CHAPTER

ELECTRONICS

Q7: Write a note on intrinsic semi conductor- (ETEA 20712)
Answer: Intrinsic Semiconductor:

Definition: “A perfect, pure semiconductor crystal which contains
no impurities is known as intrinsic semiconductor-”

Explanation:

Consider a silicon crystal at abso- . Y
lute zero temperature: The v ] ;'._ < ,»'._ « ,r'._
bonding arrangement is repre- ..,..._..._,._,
sented by two dimensional model H ! Q ‘- e "
as shown in the figure- ' 'f;':'_: Y}

. LA S -y Sior Ge
The hatched circles represent the @« & a2

- >~ 4 - 4 - 4 - :-"'\‘
core of the silicon atom: The | _ G4y ax O S
four valence electrons are shown ;"? ‘ ] ‘ ) ¢
by the small black dots- The - - ‘ Covalent
af bonds

probability of valence electrons 8 —-Bonding electron
between the bonding atoms s

indicated by the dotted curves- At the temperature of a Ke!w'n,. all
the vale.ces electrons are strongly bound to their atoms and they
spend most of the time between neighbouring atoms: The valence
electrons are engaged in covalent bonds- Thus there are no free
electrons in semiconductors at OK.and they behave like an insulator:

Intrinsic Semiconductor and Room Temperature:

If the temperature of intrinsic semiconductor is allowed to increase,
then each atom in the crystal begins to vibrate violently due to fi-
nite thermal enerqy- At this stage, the electrons absorb sufficient
energy and break the covalent bonds-

The electrons thus become free and they vibrate randomly in the
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empty spaces inside the atoms: During this process, some part of
thermal energy of electrons is converted into rctential erergy. At
this stage, the electrons having P-E equal to or areater than band
gap enerqy “E,” are able to jump from valence band to the conduc-
tion band-

’ The band g;:;;nér_gy “E," is the minimum amount of enerqy r:equfré?

| to excite an electron from valence band to conduction band-

The number of electrons excited tec the conduction band depends on
the amount of thermal enerqy received by the crystal-

When the electron jumps from valence band to the conduction band,
a vacancy is produced- This vacancy is called hole and is positively
charged- The electron and hole are created as a pair and the phe-
nomenon is called “electron-hole pair generation”-

When an electric field is applied to an intrinsic semiconductor at
room temperature or above, then the electrons in conduction band
and holes in valence band causes current through the material- If
“1.” represents the current due to flow of electrons and “I,” repre-
sents the current due to motion of holes, then the total current
through the material is given by,

{:!¢+]h

Q2: What is meant by “doping”? Explain-
Answer: Doping:

Definition: “An addition of impurity into an intrinsic semiconductor
for increasing its conductivity 1s known as doping:”

Explanation:

We know that an intrinsic semiconductor posses low conductivity-
We can increase their conductivity by adding small amount of impu-
rity to them- The impurity which we add is called dopant: The
doped semiconductor is called extrinsic semiconductor-

QR3: What is meant by extrinsic semiconductor? Explain N-type
and P-type materials in detail-

Answer: Extrinsic Semi Conductor:

"4 doped semiconductor is known as extrinsic semiconductor-”
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There are two types of extrinsic semiconductor which are given be-
fow:

7 N-Type Materials: (ETEA 2015)
Definition: “Those materials in which the electrons act as majority

carriers are known as N-type materials-”

Silicon

Explanation:
When a silicon crystal is doped with a pen-

tavalent element like phosphorus, then the
four electrons of phosphorus “P” forms co-
valent bonds with the four electrons of sil-
icon “Si" atoms- While the fifth valence , ;

Impurity Free
electron of phosphorus remains free in the atom electron
crystal- In this case, the phosphorus is

called donor atom, because it provides the electrons for bond for-
mation, while the silicon atom s called accepter atom, because it
accepts the electrons for bond formation: In this case, the electrons
are in majority, so they are called majority carriers and the material
is called N-type extrinsic semiconductor-

2- P-Type Materials: (ETEA 2015)

Definition: “These are those materials in which the electrons act as

minority carriers and holes acts as majority carriers are known as P-
type materials:”

Explanation:
When a trivalent element like aluminum is doped with silicon, then
the three valence electrons of aluminum form covalent bond with
the three electrons of silicon atom-

Silicon

There is deficiency of one electron in alu-
minum atom to form covalent bond with
the fourth electron of silicon- Such defi-
ciency or vacancy is known as hole: The
hole acts as positive charge carriers-

In case of P-type materials, the holes act
as majority charge carriers while the elec-
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trons act as minority charge carriers:

Q4: What is P-N junction? Describe its characteristics-
Answer: P-N_Junction: (ETEA 2010-11)

“The junction which separates P-type materials from N-type mate-
rial is known as P-N junction-”

Explanation: Heles Electrons
The combination of P-type and N- ‘6505 00 OO ?f..a
type material form P-N junction di- 2% % 00 OO % ::‘-

ode'=In P-type region, the holes are ?o.o?p':" 88 88 “.‘:;
in majority, while in N-type region, p T~ \ N

the free electrons are in majority- D§PIRip T¥eLion

When the junction is produced, then the free electrons near the
junction moves across the junction in FP-region- While the holes near
the junction moves across the junction into N-region: In this way, a
layer of positive charges occurs in N-region near the junction and a
layer of negative charges occur in P-region near the junction, as
shown in the figure-

After the production of layers of positive and negative charges, the
transfer of charges across the junction becomes stop- It is because
the positive layer present in N-region opposes the movement of
holes from P-region to N-reaion-

Similarly, the negstive layer present in P-region opposes the move-
ment of electron from N-region to P-region- The layers of positive
and negative charges on both sides of the junction are collectively

known as depletion region- Due to such layers on both sides of the

junction, a potential difference is devel-

oped acrcss the depletion region: C
Then width of depletion region [layer] Ve
depends upon carrier concentration- s
Thus a potential barrier or wall is P-M junction potential barrier

formed at the junction-
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Characteristics of P-N _Junction:
7- Forward Biased P-N Junction:
Ih case of forward biased, the

P-type is connected to posi- P-type N-type

tive terminal and N-type is > @ -| ++0 «O
connected to the hegative | — @> @+ -|++0 «0O
terminal of D-C power supply, 8: g:: " ::g :g

as shown in the figure: Under “1 Y

such conditions, the potential

drop is increased slowly and
as a result the height of bar-
riers decreases:

+I =
L
1]¥

Forward biased P-N junction

The electrons
moves across. Lhe junction from N-type to P-type region and the
holes moves from P-type region to N-type region, as shown in the
figure: The diode offers very little resistarice and thus large current
is flowing through the circuit-

2- Reverse Biased P-N_Junction:
In case of reverse biased P-N junction, the P-type is connected to
the negative terminal and the N-type is connected to the positive
terminal of D-C power supply-

The electrons and holes moves away . kil
from the junction towards the termi- ‘-®‘-®@ O—+>O0—
nals due to opposite polarity: The *—@:@ 8::8::
height of barrier increases and the di- |

ode offers greater resistance: As a _M;+
result very small amount of current

[few micro ampere] will pass through the junction:

Symbol of P-N_Junction Diode:

A P-N junction diode is also

called semiconductor diode- "

The given fiqure, represent a 3 N "

semiconductor diode symbolical-
ly- The arrow represents the
P-region and is known as anode-
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The vertical line represents the N-region and is known as cathode-
ihe current flows in the direction of the arrow head when the di-
ode is forward biased-

QR5: Discus: vhe V-1 characteristics of PN juniction-
Answer:

The V-| characteristics of P-N junction are shown in the figure: The
knee voltage for germanium is O-3 volts and for silicon is 07 volts:
The curve shows that the forward biased current increases rapidly
beyond the knee voltage: The values of the current for different
positive values of biased voltage are noted- Then the polarity of
battery  connec- |

tion in the circuit |
is Changed and the —I i(mA)
value of the cur- c[ N 'l%m.”“ 1
rent for different _ -

- |,1 I (18]
negative values of . Filg () i
biased voltage s __é,________ | Fla R B etk 011)
also noted- If we L ( ti

PON (A s

plot a graph for ?5 YA Fige)
different values of | "y
“L"” and M!-n’ we Fig{b]
get a curve as Fig (3] ==~ Forward hiascd cizeuit :
shown in  figure Fig (] —>  Roverse bt ’
(C)' Such curve Ml —=» Iy . 3 R R T R o

represents the V-/
characteristics of P-N junction:

When the reverse biased voltage is allowed to increased from *07,
the reverse current rises quickly to its saturation value “I,"- As the
reverse voltage is increased further, the velocity of minority charge
carriers becomes maximum and knock down the bound electrons from
covalent bonds- As a result the current increases: This js cilled as
avalanche effect- If the reverse voltage s further increased, the
junction breaks down and reverse current rises sharply: Such high
current will damage the junction To avoid such situation, the re-
verse voltage must not reach the break down voltage-
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Q6: What is meant by rectification? Explain the action of semi-
conductor diode as: (a) Half wave rectifier (b) Full wave rectifier
Answe: : Rectification: (ETEA 2012, 20714)

Definition: “The conversion of AC into DC is called rectification:

a

While the device used for rectification is known as reccif .r-

Explanation:

Ule knew that the alternating currernt is efficient and cafe than DC,
‘0 AC is mostly used for providing electricai power- But some elec-
tronic devices like electronically tunsd radio and T/ receivers require
DC for their ops: - zicn- For such process we cannot use ceils, bat-
teries etc, because they are expensive, low power arid short-lived:
Therefore, we generate a DC supply from AC supply for operation
such devices for longer period of time-

For the conversion of AC into DC, we mostly used diodes, because
they provide compact and inexpensive means of rectification- In case
of forward bias, the diode allows larger amount of current and in
case of reverse bias, the diode almost stops the current- Thus the
diodes can be used as unidirectional device i-e- rectifiers for convert-
ing AC into DC-

(a) Half Wave Rectifier: Dicde
In case of half wave rectification, the Tri;:;_'i'_)r_r_“.{'z A y
current flows only during alternate half ! g ||[$__:::.D’__%«
cycle: In case of half wave rectifier, the | . 5 - —

positive part of AC is allowed to pass ;
through the diode and the negative | 5| inputvsitage
part of AC is prevented from passing- >

In given figure, an AC js allowed to
pass through the diode circuit- During A
positive half cycle of AC, the P-type
of diode is positive and N-type is neg-
ative: The diode is in state of forward
bias and thus the positive part of AC
can pass through the diode easily- Negative part of each A.C vo'tage

is prevented from passing

During the negative half cycle of AC, )

iy

Pl ER L R
B T S

o
&

=

T T U ——
oy

Voltage acrous
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the P-type of diode is negative and the N-type is positive: The di-
ode is in state of reverse bias and thus the negative part of AC is
prevented from passing through the diode: This phenomenon is
known as half wave rectification:

(b) Full Wave Rectification:
In case of full wave rectification, both the positive and negative
part of AC passes in one direction, as shown in figure (c)-

In figure (a), an alternating voltage

iy i~ el A0
is applied across a centre-tapped -
transformer, load resistor “R."”, two

diodes “D,” and “D>"- During the T**

3

Diode (D) FR Outpur

half cycle of AC, the diode “D;” is | | T W T
forward bias and conducts the posi- EWN
tive part of AC through the load § ; g E 'E
resistor “R”: While the diode “D,” 3 ; : : '
is reverse bias and conducts no cur- | : 7 B
rent- T;h:; ./‘\: ; '
During 2" half cycle of AC, the | . ...

transformer reverses the polarity of :“ ¥ E

the circuit As a result, the diode AU y

“D,” becomes reverse bias and the |3

diode “D2" becotnes forward bias- 5o (a) A tull-wave rectifier circuit, (b) Input waveforms
given to the diode [: at A and to the dinde Dz at B,
“D,” conductsigo\cugrent while “D," | I 0uputvevetorm scrocs fhelaad R connected
conducts the negative part of AC: In

this way, both parts of AC are conducted to produce direct cur-

reft:

Q7: What is a transistor? Describe the construction and operation
of a transistor- (ETEA 2006-2008, 2010)

Answer: Transistor:

Definition: It is a semiconductor device which work on small voltage
and consume very little power:

Construction:

It consists of three semiconductor pieces- The central thin piece is
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sandwiched between two pieces of other materials- The central part
is called base (b), one side is called emitter (e) and the 3 side is

called collector (c)-

Types of Transistor: . 3

There are two types of transistors T T

which are given below: . N

7- P-N-P_Transistor: P —e N —e
In case of P-N-P transistors, the N b P \
central part is N-type material and eI _ t ;
the sided parts are P-type material, Fig (b) b

as shown in figure (a)-

2- N-P-N Transistor:
In case of N-P-N transistor the central part i P-type material and

sided parts are N-type material, as shown in figure (b)-

Operation of Transistors:

The transistor consists of two P-N junctions
One junction is known as emitter-base [e-b]
junction and the other is known as collector-base
junction [c-b]-

When [e-b] junction is forward bias and [c-b]
junction is reversed bias, then the current starts

from emitter circuit and flows through the base
and collector circuit- Thus the emitter current
“I.” is equal to the sum of base current “I,”

and collector current “1,” ie*

Expression for Current Gain:

The ratio between collector current and base current is known as
current gain of the transistor- It is represented by “f" and is given
by,
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Uses of Transistors:

7- It is used in radio sets-
2+ It is used in TV sets-

3« [t is used in cassette

recorders:

4- (£ js used in stabilizer
5- [t is used in telephone
sets-

6- It is used in computers:

IQ&’: Describe the types of configuration in transistor circuit:

Answer: Types of Confiquration:

7- Common Base Configuration:
When a base s common to
both input and output circuits,
then it is called common base

I
configuration- The circuit dia- 3 i i e 5
gram and input and output IEIB
characteristic of CEB configura- S1CE
tion is shown in the figure: Vi T Ve

The variation in the emitter

current “I.,” with respect to
change in the base to emitter

voltage “Vg” at the constant B
collector tc base voltage “U.z” Transisteics in CB mode: (a) arcuit
represents the input character-
istics: While the variation in
the collector current "1.” with .'\;,.,e,,\;_,;.lfzimm Saturatien region
k (Transistor fully %)

charge in collector to base volt- | 1=% R:\f\é
age “Vi" at the constant -
emitter current “I.” represent a0 P\i}"’ommc"w”‘""i”"’
the output characteristics: 3 k \\\ e 8

i o Bl s -
The output characteristics have —-—\L\u b b
three region of operation which = S '

are colled active resior, tut off
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region and saturation region-

When the base-emitter junction is forward biased and the collector-
base junction is reverse biased, it is called active region- When both
collector-base and base-emitter junctions are reverse biased, it is
called cut-off region- The output current is zero in cut-off region-
When both the junctions zre forward biased, it is called saturation
region-

Alpha Factor:

The ratio of “I.” and “Iz” is called alpha factor- It is also called an
amplification factor- It is given by,

1

e 3
Iy

a =

2+ Common Emitter Confiquration:
In common emitter configuration,

the base emitter junction is for-
ward biased while base-collector
junction is reverse biased-

The circuit diagram, r‘npu-t and out-

put  characteristics of common . =
(i) Circuit arrangement for CE configuration

emitter configuration are shown in

the figure- L/uA
r 3
The variation in base current “Ig” 1o
' . _ ‘ ¢ V= 10.0V
with change in base to emitter g

voltage “Vg” at constant collector ]
to emitter voltage “V " are the %
input characteristics: While the var- (a)

iation in collector current “I.” with
change in collector to emitter volt- # SOnA
age “U, " at constant base current 2 :f'f______ gni:r

Vae/V

0204060810

Base current (1.}

60pA

1) in mA

“I." represent the output charac- R
teristics- :

Beta Factor: T tae. aUmel e
The ratio of collector current i e
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and base current “lg" is called as beta factor: i-e-

B = _{E
fB
B-Factor in Terms of x-Factor:
As = e (1)
‘,S
Here I, =1, -1., so equation (1)
]C
- BE_——t (2)
§ Ic)
}C
% b (8)
7
IE ;
As —f;’— = alpha factor = «, so equation (3)
E
o
= |B=
(T=uw) [

Q9: Describe the use of transistor as an amplifier and calculate its
voltage gain-

Answer:
Definition: The process in which a small signal of current or voltage
is converted into large signals, is known as amplification- The device

used for amplification is called amplifier- We can use the transistors
as amplifiers:

Explanation:
Consider a circuit which consists of emitter-base junction and collec-
tor-base junction as shown in the figure-

The emitter-base junction acts as input circuit- While the collector-
base junction acts as output circuit:
The voltage “Vgg” makes the emitter-
base junction [e-b] as forward biased {
and the voltage “V..” makes the col- |Vvs]
lector-base junction [c-b] as reverse
biased-
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Working: _
When a small input voltage “V,,” is applied across the resistance
“Rg”, it adds a small AC “I.,,” into the base current: This small AC
is amplified by the transistor “B” times and as a result, we get
large output current or voltage, as shown

in figure (¢)- .
. g 4
Here the current “I,” is equal to the ————
change in base curreht, so we have, (b)
[, = Al (7

Similarly, the current “l,.” is equal to the
change in collector current- i-e:

AN V)
I, =AlL (2) | \-/ \./

Now we have, ; output signal
V. (c)
by == (3)
r.

In equation (3) “r.” represents the internal resistance between. its
base and emitter terminal- Now we know that the current gain is

given by,
Al
=_& 7
p Al (4
Putting equation (1), (2) in equation (4), we get,
1
p = -2 )
e U@ "; (6)

Putting equations (3), (6) in equation (5), we get,

%
p= L
J

P
= ou 1e 7
- B l/r'n.RC ( )

Equation (7) represents the expression for current gain-

www.perfect24u.com


https://www.perfect24u.com/
https://www.perfect24u.com/

Voltage Gain:
The ratic between output voltage and input voltage is called voltage
gain- It is represented by “A" and is given by,

vV
A = o (8)
From equation (7), we have,
v R
—ovt = i < 9
Ve s i
Putting equation (9) in equation (&), we get,
v, "
A = et o “i ‘
Vo T |

Q10: Discuss how a transistor can be used as a switch?

Answer: Transistor as a Switch:
We can use the transistor for switch-ON and switch-OFF purposes:

Explanation:
Consider a circuit in which the transis- ma
tor, galvanometer and light bulb are
connected with each other as shown in
the figure- L
In this case, the base and emitter ter- -[_

= &

minals of the transistors act as centrol
vide current or can stop current according to the needs 6:ud desires

Now for switching-ON, large voltage 1s applied between the control

terminals- i-e- these terminals can pro-

terminals “B” and “E": The switch “5" s ciosed- Thus current
flows through the circuit and the buib jlows:

For switch-OFF purposes, the switch “S5" s opihed As a result,
the current stops due to which the bulb dees not glow and the gal-
vanometer shows no deflection+ In this way, the transistcer can be
used for ON-OFF purposes-

QT1: (a) What are optoelectronic juncf..ro;? devices?
(b) Explain the working of photo diode-
Answer: (a) Optoelectronic Junction Devices: *“in semiconducter
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diodes, the carriers are generated by photons- All such devices are
called optoelectronic junction devices”

(b) Photo Diode:
The photo diode is a semiconductor diode which converts light ener-
9y into electrical enerqgy-

Working: X\
When light is allowed to fall on the deple- .

tion region of F-N junction, then the pho-
tons are converted into electrons and holes
pair in the depletion region- The diode is in = '
state of reverse bias, so small amount of
current is produced due to movement of electrons and holes- This
current is allowed to pass through “R” and can be utilized for vari-
ous purposes. The amount of current increases when the intensity
of incident light increases and vice versa: .

Uses of Photo Diode:
7+ It is used in the receivers of optical fibres-
2- It is used in detective instruments:

X
AAAAA
VVVY

3 It is used in logic circuits:

Q72: Discuss the working of light emitting diode [LED]- (ETEA 20I17)
Answer: Light Emitting Diode [LED]:

-The LED is basically a P-N junction diode which emits energy in the
form of .ght caied photons:

Working:

When the LED is for-
ward biased. then the
electrons flow from bat-

tery into N-type regioh
and reach the P-N junc- LED
tion-  These  electrons
compine with holes near Operation of LED

the junction and as a
result emit light photons, as shown in the figure: The frequency and
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wavelength of the emitted light depends upon the energy levels of
electrons and the nature of semiconductor diode-

Uses of LED:

7+ It is used as optical fibre transmitter:

2. It is used as light indicator in electric circuits-

3- It is used for displaying calculators, locks and other measuring
instruments-

@73: Discuss the working of solar cell-

Answer: Solar Cell:

It is a P-N junction diode which generates emf when solar radiations
fall on its P-N junction:

Principle: |
It works on the same principle of photo diode, except that no ex-
ternal bias is applied and the junction area is kept much larger- l

Working:
A simple P-N junction solar cell is shown in the figure: The genera- !

tion of emf by a solar
cell when light falls

n n-type semiconductor
upon it ocecurs due t0 | ,ypesemiconductor
the following reasons:
7-  Generation of elec-

trons-holes pair: _
= Cross section of a solar cell
2+ Separation of elec- e

vlectric current

sunlight

negative elecirode

positve electrode

trons and  holes-
The electrons are swept to N-region and holes to P-region-

3- The electrons reaching N-region are collected by the front con-
tact- The holes reaching P-region are collected by the back con- |
tact- Thus the P-region becomes positive and N-region becomes
neqative and thus give rise to photo voltage:

When an external load is connected, the current flows through the load-

Uses of Solar Cells:
The solar cells are used to power electronic devices in satellites and

space vehicles and calculators:
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(X [SOLUTTONS OF EXAMPLES & ASSTGNMENTS | 3

EXAMPLE 17-1:

A transistor is connected in a CE configuration- The collector sup-
ply voltage is 1OV and the voltage drop across the SO0Q connect-
ed in the collector circuit is O-6V- If o = 0-96, find the (a) col-
lector-emitter voltage (b) base current and (c¢) the emitter cur-
rent-

Solution:
Given Data:

Collector supply voltage = UV, = IOV
Resistance collector = R, = 500Q

Collector voltage = V. = 0-6V, a = 0-96
Required:

a) Collector-emitter voltage
b) Base current = Ig = 7

¢) The emitter current = [ = ?
Calculation:

Vc5= ?

Collector current = [, = T - & 72 x70°A

= [ 1, = 1-2mA |

1}

a) Collector-emitter voltage = Ve = V. - V., =70 - 06

b) W= kuuw that,
u=;i- 2D /. =%—=% = 1-25mA
= | lp=1-25mA |
c) We know that,
femd, 1.
= I, =1,-1 =125-125=-05mA

= | 1, = 0-05mA
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EXAMPLE 77-2:

The constant o of a transistor is 0°95- What would be the
change in the collector current corresponding to a change of
0-4mA in the base current in a common-emitter arrangement?
Solution:

Given Data:

Current gain =

|

!
e
©
0

Base current = Iz = 0-4mA

Required:

Change in the collector current = [, = 7

Calculation:

The current gain of a transistor in common-emitter arrangement is
“PB, which is given by,

€4

I-uw
== B=—£'93 =7
7-0-95

But “B” is the ratio of change in collector current to the change in
base current-
Al
===
Al
= A, = px A= gU-%x 10°A = 7-6mA

s LAl =7-6mA |
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{ Exercise;

Choose the best possible answer:
7+ In an N-type silicon, which of the following statement is true?
a) Electrons are majority carriers and trivalent atoms are the

dopants-

b) Electrons are minority carriers and pentavalent atoms are the
dopants-

¢) Holes are minority carriers and pentavalent atoms are the
dopantsv

d) Holes are majority carriers and trivalent atoms are the do-
pants:

2: The barrier potential of silicon diode at room temperature is:
a) 0-3V b) O-7W g} 09V d) 7:0V

3+ The width of depletion region of a junction:
a) Increases under forward bias
b) Is independent of applied voltage
¢) Increases under reverse bias/
d) Remains same

4- For common emitter configuration of N-P-N transistor, current
gain is given by,

[ /. / 1,
a) =V b)) —= ¢) £ d) £
1, I 7 l,
5. The reverse saturation curicit v a P-N junction diode is only
due to:
a) Majoritu carriers b) Minority carrierss
¢) Acceptor ions d) Donor ions
6 P-N junction when reversed biased act as a............
a) Capacitor b) ON switch ¢) inductor d) OFF switchd

7. Improper biasina of a transistor circuit produces:
a) Heavy londing: of eptivhes viwurd
b) Distortion in the outi.t iaraid

c) Excessive heat at co.iactor e -ina
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d) Faulty location of load line

8+ When transistors are used in digital circuits they usually operate
in the:
a) Active region b) Breakdown region
¢) Saturation and cutoff regionsy
d) Linear region

9- Most of the electrons in the base of an N-P-N transistor flow:

a) Out of the base lead b) Into the collectory
¢) Into the emit d) Into the base supply
70- In a transistor, collector current is controlled by:
a) Collector voltage b) Base currents
¢) Collector resistance d) All of the above
77- The minimum number of diode required for full wave rectifica-
tions are:
a) 3 b) 4 c) 27 d) 7

72 in a transistor both collector-base and base-emitter junctions are
reversed biased then it is.........

a) Active region b) Cutoff regiony

¢) Saturation region d) Q-point

& | CONCEPTUAL QUESTIONS| D

QI: Why in a transistor (a) the base is thin lightly doped and (b)
the collector is large in size?

Answer:

Part (a): The middle section of the transistor is called base: The
base is lightly doped and is very thin (710°m) as compared to either
emitter or collector so that it may pass of the injected charge car-
riers to the collector- In P-type base, a few electrons (less than
5%) combine with holes to constitute base current “I,”- The re-
maining electrons (more than 95%) cross over into the collector re-
gion which constitutes the collector current “[."-

Part (b): The right hand side of the transistor is called collector-
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The main function of the collector is to collect majority charge car-
riers through the base, therefore, it is large in size and is doped
moderately: Due to the interaction of charge carriers, this region
may heat up, so it is made larger in size: For shorter collector re-

gion, the transistor may burn out due to heat dissipation:

Q2: Explain why the base current is weak as compared to the col-
lector current?

Answer:

The base current of a transistor is weak as compared to the collec-
tor current: It is because, the base of the transistor is doped light-
ly and is very thin in size as compare to the collector: Very small
number of electrons and holes recombine to constitute the base cur-
rent- Majority of charge carriers flow emitter towards collector and
thus large current is constituted in collector region- S0 the base
current is weak than collector current:

QR3: Why the emitter base junction is forward biased and the col-
lector base junction is reversed biased?

Answer:

In a transistor, the input circuit i'e: emitter-base junction is for-
ward biased so that it may have low resistance and thus to mini-
mize the depletion region: As a result, the charges can flow easily
from emitter towards the base: '

The base is thin in size and is lightly doped so it can bear very less
number of charges- To avoid the base from excess charges, the col-
lector base junction is made reversed biased- In doing so most of the
charges flows towards the collector:

Q4: How N-P-N and P-N-P works?
Answer: (1) Working of N-P-N_Transistor:

The N-P-N transistor with forward biased to e-b junction and re-
verse biased to c-b junction is shown in the figure:

The forward bias causes the electrons in the N-type emitter to
flow towards the base: This constitutes the emitter current “I.”-
As these electrons flow through the P-type base, they tend to
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combine with holes: As the base is

lightly doped and very thin, so only = o0 £ — -

a few electrons [less than 5%] = £ Bj= €
combine with holes to constitute Eemirani) Revorsed
the base current “I,"- ke Qaped
The remaining electrons [more than ‘=\E* =\=+
95%] cross over into the collector

region to constitute the collector current “1.”- In this way, almost

the entire emitter current flows in the collector circuit’ The emit-

ter current is equal to the sum of collector and base current- i-e-
Lf /o +t" |

(2) Working of a P-N-P Transistor:
The basic connections of a P-N-P transistor is shown in the figure:

The forward biased causes the holes ’ . -

in the P-type emitter to flow to- g g b B
wards the base and constitute the

emitter current “1.”: As these holes ![:J?;‘:;Zrd * ﬁ?a‘f;r“d
cross into N-type base, tney tend | | | <1
to combine with the electrons: As l\,J" 'I\,-H

the base is very thin and doped
lightly, so very few of the holes [less than S%] combine with elec-
trons and thus goRstitucs wean b wirent i " The remaiing
electrons [mage thkan S5 ] crors cmo0 the wollervor region and con-
stitut= collector currenic 17

In this way, aimost the crntire emitter current flows in the collec-
cor cotuEe 18 may be roted *hat current conduct v within P-N-P

transictor 1 bu impiest However, o the externdl conneccina wires.

the curretit is st:fi by clectrons:

The sum cof base current and collector current is equal tc the emit-

ter curreht- ie-

www.perfect24u.com


https://www.perfect24u.com/
https://www.perfect24u.com/

Q5: Distinguish between N-type and P-type semiconductors:

Answer:
The comparison between N-type and P-type semiconductor is given
below: _
S-# N-type ' P-type
i It is produced by adding ‘a| It is produced by adding a tri-
pentavalent impurity atom | valent impurity atom to a

to a pure intrinsic semicon-

pure intrinsic semiconductor-

just below the bottom of
the conduction band-

ductor-

2 The number of free elec-| The number of holes are more
trons are more than holes- | than free electrons-

3 The current conduction is| The current conduction s
mainly due to free elec-| mainly due to holes-
trons:

4- The donor energy level s} The acceptor energy level s

Jjust above the top of valence
band-

W6: H F-type semiconductor has a
it is electrically neutral- Why?

larger number of holes but still

Answer:
A F-type semiconductor has a large number of holes but still it is
electrically neutral-

Reason and Explanation:

In case of P-type semiconductcr the holes [positive charges] are in
majority while in N-type the
Eut still the P-type semiconductor is neu-

semiconductor, electrotis [negative
chargesf are in majority:
tral- It is becausc the total number of electrons and holes [protons]
are equal in number- Thus each atom remains neutral- There is no
net charge on the crystal- Thus the P-type semiconductor remains

neutral electr:cally-

Q7: Why CE configuration is widely used in amplifier circuit?

Answer:
Tue LE confiaurasior ic wddely used in amplifizr circuit-
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Reason and Explanation:

A transistor in common-emitter configuration (mode) is preferred

because of the following advantages:

7 Common-emitter configuration (mode) has higher current gain
than common-base (CB) and common-collector (CC) mode-

2+ It has higher voltage gain than CE mode and CC mode-

3+ Common emitter mode has highest power gain than other two
configurations-

4 High input resistance and low output resistance as required for a
good transistor is found in CE configuration-

Sighal received at the output is more stable in CE configuration
than the other two configurations:

Gy

QE: Why transistor is called current amplification device?

Answer:

A transistor is called current amplification device due to the follow-

ing reasons:

7- In CE-connection, the input impedance is high and output im-
pedance is low: S0 the output current is larger than the input
current:-

2. We get high voltage and power gain in CE-circuit of transistor-

3+ There is moderate ratio between the input and output imped-
ance in transistors:

4- The transistor circuit raises the strength of weak signal-

Q9: A doped semi-conductor has 10 silicon atoms and 10 triva-
lent atoms- If the temperature is 25°C, then how many free|
electrons and holes are there inside the semiconductors?

Answer:

Absolute temperature = T = 25°C + 273 = 296K !
Total number of atoms = N = 10"° + 10’ = 1-0 x 10" atoms

Boltzmann gas constant = K = 1-38 x 102 J/K

Total kinetic energy supplied is given by,

KE = gNKT = g x1-0x10°x1-38 x107%° x 298

- K-E = 6-1686 x10"J (7)
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-7
= KE = 6;6686;;3 = 3-86 x10° eV (2)
‘0O X

In case of silicon 7-09eV energy is required to break a covalent bond
of electron and hole- 50 the number of free electrons is:

; 8
No- of free electrons = SeEAle ey = 3-54 x10° electrons
7-0%el/

— No- of holes = number of electrons = 3:54 x 10° holes

= Ll\!o- of holes in silicon = 3-54 x10° holes

In case of germanium 0:72el/ energy is required to break the bond:
So the number of electrons in case of germanium is:

. &
No- of electrons = Jebaid = 5-36 x10° electrons
0-72eV

= |No- E;F electrons in silicon = !-\/ = 3-56 ,:r_iFO‘E e!ectr-a“r;;i
5-36 x 10° holes
5:36 x10° holes|

1}

No- of holes = No- of electrons

= |No- of holes in germanium =N’

& | COMPREHENSIVE QUESTIONS|

Q7: Describe the energy band structure of insulator, semiconductor
and conductor-

Answer: See answer of question # 12 in the text-

Q2: Explain the significance of depletion layer in an equilibrium
state in a PN junction: Given energy band diagram-
Answer: See answer of question # 4 in the text:

@Q3: Explain how PN-junction acts as a half-wave rectifier?
Answer: See answer of question # 6 (a) in the text-

Q4: Explain the working of transistor as an amplifier-
Answer: See answer of question # 9 in the text:

@5: Draw the circuit for a half wave rectifier and full wave recti-
fier-

Answer: See answer of question # 6 in the text:
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Q6: Compare the advantages and disadvantages of full wave recti-
fier and half wave rectifier-

Answer:

The comparison of half wave and full wave rectifier is given below:

S5-# Half Wave Rectifier Full Wave Rectifier

I+ 't is less expensive: It is more expensive:

20 fts construction is simple- Its construction is complicated

and need more circuits:

3- Ripple factor is high- Ripple factor is low:

&- It needs an elaborate filter| It needs a simple filter to get
to get steady DC output- | steady DC voltage:

5 The power js delivered only| The power is delivered during
during one half cycle of the| both half cycles of the input
input alternating voltage- aiternating voitage:

6 The output power is low: The output power is high-

£+ The rectification effciency| The rectification efficiency is
is low- high*

8- Transformer utilization fac-| Transformer utilization Ffactor
tor is low: is high-

Q7: Deduce the relation between “w” and “B” of a transistor-

finswer:
The ratio of “I.” and “l;” is called alpha factor and is given by,

o = j—c 0E)
While the raér'o of “I.” and “1.” is called {\-factor and is given by,
! ;
=" (2)
}b
Here 1, = I¢ - I, so equation (2) =
I
) S e B 3
[ (If = ") ( )
I
|‘, = __._._.‘_!f__._._l_
A
/i { I=—=]

1)



https://www.perfect24u.com/
https://www.perfect24u.com/

- [IC_]X—L— (%)
i ) ( - fc_}
Putting equation (7) in equation (4), we get,

B-_-

a

(7-)

Q8: Discuss the conductivity of extrinsic semiconductor and its
band gap energy-

Answer: See answer of question # 3 in the text-

& | NUMERICAL QUESTIONS |®

Q7: In a certain circuit, the transistor has a collector current of

710mA and a base current of 40pA- What is the current gain of

the transistor? '

Soldtion:

Given Data:

Collector current = ], = TOmA = 10 x 10°A

Base current = [, = 40pA = 40 x 10°A

Required:

Current gain = } = ?

Calculation:

We know that,

j{

"

B = 70 x107°
40 x 10°¢

= |p =250

= 0-:250 x10°

Q2: The current flowing into the base of a transistor is 100uA-
Find its collector current I., its emitter current I, and the ratio
Ic/lg if the value of current gain {3 is 100-

Solution:
Given Data:
Base current = . = 100ué
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.= 1, =100x10°A = 0-0001A
Current gain = p = 7100

Required:
a) Collector current = 1. = 7

b) Emitter current =1, = 7

c) i’—=?

Calcu;atfon:
a) We know that,

= B1, = 100 x 0-0001 = 0-01A
. = 0-01 x10°mA
= | I, = 710mA
b) We know that,
I =1, +1 =0-0001+0-0 = 0-0101A
0-0101 x10°mA = 10-1mA
= |/, =10-ImA

— -
il
1

I

=3

P I _ 001 _
1 00107
» ;_ - 0-99

Q3: A transistor is connected in CE configuration- The voltage
drop across the load resistance (R;) 3K) is 6V- Find the base i
current- The current gain 3 of the transistor is 0-97-

Solution:

Given Data: R, = 3kQ = 3 x 10°Q, V. = 6V
Current gain = [} = 0:97

Required: Base current = 1, = 7

Calculation: We know that,

=-ji:>f=‘ (1)
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Here | = = - (2)

Putting equation (2) in equation (1), we get,

I :R—’B (3)

Putting the values in equation (30, we get,
i{ 6 | P

3x10°x0-97 |

= |1, = 2:06 x107°A]

Q4: In a common base circuit, the current gain is 0-96: If the
collector current is 60uA- Find the emitter current:

Solution:

Given Data:

Current gain = 3 = 0-96
Collector current = I, = 60uA

Required:
Emitter current = I, = ?

Calculation:
We know that,

B = . TN = L.
I, R,
= I, = i 62-50A4 = | I, = 62-5,A
0-96 B=s

Now the emitter current is given by,
RANI =TI = 62-51A + 60pA
= | I, =17122:5nA

Note: The answer of the book i-e: 62-5.F is the value of base
current:

@5: In a transistor, the emitter currenb_"l'." is 3:5A and collec-
tor current is “I,” is 2:35A- Find the base current-
Solution:
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Given Data:

Emitter current = I, = 3-5A
Collector current = I. = 2-35A
Required:

Base current = I, = 7
Calculation:

We know that,

L

]

I,+I = I,=1I-1
(35 -2-35)A

:>Ib

= |1, =115A
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