (1 eV)

Energy Band

\_ v \_ v

- Width of energy band is greatest for (For ,itis electrons).

« The lnner e™ nearly remain unaffected by neighbouring atoms.




Silicon Semiconductor

8N energy levels
AN arefillermTes




P A
Assumed spacing —




Energy Levels of Silicon Semiconductor

INn region A, as the atoms are in isolated states, therefore,

INn region B

INn region C

- At 0K, all the 4N electrons lie in the energy band having lower energy ( i.e., Valence band)
while the energy band having higher energy ( i.e.,, Conduction band ) is empty.




Energy Band

Valence Band (V.B.)

Conduction Band (C.B.)




Forbidden Energy Gap (FEG)

Energy Gap (E,)

Eg = (C. B)min—(V. B)max

E, = E,— E,

the noles In the valence




Conduction Band

Valence Band

Conduction Band.
No electrical conductivity

4 )

Conduction Band

Valence Band

Conduction Band.
Low electrical conductivity

(

Conduction Band

Valence Band

Conduction Band.
High electrical conductivity




Carbon, silicon and germanium have energy band gap respectively equal to
(Eg)c,(Eg)s;and (Eg )¢e.. Which of the following statement is true?




Intrinsic Semiconductor

4 )

Intrinsic
semiconductor




Intrinsic Semiconductor

Thermally generated frec - This free electron will generate a vacancy.

electron (charge, e™)

Siand Ce have four valence electrons each.

Siand Ce share one of its four valence electrons with
each of its four nearest neighbour atoms. These shared
electron pairs form covalent bond.




Conduction Band

Intrinsic Semiconductor (Si and Ge)

Conduction Band




Fermi level of Intrinsic Semiconductor

Conduction Band

Intrinsic Semiconductor @ T
>0K




Intrinsic Semiconductor

Rate of generation = Rate of recombination




& Limitations of Intrinsic Semiconductors




same group of periodic table as germanium and silicon?




The electronic configuration of The electronic configuration of
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for Si. So, effect of nucleus on valence electrons is low for Si and high for C.

Energy gap between the conduction band and valence band is least for Ge,
followed by Si and highest for C.




- Y

11, = Mobility of electrons,
1, = Mobility of holes (Nelte + Npn)

* Mobility of electrons are more than holes. (i, > up)




Extrinsic Semiconductors

the conductivity.




Extrinsic Semiconductor

rinsic semiconauctor. into an intrinsic semiconductor.




N — type Semiconductor

* 5valence electrons of P form 4 covalent bonds with

Free electron

Holes are minority charge carriers.

The pentavalent dopant donates one extra electron for

N-type semiconductor conduction and hence known as donor impurity.




Energy Band for N — Type Semiconductor

Conduction Band
+4 +4 +4
T
+4 +5 +4
+4 +4 +4 Valance Band

the conduction band. So, with small amount of energy electrons will go into the conduction band.

+ The energy level of the free electron of a pentavalent atom is called the donor level.




Energy Band for N — Type Semiconductor

Conduction Band

but also brings one extra proton which makes
the semiconductor neutral.




P — type Semiconductor

Holes are majority charge carriers.

: Free electrons are minority charge carriers.
P-type semiconductor

np > Ne




4 Energy Band P — Type Semiconductor

Conduction Band

+4 +4 +4

+4 +3 +4

Valance Band

- Acceptor level is very close to the valence band. With a small amount of energy, a bonded
electron can fill the vacant space created due to a trivalent atom which leads to improved
conductivity.




4 Energy Band P — Type Semiconductor

Conduction Band

OoN, DUT IT IS alsO sNO allels Valance Band
Mmakes the semiconductor neutral.







7 Relation between Electron Concentration and
Hole Concentration

IS given by,




A pure silicon crystal has 5 x 10%® atoms per unit volume. It is doped with 1 ppm

VT of pentavalent arsenic. Calculate the number density of holes in the doped
- 4 . it ‘ : : 116 -3

(1.5 % 1016)?

ny, = =45x%x10°m3

5 x 1022




Drift Speed:




Mobility of electrons in a semiconductor is defined as the ratio of their drift
velocity to the applied electric field. If for an n-type semiconductor, the density

v

2
T ofelectronsis 101 m=3 and their mobility is 1.6 — then the resistivity of the

= (16 X 10-19) (109 (Le) ™

1
- 2040
25g = U4 (m




If the ratio of the concentration of electrons to that of holes in a semiconductor
VT is 7/5 and the ratio of currents is 7/4, then what is the ratio of their drift




P — N Junction

Depletion
region

Diffusion current ===

region.




P — N Junction

Depletion
region

Diffusion current ===

never becomes zero, as there will be few majority
charge carriers which will have enough energy to
move to the other side.




P — N Junction

Depletion
region

<4—— Drift current




P — N Junction

/—\

Depletion
region

Depletion
| region




P — N Junction (at Steady State)

In equilibrium,

Depletion
\ region ‘

as shown in figure, and the complete set up is known PN junction diode,

On changing the polarity of an external battery connected to the diode, the behavior
of the diode changes completely.




- Zener Diode
o Light Emitting Diode (LED)
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DIODE IN FORWARD BIAS

Potential Barrier Potential Barrier

Diffusion current >> Drift current




4 FORWARD BIAS [ -V CHARACTERISTICS

02 04 0608 1.0
Cut in voltage

Rr = 10Qto 100 QO
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DIODE IN REVERSE BIAS

Potential Barrier

Potential Barrier

A
Y
A
Y

This is due to very less concentration of the minority charge carriers. Also, the

Mmagnitude of current in reverse bias is very low (of the order of uA).




I — V Characteristics

Rp = Reverse bias resistance
Rp =~ 10° Q




I — V Characteristics

Dlode Is conaucting In Torward plas anc
conducting in reverse bias.




In the case of forward biasing of p — n junction, which one of the following figures
correctly depicts the direction of flow of carriers.
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In the case of forward biasing of p — n junction, which one of the following figures
correctly depicts the direction of flow of carriers.

Vp

Hence, option (C) is the correct answer.




In the following figure, the diodes which are forward biased is/are:




Avalanche breakdown is due to




The dominant mechanism for motion of charge carriers in forward and reverse
biased silicon p-n junction are respectively;




A

Cathode

Zener Diode

Zener Diode Circuit Symbol

o

Clarence Melvin Zener




Zener Effect

amount ot current.

This explains the phenomenon of increment in current at Zener voltage in breakdown
region.




I — V Characteristics of Zener Diode

A v > -
Breakdown Breakdown

atoms due to the high electric field (of the
order of 10° V/,, ) is known as internal field
emission or field ionization.




@ Voltage Regulation using Zener Diode

Simple Diode Voltage
Regulator




@ Voltage Regulation using Zener Diode

Any increase or decrease in the input voltage results in increase or decrease of the voltage
drop across R without any change in voltage across the Zener diode.



@ Voltage Regulation of Zener Diode

For Zener diode to act as a voltage regulator, it must be operated in Breakdown

For good voltage regulation, I, >» I; so that the Zener diode operates in required region.

I, should be below safe maximum current.




The reverse break down voltage of a Zener Diode is 5.6 V in the given circuit.
The current I, through the Zener diode is:




The figure represents a voltage regulator circuit using a Zener diode. The breakdown
voltage of the Zener diode is 6 V and the load resistance is R, = 4 KQ. The series

T




RECTIFIER

HALF WAVE RECTIFIER
FULL WAVE RECTIFIER
FULL WAVE BRIDGE RECTIFIER
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HALF WAVE RECTIFIER

Input voltage

will restr ne flow of current. Therefore, the output voltage will be zero in tt ase.

1

The diode allows only positive half cycle of the input. It is known as “Half wave rectifier”.




HALF WAVE RECTIFIER




FULL WAVE RECTIFIER




FULL WAVE RECTIFIER
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During the negative half cycle o diode D, is reverse
the diode D, is forward biased. In this case also the point C is at higher potential
than the center tap, therefore, the output voltage is positive even though the

Input voltage is negative.




INPUT vs OUTPUT




FULL WAVE BRIDGE RECTIFIER




FULL WAVE BRIDGE RECTIFIER




FULL WAVE BRIDGE RECTIFIER

again positive, even though the input voltage is negative.




FULL WAVE BRIDGE RECTIFIER




4 Full Wave Rectifier with Capacitor Filter

12141309




4 Full Wave Rectifier with Capacitor Filter

load remains almost constant.




SPECIAL PURPOSE p-n JUNCTION DIODES

Photo-Diode

Solar Cell




PHOTODIODE

When a photodiode is illuminated by
light (photons) of sufficient energy, new
electron-hole pairs are generated from
the atoms in the depletion region.

b

Due to the electric field of the junction, the
electrons and holes are swept across the
depletion region before they can recombine.

Holes move towards p- side and electrons
move towards n-side.

a4

Therefore, the direction of current will be
from n-side to p-side inside the diode.




PHOTODIODE




I-V CHARACTERISTICS OF PHOTODIODE

[(mA)




With increasing biasing voltage of a photodiode, the photocurrent magnitude:

. Remains constant

Increases initially and after attaining
certain value, it decreases

Increases linearly

@ Increases initially and saturates finally




LIGHT EMITTING DIODE

P P'P'D
@ @ @
50 ® @ @

"

Because of the high concentration of majority charge carriers, on p-side, the diffused
electrons recombine with holes and on n-side, the diffused holes recombine with electrons.
On recombination energy is released in the form of electromagnetic radiation(light).




= LIGHT EMITTING DIODE

h

The e in the valence band takes up the
energy and jumps to the conduction band
and an electron-hole pair is generated.

On recombination of electron-hole pair
(i.e., when an electron in the conduction
band jumps back to the valence band)
an energy equal to the forbidden gap
energy (E,) is released as EM Radiation.

In Si, Ge semiconductors, Infra-red radiation are

emitted during recombination, so we can't see
It.



LIGHT EMITTING DIODE

Valence band







LIGHT EMITTING DIODE

The bandwidth of emitted light is nearly monochromatic.

Long Life and negligible wear and tear




For LED's to emit light in visible region of electromagnetic light, it should have
energy band gap in the range of




Solar Cell

et ii Front Grid Contact
Contact N-type Silicon

depletion region and because of the presence of electric field in the depletion region, the
electron hole pair get separated.




Solar Cell

Front Grid
Contact

Good electrical conductivity.

Ease of availability and cost.




I-V CHARACTERISTICS OF SOLAR CELL

p-n Junction

saturation. At saturation, the voltage the short circuit current (Igz). Since the current is
has a maximum value called the open from n-side to p-side inside the p-n junction, it is
circuit voltage (Vp¢). taken as negative.







= I-V CHARACTERISTICS OF SOLAR CELL

[(mA)

Semiconductor

. Formula
Material

Silicon Si

Cupric oxide : | | I
) 1.0 15 20 25 3.0

Gallium arsenide 1.43

hv(eV)

&
A4

Indium phosphide InP 1.35

*




Introduction of Transistors




Junction Transistors




Emitter Collector Emitter Collector




Structure of Transistors

Segment

Size

Doping

Emitter

Moderate

High

Base

Thin

Low

Collector

Large

Moderate




Schematic of Transistors

Emitter Collector
p-n-p transistor [

The arrow on the emitter line shows direction of current through emitter base junction.




Forward Bias and Reverse Bias of Transistors

biased, and the collector-base junction is reverse-biased. the transistor




Transistors (Common Base)

— Base current (Going into the base)

n-p-n transistor in common-base mode -
I — Collector current (Going into the collector)




Working of Transistors (Common Base)

Emitter Collector




Current Gain (B)

In general, it is seen experimentally that:

Bac = Boc = B




In @ common base mode of a transistor, the collector current is 5.488 mA for an
emitter current of 5.60 mA. The value of base current amplification factor (B) will
be:




The transistor is most widely used in common emitter configuration.




Common Emitter Transistor

transistor
Higher the value of V¢, higher is the reverse bias

voltage b/w the collector and the base.




Transistor Characteristics




Input Characteristics of Transistors

< Barrier Potential of > Barrier Potential of
i tion E junction

Iz starts growing graduall
the curve loo [
to that of a forward bias p-n
~ junction.







4 Output Characteristics of Transistors

-
.

30 uA
20 A
10 pA

10 12 14 16 V(inV)



Transistor Characteristics

. N Y

do not follow linear relation in case transistor.




S —

The output characteristics of a transistor is shown in figure. Find the value of S,.
when Vyg =10V and I, = 4.0 mA.

Base current (Ip)




In the circuit shown in the figure, the input voltage V; =20V, Vg =0V and Vg = 0 V.

Then find the values of I, I and B.

_IB_




Transistors as Device




= Transistors as Device

Vo

Active

Region | Vi I VBE Ip | I¢ Vee/Vo

g

L 2

Cut-Off Low Low 0 0 Vee

Active T T T T l

&
g

: : : High Low
] Saturated | il )i High . High { (Saturated)s ~ Zero

L 2

g




Transistors as Switch

region ~ Saturation

: i region
Transistor ——

OFF ’: Transistor
; ; ON

Sulo glows

Vi




Transistors as Switch

region Saturation

, : . region
Transistor i ——

OFF ’: Transistor

active state.




Transistors as Switch

Saturation
Switch-Off Switch-On




Amplification




Need For Amplification

U U C C \J ’ \ U/ . .
electrical signal that the speaker receives is loudness will increase.

the same as that of the mic. Hence, the _
loudness of the sound will not increase. Hence, the sound produced by the speaker will

be much louder than the original sound.




Transistor as Amplifier

This property is used to amplify weak signals by supplying them at base junction

and getting an amplified output at collector junction.




Transistor as Amplifier

SR AV, ~ Saturation
b ' region

AV, and AV; are out of phase.




Transistor as Amplifier

C ' '--. . C @ @ C VAVAS

dynamic resistance of BE junction.




Transistor as Amplifier

The negative sign represents that output voltage is opposite in phase with respect to input
voltage.




Feedback Network

To maintain the accurate output, some of the output is taken and fed back to
the input sighal as an error signal so that the damping can be compensated.




Oscillatory Circuit
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& Oscillatory Circuit

Oscillation does not continue
for a longer time.

There are no power |losses. Hence
oscillation can move for a long time.



Oscillatory Circuit

3 :

S | A %

resistors

The current flowing in the circuit encounters resistance, due to which the energy is dissipated

in the form of heat. Hence, the magnitude of the signal keep on decreasing and we get a
damped oscillation.




Transistor as Oscillator

Soft iron core

the inductor T,.




Transistor as Oscillator

By this way, the collector current oscillates b/w a maximum (i.e., the saturation value)
and zero value. Therefore, we get an output that has a constant amplitude.




Transistor as Oscillator




Digital Electronics

In Digital Electronics, we deal with two (binary) levels of voltages, i.e. Digital signals.




Binary System

The base of binary number system is 2, instead of 10 which is the base in decimal
number system.




Logic Gates




4

Logic Gates




Logic Gates

4
NAND Gate NOR Gate




NOR as Universal Gate

OR Gate




NAND as Universal Gate

OR Gate




Laws of Boolean Algebra




De-Morgan Theorem




Find the output of the circuit.




XOR Gate

Conclusion: If both inputs are same, output is low.




XNOR Gate

Conclusion: If both inputs are same, output is high




B =

The logic circuit shown below has the input waveforms ‘A’ and ‘B’ as shown.
Pick out the correct output waveform.




