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SEMICONDUCTOR ELECTRONICS MATERIALS, DEVICES AND SI MPLE CIRCUITS

Important Points:

1.

In semiconductors Valence band is almost filled #ie conduction band is almost empty. The

energy gap is very small and it is about 1leV.
Energy gap for silicon = 1.12eV and for Germanii.72eV.

Fermi Energy Level is the highest energy level \wtaa electron can occupy at zero Kelvin.

Intrinsic Semiconductor:

The number of electrons in the conduction bandtherchumber of holes in valence band are

equal. Charge carries are both electrons and holes.

Extrinsic Semiconductor:

The conductivity of a pure semiconductor can bardased by adding impurities. Adding
impurity to a pure semiconductor is called dopiBgch a semiconductor is called Doped or

Extrinsic Semiconductor.

N-Type Extrinsic Semiconductor

Pentavalent substances like arsenic, phosphanisnony, bismuth are doped into a pure

semiconductor.

P-Type Extrinsic Semiconductor

Trivalent substances like boron, aluminium, gafjuindium etc are doped in a pure

semiconductor.

Zener diode is the reverse biased p-n junctionadigbich can be used as a voltage regulator.
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Transistors:
A transistor is formed by sandwiching a thin layéra p-type semiconductor between two
layers of n-type semiconductors or by sandwichinpia layer of an n-type semiconductor

between two layers of p-type semiconductors.

Emitter:
a) lItis heavily doped to get more number of mgjaharge carriers.
b) Width of this region is slightly less than tledtcollector region.

c) Its function is to supply majority carriersttee base.

Base:
a) It is the middle section of the transistor.
b) It is slightly doped.
c) Width of this region is very thin (of the orctefr 106 m)
d) Its function is to inject majority carrierstioe collector.
Collector:
a) Itis moderately doped.
b) This is physically large of all regions to ¢gatge number of charge carriers.
c) Its function is to collect majority carrierom the base.

The relation between emitter, base and colleatmeats is = Ig + Ic.

C-E configuration transistors are widely used apldi@rs because of its higher efficiency
over the other configurations.

A light emitting diode (LED) is a specially madeni@rd biased P-N junction diode which
emits visible light when energized.

A logic gate is an electronic circuit which perftg a particular logical function.

Gate E;":;'Eeg"m Read as Symbol
A visAorB
OR (+) y=A+B yisAORB @—
B
A yis AANDE
AND (+) y=AB visA AND B -—)_
r
NOT (baror | _ o is NOT A -—|A o LENOTA
complementation) ¥ ¥ B

www.sakshieducation.com




www.sakshieducation.com

18. NOR Gate (NOT + OR)

This is the combination of NOT and OR gates.

A ?;=A+E y=A+E A yiz b oorB
B B j

19. NAND Gate

This is the combination of NOT and AND gates

A = ‘=A T
: ¥ A.B{>f AR

e——

E
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Very Short Answer Questions

What is an n-type semiconductor? What are the mjarity and minority charge carriers
in it?
When pentavalent impurity is added to a pure isenductor, then it is called n-type

semiconductor.

In n-type semiconductor electrons are majorityrgbacarriers and holes are minority charge

carriers

What are intrinsic and extrinsic semiconductors?

Intrinsic semiconductors:

Pure semiconductors are called the intrinsic semaigotors.
Ex: Ge, Si etc.

Extrinsic semiconductors:

Doped semiconductors are called the extrinsic semdigctors.

Ex: P-type and n-type

What is a p-type semiconductor? What are the mayity and minority charge carriers in
it?
When trivalent impurity is added to a pure semnductor, then it is called p-type

semiconductor.

In p-type semiconductor holes are majority chargeiers and electrons are minority charge

carriers

What is a p — n junction diode? Define depletiotayer?
p — n Junction Diode:

When an intrinsic semiconductor is grown with omdesdoped with trivalent substance and
other side with pentavalent substance, a juncsdimimed in the crystal called p — n junction
diode.
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Depletion Layer:
A region without any charge carriers is formed at unction due to the recombination of

electrons and holes is called depletion layer.

How is battery connected to junction diode in
1) Forward Bias 2) Reverse Bias

1) Forward Bias:
In the forward bias positive terminal of battesyconnected to p-region and negative terminal

of battery is connected to n-region.

—]"]

[\
+||—

Forward hias

2) Reverse Bias

—Lr "

_||+

Feverse bias

In reverse bias negative terminal of battery isnexted to p-region and positive terminal of

battery is connected to n-region.

What is the maximum percentage of rectificationn half wave and full wave rectifiers?

DC power ouput _ 0.406R
AC power input R +r,

1) Efficiency of half- wave rectifier

Where § = forward resistance of diode.| RLoad resistance.

Maximum efficiency of the half- wave rectifier $0.6%.

DC power ouput _ 0.81R
AC power input r, +R

2) Efficiency of the full-wave rectifier

Where § = forward resistance of diode| RLoad resistance.
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Maximum efficiency of the full-wave rectifier isl8®%.

7. What is zener voltagg(V, ) and how will a zener diode be connected in circuitgenerally?

A. The zener diode in reverse bias condition thigage at which current rises suddenly is called

zener voltage. Generally zener diode is connecteeverse bias condition.

8.  Write the expressions for the efficiency of a fuwave rectifier and a half wave rectifier?

A. (i) In half wave rectifier = 0.406R,
ro+R

(i) In full wave rectifiers = 0.812R
ro+R

9. What happens to the width of the depletion layein a p-n junction diode when it is

1) Forward biased and 2) Reverse Biased?
A. 1) In forward bias condition, width of the potexhtbarrier decreases.

2) In reverse bias condition, width of the potahitiarrier increases.

10. Draw the circuit symbols for p-n-p and n-p-n tansistors

A.

e

Emitter /—\ﬁ_'f)“i‘t'ttn'
i : /j
e
\EP

Base

Circuit symbol for n-p-n Circuit symbol for p-n-p

11. Define amplifier and amplification factor?

A. The process of raising the strength of a wegkaliis known as amplification and the device

which accomplishes this job is called an amplifier.

The ratio of output voltaggy,) to input voltageV; ) is called Amplification Factor (A)
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Thus A=Y
V.

12. In which bias can a zener diode can be used\asitage regulator?

A. A device used to give constant output voltage ewben the input voltage changes is called
voltage regulator. Zener diode can be used asgslagulator by operating it in the breakdown

region in reverse bias condition.

13. Which gates are called universal gates?

A. NAND gate and NOR gate are known as the basiaimgjlblocks of logic gates or universal

gates because any logic gate can be constructaesify only NAND gates or only NOR gates.

14. Write the truth table of NAND gate. How does idiffer from AND gate?

A. Truth Table:

NAND Gate AND Gate
Input Output
A B Y=A.B Input Output
A B | Y=AB
° ° ' 0 0 0
! 0 ! 1 0 0
0 ! 1 0 1 0
! 1 0 1| 1 1

NAND gate differ from AND gate, the output of a NB gate is an inversion of an AND gate.
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Short Answer Questions

What are n- type and p- type semiconductors? ¥ is a semiconductor junction formed?
The conductivity of a pure semi-conductor can bheraased by adding impurities. Adding
impurity to a pure semiconductor is called dopiSgch a semiconductor is called an extrinsic
semi-conductor.

Extrinsic semiconductors are classified into Z2tymamely N - type and P - type

N-type Extrinsic Semiconductor:

Pentavalent substances like arsenic, phosphonisnany, bismuth are doped in a pure

semiconductor. Arsenic is called donor impurity. jM#ay charge carries are electrons and

minority charge carries are holes. Hence it isecaM-type semiconductor. Fermi energy level
IS nearer to the conduction band.

P-type Extrinsic Semiconductor:

Trivalent substances like boron, aluminium, gafljuindium etc are doped in a pure semi-
conductor. Boron is called acceptor impurity. Médjoicharge carries are holes and minority
charge carries are electrons and hence it is cpHisgpe semi-conductor. Fermi energy level is
nearer to the valence band.

p — n Junction:

A p-n junction is formed by doping n-type on on@esand p-type on the other side of a pure
semi conductor. p-side of semiconductor containeex holes and n-side of semi conductor

contains excess of electrons.

boe _Il;' fumatian e
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Junction Batrrier:

In p-n junction electrons from n-side diffuse a&sdhe junction into p-side and combine with
holes there. Similarly, holes from p-side diffusgass the junction into n side and combine
with electrons there. Due to diffusion, positiv&soare left over in n-region and negative ions

are left over in p-region, near the junction. Thigses are immobile. Due to the immobile ions
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on either side of the junction an internal electietd is formed at the junction which is directed

from n to p. At p-n junction a neutral region whénere are no charge carriers is formed and it

is called depletion layer. The thickness of thelekegn layer is of the order of t® m. The
potential difference across the barrier preverfsision of charge carriers through the junction
and it is called potential barrier. The potentiatrier depends on the nature of semiconductor,
doping concentration and temperature of the junctichere is no current in the p-n junction
diode in the absence of any external battery.

2. Discuss the behavior of a p-n junction. How doea potential barrier develop at the
junction?

A. When p-n junction is formed the free electronsneside diffuse over to p-side, combine with
holes and become neutral. Similarly the holes @dp-diffuse over to n-side, combine with
electrons and become neutral. “This results infoinemation of a narrow region on either side
of the junction, which becomes free from chargeiees. This region is called depletion layer.
The loss of electrons from the n-region and thi @d electron by the p-region cause a
difference of potential across the junction of thve regions. The polarity of this potential is
such as to oppose further flow of carriers so thatondition of equilibrium exists. The
n-material has lost electrons, and p material ltagiieed electrons. The n material is thus
positive relative to the p material. Since thisemial tends to prevent the movement of

electron from the n region into the p region, ibften called a barrier potential.

3. Draw and explain the current — voltage (I-V) chaacteristic curves of a junction diode in

forward and reverse bias?

A. Forward Bias:
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(2) p-n Junction - Forward bia

In a p-n junction diode, p-region is connectegbdgitive terminal of a battery and n-region is
connected to negative terminal of a battery .Theis icalled forward bias. The width of

depletion layer and barrier potential decreaséomward biased condition, the flow of current is
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mainly due to the diffusion of charge carriers. Tdieection of current is from p to n .The
voltage of at which the current starts is called&knoltage. The current will be of order of few
mill amperes.

Reverse Bias:

P n
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(b} p-n Junetion - Reverse bias

In a p-n junction diode, p-region is connectedeégative terminal of a battery and n-region is
connected to a positive terminal of the batteryet is called reverse bias. The width of the
depletion layer and barrier potential increase.relerse biased condition a small current flow
through the junction due to the drift of minoritharge carriers. This is called leakage current
.This is of order of few micro amperes .The diactof current in it is from n to p during
reverse bias.

I-V Characteristics:

A
I
1)
Haweraz 4:’

p-n junotlon dicda

Current - voltage (I-V) characteristic curves ofgtion diode in forward and reverse bias
modes are shown. The reverse voltage applied tigunmdiode at which sudden rise of reverse
current due to breakage of covalent bonds in semdictor and creates large number of

electron-hole pair, is called breakdown voltage.

Describe how a semi -conductor diode is used asalf wave rectifier?
Rectifier:

Conversion of AC voltage into DC voltage is calledtification. A p-n junction diode is used

as a rectifier.
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Half wave rectifier:
In a half wave rectifier a single diode is uséde AC from the secondary of the transformer

AB is applied to the diode and a load resistancerRseries. During the positive half cycle, the

diode is forward biased and current flows thoughdiode and the load resistance. During the
negative half cycle, the diode is reverse biasetl @anrent does not flow through the diode.
Thus current flows during the positive half cyclelyo The output across the load resistance

contains rectified voltage which is a variable DC.
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p-n diede - half wuve rectifier

DC power ouput ) 0.406R

Efficiency of half- wave rectifier :
AC power input R +r,

Where ¢ = forward resistance of diode.| R Load resistance.

Maximum efficiency of the half- wave rectifier49.6%.

5. What is rectification? Explain the working of afull wave rectifier?

A. Rectifier:
Conversion of AC voltage into DC voltage is calledtification. A p-n junction diode is used

as a rectifier.

Full — Wave Rectifier:
In a full wave rectifier two diodes are used. Tezondary of the transformer AB is centre

tapped between diodesiCand B, as shown. Across the common point of n-ends aerd th
central tap C a load resistancg R connected. During the positive half cycle of A@de Dy
is forward biased and Dis reverse biased. During the negative half cptlAC diode DB is
forward biased and Pis reverse biased. Hence current flows throughldhd resistance |R

during the full cycle of AC. Thus, a full wave ofCAis rectified.
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p-n diode - full wave rectifier

Efficiency of the full-wave rectifier DC power gutput _08IR
AC powerinput r, +R

Where § = forward resistance of diode| RLoad resistance.
Maximum efficiency of the full- wave rectifier &L.2%.

Distinguish between the half- wave and full — wee rectifiers.
Half Wave Rectifier Full —Wave Rectiér
1. Every positive half cycle of AC icti#ied. 1. Both positive and negative half cycles
of AC are rectified.
2. One diode rectifies one half- cyatdyo 2. The two diodes rectify the two half
cycles separately.

3. Efficiency is low (40.6%) 3. Efficiency is high (81.2%)

Distinguish between Zener breakdown andvalanche breakdown.

Zener Break Down Avalanche Break Down

1) The diode is heavily doped. 1) The diode is lightly doped.

2) It occurs at low reverse bias voltages. | 2) It occurs at high reverse bias voltages.

3) Rupture of covalent bonds takes pla8¢ Thermally generated electrons and hole
because of strong electric field at the acquire sufficient energy from applied

junction. potential to produce new carriers.
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Explain hole conduction in intrinsic semiconduadrs?

According to band theory the silicon crystal tains four electrons in the outer most shell of
each atom form four identical covalent bonds theesponding energy level form the valence
band. The conduction band is separated from ithmutl.1 eV forbidden energy gap. At
higher temperature, due to collisions some elestalysorb energy and rise to the conduction
band. Then in their places in the valence bandshenie formed.

e 6 o o o
Conductor band

LForbidden
{Energy gap

AA AN AT
6 o & o o

Valence band

Due to doping in a pure intrinsic semiconductbe, dlensity of charge carries increases. Hence
conductivity increases.

What is photodiode? Explain its working with a acuit diagram and draw its I-V
characteristics.

| wlis

A photodiode is a reverse biased p-n Junction dipae/ided with a transparent window to
allow light to fall on it. When the photodiode Ikiminated with light with energy greater

than the energy gap @Eof the semiconductor, then electron-hole paiesgenerated. The

diode is fabricated such that the generation opeits takes place in or near the depletion
region of the diode. Due to electric field of thumg¢tion, electrons and holes are separated
before they recombine. Electrons are collected-sid@ and holes are collected on p-side

giving rise to an emf. When an external load isnemted, current flows. The magnitude of
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the photocurrent depends on the intensity if incidight. A diode can be used as a photo-

detector to detect optical signals. A typical I-Macacteristics are shown in the diagram.

Explain the working of LED and what are its adwantages over conventional
incandescent low power lamps?

LED (Light Emitting Diode) is a heavily dopedmjunction which under forward bias emits
spontaneous reaction. The diode is encapsulatédantansparent cover so that emitted light
can come out.

When the diode is forward biased, electrons arg §om n - p(Where they are minority
carriers) and holes are sent forpn- n(Where they are minority carriers). At the junction
boundary the concentration of minority carriersr@ases compared to the equilibrium
concentration (i.e. when there is no bias). Thub@junction boundary on either side of the
junction, excess minority carriers are there whiebombine with majority carriers near the
junction. On recombination, the energy is releasedhe form of photons. Photons with
energy equal to or slightly less than the band ayapemitted. When forward current of the
diode is small, the intensity of light emitted imal. As the forward current increases,
intensity of light increases and reaches a maxinmfeumther increase in the forward current
results in decrease of light intensity. LEDs arm@sbd such that the light emitting efficiently is

maximum.
Advantages of LEDs over conventional incandesimmipower lamps:
i) Low operational voltage and less power.
i) Fast action and no warm-up time required.
iii) It is nearly (but not exactly) monochromatic
iv) Long life and ruggedness.

v) Fast on-off switching capability.
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11. Explain the working of a solar cell and draw i$ I-V characteristics?
A. A solar cell is a p-n junction which generates &rmhén solar radiation falls on it.

A simple p-n junction solar cell is shown in figur

Fewr

Togpy — -1 Mictalliscd
swurface - R, finmgcr electrode
|
= i

L l' 7 I I ——-'—%

- | P

(0 ()
A p-Si wafer of about 30y m is taken over which a thin layer of n-Si is grommone-side by
diffusion process. The other side of p-Si is coat#ti a metal (back contact). On the top of n-
Si layer, metal finger electrode (or metallic grisl)deposited. This acts as a front contact. The
metallic grid occupies only a very small fractiohtbe cell area (<15%) so that light can be

incident on the cell from the top.

The generation of emf by a solar cell is due t@éineration of e-h pairs due to light close to the
junction (ii) Separation of electrons and holes tuelectric field of the depletion region. (iii)
The electrons reaching the n-side are collectedhleyback contact. Thus p-side becomes

positive and n-side becomes negative giving rigehto voltage.

A typical I-V characteristic of a solar cell isastn in the figure.

i AN v’u"‘—‘ 1 {

V. ([open cireuit voltage)

- -

s |5 -
~ Short circuit current

region

(b)
This is drawn in the fourth quadrant of the cooatié axes, because a solar cell does not draw

current but supplies the same to the load.

Solar cells are used to power electronic devigesatellites and space vehicle and also as

power supply to calculators.
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12. Explain different transistor configurations with diagrams.

A.  There are 3 configurations for either n-p-n ar-p transistor namely
1. Common base (CB) 2. Common Emitter. C@&nmon collector (CC)
1. Common Base Configuration:

In this configuration base is common to both ingod output. Input is given across base-

emitter and output is taken across base-collector.

Circuit Symbol

2. Common Emitter Configuration:

In this configuration emitter is common to botlpuh and output. Input is given across base-

Emitter and output is taken across collector-emitte

[ Cratput
L L
Trput \—5

P - S—
Cirevit symbol

3. Common Collector Configuration:

In this configuration collector is common to batiput and output. Input is given across base-

collector and output is taken across emitter- ctdie

E—

Output
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13. Explain how transistor can be used as a switch?

A. Transistor as a switch:

Cut ofl
region Active
V. A€> region
o : —> :
Saturation
region

(b)
Transistor as a switch can be analyzed by the hehaf the base - biased transistor in CE

configuration as shown in fig.
Applying Kirchhoff's Voltage rule to the circwiie get

Vg = 1,R; +Vg: and

Vc _Vcc - lcR:

.=
Consider
Vg As the dc input voltag¥, and

V. As the dc output voltage,

OV, = 1,R, +V, And

Vo =Vee ~ IR
As long V, is low and unable to forward-bias the transistyr.is high (atV..). If high

enough to drive the transistor into saturatiomntkr, is low. very near to zero. When the

transistor is not responding it is said to be swatt off and when it is driven into saturation it
is said to be switched on.
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This shows that a low input switches the trapsig off and a high input switches it is on.
(Or) we can say that a low input to the transis@ives a high output and a high input gives a
low output.

The switching circuits are designed in such a sy the transistor does not remain in active

state. Thus transistor can be operated as a switch.

14. Explain how transistor can be used as an oseitbr?

A. Transistor as an Oscillator.

Input

Transistor L Outpult

Amplifier
J Jr

Feedback
network

|la)

T,

I‘-

L Mutual inductance
(Coupling through

&
7 .,--_II = ; magnetic field)
> ¢l R | [ "
' L
1

Onept

l e

L 8, (Switch)

1]
) fe) '

The function of an oscillator circuit is to produan alternating voltage of desired frequency
when only DC batteries are available. The basitsparthe circuit are (a) an amplifier and (b)
an LC network.

The amplifier section is just a transistor useccommon emitter mode. The LC network

consists of an inductor and a capacitance. Thisar&tresonates at a frequency.

1 1
Up=—,|—
2\ LC
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Batteries are used to bias the transistor andxterraal input signal is fed to the amplifying
section.

A part of the output signal is feed back tortipeii section after going through the LC network.

The feedback is accomplished by inductive coupfiegn one coil winding(T,) to another
coil winding(T,). The inductive coupling between c@j and coil T, causes a current to flow
in emitter circuit. As a result Transistor becomsaturated and a part is again feed back to its
input section. Thus it is a self sustaining devreguencyu, gets resonantly amplified and the
output acts a source of AC of that frequency witiah be varied by varying L or C.

15. Define NAND and NOR gates. Give their truth thles.
A. NAND Gate:

It has two input terminal and output terminal. Teput of a NAND gate is an inversion of the
output of an AND gate. If A and B are the inputsled NAND gate its output is not (A and B)
Truth Table of NAND gate

Input Output Input Output
A B Q A B Q
Low low high 0 0 1
High  low high 1 0 1
Low high high 0 1 1
High  high low 1 1 0

The logical function shown by the truth table istien as A NAND B. The output Q=A.B and
the symbol used for the logic gate is

By ——— A D =AH8
N = = S

=AHB

NOR Gate:

It has two input terminals and one output termilaA and B are the input of NOR gate its
output is NOT (A or B).
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Truth table of NOR gate.

Input Output Input Output
A B Q A B Q
Low low high 0 0 1
High low low 1 0 0
Low high low 0 1 0
High high low 1 1 0
NOR Gate:

=3 e
B Q=AB

NOR Gate is inversion of OR gate and diagramims$eof OR gate is

A C=A+B
) —De— oA

NOR gate = OR gate + NOT gate

16. Explain the operation of a NOT gate and givesttruth table
A. NOT Gate:

It has one input terminal and one output termindden the input is low the output is high and
when the input is high, the output is low.

Operation:
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This can be implemented with transistor if A = @ #mitter base junction is open and there
IS no current through the transistor the curremugh the resistoR,=0 and O becomes
equal to a potential of 5V i.e. Q = 1. When A e emitter base junction is forward biased
as the potential at A is 5V the current through titaasistor is large. When such a large
current flows through the potential at Q. becomaygsroximately ‘0’ volts i.e. Q = 0 thus the

output is same as that of a not gate.

Input A Output B Input A Output B
Low High 0 1
High Low 1 0

www.sakshieducation.com



www.sakshieducation.com

Long Answer Questions

What is a junction diode? Explain the formationof depletion region at the junction.
Explain the variation of depletion region in forward and reverse-biased condition.

Junction Diode:

A p-n junction diode is a two terminal device. Wiheesemiconductor material of  silicon or
germanium is doped in such a way that one sideldomes a p-type and other side becomes

n-type we get p-n junction diode.

[=2=l 1)
o0
P aoa8 n
ooes
coee & |

AL ‘ﬂ
Metallic A Metallic o) 0
contact Dcpletion contarct l

region

(a) Ih;‘

Formation of Depletion Layer:
When a p-n junction is formed the freediffuses formn —. p combine with holes a layer of

positive charge on n side of the junction is depetb similarly when a hole diffuses form

p - n a layer of negative charge on the p-side of thetjan is developed.

The thickness of depletion region is of the omfeone-tenth of a micrometer.

Near the n- type the junction becomes positivdlgrged and near the p-type, the junction
becomes negatively charged.

This creates an electric field about the junctéwe to this field motion of charge carriers

across the junction created and it is called drift.
Thus drift current is opposite to the diffusiorrreunt.

ra Electron diflusion
Electron drift —»

Soad
S[STE 12
p Soas n
coed
coad
i € Depletion reglon

Hole tliﬁ'lls-'.in:':—) _
&«— Hole drill
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Forward Bias:

When an external voltage V is applied across damrductor diode such that

p-side is connected to the positive terminal ef battery and n -side to the negative terminal
of the battery is then said to be forward biased.

{417
[
[

(a) (b)
The holes on p-side repelled by the positive teainof the battery and moves towards the
junction at same time~ on n-side repelled by the negative terminal oflihtery and move
towards the junction.
As a result the width of the depletion layer deses. Therefore number of charge carriers

slow across the junction. The resistance of thdalia it is low.

Reverse Bias:- When an external voltage V is agphcross the diode such that n-side is
positive and p-side is negative. It is said todeerse biased.
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(a) (b)
The holes on p-side are attracted by the neg#tiveinal of the battery and move away from
the junction similarly thee™ on n-side are attracted by the positive termifidhe battery and
move away from the junction as a result width & tiepletion layer increases. The diode will

not allow current through it. In reverse bias tesistance is high.
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What is a rectifier? Explain the working of half wave and full wave rectifiers with
diagrams?
The process of converting an alternating cur@&®€) into a direct current (DC) is called

Rectification. The device used for this purposeated Rectifier.
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Half Wave Rectifier:
I) If an alternating voltage is applied across edédiin series with a load, a pulsating voltage
will appear across the load only during the hatfley of the ac input during which the diode is
forward biased.
i) The secondary of a transformer supplies th&irdd ac voltage across terminals A and B.
When the voltage at A is positive, the diode isMard biased and it conducts. When A is
negative, the diode is reverse-biased and it doesanduct.
iii) The reverse saturation current of a diodeegligible and can be considered equal to zero
for practical purposes.
iv) In the positive half-cycle of ac there is aremt through the load resistof Rind we get an
output voltage, whereas there is no current imégative half-cycle.
v) In the next positive half-cycle, again we dge¢ output voltage. Thus, the output voltage,
though still varying, is restricted to only oneatition and is  said to be rectified. Since the
rectified output of this circuit is only for halff ¢he input ac wave it is called as half-wave
rectifier. Efficiency of half wave rectifier is deed as the ratio of DC output power to the AC
input power.

_ 0.406R
r+R

Efficiency of half wave rectifie(r)
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Full Wave Rectifier:
1) The circuit using two diodes gives output festi voltage corresponding to both the

positive and negative half of the AC cycle.
2) The p-side of the two diodes are connectetddcends of the secondary of the transformer

3) The n-side of the diodes are connected togedher the output is taken between this

common point of diodes and the midpoint of the sdaoy of the transformer.

Hence for a Full-wave rectifier the secondarythed transformer is provided with a centre

tapping and so it is called centre tap transformer.

4) The voltage rectified by each diode is onlyf laé total secondary voltage but the two do
so for alternate half cycles. Therefore, the outpeiiveen their common terminals and the

centre tap of the transformer becomes a full-waeéfrer output

5) Suppose the input voltage to A with respedihto centre tap at any instant is positive. At

that instant, voltage at B which is out of phask @ negative so, diod®, which is forward

biased conducts and, which is reverse biased do not conduct.

6) When the voltage at A becomes negative witpaeisto the centre tap, the voltage at B

would be positive. So, diod®, which is reverse biased do not conduct Byt conducts

giving an output current and output voltage dutimg negative half cycle of the input a.c.
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Hence we get output voltage during both the pasds well as the negative half of the cycle.
Efficiency of full wave rectifier is defined aseatio of DC output power to AC input power.

_P. _0.812R
B:lc r.f + I:\)L

WhereR, is the load resistance amndis forward resistance.

In full wave rectifier maximum efficiency is 81.2%

What is a Zener diode? Explain how it is used asltage regulator?
Zener Diode:

It is a heavily doped p-n junction diode whictoperated in the breakdown region in reverse
bias mode. Zener diode has a sharp breakdown woitaghe reverse bias due to heavy

doping. This voltage is called Zener Voltagez{Vin forward bias, zener diode act like an

ordinary p-n junction diode.
Zener diode-voltage regulator:

Zener diode is used as a voltage regulator. lfrthat voltage increases, more current passes
through the zener and more potential is droppedsacR. The potential V across the zener

remains same. WheR is less, more current passes through it and pasad® is less. Hence

the p.d across zener remains constant. Thus tpetowltage is regulated.

Output voltage () = Zener voltage (¥)
Current through load resistanclél

Voltage across series resistance (V) = input gelta zener voltage.

Current through zener diodezfl =1 — I .
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Describe a transistor and explain its working?
Transistor:
Transistor is a device which transfers a signabials a high resistance side.
Construction:

When a silicon or germanium crystal is doped waitiseptor impurity and donor impurity so
that three layers are formed. These are named iigeribase and collector. Emitter region is
heavily doped and collector region is moderatelgetband the base region is lightly doped.
Working:

p —n —p Transistor:

The figure shows p-n-p transistor with forwardsbia the emitter- base junction and reverse

bias to the collector- base junction. The forwaaklzauses the holes in the p-type emitter to

flow towards the base. This is called emitter autritg. As the holes flow through the n type

base, they tend to recombine will the electronsth&sbase is lightly doped, very few holes

(less than, 5%) combine with electrons which coutgtibase currengl The remaining holes

(more than 95%) reach the collector region to atuistcollector current.
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Therefore, £t =Ig +Ic.

The current in the p-n-p transistor is mainly doi¢he majority holes and outside the circuit

electron flow is present.
n-p-n Transistor:

The figure shows n-p-n transistor with forwardddia the emitter - base junction and reverse
bias to the collector — base junction. The forwaiet causes the electrons in the n-type

emitter to flow towards the base. This is calledtncurrent g.As these electrons flow

through the p-type base, they tend to recombinle thi¢ sides. As the base is lightly doped,
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very few electrons (less than 5%) combine withhtbkes which constitutes base current

|g.The remaining electrons (more than 95%) reacltdtlector region to constitute collector

current [c.

A
pE=D L
ool |m
2 TN
setae
T
'TIIT)
acass |
arEd e
ane ll}

el er basc  collector
Circalt symbol of

(a) mepen Tramsistor B-p-n transistor

Therefore, g=1g +Ic

The current in the n-p-n transistor is mainly du¢he electrons.

What is amplification? Explain the working of a common emitter amplifier with

necessary diagram?

Amplification:

The process of raising the strength of weak signealled amplification and the device used
for this is called amplifier. Amplification is d¥vo types namely

1) Power Amplification and 2) Voltage amplificatio

Figure shows an amplifier circuit using n-p-n s&tor in common emitter mode. The battery

VRE is connected in the input circuit in addition be tsignal voltage. This DC voltage keeps

base-emitter junction forward biased .During pwsithalf cycle of the signal, the forward
bias across the emitter - base junction is incekabkence more electrons flow from the
emitter to the collector through the base. Thisseguan increase in the collector current

produces a greater voltage drop across the colléxdd resistance theRDuring negative

half cycle of the signal, the forward bias acrdss émitter - base junction is decreased. Due
to this, collector current decreases which resalidecreased output voltage in the opposite

direction. Hence an amplified output is obtainedbas the load.
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o mrpet
hp—r v, E .=

u.p-n Aransistor GE.&mpIJ.!Iﬂ

Changeincollector current _ Al
Changeinbasecurrent Alg

(B.)=

Changeincollector voltage _ AV,
Changeinbasevoltage  AVg

Voltage gainA, =

Power gain = Current gain x Voltage gaig =,

Draw an OR gate using two diodes and explain itsperation. Write the truth table and
logic symbol of OR gate.

OR GATE:

It has two input terminals and one output termié@hen both the inputs are low the output is

low. When one of the input is high or when bothitifuts are high then the output is high.

gut | Crurpee
A | B 4] A & nk=B
] ] ] .
i 0 |
1 1 1
O gube using diodes
.-|w—-—--——E;+———-—
o
| Q=asB
a"* ﬁ -l g
o =
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Truth table:
Input Output
A B Q
0 0 0
1 0 1
0 1 1
1 1 1
Explanation:
Tnpmt: Chprpet |
.H} A B |@=AE
— 0 0 ]
° G=A.B 1| o] o
| 0 1 F 0
11 1] 1

Let D, and D, represent two diodes. A potential of 5V represérdh and the logical value

‘1’ and a potential of ‘0’ V represents low and tbgical value zero. When A=0,B =0 and
the diodes are reverse biased and they behavegie switches and there is no current
through the resistance. So the potential at Qrs ize. Q = 0 When A =0 or B = 0 and the
other equal to a potential of 5V, then that dicgleorward biased, and there is a current flow

through the resistance. So the output potential beEome 5Vi.e. Q=1

Sketch a basic AND circuit with two diodes and »@lain its operation. Explain how
doping increases the conductivity in semiconductors

AND Gate:
An AND gate has two inputs high only when both ithiguts are high.

Truth Table of AND gate Logic symbol for AND gae
Input Output
A B Y=A.B
(0] (0] (0]
(0] 1 (0]
1 0] 0] A, ¥Y=—AF
1 1 1 B
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Implementation of AND gate using diodes:

Let D, and B represent two diodes. A potential of 5V represéinslogical value 1 and 0V
represents the logical value 0.

When A = 0, B = 0, both diodes are forward biased they behave like closed switches.
Outputisy = 0.

When A = 0 (or) B = 0 the diode;[@r D, is forward biased output =0.

When A = 1, B = 1; both diodes are reverse biasetithey behave like open switches.

The outputis Y = 1 and it is same as that of Adde.

The deliberate addition of a desirable impurityatsemiconductor substance is called doping
and the impurity atoms are called dopants. Suchatemal is called doped semi conductor.
Doping changes the number of charge carriers andeéhthe conductivity of semiconductor.
due to doping in a pure intrinsic semiconductordkeasity of charge carrier increases. Hence
conductivity increases in either N type or P typmsconductor. The semiconductor’s energy

band structures affected by doping.
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PROBLEMS

1. In a half wave rectifier, a p —n Junction diodewith internal resistance 20 ohm is used. If
the load resistance of 2 ohm is used in the circuithen find the efficiency of this half wave
rectifier?

Sol:r, =2Q, R =20@

_040R o
(r +R)

_ 0.40¢( 209

100
(2+200 g

=40.2%

2. A full wave p-n junction diode rectifier uses doad resistance of 1300 ohm. The internal

resistance of each diode is 9 ohm. Find the efficiey of this full wave rectifier?

Sol: R =130
. =9Q

1= OBIR oo

(r+R)

_0.8817 1300

x100= 80.64Y%
(1300+ 9

3. Calculate the current amplification factor (betg when change in collector current is 1mA

and change in base current is 20A?
Sol:al. =1mA=10°A
Al,=200A=20x 10°A

-3
_Al, _ 10 6:1000: 50
Al, 20x10 20

0B
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4. For a transistor amplifier, the collector load rsistancer =2k ohm and the input
resistance R= 1K ohm. If the current gain is 50, calculate volige gain of the amplifier?
Sol: R =2k Q= 200®@
R =1kQ =100

B=50
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