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Diode

1.1 : P-N Junction

Q.1 What is p-n junction ? !

Ans. : The two types of extrinsic materials are p type and n type.

e The p type and n type materials are chemically combined with a
special fabrication technique to form p-n junction.

e On p-side there are large number of holes while on n-side there
are large number of free electrons.

1.2 : Theory of P-N Junction

Q.2 Discuss the behaviour of p-n junction under no bias.

Ans. :  In a unbiased p-n junction diode, on p-side there are large
umber of holes while on n-side there are large number of
lectrons. Hence the overall there is nonuniform distribution of
rge carriers.

When such nonuniform distribution exists then the charge
carriers start moving from high concentration area towards the
low concentration area. This is called diffusion.

n side while the majority free electrons on n side start

g into p side

egion, the holes diffusing from @-side, recombine with free

ns. Thus due to additional positively charged holes, these
S become positive immobile ions, just near the
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Fig. Q.2.1 The unbiased diode

. In' p region, the free electrons diffusing from n-side, recombine
with the holes of the atoms. Thus due to gain of additional

fxegatively charged free electrons, these atoms become negative
immobile ions, just near the junction in p-region.

¢ As more holes diffuse on P side, large immobile positive charge
accumulates near the junction on n side. This positive charge

repels the positively charged holes and the diffusion of holes
stops.

* Similarly large negative charge accumulates near the junction on

p side. This negative charge repels the
negatively charged
electrons and the diffusion of electrons stops. : 2

¢ Thus there ex:sts a wall near the junction with negative immobile
charge on p side and positive immobile charge on n side. There
ireqocha:gecarﬁmhthismgion%mgionisdephﬁedoﬂ
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or space charge region. The depletion region is shown in the

Fig. Q.2.1.
e In equilibrium condition, the depletion region gets widened upto
a point where no further electrons or holes can cross the junction.

Thus it acts as a barrier.

1.3 : P-N Junction Diode

ay

Q.3 Explain p-n junction diode.

Ans. : » The p-n junction forms a popular semiconductor device

called p-n junction diode.
e Its rwo terminals are called electrodes, one each from p region

and n region.

¢ It can conduct current only in one direction.

* The p region is anode and n region is cathode.

e Its symbol is shown in the Fig. Q3.1. The arrowhead in the
symbol indicates the
direction of the conventional
current which can flow
when an external voltage is i Catfiods
applied in a specific manner
across the diode.

Direction of conventional current

p type n type

* Applying external voltage to Fig. Q.3.1 Symbol of a diode
p-n junction diode is called
biasing

* Depending upon the polarity of external d.c. voltage applied to

hode, the biasing is classified as,

Forward biasing 2. Reverse biasing.

Basic Electronics 1-4 D

1.4 : Forward Biasing of Diode

Q.4) Explain the forward biasing of p-n junction diode.
Ans. : « When an external d.c. voltage is connected in such a y
that p region is connected to positive and n region to negative

the d.c. voltage then the biasing il
is called forward biasing. It is limiting J
resistor
shown in the Fig. Q.4.1.
® As long as applied voltage V
is less than barrier potential —}

there is no conduction. Vv
(a) Forward biasing

e When applied voltage V is
more than barrier potential, it

overcomes the barrier VW: :
. orwar!
potential and reduces the Cittrant
: : . |
width of depletion region. i

\%

This is because the negative of
(b) Symbolic representation

battery  pushes the free
electrons against the barrier Fig. Q.4.1

from n to p region while

positive of battery pushes holes against barrier from p to
region.

* As applied voltage is increased, at a particular value, th
depletion region becomes very narrow and majority charg
carriers can easily cross the junction.

® This large number of majority charge carriers constitute a currer
called forward current.

* The current in the p region is due to movement of holes so it i
hole current. The current in the n region is due to movement o
electrons so it is .electron current. The holes in p region anc
electrons in n region are majority charge carriers. Hence the
forward current is due to majority charge carriers.

* The forward current in a dibde is shown in the Fig. Q.4.2.
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Fig. Q4.2 Forward current in a diode

[ 1.5 ¢ Reverse Blasing of Diode

8 i wplatn the veverse blasing of pn junciion diode,
e e When an external d.¢ voltage is connected in such a way
at  p o region s connes ted o

pative and n region Lo |umiliVﬂ

rminal of the . vullngv then

v biasing s called reverse
B —

aning ] in=  smhown in the l'
B.\J |
‘ (a) Reverse hiasing

In reverse biasing, negative ol

i &)
battery attracts the holea In p "
wo S
repion  and positive of baltery VWWy . @
: " |fl||||"9_
allract the electrons in n |"Hl(‘||
away rom the junction RRBERE -_{}.'
- This widens the depletion region
ion

and barpie potential  increases, (b) sV'“bO”O l’ﬂprﬂlﬂllu‘

No majortt ¢ e )

ortty harge carrier can Fig. Q.5.1
s the juncton
- The resimtance of the reverse blased diode is very high and the

diod said to be nonoperative in the reverse bhiazed.

Basic Electronics 1«8 Diode

* However due to increased barrier potential, the free electrons on
p side are dragged towards positive while holes on n side are
dragged towards negative of the battery.

® This constitutes a current called reverse current. It flows due to
minority charge carriers and hence its magnitude is very very
small.

* For constant temperature, the reverse current is almost constant
though applied reverse voltage is increased upto certain limit.
Hence it is called reverse saturation current denoted as Iy This is
shown in the Fig. Q.52

e The reverse current Ij is of the order of few microamperes for Ce
and few nanoamperes for Si diodes.
Widar daplation reglon

R= Ot O

S

‘L O - Lo - e
— A

v Direction of reverss current
(a) Flow of minority charge carriers

Revarse saturation current
R — ia conatant at conatant temperature

RS

.1 X 1 lﬂ‘_’

(b) Direction of reverse current
Fig. Q.5.2 Reverse biased diode

1.6 : V-1 Characteristics of Diode

Q.,a’ Drnw and explain V-1 characteristics of a p-n junction diode.
"Ans. : » The graph of voltage applied across the p-n junction and
the current flowing through the p-n junction is called V-l
characteristics of p-n junction.
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erward Characteristics

J buasing Yy is the voltage across the p-n junction and I
W onward current hence graph of L against V; is called
wilactenstics of p-n junction.

§ e chasactenstics of a diode is shown in the Fig. Q.6.1.

g, Q6.1 Forward characteristics of a diode

orwasd characteristics can be divided into two regions :

As lomg as V; is less than cut-in voltage (V).
Practically this current is

3 B B
o &

ne & very small

- — e '.\-‘[h % PN
> be ZeTO
As V; increases towards \, the

F o Q and onwards
exceeds

jenletion region goes on reducing. When Vi
the depletion region becomes very thin

atin voltage .
This increase in the current 1s

e CRAR
increases suddenly

Fig. Q.6.1 by the region P to Q.

mncreasing

a current 3
exponential as shown in the
hich the forward current starts

e point P atter wiud

- .
exponentially 1s calied knee of the curve
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e The forward current is the conventional current, hence |
treated as positive and the forward voltage Vi is also o
positive. Hence the forward characteristics is plotted in the
quadrant.

Reverse Characteristics :
¢ The reverse voltage across the diode is Vi and reverse cur
through the diode is Iy hence graph of Iy against Vi is ca
reverse Vol characteristics of p-n junction.

* The polarity of Vy Is opposite to V; and direction of Iy
Opposite to I hence both Vi and I, are treated negative. Her
reverse characterlstics are plotted in the third quadrant.

* An the reverse voltage is increased, reverse current inc
tnitially  but after a small voltage becomes constant equal
reverse saturation current Iy This point is shown as P, in th
Fig. Q.6.2,

e Alter this, though reverse voltage is increased, the reverse current
remains constant till point A,

e At point A, reverse breakdown of the diode occurs and current
increases sharply damaging the diode. This point is called knee
of the reverse characteristics,

e The voltage corresponding to point A is  called reverse
breakdown veltage of the p-n junction denoted as Vgg |

e The reverse characteristics is shown in the Fig. Q.62

| S R S e
Reverse 4
breakdown voltage (Vgg) |

b
- ] ijroi |
! | !

‘ -q—lo

l
}
f
=1 z
L___l_——vR . ‘
|
l} L L Lt | 4 | P | Reverse
1 Sharp Knee loremains | saturation
! Increase " point  constant : current
Ll . incurrent P R ! -
: { 'T | | l . Lok )

Fig. Q.6.2 Reverse characteristics of p-n junction
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* The potential at which current starts increasing exponentially is
also called offset potential, threshold potential or firing
potential of a diode.

* The Fig. Q7.1 shows the V-I characteristics of typical Ge and S5i
diodes.

* The reverse saturation current I is of the order of nA for silicon

diode while it is of the order of pA for germanium diode.
¢ Reverse breakdown voltage for Si diode is higher than that of the

Ge diode of a comparable rating.

1.7 : Ideal Diode

72
_Q.8 Compare Ideal and practical diode.

Ans. :
Sr. No. Ideal diode Practical diode

1. The cut-in voltage is zero. It has finite but small cut-in

voltage.

2 The internal forward It has small finite internal
resistance is zero. forward resistance.

3. The voltage drop across There is finite voltage drop

| forward biased ideal diode | across forward biased practical
is zero. diode.

4 It acts as a short circuit It does not act as a short circuit
(closed switch) in forward in forward biased condition.
biased condition.

5. The internal resistance is The internal resistance is very
infinite in reverse biased high but finite in reverse biased

| condition. condition.

6. | It acts as on open circuit It does not act as an open
(open switch) in reverse drcuit in reverse biased

; biased condition. condition. It carries very small
; reverse current.
7. It does not exist in practice. | All the diodes are practical
diodes.
—_———
Decode A Guide for Engineering Students
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behaves as dc
battery of voltage
V=¥

Rasic Flectromics 1-13 Diode
| sr Diode Behaviour D.C. Equivalent
} No appm\lmahon circuit
sy = |
Ideal diode | Ry=0Q
! | R,==Q °
j Short in forward
| bias.
b Diode with | The forward
il % , Vo=V,
constant | voltage drop is it
torward voltage | constant and it [ lli o

3 .
-l Complete
equivalent
carcuit

d.c.

—re

This assumes finite

forward resistance
which s its
dynamic forward
resistance r; iIn

series with battery
of voltage \,.

S

Ideal

Total diode drop is,
Vi=WY+h

Table Q.10.1 D.C. Equivalent circuits of diode

Q.11 For the circuit shown, find the load voltage, load current and
diode power using third approximation. Assume silicon diode with

resistance of 0.2 Q.

Fig. Q.11.1
place diode by its equivalent circuit according to third
thon as shown in the Fig. Q.11.1(a).

A Guide for Engineering Students
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Applying KVL,
=07-021; -10001; +12 = 0 ie.
[; = 11.297 mA e
Vi = 0.7 +1; 1 "E—‘Q‘ / ¥
= 07411207x1073x02 2VE T ) o W
= 0.70225 V ; : = L3
Vi = 11.297 x 1073 x1x10°% Fig. Q.11.1 (a)
= 11297 V
P = Vi I =070225x11297x1073 = 7.933 mW

1.9 : Surface Mount Diodes

Q.12 Write a note on surface mount diodes.

Ans. : The diodes which can be mounted on the surface of a circuit

board are called surface mounting diodes. These diodes are easy fo

test and can be easily removed and replaced on the circuit board

These diodes are relatively small and efficient in operation.

e The surface mount (SM) is one of the package styles used in the
industry.

e The surface mount package uses two L bend leads and a
coloured band on one end of the body which indicates the
cathode lead.

e The Fig. Q.12.1(a) shows the two terminal surface mount style
package used for the surface mount diodes.

e The total dimensions of such a surface mount style package
depends on the current rating of the diode. The surface area is
larger for high current rating diodes.

e In the high current rating diodes the heat produced at the
junction is more which is to be dissipated as quickly as possible

——a -
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Increased surface area helps to increase the ability of the diode to
dissipate the heat generated to keep the temperature within the
specified limits.

e The Fig. Q.13.1 (a) shows the symbol of zener diode while
Fig. Q.13.1 (b) shows the the operation of zener diode in re

breakdown region.
» Increasing the width of the mounting terminals produces the

Current
effect of virtual heat sink, increasing the thermal conductance of Cathode K - Iimging
the diode. + T
¢ Another surface mount style package is called small outline | V+ 1 o Eree‘;ir::wn
transistor (SOT) package. This package includes two diodes : _ T - voltage
having common anode or common cathode connection as one of | )i T - E l
the terminals. These packages are small and used for the diodes Anode A b

with current rating less than 1 ampere. Due to small size it is | (a): Syrobal (b} Reverss blasifg
difficult to provide the identification codes for such diodes. 4

Fig. Q.13.1 Zener diode

The Fig. Q.12. .
e - S EL-0) Shoes SaNEgE- b i ¢ When the reverse voltage is applied to zener diode, at a certai
reverse voltage, the reverse breakdown occurs and current in the
zener diode increases rapidly. The sharp change in the zener
current is called knee or zener knee of the reverse characteristics.

Side End Side

® The reverse bias voltage at which the breakdown occurs is called

; zener breakdown voltage, denoted as V.. This value is carefull
z g Z y
] Top 7] Pin3 designed by controlling the doping level during manufacturing.
Pin2 | :,
' \
Colour band
(cathode) &= Forward characteristics
similar to the conventional
(a) SM style packge (b) SOT style package S
Fig. Q.12.1 Vi
! : R 1 —V;
1.10 : Zener Diode : Knee point—o—st i = T
\:’.Q/-n What is zener diode ? Explain its V-I characteristics.
Ans. : » : e : : :
ns i A zener diode is a silicon p-n junction semiconductor Rnrs B T e Izmax
<€ which 1s operated in its reverse breakdown region. characteristics !
* :Ne zener diodes are fabricated w

: — I
ith precise breakdown voltages :

-ontrolling the doping level during manufacturing,

Operating
region
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% .
The important region of The important region of

operation lies i i
F lies in third quadrant. | operation lies in first quadrant.
Iy

" o The V-I characteristics of zener diode j
e is shown in the Fj
g, Q13.2.

» For zener diodes, practically two currents are specified. The [
s minimu . ; I
i m current through the zener diode to ~F “Zmin fr -
reverse breakdown operation. TR S / l?:cr'.o'rg -

« The Izp,, i1s the maximum current which ze di ‘
SafEIV mamtalnlng its sty breakd ner lOde can ta.ke | -V / o

. own i : 4 v :
V across it. operation, ie. constant | e / '
- ! region /

Compare between zener and avalanche breakdown
- 3. Dynamic zener resistance is The diode resistance in reverse

very small in reverse biased condition is very high.

breakdown condition.

—
Sr. No. | Zener wn 1
f breakdo Avalanche breakdown |
[ . ; '
/ Break.do‘rvn is due to intense Breakdown is due to the 1’ 4| Zener diode symbol is, The p-n. frsetion SlodsGrake
electric field across the collision of 1 { i
| St _ of accelerated charge | - + 1s,
J " carriers with the adjacent : ; D-l — - ' ' =
i atoms and due to carrier 5 o 4 .
| P T IZ -
, multiplication. Ip
|
| Occurs fo i : |
j o e Ie;'szz?ae;s;v\;th zener / Occurs for zeners with zener ! 5, The conduction in zener is The conduction when forward
. : voltage greater than 6 V. r opposite to that of arrow in the | biased is in same direction as
| The temperature coefficient is | The temperature coefficient is ! symbol, as operated in that of arrow in the symbol,
| negative. positive. i breakdown region. | when forward biased.
{
| The breakdown voltage The breakdown voltage ,' 6. | The power dissipation capability jl'he power dissipation capability
| decreases as junction increases as junction .\ is very high. is very low compared to zener
| temperature increases. temperature increases. : diodes.
3 The V-I characteristics is very | The V-I characteristics is not i 7. | Applications of zener diode are Applications of p-n junction
. sharp in breakdown region. as sharp as zener breakdown. .‘ voltage regulator, protection diode are rectifiers, voltage
' | circuits, voltage limiters etc. multipliers, clippers, clampers
Qj‘: 3 Compare zener diode and the conventional p-n junction | and many electronic devices.
iode
l
ns. : | .
E 1 1.11 : Testing of Diode with Multimeter
_E?;_ g Zener diode ,I P-N junction diode " Q.16 Explain the testing of diode with multimeter.
~ | Operated in reverse breakdown | Operated in forward biased Ans. : » Digital multimeter has the diode testing ternimals or
: condition condition and never operated in " special diode test range.
L*-—; reverse breakdown condition. |
; / |
A Guide for Engineering Students
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e : ode

* When the multimeter 15 used on this test ran
constant  current of about 1 mA to
terminals,

ge then it supplies a
a diode connected to

. \'I\/hen the termina!s are connected so as to forward bias the diode
then for perfect diode, the meter shows forward voltage drop of

the diode. It shows 0.55 to 0.7 V for the silicon diode as shown in
the Fig. Q.16.1 (a).

* When tl-1e .diode is reverse biased then for the perfect diode, :
meter gives overload indication by showing 'OL' or '1''on the |

display as shown in the Fig. Q.16.1 (b). |

Display

Selector
switch

(a) Forward blased
Flg. Q.16.1 Testing of diode with multimeter

(b) Reverse blased

o If for and reverse bias

‘OL"' display both forward

connections then diode is open circuited.

occurs

e While if the display shows '000" in both forward and reverse
biased cases then the diode is short circuited.

1.12 : Rectifler

O @17 What Is rectifier 7 What are its types ?
Ans. : » A rectifier is a device which converts a.c. voltage to
pulsating d.¢ voltage, using one or more p-n junction diodes.

\

+ The three types of rectifiers using diodes are,

Half wave rectitier
Full wave rectifier with center tap

r¢ rectitier

i Ouidde fine Rucissseine Ctwudenic

its |

EOM Draw the half wave rectifier and explain Its operation a

Hasle Flectrondca 1-20

1.13 : Half Wave Rectifler

“with the waveforms.

Ans. : ¢ The circuit diagram is shown in the Fig. Q.18.1.

e A sinusoidal a.c. voltage, having frequency of 50 Hz is app
to rectifier circuit using suitable step-down transformer, |
necessary turns ratio.

3T
Single Bav_ 1

A.C.Supply }
Input

transformer

Fig. Q.18.1 Halfwave rectifier

* The transformer secondary voltage ¢, is mathematically given

with w= 2x f and

e, = By, 8in @t

f = Supply £

e The turns ratio of transformer decides the secondary voltage &
which is applied to rectifier.

Operation of the Circuit :
e During the positive half cycle of input ac voltage, terminal (A
becomes positive with respect to terminal (B) The diode &
forward biased and the current flows in the circuit in th
clockwise direction, as shown in the Fig. Q.182 (a). This
is also flowing through the load resistance R; hence denoted

iy (load current).
e During negative half cycle when terminal (A) 1s negan‘ve_
respect to terminal (B). diode becomes reverse biased. Thus it ‘

i i fine EnoinssPiRE M



Basic Electronics 1-21
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as an open circuit. Hence no current flow
in the Fig. Q.18.2 (b).

= B NN

(a) Diode forward biased

s in the circuit as shown

(b) Diode reverse biased
Fig. Q.18.2

® Thus the circuit current, which is also the load current, is in the

form of half sinusoidal pulses. |

® The load voltage, being the product of load current and load
resistance, will also be in the form of half sinusoidal pulses. The
different waveforms are illustrated in Fig. Q.18.3.

[ 1]

L . T g -
SIp—— orF on -—-—L— o - J'-'Em gt

—

!
1 n 2n 3n ! 4n ot
b i i :
————— s e i I i
i Epc = average vllluls

T 0 B B 7 R

Levoﬂnar, F"
J rottage -
’!
1

I““ W AgO

| o L Ai

R

L £ ’L 7‘!7 7[( 2n ' 3r1 r n
BEEEENE

Fig. Q.18.3 Load current and load voltage waveforms for half wave
_rectifier

Impdr'tél-ith;)intsﬂ to Remember

w

* The peak valye of the load current is given by,

[. = s S :
m Ri +R +R; l‘
e R, = Resistance of secondary winding |
of transformer
Ry = Forward resistance of diode

Basic Electronics

5 b \QIQM"Derlve the expression for

Diode

1-22

[* If R, and Ry are not given they should be neglected while
\.Calculating L, ‘

the d.c. load current, average d.c.
oadﬁvoltage and r.m.s. value of load current for the half wave
rectifier.

Ans. : o The average or d.c. value of the load current (Ipc) : 1t is
obtained by integration.

* Mathematically, current waveform can be described as,

ip =I,sinot forO<smt<n
and ip =0 forn<wt<2n
where I = Peak value of load current

1 2n 1 2n ;
5= [ip dot) = = [ Iy sin(wt) d(wt)
0 y 0

Ipc

®* As no current flows during negative half cycle of a.c. input
voltage, i.e. between wt=n to wt = 2 1, we change the limits of
integration.

m
I
~Ipe = %J Im sin(wt)d(wt) = %[-—cos(c:ut)];t
0

I I ol
=_ E’% [cos(m)—cos(0)] = - %[-l—l] = %

Ipc = I% = Average value

The average d.c. load voltage (Epc) : It is the product of average
D.C. load current and the load resistance Ry.

Esm
(R; R +R, )7 'L

I
Epc = IpcRy = - Ry =

¢ The winding resistance R; and forward diode resistance Ry are
“practically very small compared to R; hence neglecting them,
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_ Esm
Bgae w <=

by

The RMS value of the load current (lrms) :

* The RMS means squaring, finding mean and then square root.

Mathematically it is obtained as,

1% [1 T2 2
lrms = \/2—5 [ Iy sin wt)? d(wt) = Vﬁjlmsm
0 0

wt d(wt) 7

[ = ; n
i Nl 1 [ot sin2ot
~m \}EJ; 2 ‘““")“m\/‘ﬁ{— T}

2

—

=] r'_l_
m Vzn[

I

=
2

N3
A

0

.- sIin(2m) = sin(0) =0

r
il
i

I I E
RMs = 5" and Eq grys) = Ipys Ry = s R

2

\6}.’20 Derive the expression for the efficiency of half wave rectifier.
And show that maximum theoretical efficiency of a half wave
rectifier is 40.6 %.

Ans. : » The d.c. power output is,

—

I

2
I
Ppc = Epc Ipc = I R = [%jl Ry = R%RL

2

EsszL

using

Lo B
™" R TR, TR

* The a.c. power input taken from the seco

the power supplied to three resistances
Ry , the diode resistance R¢ and winding r.

ndary of transformer ig

namely load resistance
esistance R_.

of

1-24
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but [ -
i RMS =
The a.c. poweris,| p, =12 [Rp + Re+ R

wave,

2
Pac = -3 R+ Ry + R]

Rectifier efficiency : The rectifier efficiency is defined s .
of output d.c. power to input a.c. power.

B f‘

g N, 2

D.C. output power _ Ppc = n’ = (R(M £

i input power P 2 f TRy

A.C.input p AC I%[Rf +R; +R]

__ 0406

~.Dividing by R| to numerator and n (R R
denominator, f Bl

* Practically (R; + Ry) << Ry, we get the maximum th

efficiency of half wave rectifier as,

% Nmax= 0.406 x100 = 40.6 %7

® More the rectifier efficiency,
output.

less are the ripple content

21 Define the ripple factor. Derive its expression and het .'
its value for the half wave rectifier.
Ans. : e The measure of

help of a factor called
smooth is the output.

ripples present in the output is w
ripple factor denoted by v. It te

Ripple factor Y = R.M.S. value of a.c. component i §
AVerage or d-C-COInponent of ou
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e The output current is compose '
component. P o b component as well as d.c.f
Let I,., = RM.S
ac -M.5. value of a.c. com
0 it ponent present

Ipc = D.C component present in output
o Igns = RMLS. value of total output current = /12 + ]2
ac DC

{12 _ 12
- -\IRMS IDC =\/m v ASPCI I
IDC I definition
It
]

/'Ripple factor = lac
Ipc

DC
e For a half wave circuit, whil Ipc = Im
s

Irms = 5+

e Using in the above expression for the ripple factor, ,

f [ [f Im }72 ey

) 71;2 |
4 —_ = —_— = = l
/ 1 7 1=_/1.4674 = 1.21 |... Halfwave

L 1 ( l“ ]'

This indicates that the ripple contents in the output are 1.21 times
tie d.c. component i.e. 121.1 % of d.c. component. ?

I )

Important Points To Remember

® The voltage regulation is the factor which tells us about the
change in the d.c. output voltage as load changes from no load

= D.C.

to full load condition.
e |f \_]- N ™ D.C. \'Qltage on no load and (\/dc )FL

voltage on full load then voltage regulation is defined as,

(Vae nL =~ Mae JFL 100
(Vdc )FL

% Voltage regulation =

Diode

1-26
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F Less the value of voltage regulation, better is thew
performance of rectifier circuit.
Transformer Utilization Factor (TUF)

e The T.UF. is defined as the ratio of d.c. power d
the load to the a.c. power rating of the transformer.

elivered to

D. C. power delivered to the load

. TUFE.= - = 0.287 for half wave.
g = A. C. power rating of the transformer

. .

e

Q.22 A half wave rectifier from supply 230 V 50 Hz with step
down transformer ratio 3 : 1 to a resistive load of 10 k Q. The
diode forward resistance is 75 Q and transformer secondary is

10 Q. Calculate the DC current, DC voltage, efficiency and ripple

factor,
Ans. : R, = 10kQ Ry =75Q, Ry =10 Q
Epgms) = 230 Vi N,/N;=1:3
N, _ Bemy . 1_Erwy
N;  E;,®wms) 3 230
E rms) = 76.667 V
Egm = v2xE Rrus) = 108423 V
- Esm = 10.751 mA

Im RL +Rf ‘+Rs

s I% = 3.422 mA

E‘DC - IDCRL =3.422X10_3X10X103

, = 34,22 V
Irms = I?’“ = 53755 mA
Pac = IZyg(Rp +Ry +Rg)= 02914 W
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DC 1 o,
o, B3 - 40. 8 /o

2
1
Ripple factor = 1}(_1%] -1=121

1.14 : Full Wave Rectifier

e The diode D; will be forward biased and hence will
while diode D, will be reverse biased and will act as

circuit and will not conduct. The diode D; supplies
current, i.e. ip=ig; -

* In the next half cycle of ac voltage, polarity reverses and
(A) becomes negative and (B) positive. The diode D, ¢
being forward biased, while D; does not, being reverse
The diode D, supplies the load current, i.e. ii = ig,.

Q.23 With the help of circuit dlagram and waveforms, explain the
/" working of centre-tap full wave rectifier.

—————
S S

s

Ans. : ¢ The full wave rectifier circuit is shown in the Fig. Q.23.1. * The load current flows in both the half cycles of ac volta

in the same direction through the load resistance. Hence
| rectified output across the load.
@ .

e,=E sin wt

O

* The load current is sum of individual diode currents flo
corresponding half cycles.

¢ The waveforms of secandary voltage (one half), load curr
load voltage are shown in the Fig. Q.23.2.

e

AC. Supply L

|
' T T
| Seconda [ LT T g
| vcaltagery ~—4- 010N _L D, ON | 31 OL —- DON _| D,ON _|
j (one haif)_ D; OFF D, OFF O, OFF D,OFF [ D, OFF
\ . e am
Center tap | ’
transformer D2 0 " n 31 an
_ 13 L )
| . [
Flg. Q.23.1 Full wave rectifier [ Load I
; L aurrent I, T
* It uses a center tap transformer. i - Bt I . 7l Lt i < s e i ST i o L U L
I [ - T
* It uses two diodes which feed a common load registance R, . ! boad I | o | LI 4,,31 ’r
E vol;age | Sl s & —
¢ The a. voltage 1s applied through a suitable power transformer | g lEm AT 1A= L
th I-r‘rlrl'l turns ratio : l 0 ’( 2? SF 4{'. .
Operation of the Clreult : l i - ' t
¢ Lonsider the positive half cycle of ac input voltage in which Fig,
termm

Q.23.2 Load current and voltage waveforma for full wave
wl (A) is positive and terminal (B) is negative due to center

e P Pn— . -
ecode

R ——

A Gulde Jor Engineering Students
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Important Points to Remember

'o R; = Forward resistance of diodes and \ Average DC Load Voltage (Epc) :
| Ry = LoadAr esistance * The d.c. load voltage is, Epc = IpcRy = ZImnRL
» R, = Winding resistance of each half of secondary Substituting value of I,
o B Maxi.rr'\un-‘l value of a.c. input voltage across each half of 2 Bun K 2E

i Eoc = TTR, +R s 1" R, +R, ]
' The maximum value of the load current ' IR 3y [1+_f§_._']
| L
e PP 1 | AN,

R,+Rs +R !
e L L R o * But as R; and R; << R; hence Bl 1.
() @74 Derive the expressions for the average d.c. current, d.c. load >
voltage and RMS value of the load current for the full wave . E 2Esm
! .. DC = T

rectifier circuit with two diodes.
Ans. : The average or d.c. value of the load current (Ipo) :

RMS Load Current ( Igys ) : Mathematically it can be obtained as,

» Consider one cycle of the load
current i from O to 7 to obtain I sinot

- ; Load

the average value which is d.c.  ron

value of load current.

2n
1 . =

* The circuit has two half wave rectifiers similar in operation

iy = 1,80 0t 0 swtsm b ¢ | R
o l‘ operating in two half cycles hence integration term is splitted as
1% . above.
Ly = Ipc = = [ip d(ot) | -
0 .
Fig. Q.24.1 Load current Irms = Inm J;J sin? (wt)d(wt)
1% waveform 0
= -T;jlm sin wt dot ! :
0 ' 17 1-cos2mt
= Im JTJ ——— d(wt)

l!l" [("COS wt)g] = Lz— [- cos ® — (- cos 0)]

..cosm=-1

.» T Jl[ﬂt._sm(th)]n = l[:t_-\
~ = 1=tay "ymL2 4 Jo Mym2]

MRS : I =Ilandg =1 R-I""R
i, RMS 2 L(RMS) RMS ™1 7—51,

\%&S For a full wave rectifier with two diodes, prove that its ripple
actor is 0.48 and its maximum efficiency is 81.2 %.

\[‘"éhf—;_ — p— ————— e
- A Guide for Engineering Students Decode A Guide for Engineering Students
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Ans. : Maximum theoratical efficiency : | Ripple factor : |
« D.C. Power output = Epclpc = Ipc Ry | e The ripple factor is given by a general expression,
7 2
: : . Irms |7 _
Poe = ( 35&} Ry —m Ry~ ARy Ripple factor = [—IFC—] 1
3 n° (Ry+Ry +Ryp) m

e For full wave Ipyg = Im /v2 and Ipc = 21, /7 so substit
above,

I O =
=[-m | (R; +R,+R -
(‘Fi) S s | Ripple factor =y = Iy /2 ~1-,}1‘-——1-o.4s
k Uy [ 8

I7, (Rf +Ry+R) f
2

AC power input Ppc = I;‘;MS(R,- +Rs+Ry)

e This indicates that the ripple contents in the output are 48 %

the d.c. component which is much less than that for the
wave circuit.

e Substituting value of I, we get,

| E2,

2
1 - Esm I ( Important Points to Remember
il (Rf +Rg+Rp) | ® PIV rating of diode in two diode full wave rectifier :
4 | PIV of diode = 2

Ppc output : '

IPC intput ool R ' | Note that E . = Maximum value of a.c. voltage across half
\ Ac 0P Im (R¢ +2RS +Ry) | secondary of transformer.

L

' | * The ripple frequency in full wave rectifier is '2f" Hz.
8 Ry, ; '# The average TUF for full wave rectifier is 0.693.

Rectifier efficiency n =

|

3 n?(Ry +Rg+Rp)

| Q.26 A single phase full-wave rectifier su ¥
pplies power to a 1
| load. The AC voltage applied to the diode is 300-0-300 V. ¥f di

: o bion, - resistance is 25  and that of the transformer second negligit
e But if R; + R, << R; , neglecting it from denominator | Dutermine sverigh | laal Rettiel iy a?:,“.g.
8 R 8 . rectification efficlency.
Mmax RZ(RL) ;;7 f Ans. : Transformer voltage is 300 - 0 - 300 V
i % Neax = —x100 = 81.2 % | Egms) =300 V, Eg = VZx300 = 424.264 V
m 2 |
i T
Rt S - R E_me e R 0.4139 A
£+ Ry 254 1x10°
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| 21, 2x04139
Ipc = —— = 02635 A |

= Ipc Ry =0.2635x 1x 103 [
= 2635V f

Poc = IZ-R; =69.4322 W,
Pac = Tjms (Re +Rp) '
Pac = | L-;) (R¢ + R, ) = 87.798 W
(V2 )
%n = %XIOO =§;—§;;zx100
= 79.081 %.
1.15 : Bridge Rectifier

Q.27 Draw the circuit of bridge rectifier and explain its operation.

“Gfve the input and output waveforms.
Ans. : » The basic bridge rectifier circuit is shown in Fig. Q.27.1.

Fig. Q.27.1 Bridge rectifier circuit
a full-wave rectifier

* The bridge rectifier circuit is essentially o
— using four diodes, forming the four arms of an elecirica

* To one diagonal of the bridge, the ac voltage is applied through a
transformer if necessary and the rectified dc voltage is taken from

the other diagonal of the bridge.

Operation of the circuit :
e Consider the positive half of ac input voltage. The point A of

secondary becomes positive. The diodes D; and D, wi.?l be
forward biased, while D; and Dy reverse biased. The two diodes
D, and D, conduct in series with the load and the current flows

as shown in Fig. Q.27.2.

Fig. Q.27.2 Current flow during positive half cycle

¢ In the next half cycle, when the polarity of ac voltage reverses

hence point B becomes positive diodes D3 and D4 are forward
biased, while D; and D, reverse biased. Now the diodes D5 and
D; conduct is series with the load and the current flows as

shown in Fig. Q.27.3.

@
Direction of

load current
I remains same

H

Fig. Q.27.3 Current flow during negative half cycle
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Busie Flectromics | I (2R¢ +R,+R;)
SRR & 1 : L
: that in both cycles of ac, the load current is flowing in | = M (2R, 3 -
. i see a "
I; . ::: direction hence, we get a full-wave rectified output. SR, 5| -
the s¢ ? S : A
in the e 1 = + 7 Nmax ’
e The waveforms of load current and voltage are shown = (R,+2Rf +RL)
Fig. Q27.4. ' ripple factor y = 048, T.UF. = 0.812
¢ The E,, is the maximum value of a.c. voltage across
E secondary winding of the transformer used.
Transformer wt
slm:ondarv

\* PIV rating for the diodes used in bridge rectifier is By

Q.28 A bridge rectifier is drivin

voltage

g _a load resistance of 100 Q. 1t |
driven by a source voltage of 230 V, 50 Ha. Neglecting djoq
- _._E_am_,_ resistances, calculate - i) Average d.c. voltag
Lfr;?-\t"- i Rg+ 2Ry + R
Ccu

e ii) Average
cwrrent {ii) Frequency of ou

tput waveform.
A

ns. : Given, RL = 100 Q, ES(Rm) = 230 V, Rf=0, f=‘ 50 I'I.Z
Egm = V2xE

1) Average d.c. voltage

s(RMS) = V2 x230 = 325 v

R E 2E 2x325 {
e e e e e = ——.—-‘ = E = —-ﬂ = - E
’’’’’’ LN N -~ RS o e — = 206.9 V .. AsR, 8
l ) |
i) A i
Fig. Q.27.4 Waveforms of bridge rectifier ) Average direct current
Important Points to Remember »5 Ipc = nm where I < - +2;{: 2
i s
* For bridge rectifier, in each half cycle two diodes conductj =
hence in t};e various expressions Ry must be replaced by 2R;. | TN - ;_0+0 .
Ry +2R; + Ry

2B, Ipc = zx% =2.06 A
Ipc Ry a1 i) Frequency of output waveform
Sl *Hy . T = 2f~ 95 504 100 5y
* o Ry 4; Im R  and

1.16 : Filter

¥ Explain the need of the filter.
:* The oy
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® The d.c. output voltage from a capacitor filter is, \\‘ .

Epc = E¢n ‘IDC[_Tle] for full wave

i
¥
i
i

| and Ep. =E,, —IDC[-2—1f(—::\ for half wave

| - trh“-‘ ripple voltage present in the output with capacitor filter
is;

g 4 volts for full wave 5 i

DC ‘
4./3fC i

|
i

r(RMS) =

! and Yy, = volts for half wave

Inc L
| e BT ] : |

' ® The rm.s. ripple voltage is given by, i
Vi®ms) = Epc * Ripple factor j'

/

Hasic Electronics

Q.33 State the advantages and disadvantages of capacitor ﬁlter.
Ans. : » The advantages of capacitor input filter are,
1. Less number of components.

2. Low ripple factor hence low ripple voltage.

Suitable for high voltage at small load currents.
disadvantages of capacitor input filter are,
factor depends on load resistance,

itable far variable loads as ripple content increases as Ry

tion is poor.

des are subjected to high surge currents hence must be
lected accordingly.

\ 1.18 : LC Filter or Choke Input Filter

34 Explain the operation of choke

input
ression for its ripple factor.

filter. State the

R Ty

Decode A Guide for Engineering Studants

Anms. : Y
LC filter. The filter element looking from the rectifier side is
inductor hence it is also called choke input filter or L-section filter,

¢ The Fig. Q.34.1 shows the choke input filter.

- - - ———

Load
/

sl
|

S PR St

g SRR

/ e e R

Half wave/Full wave Choge input
Bridge rectifier filter
Fig. Q.34.1

¢ The rectifier output which is pulsating d.c. is applied to
choke L. The inductor offers very small resistahce to d.c. a
hence it allows d.c. component to pass to the load and it blo
a.c. component.

¢ Most Qf the ripples are blocked by an inductor but the remainin
ripples are blocked by capacitor C. It offers small reactance to ac¢

ripples and as connected in shunt with the load, it bypasses th
remaining ripples.

¢ The capacitor C offers high reactance to d.c. hence it blocks d
component.

¢ Thus due to X and X reactances of L and C, almost pure

component is available to the load. Due to the double filterin
effect, the output of this filter is very smooth.

¢ Its ripple factor is given by,

1

642 6? LC - 5

¢ It can be seen that the ripple factor is not dependent on the

resistance, which is its Important advantage. It remains com
at all the loads.

Decode A Guuic for E,.ginurﬁl
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P

e The Fig. Q.34.2 shows the waveforms of LC filter.

Qutput
voltage
/ Rectified ?_lga.l‘i’:;'
¢ 1 S e >
7 \ / \ \ 4 N / \
b o W . W T I
/r N \ ’\’_/ \\_//r \/‘\\ X7~
/ \
1 A / \ :’ \\ a’ \ ’,’
- - - . bt
0 n 2n 3n -u s

Fig. Q.34.2 Waveforms ac LC filter

This filter has good regulation and is suitable for all the loads,

heavy as well as light loads.

Q.35 What is the necessity of bleeder resistance in LC filter ?

Ans. : Necessity of bleeder resistance : The basic requirement of

an inductor is that the current through it must be continuous and

not interrupted.

o If current through L is interrupted, it develops large back e.m.f.
which may exceed PIV rating of the diodes and voltage rating of
capacitor C. This may damage diodes and capacitor.

» To avoid this, inductor L must carry minimum current all the

time continuously without any interruption. For this purpose a
resistance Ry is connected across the output terminals, which is

called bleeder resistance.
* The bleeder resistance is shown in the Fig. Q.35.1.

Bleeder

Diode

T ='L resistance
| i k 45
;f C?Cr:er —I—C Rg TLI ll

Fig. Q.35.1 LC filter with bleeder resistance

Basic Electronics 1-46 Diade

1.19 : nt Filter or CLC Filter

Q.36 Explain the operation of n filter. State the expression for its
ripple factor.
Ans. : » A filter which uses two capacitors and one inductor, is

called CLC filter. The arrangement looks like a greek letter 7 (pi)

hence is it is also called T filter.

e The capacitors are connected in shunt while an inductor ‘is
connected in series between the two shunt capacitors as shown in

the Fig. Q.36.1.

! 1
] L | s Load
—o—! —0000 T =P+ ‘f
1 I
Half wave or - J_ _l_ i K R
Full wave or == C, ) L Vo
Bridge rectifier { T T : l
: i
=l | —-—
e ;
T filter
Fig. Q.36.1

e The rectifier output is given to the capacitor C; which 1is
connected- in parallel with the output of the rectifier. This
capacitor offers very low reactance to the a.c. component but
blocks d.c. component. Hence capacitor C, bypasses most of the
a.c. component.

® The d.c. component then reaches to the choke L. The choke L
offers very high reactance to a.c. component and very low
reactance (almost zero) to d.c. So it blocks a.c. component and
does not allow it to reach to load while it allows d.c. component
to pass through it.

® The capacitor C, now allows to pass remaining a.c. component
by offering very low reactance to a.c. ripples. Thus almost pure
d.c. component reaches to the load.

T
. A Guide for Engineering Students
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. 2) Higher PIV rating for the diodes is required.

I
| 3) Regulation is poar.
1 4) The large value of input capacitor C, in necessary.

£
I
-
N
"

* It can be seen that the ripple factor increases as R decreases ie. | 5) The inductor of high current rating is required hence castl

load current increases. Thus this fHlter is not suitable for high
load currents hence it is preferred for light loads.

1.20 : Design of Capacitor
in Capacitor Filter

* The Fig. Q362 shows the waveforms of = (Pi) filter. : i

e . b o Important Points To Remember

* Consider the path of the output voltage with ripple -:
rectifier with capacitor filter as shown in the Fig. 1.2, :

Output of filter Reciifier gutput

! et
! with ripple
? __________ -
; / v v ; o e
|L k\l, ‘l/ ll\l/ {f)‘.
c b 2% In

Fig. Q.36.2 Waveforms of = fliter

» The output of this filter is very smooth but it is suitable only for B o
light loads

State the advantages and limitations of = filter.
e The various advantages of =« filter are, ! Fig. 1.2
ripple factor is much smaller than LC filter.

V(min) |V (max)
Vo(av)

Vr = Peak to peak ripple voltage
d.c. output voltage at high load currents can be | £ =~ Fnpal faceai

t is very smooth. t; = Capacitor discharge time
design point of view. t, = Capacitor charging time
light loads. From Fig. 1.2,

dvantages of = filter are,

‘ K el = S m
15 bulky due to more number of filter components. 2
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which diode direction is opposite to that in negative series clipper "

e —

V, Output

virount.

mput VvV,

Ans. t » The Fig Q411 shows positive deries clipper circuit in i.

Load SR

i

Fig. Q.41.1 Positive series clipper

* For positive half cycle of input, V;, >0V and diode is reverse
biased. Hence it acts as open circuit and V, = 0V.

e For negative half cycle, when V|, <0 the diode conducts.

ideal

voltage

diode,
vV,

(8]

e Assuming
the
available is same as the

output

imput voltage.

us  entire  negative
cycle of input is Vo F;oai(i\m .;
able at the outpul. / clipped off ”\ Output
| \
positive  series ) o W o '
clips off the ._\/mL e : - :
of the Voltage across

ideal diode

it waveforms Sinusoldal input
are

the

Oidal input Fig. Q.41.2 Waveforms of series positive

in clipper

).41.2

~

raw the circuit of series negative clipper and explain its
lon alongwith the waveforms. Draw its transfer

clterintics.

B

Baaic lectronicy

Ans. : » The circuit which clipps off the negative portion of
Input is called negative clipper.
e Consider a series negative clipper shown in the Fig @,

where diode §s connected in series with the load.

<

Fig. Q.42.1 Negative series clipper

e For a positive half cycle, the diode D is forward biased. }
the entire positiva half cycle is available across the load resi
R;.

e While for a negative half cycle, diode D is reverse biased
hence will not conduct at all. Hence there will not be any v
available across resistance R, Hence the negative half
input voltage gets clipped off.

» The input waveform and the corresponding output
waveform is shown in the Fig. Q.42.2.

Vlnn VO ﬂk
" Vin |-+
an
-1
0 n 0 n e 2n
Negativa half is
clipped aff

(a) Input voltage (b) Output voltage :

Fig. Q.42,2 Waveforms of series negative clipper

» The graph of output variable against input variable of
is called transfer characteristics of the circuit.

e For the negative series clipper, the graph of V, against

transfer characteristics.
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Vi, Input voltage

Reference
voltage level

Vo | Positive |

OFF

/

s sk e

Fig. Q.45.4 Waveforms for positive biased shunt clipper

Q.46 Draw the circuit of two way clipper and explain its working
with waveforms.

Ans. : » The circuit diagram of two way parallel clipper is shown
in the Fig. Q.46.1.

R
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Positive half cycle of the input :

of the input. Hence V, =V,.

Negative half cycle of the input :

» When V,, goes positive till it becomes more than V;, ”
both the diodes are reverse biased. And V, =V, . ‘

* When V,, > V;, then D, becomes forward biased and :"
While D, remains reverse biased for the entire positive }

* Thus when V,, <V, D; and D, are OFF and V, =V, .

* While when V,;, >V, D, is ON and D, is OFF and V, =

o AATAAY
\ D, D,
Ve
\ M =V
1 T

Fig. Q.46.1 Combinational clipper

* Assume that the input is
Dy, and D

‘L_ ___o<_——>0

purely sinusoidal in nature and diode
2 are ideal diodeg.

S

Vin
A Input
LT CENY (. W e
= r
0 |} 1
] 1
v L L
e o S e FOI o e S S =
| e |
1 : 1 : :
: o o '
Vo 4 e ot E
- Positive 1 et | i
1 clipping 1 : ; ;
vV Lens 1 1 1
1 R :
5 '
T | 2%
0 0 1 I > ;
1 1 !
1 | H )
T I T o Sk |
E D, ON e i Negative clipping | :
\ / . : Dz i : I
[ B—— 1 1
D, and :

Decode
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entire negative half cycle of the sinput.

Fig. Q.46.2 Waveforms of two way clipper

* In the negative half cycle, as long as V,, is greater than )

diode D, remains reverse biased. The D, remains OFF

Decode
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L ' &
e When V, becomes less than V,

Diode

. the diode D, becomes forward
biased and conducts. The diode D, is still OFF. Hence V, =V,.
The output V, is negative as the polarities of V; are opposite to
that of V.

o Thus when V; >V,, D, and D, are OFF and V, =V,

o While when i, <V, Dy is OFF and D, is ON and Vo =V,

. The input and output waveforms for the two
shown in the Fig. Q.46.2.

Q_;7 Draw and explain the operation of zener diode shunt clipper.

Ans. : » The zener diode shunt clipper uses two back to back series

connected zener diodes in shunt with the load resistance. This is
shown in the Fig. Q.47.1

way cli};per are

Ve + V
—o { £ Va2
Dy T
§RL Vo/ _ -
D, S f
= (Vg +Vzq)
O
Fig. Q.47.1

. : i while the
¢ The voltage across forward biased zener diode is Vi
. i is V..
voltage across reverse biased zener diode is V;

. of D, is

N is forward
* For positive half cycle, for sufficient input voltage, D, 1ie S
is limits the
biased while D, is in reverse breakdown. This
voltage to (V§ +Vz, ) i
- e 2 ltage, D2 i
*For negative half cycle, for sufficient negative vo' glimits b e
| s
forward biased and D, is in reverse breakdown. Thi
Output voltage to - (Vi +Vz1)

—
cho‘l
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* Using different zener voltage, different clipping levels in positive
and negative half cycles can be obtained.

* This clipper eliminates the need of separate batteries which are
required in shunt biased clippers.

1.22 : Clamping Circuits

Q.48 What is clamper ? Which are the two basic elements of
clamper ? How clampers are classified ?

Ans. : e The circuits which are used to add a d.c. level as per the
requirements to the a.c. output signal are called clamper circuits.

* The capacitor, diode and resistance are the three basic elements

of a clamper circuit. The clamper circuits are also called d.c.
restorer or d.c. inserter circuits.

* Depending upon whether the positive d.c. or negative d.c. shift is

introduced in the output waveform, the clampers are classified
as,

a) Negative clampers and b) Positive clampers.

Q.49 Draw a negative clamper circuit and explain its operation.

Ans. : » A negative clamper is shown in the Fig. Q.49.1.

s ~}
Vin D R. Vo
o i

Fig. Q.49.1 Negative clamper

* During the first quarter of positive cycle of the input voltage V,,
the capacitor gets charged through forward biased diode D upto
the maximum value Vi of the input signal Vin-

® The capacitor charging is almost instantaneous.
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FReverse blassd

Flg @522 Positive half cycle of Input
- ts charged equal to V,, with the polarity as

Ry Tk

Fig G523 Megetive half cycle of input
seet?. across 2 capacitors in series.

: “ E . d
of the input hence the circuit is calle

Basic Electronics

1-70 [Hode

Q.63 Explain voltage tripler and voltage quadrupler.
Ans. ; Voltage tripler circuit : The Fig. Q.53.1 shows a voltage tripler

clroudt,

Single phase v
ac supply |

Flg. Q.53.1 Voltage tripler

- Vo= 3 Ve -

* During first positive half cycle of the input, the diode D,
becomes forward biased while D, and Dy are reverse biased.

* The capacitor C; charges to V,, through the forward biased diode
Dy with the polarities as shown in the Fig. Q.53.2.

C'l
T
2l
Vm
Y IEE v o
A ON
:

Fig. Q.63.2 C; charges to V,, through diode D,

* During next negative half cycle of the input, the diode D, s

forward biased. 2
¢ The capacitor C; holds its entire charge and its voltge remains

m’




i)

D02
> ON

Fig. Q.53.3
¢ The diodes D, and D, are reverse biased.

:

® Applying KVL, +V, V2 + Ve =0 e

Vez = Vm + Ve, = 2V
* In the next positive half cycle of the input, the diode D, is

forward biased because C; retains its charge and voltage across it
to 2V, while C, retains voltage across it to V,, .

* The diodes D, and D, are reverse biased.

* Thus the capacitor C, charges to 2V, through forward biased D,
with the polarities as shown in the Fig. Q.534.

* The output V, is taken across the capacitors C; and C; ie,

Vo = Vo1 +Ves = 3V,.

* Thus the output is three times the peak of the input
circuit works as voltage tripler.

Voltage quadrupler circuit : The Fig. Q535 shows a
quadrupler circuit.

2V,
=
B 1 ;
T
Single phase ” D, Dy
ac oupT
2v V.
uLT =
1[ -
2
LA Vo=4 Vi

Fig. Q.53.5 Voltage quadrupler

* Analyse the circuit exactly similar to the voltage tripler fo
three half cycles and in the next half cycle the diode D,
forward biased with all other capacitors
and hence the same voltages across them.

* Thus the capacitor C, charges to 2V,,, with the polarity
the Fig. Q.53.5 in a negative half cycle, through D,

¢ The output V, is taken across the capacitors C, and C,.

’ Vo - VCQQ‘VC‘ -ZVm +2V‘-‘V.

Thusmeoutputllfourdmuthopnko!th.m ralia
clrcuit works as voltage quadrupler, g

. C, C,
A + }:_.TI }'-__
- /. o \ s Vl‘n 2 Vm
; ‘ ! = |6 \ o 1' 03
R 7 - jnﬁ_/' |‘> % ON
- | 2V,
& 0
| [
Ca
Fig. Q834
.
. Apply KVL, -V .
ing +Vy % V”4V(.2-0 e Ve “ Vey = 2V,
A Guide for Euglneering Studonn
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L ,-_4 © Reading Datasheet of Semiconductor Diode

lmportant Polnts To Remember

« The manufacturer of diode provides the detail information
about the diode. in the form of datasheet. The various diode

parameters are specified in the datasheet which help us lu'
wiect the diode tor an application circuit. l

QM Explain  the
datasheet

Ans. ¢ The varous diode parameters specified in the datasheet are,
I} Reverse saturation current : The constant  reverse  current

dowmg through the diode, when it is reverse biased is called
reverse saturation current of diode denoted as 1,

varlous diode parameters specified In (s

* [t s constant at constant temperature, though reverse voltage is
mereased tll breakdown of diode occurs.

i) Reverse breakdown voltage : When the reverse voltage is

moreased. at a certain value the breakdown of diode occurs and

reverse current increases very sharply. This voltage is called reverse

breakdown voltage and denoted as Vi, The diode gets damaged

due to breakdown

W) Knee voltage : A small forward voltage applied to a forward
b'—-“\’\‘

{ diode at which current starts increasing exponentially i.e.
rapidly 1s called knee \'ollage of a diode.

¥) Maximum forward current : The maximum current that a
forward brased diode can withstand before burning out or being
wnously degraded, due to high junction temperature is called
Maumum forward current. It is denoted as I (max)

¥) Peak inverse voltage : The maximum voltage applied to the
Yiode in the reverse direction without breakdown of the diode is

‘alled peak inverse voltage of a diode. It is also called PIV rating
of a diode

“) Maximum power rating : The maximum power that the diode
‘an dissipate safely, without increasing the junction temperature

bove :
ROVe its limiting value is called maximum power rating (MPR) of

A diode |t 15 measured in watts.
| ——

1-74 Diode

Dasic Flectronics

vil) Forward voltage drop : It is the maximum forward voltage
drop specified at certain forward current and temperature. It is
denoted as Vi

Memory Map
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Bipolar Junction Transistors “'
and its Biasing |

e 2.1 : Bipolar Junction Transistor
Q.1 What is transistor ?
a-.:-'rmm is a three terminal device : Base, emitter and
collector, can be operated in three configurations common base,
‘common emitter and common collector.
e According to configuration it can be used for voltage as well as
~ current amplification.
- Q.2 Explain the word transistor.
~ Ans. : » The amplification in the transistor is achieved by passing
input current signal from a region of low resistance to a region of
” resistance. This concept of transfer of resistance has given the
. name TRANSfer-resISTOR (TRANSISTOR).
u State the two types of transistors.
Q‘ : There are two types of transistors
~ gramsistor and Bipolar junction transistor.
@4 Why transistor is also called bipolar junction transistor ?

Unipolar junction

‘ . The current conduction in bipolar transistor is because of
- both the types of charge carriers, holes and electrons. Hence this is
galled Bipolar junction transistor.
. @5 What are the types of BJT ?
Ans. : 1. n-pn type 2 p-n-p type

r

| T

2-2
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Q.6 Explain the construction

i is form $
Ans. : © When a transistor 1S . : g
p-region between two n shown mtrthe .Fxg. * 6
an n-p-n type transistor. The p-n-p tyP€ ansistor

i wn in Fig. Q.6.1 by
n-region between two p-regions, as sho g b).
Emitter Base Collector 4

(a) n-p-n

Emitter Base Collector

(b) p-n-p
Fig. Q.6.1 Bipolar transistor construction

¢ The middle region of each transistor type is called the bas
transistor. This region is very thin and lightly doped.
e The process by which impurities are added to
semiconductor is called doping.
e The remaining two regions are called emitter and collecto
e The emitter and collector are heavily doped. But the
in emitter is slightly greater than that of collector.
s The collector region-area is slightly more than that of
Q.7 Draw the symbols of pnp and npn transistors. ; P
Ans. : » Fig. Q7.1 (a) and (b) shows the symbols of n
transistors. Arrow head on a transistor symbol
conventional current which is opposite to the direct
current in emitter.






T

2-5 Bipolar Junction Transistors and its Biasi Blectrowics 2:8 Bipolar Junction Transistors
8 c
dapleton depieton -‘ Region | Emitter-base junction Col,lec:lt-bm
unction
e ®® e 6o /
S eaes et Active Forward biased Reverse biased
P @ =) C
8 ‘5 § 5 — Cut-off Reverse biased Reverse biased
2900 Vee = Saturation Forward biased Forward biased
g (g f' e s Table Q.11.1 Operating regions
¥

* In order to operate transistor as an amplifier, it is r
bias it in the active region.

y, Fig. Q.10.1 Forward blased EB Junction and reverse blased CB
Junction In pnp transistor

2.3 : B]JT Voltages and Current

Q.12 Explain various voltage components of BJT. 4
current [g. As these holes flow through the n-type base, they tend Ang : o Fig. Q.12.1 shows the terminal voltages and its pe
to combine with electrons in n-region (base). As the base is Venf for an npn transistor. The voltage between base and

thin and lightly doped, very few of the holes injected into th denoted as Vgg. For Vgg, base is positive than emitter beca

base from the emitter recombine with electrons to constitute bas npn transistor, the base is biased positive with t _
current, by- . emitter.

® The remaining large number of holes cross the depletion regio
and move through the collector region to the negative terminal o
the external dc source. This constitutes collector current I-. Th

the hole flow constitutes the dominant current in an pn
transistor.

* The voltage between
the collector and the
emitter is denoted as
Veg and the voltage
between the collector
and the base is denoted g
as Vep. Since collector ol
is positive with respect -
to base and emitter the

polarities are as shown Fig. Q.12.1 Vv otugs sodil B
in the Fig. Q.12.1. for

* Like npn transistor, in pnp transistor the emitter current i
summation of base current and collector current.

lg = lg +1¢

Q.11 State the operating regions of BJT.

Ans. : » Depending upon external bias voltage polarities used,
transistor works in one of the three regions : 1) Active regi

Fig. Q.12 ,
2) Cut-off region and 3) Saturation region. *f8 Q121 shows the npn transistor with

M




- :!_Akf CB 'unCﬁon reverse biased, tl'te s5u
gways much larger than supply voltage Ve

Transistor

: e base is
with respect to the emitter, and the biased negative
pegative than the base.

Fig Q122 shows the
pnp ftransistor with
voltage source
wmections. Like npn
fransistor voltage
sources are connected
With series resistors.
e  source

voltage
PoSiove terminals are
®mnected at the emitter

with Vee larger than
Vig

-

Fig. Q.12.2 Voltage source connection for

to keep pnp transistor
ector-base junction
¥1se biased.

State the junction voltages of BJT.

*In different conditions such as active, saturation and cutoff
e different junction voltages. The junction voltages for a
PN transistor at 25 °C are given in the Table Q.13.1.

-
Basic Electromi
e 2-8 Bipolar Junction Transistors and its Biasing
¥ 4
Ype vCl sat vll sat vll active v!l cutin vl! cutoft
St 0.2 0.8 0.7 05 0.0
Ge 0.1 03 0.2 0.1 - 01

Table Q.13.1 Typical npn transistor junction voitages at 25°C
® The entries in the table are appropriate for an npn transistor. For
PNp transistor the signs of all entries should be reversed.
Q.14 Explain the varlous current components of the transistor.
Ans. : ¢ The directions of conventional currents in an npn transistor
are as shown in Fig. Q.14.1 (a) and Fig. Q.14.1 (¢) and those for a
pnp are shown in Fig. Q.14.1 (b) and Q.14.1 (d). Figures show the
conventional currents using the schematic symbols of npn and pnp
transistors, respectively.
¢ It can be noticed that the arrow at the emitter of the transistor's
symbol points in the direction of conventional current.

* Let us consider pnp transistor. The current flowing into the
emitter terminal is referred to as the emitter current and
identified as Ig. The currents flowing out of the collector and
base terminals are referred to as collector current and base

current, respectively. The collector current is identified as I~ and
base current as Iy.

For both npn and pnp transistors.
g = Iz +1¢
Refer Fig. Q.14.1 on next page.

m
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3

T

|
|

L

=
EE

dc biasmg e AE C A
conditions are not 9

shown in the figure. =

Since we are 100mV N A 3
interested in Ay 5

Fig. Q.14.1 Transistor conventional current directions

Parameter

Symbol

P e . A .

2 Carriers Electrons are the Holes are the
more important important carriers
carriers o
3. Voltage A positive voltage is | A positive volt '
applied and given to the collector | given to the
current terminal to produce a | terminal to produ
direction current flow from the | current flow f
collector to the emitter to colle
emitter.
4. Vee Positive . | Negative
5. Emitter arrow | Pointed out Pointed in ;
6. The current directions and voltage polarities in PNPs and
NPNs are always opposite to each other. .

Q.16 Explain the transistor amplifying action with the }
example. 1

Ans. : e Fig. Q.16.1 shows the common-base amplifier ci

malYSing a.c. — ‘ : .
response. Fig. Q.16.1 CB amplifier

e For CB configuration the a.c. input resistance ('Ri) is
typically varies from 10 to 100 Q. ’
e On the other hand, a.c. output resistance (&
configuration is quite high. It varies from 50 K to 1MQ.
e The difference in resistance is due to the forward-bi:
at the input (BEjunction) and the reverse-biased jur
output (BC junction). '
» If we assume Ri =50Q and R, = 200 K we have,
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in CB configuration

cha in emitter-base voltage
B emtter current (3g) at

e normally 0.7 V for
). the emitter current (Ig)
smmse in emitter-base voltage

tc = losn

! ] :

Icso It is the reverse .__|_||, il
saturation current o i
flowing due to the b
minority carrier Fig. Q.20.1 CB cc

between collector and base open
base when the emitter is open. Icgo is :
compared tolqmnanddmefmeweluve

Ic = Ilcm
However, when emitter is open

Ic = Icso
li;_: y —e= Emitter open
= Collector to base leakage current

Key Point : The reverse saruration cwrrent, lcpo is temperature
ubn&lcs)brmw‘CrMbnw

Decode
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B

‘ region : In this region, the emitter-base junction Jg)
m base junction (Jo) both are forward biased. Here,
Icis independent of Ig.

»#f region : The region below the curve Iz = 0 is known as
MMhedlectorcurrentmneulyzeroandthe
(Jo) and emitter-base (Jg) junctions of a transistor
i aw the circuit configuration of CE connection.

I?IIO In this configuration input is applied between base and
r, and output is taken from collector and emitter. Here,
of the transistor is common to both, input and output
. and hence the name common emitter configuration.
emitter cmﬁg'u:atlons for both npn and pop transistors

Vas
=]

(b) pnp
Fig. Q.24.1 Common emitter configurations

A Guide for Engineering Students

Q.25 Define Py
Ans. : * The B . is the ratio of output current I and _;'

in common emitter configuration. It is cd
amplification factor or current gain.

e It is given by,

Ig

ﬁdc -

@ |5

Q.26 Derive the nlatlon-h!p between o 4. and Py
Ans. : B = _..

We have, IE - IC = IB ie. IB - IB — lc
Ic
S = 7

lg=Ig-Ic
Dividing the numerator and denominator of RHS.
equation by Iz, we get,
B Ic/1g
Ig/lg - 1c/lg

E
We know that, a-l—% and Ig =1Ig + I

o
Ig +1c
Dividing the numerator and denominator of
equation by Iy, we get, .

I-/1
o Tp/Tg + !c”n
- P
=B :

L =







 collector current I and collecto
~ values of
- characteristics. A typical family of ou
~ n-pn transistor in CE configuration is sho

v
=

Bipolar Junction Transistors and its Biasing Basic Electronics 2-.22

Note : While plotting

input characteristics the
magnitudes of voltage and
current are considered
Practically the voltage and
current polarities age
opposite for pnp and

npn transistors

»|Vgel(V)

Base-emitter voltagé

Fig. Q.32.1 Input characteristics of the transistor in CE configuration

2 After the cut-in voltage, the base current (Ig) increases rapidly
with small increase in base-emitter voltage (Vgg) Thus the
dynamic input resistance is small in CE configuration.

3. For a fixed value of Vg, Ip decreases as Vcg 18 increased.

Q.33 With a neat diagram explain the output characteristics of npn

transistor in CE configuration.

Ans. : 1. This characteristics shows the relation between the
r voltage Vg, for various fixed

characteristics is often called collector
tput characteristics for an

wn in Fig. Q.33.1.

2. The value of B, of the transistor can be found at any point on

the characteristics by taking the ratio I¢ to Iy at that point, i.e.
Pac = 1 /1. This is known as D.C. beta for the transistor.

Ig- This

[Igl(mA)

[Tl = 80 pA
Saturation 80
|ig| = 80 pA Note : While plottis

..... of voltage and
considered.
g , Igl = 40 pA voltage and ¢
0 are
20 uA transistors

gl = 20 pA

. (gl = O pA

Collector-emitter voltage

Fig. Q.33.1 Output characteristics of the transistor in CE confi

3. From the output characteristics, we can see that ch
collector-emitter voltage (AVqg) causes the little cha
collector current (Al-) for constant base current Ig. T
output dynamic resistance is high in CE configuration. '

AVcg

7 mheep——
A IC Ig =ConstantORA Ig =0

e The output characteristics of common emitter co:
consists of three regions : Active, Saturation and Cut-off.

Active Region :
. For the operation in the active region, the it
junction (Jg) is forward biased while collector base j

(Jo) is reverse biased. Y

« The collector current rise more sharply with increz
the linear region of output characteristics of CE trar
Saturation region :

« In this region, the emitter-base junction (Jg) and
junction (J¢) both are forward biased.




N

""-L-[r(lrll'l-..*'

- 29 ;

gasic Elec Btpolurjunction Transistoys d i

— an ts
The saturation value of Ve desj

£ ree - =’ nat ’

ranges between 0.1 V to 0.3 v, §nated VCE fast i Usually

Biaat‘ng

Cut-off region :

, The region below Iy =0 is the cut-off re

the transistor. In this region, both tSelor? of Operation for
transistor are reverse biased. Junctions  of the

To identify the operating region of trans
certain conditions. These are :

; e
For saturation : [R e 0

[

“dc

1stor we can observe
¥

For cut-off : Iy =0

For active region : \ CE >\’(‘l~j (sat)
Q.34 Draw the neat circuit configuration of CC.

Ans.: » The Fig. Q.34.1 shows the common collector configuration.
In this configuration, input is applied between base and collector
and output is taken from emitter and collector.

* Here, collector of the transistor is common to both input and
output circuits and hence the

name common collector
coniigu ration.

* Common collector connections for both npn and pnp transistors
are sl own in Fig. Q.34.1 (a) and Q.34.1 (b), respectively.

Commaon collector

(a) npn (b) PPP

Fig. Q.34.1 Common collector configurations

Basic Electronics 2-24 Bipolar Junction Transistors and its Biasing

* Here, the output at the emitter follows the input at the base and

hence this configuration is also known as emitter follower
configuration.

Q.35 Sketch and explain the input characteristics of transistor in
CC configuration.

Ans. : o The input characteristics of CC configuration is a graph of
input current 1, (base current) versus input voltage Vg (collector
base voltage) at constant V.. The base current is taken along
Y-axis and collector base voltage V. is taken along X-axis.

* Fig. Q.35.1 shows

the input [leltA) j‘
characteristics of a T L o
typical transistor in FORSER TR Vgl =2V
common-collector 80 ]
configuration. 60—

e The common A0
collector input 20+ ¥
characteristics are E, -

0 1 18 2 25 3 NeglW

quite different from
either common base
or common emitter

input characteristics.

Fig. Q.35.1 Input characteristics of transistor
in CC configuration

This difference is due to the fact that the input voltage Vg is
largely determined by the level of collector to emitter voltage
CE-

* Looking at Fig. Q.35.1 we can write,

Yee =, Vea= ¥oa

or Ve = Vee + VBe

e In CC configuration input junction is BC and it is reversed biased
so input resistance in CC configuration is very high.

Decode A Guide for Engineering Students
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. i explain the output characteristics of transistor in
R & the petween emitter current Iy and collector to
tter voltage Vi at constant base current I5. The emitter current
is taken ken along Y-axis and collector to emitter voltage along X-axis.

 Fig. Q.36.1 shows the output characteristics of a typical transistor

_in common collector configuration.

, Since, I~ is approximately equal to Iy, the common collector

output characteristics are practically similar to those of the
common emitter output characteristics.

[Tgl(mA)
«— Active region —
[Tg| = 80 pA
region
[Ig| = 60 pA
=40 pA
1 jigi=20pA

[1gl = O HA

‘ 1.5 Vcel (V)
Collector - emitter voltage Cut-off region

1 Output characteristics of the transistor in CC configuration

Tlhe current gain of CC configuration is given by
!+Ig I

7 B -1+1£-1+B-1+.L=__1__
: B 1

—Q 11—

Basic Electronics
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Q.38 Compare CB, CE and CC transistor configurations. EI/
Ans. : T
,r]
Sr. | Characteristic|Common base| Common F
No. emitter i
o
1. |Input resistance|Very low (20 Q) Low (1k€2) in
Ry m
2: Output  |Very high (1 M| High (40 k) tra
resistance (R,) Q)
Input current Ig Ig
Output current Ie Ie .40
5. | Input voltage Emitter and Base and Base and '
applied between base emitter - Ans.
6. | Output voltage | Collector and | Collector and Emitter B P
taken between base emitter § corre
7 Current ] B Ic transi
amplification Ig Ig d.c v
factor -
8. Current gain |Less than unity [High (20 to few
(A hundreds) Q.41 |
9. | Voltage gain Medium Medium  Ans. :
(Ay) ; voltag
10. | Applications |As a input stage| Provides both - Operat
of multistage voltage and :
amplifier current &a:n Q.42 ¢
greater than i
unity and hence Ans. :
it is widely used| the tr;
in audio signal B
amplification ansis
3 Par am
Q.39 Why CE configuration is widely used in amplifier c Varieg
Ans.: o The common-emitter configuration is wid Q43
amongst three transistor configurations. The main reasons ! Ampig,
wide-spread use of this circuit arrangement are : Ans, .
e The CE configuration is the only configuration which mutp,_,t
both voltage gain as well as current gain greater than uni OPeratj,
€ loac

.






Bipolar Junction Transistors and its Biasing

Basic Electronics 2-30 Bipolar Junction Transi

=Voc ; Ic=0 and we get a point A
=0 . Ic=Veo/Re and we get a point B

on with points A and B and line drawn
&udnwnbetwea\pomuAmdBiscaued

/s = 10 V and Ry = 5 K then Iy = 2 mA. Now, if
w curve for this value of Iy ; then
4s curve and d.c. load line is the operating point.
!nd point on the characteristics, so it is called
- or Q point (Quiescent means quiet, still,
ent values of I;, we have different intersection
Qand R All these points are quiescent points.

for saturation and active regions.
Mg region of transistor we can observe

sV
CE >VCE (sat)

Applying KVL to the collector circuit we have,

Q.46 Explain the criteria for selection of the operating |

OR Explain the role of Q-point on d.c. load line.

Ans. : The operating point can be selected at
positions on the d.c. load line : Near saturation reg
region or at the centre, i.e. in the active region.
operating point will depend on its application. When
used as an amplifier, the Q-point should be selected at
of the d.c. load line to prevent any possible disto
amplified output signal.
In case of switching operation, the operating point shoul
saturation region for ON-operation and it should in
for OFF-operation.

Q.47 Determine Ig , I , Ig ,
Ve in the circuit of

Fig. Q.47.1. The transistor has

a f§ =150. Assume Vgg = 0.7 V.

Also draw DC loag line and 1.5V
show Q-point.

Ans. : Applying KVL to the
base circuit we have,

Fig. Q.47.1

1.5 - IBRB_VBE-O

15-V 15-0.7
Ip = BE _ = 80
. Rp 10x103 g

Ic = Blg=150x 80 pA = 12 mA
.IE = Ig+I- = 80 pA+12mA = 12.08 mA

Vec = IcRc - Vg = 0 ‘
Veg = Vec-IcRe=10-12x 102 x 100
= 88V :












. - E
‘ “,C'\'CC-ICRC_IERE ‘
=1

vg =1gRe |
! ‘.CE'-‘-C-VE |

Q54 For the circuit shown In
Calculate Ig.Ic. Vez- Yoo VE! Vg an

Fig. Q.53.3

Fig. Q.54.1.
d Vgc. Assume p = 100.

1 15-0.7
e
E  330x1g03 +(1+100)x 103

Jor Engineering Studenzy
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= 100 * 33.18 pA < 3.318 mA
IC i BIB e 4
TE = IB -"IL - 3-351 m
- Ve -lcRc T1ERE
Ve = PN C : 3 3
- 15,3318 10-3 x2x10% - 3.351 = 1077 x1x10
=5V . ;
v. = Vec -IcRe _ 15-3.318x107> x2%10
C
= 8364 V
Vg = 1gRe = 3 351%107°> x1%10?
=3351V
Vpe = VB Ve = 4.051 — 8.364
- - 4318V
Q.55 Determine Icq and Vcpq for 1 kQ
the network shown in
Fig. Q.55.1.
Ans. : Applying KVL to the base
circuit we have, > =
Vg - Veg —[(1+B) Ipx 2.2 K]=o0. T_
sIg = _‘_@B_‘XEE_ =l
1+px22K =
= 5=07
(1+100)x 22K 4
= 19.35 pA = = 4
Fig. Q.55.1
) " %
cq = Plp =100 x19.35 pA = 1.935 mA
N =
CEQ Vee - 1Ic Re ~1g Rg
= 15-(1.935
*1)-(1.954x 2.2) = 8.766 V
Decode
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2-45 Bipolar Junction Transistors and its Biasing

2.10 : Thermal Stability

Q.63 What is bias stabilization ?

Ans. : ¢ Ideally, the Q point should
and down on the de load line. However, it is quite unstable.

« Two important factors are responsible for shifting the operating

point are :
« Temperature
« Variation of hg (B) within manufacturers tolerance
o The process of stabilization of Q-point using biasing circuit is
called bias stabilization.
; Q.64 What Is stability factor ? Define various stability factors.
3 Ans.: * In order to compare the stability provided by these
circuits, one term is raised called stability factor, which indicates
degree of change in operating point
temperature. Since there are three variables which are temperature
dependent, we can define three stability factors as below

s

be stable; it should not shift up

due to variation in

AL
Al

“ = -
Uco or S, -
; CO _\I(» =
.t 4
Y Bi nstant
(1)
or Sp s ‘E[\
y A\'Rr Ic .
“E lico, B constant
v:)
r S A [
AP

1 1
'CO, VBE constant

(3)

4G :
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K;YAPOI"“ Ily, sta perfecﬂy zero tg
Ideally,
operating point stable.

bility factor should be

ili hould have the wvaly
. J]ly stability factor S o

< Pr.a c.mzlnf as possible. Thermal stability of a cirey;

R bility factor, 8.

assessed by deriving a sta
3. Stability factor indicates the degree of change in
point due to variation in temperature.

Q.65 Derive the expression for the stability factor S of the

bias circuit.
Ans. : Step 1 : Obtain the value of dlg /9]¢

For fixed bias circuit,
Voc = Ve

IB - RB

1

Ig

Differentiating w.r.t. I~ and considering Vgg
to be independent of I~ we get,
dl g

ol - =0

Step 2 : Substituting the value of dlg /A1 in

expression of S.

Fig. Q.85.1

1+8 1+B

S " =
T-Aalg/olc) T1=0 ~ 1 *P

Q.66 State the stability factor

collector feedback bias circuits. Sacoy for voltage divider bias

Ans. :
Ol | :
S(ICO) = «IL! i 1+B
CO‘\’BE'ﬂCcmstant 1+B Rg 1
Rg +k} s
--- For voltage divide’
——
Decode
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—.

- | (e
e e e, I—B
“{ICO) v, B -
al Rc )
E RC‘RB }

L0 Iy BE - B constant 1 [}

... For collector feedback bias circuit
Q67 What is meant by compensation techniques ?
Ans. : Compensation  techniques  refer to  the

devices such as
thermistors, etc., which provide compens
to maintain the operating point stable.

use  of
diodes, transistors,
ating voltages and currents

temperature-sensitive

Q58 Explain the diode com
divider bias circuit.

Ans. : Fig Q.68.1
show's diode
fompensation technique
used in voltage divider

pensation technique used in voltage

bias

Veo
Here diode is
fonnected n series

With resistance R, in
e voltage divider
Srcult and it is forward
brased condition

Fig. Q.68.1 Diode compensation in voltage
divider bias circuit

We derived for voltage divider bias,

L= B

E Rg
Also o - X8

3 RE

[\ = iE

Basic Electromics 2-48 wmn—-u--iun-—.

Vg -V,
-—!k—-!- - (1)
fe - B
When Vgg changes with temperature, I~ also changes.
To cancel the change in I, one diode is used in this circuit for

Substituting in equation (1), we get

Vo + Vy =V,
Ic-_B_‘g_l e (2)

If the diode which is used in this circuit is of same material and
type as the transistor, the voltage across the diode will have the
same temperature coefficient (-2.5mV/°C) as the
voltage Vpp. So when Vg changes by @ Vae
temperature, Vp, changes by 3 V, and dVp =3 Vyg, the 5
tendtocancelead\oth.ermdh-nhenlhmm-

g
|

Which is unaffected due to change in Vgg. From Fig. Q681 we can |
see that biasing is provided by Ry, R; and Rg. The changes in Ve
due to temperature are compensated by changes in the diode
voltage which keeps [ stable at Q point.
Q.69 What is thermal runaway ?

mrmtﬂ\eplooeas'ummuhﬁvelrd!th
heating. The excess heat produced at the

may even bum and destroy the transistor.
‘Thermal runaway’ of the transistor.
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Ic
R4 Rc ‘

‘ .

perature

dition.
1side voltage R, Re r‘

e >
p Q70.1 we can Fig. Q.70.1 Voltage divider bias
: circuit

rated at the collector junction

ek o B M 4

e (1)

w (2)

. (3)

2-50 Bipolar ]nncflon

= D.C. Power input to the circuit - the power
and RE

“Fc = Vee xIc =12 Rc -12 Ry
If we consider I~ =1y we get

Po = VeexIc -12 (Rc+Rg)

Differentiating equation (5) with respect to I~ we
dPq :

'5% = Vec -2Ic (R +Rg

i
get

Referring and rewriting condition equation (3) to
runaway we get,
0P 3ls 1

9l ‘9T, @8

a1
In the above equation —L- can be written as,
o E
aID aICO ,aVBE & 3B"~ 3
5 " 57T S an 15 5

Since junction temperature affects collector current by . £f
Vpg, and B But as we are doing analysis for thermal r
affect of I-5 dominates. Thus we can write '

3lc _ dlgo
9T 9T

As the reverse saturation current for both silicon ar
increases about 7 percent per ° C, we can write

9lco
9T,

0.02T %

Now substituting value of girg and -g;s- in equat
j =

SLT,Q = 5x0.07 100
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Ba lr tors alld l‘" Bfﬂll’"g
c € onic. z - 2 C

‘S 2F is switching
ing v < : BJT is
(o substituting value of T, and E) Py from equations (11) and Ans. : o Second major application area of BJ

i i T is normally
7) we get, applications. When used as an electronic switch, a BJ
b / N .
- - operated alternately in cut - off and saturation

cc -21c R+ Rp)l (S - i ;
Vec -21c R+ Rp)l (8) (0071 ) < 5 e (12)

Vee
o ] Re
§ 1o and 0 are positive, we see that the in 5
AS O I = : .
§ is ;l\m_vs satisfied provided that the qu O
f

wacket is negative.

Ic =0
equality in equation

antity in the, square

\'L4L\ < 2IC (RC + RE)

CC

== < IC (RC + RE) e (A
ipplving KVL to the collector circuit of Fig. Q.70.1 we get,
N Ve = Voo -Ic Ry +Re)  ~  I.alg a) Operated in cut-off (open switch)
C (a)
Ic Rg+Re) = Vee =Veg
Mbstituting value of I~ (Rg + R¢) in equation (13) we get,
Ve '
,ﬁ(:*L < \VCC _— VCE
V
- . X CC
Vor < Voo s
Ve
v & &
\ cE < 5
- : f er
S Ve < \‘:‘i, the stability is ensured. But in transform

: Veg 2 Voo Hence
rcuit, R~ and Ry are quite small and Vcg

. ircuits with stability
. Meessary to design transformer coupled circul
ST 25 clog ; id thermal runaway.

7 H0se to 1 as possible to avoi

(b) Operated in saturation (closed switch)
ts
[ 2.11 : Biasing BJT Switching Circul

Fig. Q.71.1
®* When V; = 0, emitter- base junction is

transistor is in cut - off region. In
there is open circuit betw
illustrated in Fig. Q.71.1 (a).

O
Splain the operation of BJT as a switch.

reverse biased and
circuit.
P ang explain the direct coupled switching

this condition, Ig = Ic = 0 and
een collector and emitter. This is

A;“PMM Decode
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2-53 Bipolar Junction Transistors and its Biasing

ction is forward biased. In this

BV =+ V- emitter - base jun

pase current flows and it is greater than I-/B hgnce
operated in saturation region. In saturation condition,
collector and emitter, Veg(ary 15 typically 0.2 V.

ected to treat a short

>Mi$
between
mmumm&ﬂmdcmbenegl

circuit between collector and emitter.
« This is illustrated in Fig. Q71.1 (b).
Conditions in Cutoff : .
A transistor is in the cut-off region when the base - emitter
junction is not forward - biased. Neglecting leakage current, all of
the currents are zero, and Vg is equal to Vcc.

Ver(uoty = Ve

Conditions in Saturation :

When the base - emitter junction is forward - biased and there is
enough base current to produce a maximum collector current, the
transistor is saturated. The formula for collector saturation current
is,

VCC 3 VCE(sat)
]C(-t) R
Since Vg i very small compared to Vee, it can usually be

neglected. The minimum value of base current needed to produce
Saturation is,

ll(min) - Bdc

» Iy dmld be significantly greater than IB(min) to ensure
IS operated in saturation region.

il in Fig. Q.72.1.

e ~ "u d."l,CE when V]\,- =0 v

v ' '

. 0.2‘"\!.0' Iy to saturate transistor if By is

um value of R; when Vin =5V

VQ(-M

4 s "
Guide for Engmezrlng Students

istors and its
- Bipolar Junction Trans -
Basic Electronics 2-54 \."ﬁ 0.73 E,q" |
+VCC=10V : Flg
Ans: 551
m Off a
Regn & Ot voltag
or s ) is
Vour off-time
Rg
VIN
Fig. Q.72.1
Ans. : i) When Vpy = 0, transistor is in cut-off and \5,2_
Veg = Vec =10V
Vee — Veggaty  10-0.2
i) Icsat) = RC - o8l
Icsaty 9.8mA
IB(min) = Bdc = 156 - 98 LA
® When the

This is minimum value of Iz to drive the transistor to the point

: rev i
saturation. erse bi:

collector ¢
light,
®* When the
Junction jg
Operate the

Any further increase in Iz will ensure the transistor operation
saturation region.

iii) When Vpy = 5 V, transistor in ON and
Veg =07 ¥

. Voltage across Ry Zi Savs .
Trent thy
(Vgg) = ViIN-07=5-07=43V on for 0.5 i
The maximum value of Rg 274 Dr 1
By a
(Rpa)) = YRB_ _ 43V t© tum G
B(max) To .. 98uA = 4388 kQ 8. .
B(min) 8UA ele * Re]
C <

Decode



. 3.1 shows how transistor can
J"__ -L'\:-': tum on LED As showl-l h'l Fig Q73
_ sltage with a period of 1 sec (0. .
= = applied to the input.

Fig. Q.73.1

“i=are wave is at 0 V, the base emitter junction is
Wased and the transistor is in cut-off. As a result,
7 %ment I is zero and hence the LED does not emit

"’-*

itter

. “duare wave goes to its high level, the base enrut >
2 ' forward biased and there is enough
B b . result, collector current

© Tansistor in saturation. As a Iting collector
"¢ it forward-biases the LED. The the LED is
Uough the LED causes it to emit light. -
. “ond and off for 0.5 second.
T

circuit using

i switch

gh'agrlolzhln the working of relay o Lo
: that

ire  electromechanical devices from an open

‘PeTate a pair of movable con

—= Position
. Srudenrts
\\“J W

(a) Typical relay switch circuit (b) Lamp circuit

Fig. Q.74.1

® The advantage of relays is that it takes

of power to operate the relay coil, but the relay itself can be used

to control motors, heaters, lamps or AC dircuits which themselves
can draw a lot more electrical power.

a relatively small amount

* Fig. Q74.1 (a) shows a typical relay switch circuit. The circuit has
the coil driven by a NPN transistor switch, depending on the
input voltage level. When the base voltage of the transistor is
zero, the transistor is cut-off and acts as an open switch. As a
result no collector current flows and the relay coil is
de-energized. In this condition, NC (normally closed) contact
remains close and normally open contact remains open.

® When the base voltage of the transistor is suffi
drive the transistor in saturation, transistor acts
As a result, collector current flows and the relay
In this condition, NC (normally
normally open contact gets close.

\

A Guide for Engineering Students

cient enough to
as a close switch.
coil is energized.
closed) contact gets open and

Decode
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;
H

IC L
R
Switching circuit using BJT c
15-0.2 Rg
o 33K 56 K
2 AN
h sC
FE(min) =~ T v
Rg Re B s
c, " 4 .48 mA
k3 255 HA
V,
T = 17.57

IC = 1.5 mA. hFE(mln) = 10 and Vs-+5V
resistances for Ry and

Q.75.1 Capacitor coupled switching
circuit

for transistor to operate Fig. Q.77.1
i (See Fig. Q.76.1 on next page)
: i R. = Jec ~Vepgay _ 12-02
—Vee c 73 1.5 mA
0.7 = 7.87 kKQ

= 8.2 kQ (Standard value)







Basic Flectromics 2-62 Bipolar Junction

< + between the application of the input
to 10 percent of it maximum (saturation)
* delay time ewsts due to following

applied to the transistor input a
, to charge up the emitter junction
S0 that the transistor may be brought from
i has been brought to the point where
‘begun to cross the emitter junction into the
required before these carriers can cross the
junction and be recorded as collector

ired for the collector current to rise o

imn:hBO%ofitsm:dmmlevelfmm
ﬁnn(t,),u\dtimereq\ﬁmdforlc to go
SeXimum level is called fall time (tg). The

A Guide for Engincering Studemss

rise time and the fall ﬁmearedueto&\efactthlt,u‘
step is used to saturate the transistor ormtumiffrom;'
cutoff, the transistor collector current must
region. The collector current increases or decreases |
exponential curve whose time constant is t.. It is given

% = hge (CcRe +Vor) B
where Ci is the collector transition capacitance and &
radian frequency at which the current gain is unity. )

S
iy
.

Storage Time -8
When transistor is in saturation, it has excess minorit
stored in the base. The transistor cannot respond
saturation excess charge has been removed. Due to this
finite time elapses between the transition of the input
and the time when collector current has dropped to 90 |
Ioisan and it is referred to as storage time (t.). '

2.13 : Testing of Bipolar Junction |
Transistor with Multi-Meter B

Q.81 Explain the process of testing BJT using 7
Ans. : Transistor canbet&etedusingfollowtng ~rocedure ©

Step 1 : (Base to Emitter)

Hook the positive lead from the multi-meter to the BASE (E
transistor. Hook the negative meter lead to the EMITTER |
transistor. For good NPN transistor, the meter should
voltage drop between 045 V and 09 V. If you are
fransistor, vou should see "OL" (Over Limit).

Step 2 : (Base to Collector)

Keep the positive lead on the BASE (B) and place the u
to the COLLECTOR (C). For good NPN transistor, the
shoTzldshowavohagedmpbetweenO.GdeOSV- #
tesnngPNPh‘ansistor,youshouldsee‘OL"(OverLindt); -

Decode A Guide for E.



prs and its Bla“nx

.
[ a base Curreng
m saturation tq
erse the active
ases along an
ren by,

and ot is the

winority carriers
yond until this
5 this there is a
input waveform
to 90 percent of

-.meter.
~edure :

BASE (B) of the

 Flectronics ali

Bi
polal ’unchon lfansi'tofi and ‘tﬂ Biuiﬁs

03 (Emitter to Base)
se

[he Pokltl\e lead from the multl'meter t0. the
‘ ansistor. Hook the negative meter lead to the

|

"

i EMITTER (E) of
] gstor. FOT good NPN transistor, you should
!

l

BASE (B) of the
see "OL" (Over

| If you are testing PNP transistor, the meter should sh
ow a

- drop petween 0.45 V and 0.9 V.

5,,94 (Collector to Base)

| the positive lead from the multi-meter to the COLLECTOR

tbe transistor. Hook the negative meter lead to the BASE (B)
{ the transistor. For good NPN transistor, you should see "OL"
Over L:mty If you are testing PNP transistor, the meter should
w a voltage drop between 0.45 V and 0.9 V.

$izp 5 : (Collector to Emitter)

fck the positive meter lead to the COLLECTOR (C) and the
""""" ive meter lead to the EMITTER (E) - A good NPN or PNP
snsistor will read "OL"/Over Limit on the meter. Swap the leads
Yuitve to Emitter and Negative to Collector) - Once again, a
wod NPN or PNP transistor should read "OL".

o these steps, consider

ur bipolar transistor measures contrary t
L0 be bad

2.14 : Reading Datasheet of BJT

ed in the datasheet.

e Ll“ the important rating of BJT specifi
er breakdown voltage

L Vego @ It is a d.c. collector-emitt

] “ " base open-circuited.
k a
B Itis a d.c. collector-base breakdown voltag
Dlase

1y

e for reverse

sed o]

lector-base junction. erse
s lta e fOl‘ rev
B Itis a dc emitter-base breakdown VO :

e oy =
L “Mitter-base junction.
.E 2 '3 . . -
by o0 It specifies the maximum powe

€ devy ice

¢ dissipation allowed

—

S nts
; = Guide for Engineer" e
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% Ic(min/may @ It specifies minimum and maximum values of
collector current.

6. h (o(min : It specifies minimium current gain.

Along with these specifications, data sheet also provides values for
output capacitance, input capacitance delay time, rise time, storage
time and fall time.

END... &
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1 Purpose Diodes
Transistors

n, D]Ode (LED)

‘ and explain its construction.
' when forward biased is called a

r ﬁ,uvs on the substrate are used as

mble for the emission of the

w around the layered structure.
*d In a tiny reflective cup so that the
the desired exit direction. This cup

the Fig. Q.1.1 (b).
n-wn in the Fig. Q.1.1 (c).

Light

Layered

structure ~Node

Anode Cathode
Cathode

(b) Cup type structure
Flg. Q.1.1 LED

(c) Symbol

Junction diode.

3 -1

Basic Electronics 3-2
Ans. :
Sr. No. ’ LED
: emits light, when

1 It
forward biased. ]

O

< It uses materials like | It uses materials like
gallium, arsenide | germanium.
phosphide and gallium
phosphide.

3.

biased LED is about 2 V.

The drop across forward / The drop across for

Reverse
voltage is low, about 3 V | high, about 50 V -ﬂ

breakdown / Reverse breakdm

/ to 10 V.
2 Needs large power for | Needs less
the operation. operation.
5 Draws considerable | Draws less current.
current from battery.
* Symbol is Symbol is
h@q Pram
e The  applications are | The applications are
optocouplers, seven | clippers, clampers,
segment displays, alpha | multipliers and man)
numeric displays. 1 electronic circuits.

.3 State the advantages, disadvantages and applicatio
Ans. : » The various advantages of LED are,
1. Small in size.

2. Very fast in operation.
3. Have long lilfe.
4. Cheap and readily available.

Dok A Guide for




3.3 Special Purpose Diodes
and Transistors

. Easy 1O interface with various other electronic circuits

M. Light in weight.
- available in various colours.

fhe various disadvantages of LED are,

| Draws considerable current requiring frequent replacement of
pattery in low power battery operated devices.

1 Low luminous efficiency.

{| 3 Temperature dependent characteristics.

i Need large power for the operation than normal diode.
The various applications of LED are,

L All kinds of visual displays i.e. seven segment displays and
alpha numeric displays. Such displays are commonly used in
the watches and calculators.

L In the optical devices such as optocouplers.
% As on-off indicator in various types of electronic circuits.

i Some LEDs radiate infrared light which is invisible. But such
LEDs are useful in remote controls and applications like
: burglar alarm.

J‘ﬁhln the working principle of LED.

** The LED works on the principle of electroluminescence.

3 f_f& electrons exist in the conduction band while the holes
In the valence band.

e“;r%y level of free electrons is higher than the energy level
€ holes,

electrons recombine with the holes, they move from

Uction band to valence band which is at lower energy level.

4. rn Encincering Students

Basic Electronics 3-4 . and Transistors

* While moving, the difference between the energy levels of
conduction band and valence band is released by the free
electrons which appears in the form of light due to the special
material used in the LED.

¢ The Fig. Q4.1 shows the principle of working of LED.

Forbidden
energy gap

v
(b) Forward blased LED

(a) Process of electroluminescence

Fig. Q.4.1 Principle of operation of LED

e The energy released depends on the forbidden gap energy which
determines the wavelength and the colour of the emitted light.

3.2 : Zener Diode

The zener diode is already discussed in the Section 1.10.

3.3 : Zener Diode Circuit for
Voltage Regulation

—_—
3

4 Important Points to Remember

e A circuit used after the filter circuit in a power supply which
makes the d.c. output voltage smooth and ripple free and J
keeps it constant irrespective of changes in the load or in input _,

\_ line voltage is called voltage regulator. ____ e

0.5 Explain the use of zener diode for voltage regulation under o 3

varying line voltage and load.
Ans. : » A shunt voltage regulator using zener di

the Fig. @.5:1"

ode is sSNhC

Decode




iy Purpose Diodes
3-5 and Transistors
— 1 7“
+
"B Vz Vo Ry

2er diode as a shunt regulator

racteristics that as long as the current
and I, .., the voltage across it is

LT
P the zener voltage.

i ;I"‘H-ﬁ-mt and I =1, + I.
s, then the total current I increases. But I is

constant. Hence the current I, increases to keep
ses, then current I decreases. But to keep I

e ng as I, is between I, and Iz, the
age V, is constant.

& hp!t voltage get compensated and output

i
e

load :

B#S constant while the load resistance R; is

Basic Electronics 3-6

e As V,, is constant and V, = Vz is constant, then for co:

the current I is constant.
Vin = V2

I’“—E—'— constant -IL+IZ

e If R; decreases, I; increases and to keep I constant I, dios

accordingly. But as long as it is between Izn;q and Iz,

voltage V, will be constant.

e Similarly if Ry increases, I} decreases and to keep I ¢ n

increases accordingly. But as long as it is between

I, OuUtput voltage V, will be constant.

e Thus the changes in the load get compensated and outj
maintained constant.

Q.6 For a zener reguiator shown in the Fig. Q.6.1,
range of input voltage for which output will remain con S
V, = 6.1V, Iy = 2.5 mA, lzg,, = 25 mA, 1; = 0G5

¥ .

R .
I 22k Yz L
N Constant
Vin% 1kQ SR Vo=Vy
Fig. Q.6.1 ‘
Ans. : RL =1 142, VZ = 6.1 Vv
V 6.1
[ = =2 = = 6.1 mA
L Ry ¥ ix10®

For Vin(mmy Iz - IZmin =25 mA
I = Iy + 1 =25+61=86mA

Vinminy = Yz + IR

6.1 +8.6x1073 x2.2x103
25.02 V
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bﬁniom and generate the ele
The number of electron-hole pairs depend on the intensity of the

#r_”@tbhueued minority carriers,

ctron-hole pairs,

-
&

" um the light intensity, more is the numb.
~ pairs and more is the pPhotocurrent.

| ':\' II-_'A_”;' A

lﬂh reverse current is directly

er of electron-hole

Proportional to the intensity of the
el _‘ t on the reverse voltage.
3;‘_";& graph - of Vg and reverse curr

" grap ent I, for various light
;m is called characteristics of photodiode.

€Ise current against light intensity
- ENAEEETIER |
$ .;-2 1 10| Reverse d o i
‘ - current T————— R ——
=
y el » Dark !
20000 L L —— Current —a4 “"‘ +‘“
i i~ . = |m/m?
“ERL 0| | 5000 10000 15000
41 i - ;’T:':: i ’Lightin}ensity ! f
'_ﬁ- Q8.2 Phodiode characteristics
iy minority charge carriers control the current
_ Mumber. Th,, the effect of light generated
on the reverge current,
4, there arc lar
: e n i
_ atEdg umber of charge carriers thus

epletion region, they give |

to : the reverse current increases,
gfrﬁmnm&hgbutaphotocunent :

and Trﬂmhto,,
— ¥
less. Thus the applied voltage takes control of the current rather

than the light. The effect of light is negligible in forward biaseq
condition.

* Hence the photodiode is always used in reverse biased when
used as an optical detector.
State the applications of photodiode.

Ans. : ¢ The various applications of photodiode are,

1. Operation is very fast hence used as a photodetector for both
visible and invisible light.

In alarm systems.

For counting the objects on conveyor belt.
As a cell.

As a variable resistance device.

In light intensity meters,

N & O b O BN

In high speed logic circuits.
8. In fibre optic receivers.

Q.10 Compare LED with photodiode.

Ans. :
Sr. No. LED Photodiode
1L It is a photoemitter device. It is a photodetector device.
2. It converts electrical energy | It converts light energy into
to light energy. electrical energy in the form of
current, ok
3. It is operated in forward It is operated in reverse biased
biased condition, condition. g
4. More the forward current, More the light intensity, more
more is the light output. is the photocurrent. .
5. Materials used for the Materials used for the
manufacturing are GaAs, manufacturing are Si, Ge,
GaAsP, GaP etc, 1GaAs etc,
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i of a
Qpe;r ting LED is cleraly Operating photodiode is not -% Define solar cell. Explain the construction and working
visible visible. It operates behind the -/ solar cell. :
g an
et Ans. : A solid state device which converts the light e::ﬁgz l:t:olar
y/f .
7| The symbol is The symbol is electrical energy based on the photovoltaic effect is calle
f/‘ / / oL . lar cell while
e The Fig. Q.12.1 (a) shows the construction of a solar
""@'_" the Fig. Q.12.1 (b) shows the symbol of a solar cell.
g Glass
011 Explain the following for the a photodiode : i) Responsivity ‘ { ‘ .
i) Quantum efficiency iii) Directivity iv) Dark current.
' . s . Sl | plati
Ans. : i) Responsivity : It is defined as the ratio of electrical output %__Pj : wsl;ewpn?a ;‘g
o the radiant light energy input. It is measured in A/W or V/W. It o Liae L p-n junction
is & function of the wavelength of incident radiant light and also Vou @<—— Direction of hole flow
ban i Nickel platin
the bandgap energy of the photo detector material. (-Soecopnlact)g
il Quantum efficiency : It is the ratio of the number of S
. |
photoelectrons released to the number of photons of incident electron flow '
light absorbed by the materials. It is also called quantum yield. r (a) Construction (b) Symbo
ili) Directivity : It is the reciprocal of the noise equivalent power Fig. Q.12.1 Solar cell
8f the photo detector material. The Nojse Bquivalent Fower e The surface layer of p-type material is extremely thin so that light
[ (NEP) is the radiant power applied to the photo detector e can penetrate to the junction. The nickel plated ring around
i which it Produces an output signal equal tq the rc)qt mleetn p-type is the positive output te inal. The nickel plated ring
JE—t. from. £  ptic e around n-type material acts as the negative output terminal.

noise ratio is unity. The NEP is nothing but the minimum
radiation level of the photo detector which can be detected.
i¥) Dark current - When there is no light, the reverse biased

photodiode carries a current which is very small and called
dark current. It is denoted as Iy .

e When the light strikes the cell, the photon light energy 1s
absorbed by the semiconductor material and number of
electron-hole pairs are generated. This happens on both the sides

of the junction.

——

e The holes are directed towards the p-region while the electrons
are directed towards the n-region due to the electric field present.
Due to this movement the minority current is set up across the

3.5 : Solar Cell

Im ort > ber | : l
portant Points To Remem junction due to which the voltage is developed across the p and
cel\\ I8 nothing but photovoltaic cell which works on n regions. This voltage is Rpalligs. o
n.“ photovoltaic  effect, according to which it :
48¢ proportional to the light incident on it.
Decode A Guide for Engineering Students
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. - and silicon are most widely used materials for the
jar cells. The gallium arsenide, indium arsenide nd cadmium

.u-.- efficiency of solar cell is the ratio of electrical power output

to the power input by the light source. It is typically between 15
to 40 %.

( Important Points To Remember

® In practice to get desired output power, the solar cells are
connected in series and such groups are connected in parallel.

This is called array of solar cell and shown in the Fig. Q.3.1
The series solar cells provide necessary output voltage while
parallel groups provide necessary output current.

Parallel connected
solar cells

-0 +
D & & J

Fig. Q.3.1 Array of solar cells

te the applications of solar cell.
Th various applications of solar cell are

r

g the batteries.

for domestic Purposes, water pumps etc.

2 Ol Fan Wa taw 5wl
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3.6 : PIN Diode

(&)
\A Explain the construction and characteristics of PIN
Also state its applications. ﬂ‘

Ans. : « The pin diode consists of a p and n type Vheavﬂy .
materials alongwith intrinsic material. The intrinsie "-‘E'lon~
sandwitched between n type and p type. v
* This is shown in the Fig. Q.14.1 (a). The symbol is shown

in g,
Fig. Q.14.1 (b).

A 6 B
Cathode

Intrinsic

region o A
Anode Cathog

(a) Construction

(b) Symbol
Fig. Q.14.1 PIN diode

e When reverse biased, its transition capacitance is predomin:
and constant. Hence in reversed biased condition it acts EY
constant capacitance, as shown in the Fig. Q.14.1 (a).

® The characteristic of intrinsic semiconductor is such that it
low forward resistance Rg. It further decreases with incre:
current. Hence pin diode acts as current controlled varid

resistance, when forward biased. This is shown-‘ié'

Fig. Q.14.2 (b). il

Cr
o — -
(a) Reverse biased (b) Forward biased
Fig. Q.14.2 Biased PIN diode ,,#5
L
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. | nium and silicon are most widely used materi
_is, The gallium arsenide, indium arsenid rials for the
(Ehhe (<) %
jo are also used for the solar cells. nd cadmium
[ dlode_ : . .
saency of solar cell is the ratio of electrical power outp
. : ; : output
y doped  power input by the light source. It is typi
y e T ; : ically b
egion is y between 15
o Important Points To Remember )
; practice O get desired output power, the solar cells are
X ~,;-';::e:.fn series and such groups are connected in parallel.
e << is called array of solar cell and shown in the Fig. Q3.1
Cathode  -. .ries solar cells provide necessary output voltage while
K rallel groups provide necessary output current.
Cathode
Parallel connected
solar cells
| +
ominant
ots as a
it 1t haS o |
creasing !
variable Fig. Q.3.1 Array of solar cols =
- S —
- N Yate the applications of solar cell.
i’ * The various applications of solar cell are,
{ tes and space vehicles.
“Omated street lights.
T supply to calculators.
~larging the batteries.
ater pumps etc.

nels for domestic purposes. w

\
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3.6 : PIN piode

Q.14 Explain the construction and characteristics of PIN daca
Also state its applications.

Ans. : » The pin diode consists of
materials alongwith intrinsic mat
sandwitched between n type and p type:

o This is shown in the Fig. Q14.1 (a)- The

Fig. Q.14.1 (b).
b L A K
K. Cathode Anode @ B Cathode
Intrinsic OR A K
region
Anode Cathode

(b) Symbol

type heavily doped

ap and n : .
glon 1S

erial. The intrinsic T€

symbol is shown in the

Anode

(a) Construction

Fig. Q.14.1 PIN diode

e When reverse biased, its transition capacitance is predominant

and constant. Hence in reversed biased condition it acts as a
constant capacitance, as shown in the Fig. Q.14.1 (a).

e The characteristic of intrinsic semiconductor is such that it has
low forward resistance Rg. It further decreases with increasing
current. Hence pin diode acts as current controlled variable

when forward biased. This is shown in the

resistance,
Fig. Q.14.2 (b).
Cy
+ - > =

Re
(b) Forward biased

(a) Reverse biased
Fig. Q.14.2 Biased PIN diode

A Guide for Engineering Students
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A : —_——
=J Apphicatiane

‘ﬂbpﬂlwhudhmw
fa required o be eontrolled by the current

tm.undu!hu-dunuwlhlm}
-m«mamwm
e used as a modulating device
¢ Same pin diodes are used as photodetectors  in . kS

sveterns

1.7 : Varactor Diode

456 What Is varactor diede ? Explain how I cam
mmwmﬂﬁlﬁdwl

£

L

Ans. : ¢ In practice, special type of diodes are m
which shows the transiion capacitance
predominantly as compared to the normal diodes.
called varactor diodes, varicap, VVC ( voltage var
or tuning diodes. -
o In a reverse baised diode, the depletion region exist
p-region and n-region as shown in the Fig Q151 :

ristics
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¢ The p-region and n-region act like the plates of capacitor while
the depletion region acts like dielectric.

® Thus there exists a capacitance at the p-n junction called
transition capacitance, space charge capacitance, barrier
capacitance or depletion region capacitance, It is denoted as Cr.

& Mathematically it is given by the expression,

where € = Permittivity of semiconductor

= Area of cross section and W = Width of depletion region

® As the reverse biased applied to the diode increases, the width of
the depletion region (W) increases. Thus the transition
capacitance C; decreases.

 In short, the capacitance can be controlled by the applied voltage.
Thus a variable capacitance is achieved.

e The variation of C; with respect to the applied reverse bias
voltage is shown in the Fig. Q.15.2. As reverse voltage is
negative, graph is shown in the second quadrant.

ik e :
O O
o —4—d- 4300 dt

| C decraases
||| a8 Vg increases || L_Lao—t—|
o s A 0 T

] ! | /

e L o 5 I 2]
! ! 1LV

|
. ’ = e .

Ve -18| 1...-10 | |'-8 ol ].1.

| | |
’]' T Reverse voilage f W

11T
Fig. Q.15.2

* The various applications of varactor diodes are,

.2. FM modulators

1. Tuned circuits
3. Automatic frequency control devices
4. Adjustable bandpass filters

5. Parametric amplifiers 6. Television receivers.

I ——————————————— ===
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3.8 : Schottky Diode

Q.16 Explain the construction and operation of Schottky diode
Compare Its characteristics with conventional diode. State m

applications.

Ans. : The diodes which are specially manufactured to solve the

problem of fast switching are called Schottky diodes.

o Its construction is different than the conventional p-n junction
diode. '

o It consists of a metal to semiconductor junction as shown in the
Fig. Q.16.1(b). These diodes are also called Schottky barrier
diodes, surface barrier diodes or hot carrier diodes. The symbol
for the Schottky diode is shown in the Fig. Q.16.1 (a).

(b) con

(a) Symbol

Fig. Q.16.1 Schottky diode

* In both the materials metal as well as n-type semiconductor the
electrons are the majority carriers.

*In the metal, the minority carriers (holes) are very less in
number. When the contact is made between the two materials,
the electrons from the n-type semiconductor material immediately
flow into the adjoining metal. This is because the kinetic energy
level of the majority carriers i.e. electrons in the n region ﬁ
higher than the electrons in the metal.

* Hence a heavy flow of majority carriers is established
region to the metal. Due to high kinetic energy the injecte
carriers are called hot carriers.
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 diode, the n:unonty carriers get m]ected into

Dlodon : Schottky diode

p-n

diode

025V 0.7V

Schottky
diode

Fig. Q.16.2 Comparison of
characteristics

~ potential and
W voltage in
| bias and reverse bias region respectively are also less

diode,

¢ Due to fast switching characteristics, the Schottky

; useful for high frequency applications such as
s, high speed TTL, radar systems, mixers, detectors
P equipments and analog to digital converters.

A Guide for Engineering Students
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3.9 : Varistor

Q.17 What is varistor ? Draw Its V-1 chara
application.
Ans. : » In the normal power line voltage, ligh
faults and transients cause serious problems like
The severe drop in the voltage which
microseconds is called dip while sudden very hlgh
2000 V lasting for very short period of time is called s
e The varistor is a special device which is used for li
avoid the dips and spikes. It is also called a ;
due to its frequent use for protecting a.c. line from

e The Fig. Q.17.1 shows the symbol
of varistor which is similar to two
back to back connected zener
diodes. In both the f:lirections,.its Fig. Q.17.1 V
breakdown voltage is very high I
which ranges from 10 V to 1000 V. The peak
capacity of varistor is hundreds or thousands of ai

Characteristics

 The V-I characteristics of varistor is shown in the F
characteristics are bilateral and similar on both side:

Current (I) i
y

i

Fig. Q.17.2 V-l characteristics of varistor

Decode A Guide for



Special Purpose Diodes

sic Electronics 3-21 and Transistors

» The voltage applied across the terminals when a current of 1 mA
5 through varistor is called varistor voltage.

_fL main application of varistor is the protection of circuits from
~ transients, spikes, surges and impulse voltages. The use of
. wvaristor for protection is shown in the Fig. Q.17.3.

- Surge
Surge 1
voiteage
e lima
Circult | \aristor f
to be voltage
Varistor protected M
—» lime

(m) Protection Circuit (b) Waveforms

Fig. Q.17.3 Application of varistor

~ » When the surge voltage is below or equal to varistor voltage, the
Mltor works as a capacitor. But when the surge voltage exceeds
ne varistor voltage, the impedance across varistor terminals
ses rapidly. This directs the surge current through it
passing the circuit to be protected. Thus surge voltage
appression is achieved.

3.10 : Tunnel Diode

What is tunnel diode ? Explain Its construction. Draw Its
and equivalent circuit. State its applications.

Ans. : » A normal p-n junction has an impurity concentration of
~ about 1 part in 10°

e The diodes in which the concentration of impurity atoms is
| greatly increased upto 1 part in 10?, to get completely changed
characteristics, are called Tunnel diodes.

Decode - A Guide for Engineering Students
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e Due to the heavy doping, the m‘
considerably i.e. about 1/100 the width of d
normal p-n junction diode.

e Due to the thin depletion region, an electron penetrate
the barrier. This is called tunneling and henc
impurity density p-n junction devices are ca :
Due to such effect, it shows a negative resistance
volt-ampere characteristics. ' '

e The most common commercially av.
made from the germanium or gallium a

e The basic construction of an m design tunr
shown in the Fig. Q.18.1.

As doped Sn ball

A%

"'v " eal
Sn plated i A ncakl¥ o
NI mesh ?fﬁ‘_‘,. - Ceramic
Etched Ge .
chip /
Kovar pedestal -

Fig. Q.18.1 Construction of tunnel diode

* The circuit symbol of a tunnel diode
Fig. Q182 (a) while its equivalent ci
resistance region is shown in the Fig. Q.18.2

—H—

@) Syt (b) Equivalent circult
Fig. Q.18.2 Tunnel ;



wmmodu
3-23 and Transistors

-;hl minimum value at the point of

E dqends upon the bias represents the
nce and is usually measured at the

of tunnel diode are,
e oscillator.

er logic circuitry.

generators and amplifiers.
= the V-1 characterlistics of tunnel diode.
ig. Q.19.1 shows the volt-ampere characteristics of a

I(mA)
ﬁ Peak point

—— . =

-

)/ olts
L _wv(vols)

ristics of tunnel diode
—_——————
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e For small forward voltages (upto 50 mV h
resxsmnceremmmﬂ.oftheordera!

increases.

e The current attains a peak value I
Vp which is about 600 mV.

e The I, can vary from few micro ampenlhc
amperes. e

e At the peak point, the slope dI/dV of the chara
zero.

« If now the forward voltage is increased further,
the current starts decreasing rather than in ‘
dynamic conductance dl/dV becomes
dynamic resistance dV/dl is negative and |
resistance characteristics. }

e This negative resistance continues till a
valley voltage.

e At the valley voltage V, the current k
becomes again zero. %
o After V, if the voltage is increased, the cu rren
Thus resistance again becomes positive and
thereafter. =
o At the so called peak forward voltage
reaches the value equal to peak current L. 'u

-

e The value of current between IP and I, can
three different voltage values. For the value o
and L, the characteristics has triple values.

e This multivalued feature makes the tunn
pulse and digital circuits.

*In the reverse direction reverse cun'ﬁ
reverse bias voltage.
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= onics - rans
» Large reverse current flows for small reverse bias voltage hence it
behaves as a good conductor in reverse direction. This is ‘ | The materials used for The silicon is most popularly
indicated in reverse characteristics. mm?mm g zemm'"m ") -
or gallium arsenide
Q.20 Compare tunnel diode with conventional p-n junction diode. \
Ans. : » The comparison of tunnel diode and conventional p-n ’ g The symbol ia, The symboi is,
junction diode is given below. ( g
Sr. No. Tunnel diode Conventional p-n junction E
diode
8. The switching time is very The switching time is high
: 18 Impurity concentration is Impurity concentration is low low of the order of nano to '
high about 1 part in 10° about 1 part in 10* atoms. picoseconds.
atoms.
' ' 9 Used for high frequency Used in rectifiers and other
2. Depletion region width is jl'he. width of depletion region oscil!amrs, high speed general purpose applicatic
about 5 microns, is high compared to the applications such as
which is 1/ 100" the width of | tunnel diode. computers, pulse and digital
typical p-n junction diode. circuits and switching
networks.
3. The carrier velocities are very | The carrier velocities are low
high at low forward bias, at low forward bias, hence i
hence can punch through the | can not penetrate the 3.11 : Seven Segment Display k-
depletion region. depletion region. fﬁ/ -
Q.21 Explain seven segment d in !
i The V-I characteristics shows | The V-I characteristics does R il Touls is’d:nllvf detall.
the negative resistance region.| not show the negative - y g
resistance region. seven : s arranged in seven
segments is called seven segment £
5. The V-I characteristics is, The V-I characteristics is, display. It is shown in the
‘i Fig. Q.21.1.
® The seven LEDs are arranged in a z
rectangular  fashion and are
labeled A through G. °
=
oy ®* Each LED is called a s
egment Seven
because it f Fig. Q.21.1 segment
! : : orms a part of the indicator
: digit  being  displayed. An
additional LED is used for the indication of a Decimal Point (DP).

- _n
R
1 .

Dy —,——
= A Guide for Engineering Students > N
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t LEDs, we can display the digits 0
display a zero, the LEDs A, B, C, D, E

D D
@) 3 4)
BF BF B
c E C Cc
D D
@ (8) C)]

digits displayed with 7 segment display
 display can also display the capital letters A, G
‘small letters b and d. Microprocessor kits often
displays.

s of seven segment displays.

of seven segment display are available

2) Common cathode type.

des of LEDs are connected together and
- h + Ve which is positive supply

Basic Electronics 3-28 HIE

voltage. A current limiting resistor is required to
between each LED and ground. The connection

the Fig. Q.22.1. For the required operation of L
corresponding cathode is to be connected to the grour

Common
anode

+ Voo

o= ==

limiting
resistor

Fig. Q.22.1 Common anode type

2) Common Cathode Type
e In this type, all cathodes of LEDs are connect
common point is connected to the ground. A curt
resistor is connected between each LED and the sup

+ V¢ for the required operation of LEDs.
common cathode type display is shown in the

Current g
limiting :
resistor
R R
R S - g S SRR
L)
: ¥
;
I
BT / ___________________________________
Common
cathode
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3.12 : Sixteen Segment Display
(Alphanumeric Display)

23 Write a note on sixteen segment display.
8. : The displays which are used to display alphabets as well as
characters in response to the electrical inputs are called
ixteen segment displays or alphanumeric displays.

‘consists of 16 segments which are turned on or off according to

nents 1o turn on or off.

Alharimenc 1EDs are normally laid out on a single slice of

Bemiconducior m enclosed in a package
_ “ctor material, all the chips being il wet

Smilar o an IC. The packaging compound is transparent

opague

*The Fig Q232 shows the display of the characters M and Y.

Basic Electromics i-mw

I 0 0 0§ 9 3
0 0Doonuwg
0 00oawegg
0 0D0Do0oagwg
" 2 0 x5 g i
O 0ooogg '
0 0ooagg T

E ONLEDs J OFF LEDs
Fig. Q.23.2 Display of M and Y

3.13 : Dot Matrix LED Display =

Q.24 What is dot matrix display ? Explain with nest diagram.
Ans. : ¢ In dot matrix displays, arrays of LEDs are used It o
LED at each dot location in the matrix hence it is called dot m
display.

* A matrix is formed with the wiring patterns.
* The most commonly used dot matrices are 5 » 7, 5 « 8§, 7 = §
of there three patterns, 5 = 7 wiring pattern is most ‘ _
used &
*In 5 x 7 dot matrix display, there are 5 columns and 7 rows of
LEDs. The Fig. Q24.1 shows the 5 x 7 dot matrix display and the
circuit connections.

 Such displays are economical
s A dot matrix controller converts the instruc |
mam‘!‘hmdgmhmuﬂh‘_j ¥
dhpuy.o&mthenquiudpmh ced




(b) 8 = 7 dot matrix circult connections

Fig. Q.24.1

of display, a dynamic display system
'T LEDs are not lit continuously but are
m in a "vertical strobe” or "horizontal

" is similar to running lights in modem

e mode, a single row is selected at a time, the
in that row and then the signal is
sw. On the contrary, in horizontal strobe mode,
‘ d at a time.

‘u to display information on machines,

nd airplane information displays, watches,

|

ﬂ 3.14 : Phototransistor

working and characteristics of

Internal current multiplication when

[

A Guide for Engineering Srudenty
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o

* It has light sensitive collector to base junction. A lens js
thatthebasexsexposedtoﬂ'lelight.

¢ The base collector area is kept large as it is light se ;,_’_—
®* The base terminal is generally not brought .

e The base current I, increases as light intensity inc

phototransistor acts as a two terminal device.

®* The construction of a phototransistor is own
Fig. Q.25.1 (a) while its symbol is shown in the Fig. Q.25.
|

Collector

(a) Construction (b) Symb

Fig. Q.25.1 Phototransistor )

* When no light is incident small leakage current -
collector to emitter called I~gn due to small thermal g

T'h:s;’ is called dark current which is very small of ﬁl
100 7 A,

* When base is exposed to light, base current is produced
generated electron-hole pairs. This is photocm'rem‘.
denoted as I,.

* This produces collector current which is 8 times I;.
Ic =Bl

collector current also increases with the light intensity.

Decode A Guide for Ei
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While biasing phototransistor, the base

terminal is kept open. + Vee
s The collector is connected to positive of Re
supply through a resistance Rc. \\ &
s While the emitter is grounded as shown in
the Fig. Q.25.2 (a). B8 .
» As light intensity increases, the base
current I, increases. This is shown in the
Fig. Q.25.2 (b). —
e The output characteristics are shown in the (a) Blasing
Fie. Q.25.2 (c¢) which shows that as the Fig. Q.ZSI.Z
: . t t
intensity of the light increases (H) then the T"‘:tr‘.’;t'.'l"l"ac‘:’
collector current also increases.

. ‘ [ | | ‘ ,
”mmm[ [ / ‘ !l As light intensity ' | ‘ | l =
L Iy _*ﬁ : CE increases = 20 mWiem>

i L] |y fea] — A
= 5 { [ } / | f—l =7 rn‘chm i

I ,,:,,H=5lecrn2'

J,— H=3 rnchm2 l—-—~!

- 1

1~ Dark current

Vce

| ' ’ 2 o |
O:Lngh: radiation fn mW/cm . -
|

(b) Base current characteristics

(c) Output characteristics.

: V)

Fig. Q.25.2 Phototransistor cha

The phototransistor speed is

o If the base terminal is brought out,
used as a conventional transistor.

phototransistor.

Q.26 State the advantages, disadvantages and appll

racteristics

good but not as fast as photodiode.
the phototransistor can be

cations of

Basic Electromics

Ans. : Advantages :

1.
1

3.
4.

Disadvantages :

1
2
3
4.

Applications :

s

© @ N | P

10. In computer logic circuits

11.In punch card readers

Higher current production than photodiodes.

Works with most visible or near infrared light sources including
IREDs, neon bulbs, fluorescent bulbs, incandescent bulbs, lasers,
flames, and sunlight

Fast-acting with nearly instantaneous output.

Relatively inexpensive, simple, and small.

The material used may limit voltage handling capability.
Electrons do not move as freely as they do in electron tubes .
Vulnerable to electrical surges and electromagnetic energy.

The phototransistor speed is good but not as fast as photodiode.

Monitoring paper position and margin control in printers and

copiers 5
Detection in security systems I
Measuring speed and direction in encoders i
Remote meter reading for residential electric meters
Counting coins or other items

Remote controls for audio/visual equipment and appliances
Shutter control for cameras

Detection for safety shields and other protection
In level indicators and relays.



R el

-" types. Explain any one type.
n of light source like LED
is called an optocoupler or

ard £ d using voltage V; and series resistance
rurrent of LED is I;. Thus LED emits the light.
on a photodiode which is reverse biased
The reverse current I, changes according to
' the photodiode.

h the difference between the voltage V, and
resistance R;.
o= V2-L K,
is changed, the amount of light emitted by
changes the reverse current of the photodiode.
ey ' i optically coupled with the input voltage,
' isolated. Thus the deviced couples input
&u.'m Optically hence called optocoupler or

A Guide for Engineering Students

o Thus the input gets optically coupled to the outpy

Basic Electronics 3-36

e The various types of optocouplers are, ;
1. LED - LDR (Light Dependent Resistor) optocoupler
2. LED - photodiode optocoupler
3. LED - phototransistor optocoupler.

LED - Phototransistor Optocoupler
« The Fig. Q.27.2 shows LED - phototransistor optocouple

LED Phototransistor

l
g3

|

- —————

Optocoupler

Fig. Q.27.2 LED-phototransistor optocoupler

e The input voltage and a series resistance is used to .
the LED. Due to forward current, LED emits the lig
falls on the phototransistor.

e The phototransistor becomes ON and the resultmg
the load.

providing electric isolation.

e This is very commonly used optocoupler as
amplification of current is not required.
Q.28 Define and uplalx; the various characteristics of o
Ans. : ¢ The various characteristics of optocoupler are,
1. Current transfer ratio (CTR) : It is the ratio of outp '
current (Io) to the input forward current (Ig).

2. Isolation voltage between input and output (V
important as optocouplers are used to transmit
one circuit to another which are having different
is speaﬁed in KV s

m—— e i A
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apling and Bypass Capacitors

, i the operation of CE amplifier.
e ” of coupllng and bypass capacitors in CE

@.1:,1 shows the practical circuit of common emitter

WMponent —°+Voc
ons of  these R Re

are as follows : '

= - W C1 C2 RL
; Ry, R, and Rg o i
‘voltage divider ° R2 o ”
t for the CE . I .

the proper = = =
for the CE

Fig. Q.1.1 Practical common emitter
o amplifier circuit
tor C, : This
the signal to the base of the transistor. It blocks
iponent present in the signal and passes only a.c. signal
on. Because of this biasing conditions are maintained

88 Capacitor Cp : An emitter bypass capacitor Cg
rallel with the emitter resistance, Rg to provide a
h the amplified a.c. signal. If it is not inserted,
gnal  passing through Ry will cause a voltage

Basic Electronics 4-2

drop across it. This will reduce the output voltage, ﬁ-—
gain of the amplifier. g

4. Output Coupling Capacitor C; : The coupling D,
couples the output of the amplifier to the load or to the
of the amplifier. It blocks d.c. and passes only ac "
amplified signal.

Q.2 Explain the need for C;, C; and CE in detail.
Ans.: o We know that, the impedance of capacitor is g
; -
2 nfC
e Thus, at signal frequencies all the capacitors have e r
impedance and it can be treated as an a.c. she
bias/d.c. conditions of the transistor all the capacito
open circuit. With this knowledge we will see the imj
Cl’ CZ and CE' .
e Consider that the signal
source is connected directly
to the base of the transistor
as shown in Fig. Q.2.1.

e Looking at the Fig. Q.2.1 we
can immediately notice that
source resistance R is in
parallel with R,. This will
reduce the bias voltage at
the transistor base and,
consequently alter the collector current, which
Similarly, by connecting R, directly, the d.c. levels of
will change. To avoid this and maintain the stab
condition coupling capacitors are connected. A
earlier, coupling capacitors act as open circuits to d
stable biasing conditions even after connection
Another advantage of connecting C, is that any @
in the signal is opposed and only a.c. signal is 9
transistor amplifier. E

XC-

A Guide for Eng
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® The emitter resistance Rg is one of the component which
Provides bias stabilization. But it also reduces the voltage swing
At the output. The emitter bypass capacitor Cp provides a low
Feactance path to the amplified a.c. signal increasing the output
voltage swing.

Q.3 What is AC degeneration ?

Ans. : o In collector to base bias circuit, the voltage change at the
transistor collector (produced by the ac input) is fedback to the
base, where it tends to partially cancel the signal. This effect is
known as ac degeneration and it can result in a very low voltage
gain.

Q.4 Comment on capacitor polarity.

Ans. : » For the proper operation of the circuit, polarities of the
capacitors must be connected correctly. The curve bar which
indicates negative terminal must always be connected at a d.c
voltage level lower than (or equal to) the d.c. level of the positive
terminal (straight bar).

Q.5 Explain the way to eliminate the effect of ac degeneration in
collector to base bias circuit.

Ans. : ¢ Fig. Q5.1 shows how ac Yoo
degeneration is eliminated in
collector to base bias circuit. Here,
Ry 1is rteplaced by two equal
resistors Ry, and Rp, and a

bypass Ca.Padtor is connected from
the junction of R, and Ry, to the

ggound terminal.
o Capacitor Ci offers a

) short circuit
to ac Slg\alsr so

that there is no Ce
geedback from T

transistor
T to the base

S Fig. Q.5.1

A Guide for Engineering Students
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4.2 AC Load Lines

Q.6 What is ac load line ?

Ans. :  Fig. Q6.1 (a) and (b) show the CE amplifier circuit with
voltage divider bias and its ac equivalent circuit.

s -0 Vcc
Rc
R, c,
I
(e A
\ 1
7h
V
. §RL
R, Re
rs T CE

21

Fig. Q.6.1 (b) ac equivalent of CE amplifier circuit 3
o The dc load for the circuit is R +Rg. On the other hand ac loa
for the circuit is R¢||Ry. :
o It is important to note that effective ac load is always ;eslsm t:air;
effective dc load. Therefore, the slope of the ac loa
always higher than the dc load line.

"4 Guide for Engineering Students
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d Il ; ‘i the transistor circult shown

J Vcc =+12V
> R = 3300

12x1.24

B, 52:12a 'Y

- i
= Vg —Vpgp=231-07=161V

B 161
=R, "0 " °mA
. I 8 mA
I " 1100 " 702 A

Bl = 100x79.2 pA = 7.92 mA

Ve ~ IcRc - Vg
(12 - 7.92 x 107 x 330 - 1.61 = 7.776 V

=30

-~
= S
=

ol Baslide Taw Foolesovime Ciiidessis

Basic Electronics 4-6 pa

AC load line
Since there is no R,

where I~ changes by Al- = 7.92 mA,

e Plotting point C at Al = 7.92 mA and AV = 2.614

Decode

= 7.92 mA x 330 Q
= 2614V

V

s ! >

Ro*Re 22.64 mA
~

204 5
ac load line
15+
| Icq =7.92 mA
--------------- - Vegq =7.776 V
]

5+ Alc : ‘

L L K E - Vcc - 12 v

2 4 6 8 1o‘{ 12

v 10.39 V

AVee

Fig. Q.7.2 dc and ac load lines

A Guide for E
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¢the dc and ac load lines for the transistor circuit shown
.7.1. '

Vee=+12V

RC =330Q

R,=1.24kQ

Fig. Q.7.1
Ans. : DC load line
+ Since, BRg = 20 K and which is greater than 10 R, we can use

approximate analysis.
Vcch 12x1.24 _
Vo - &® ix 52+1i Y

Vg _ 1.61
e E »-"" 8 mA
E~ Rg 200 ;

I 8 mA
L. = 1 _8mA _ g
B~ T+B 1+100 THRES

Blg =100x79.2 uA = 7.92 mA

n’—l
I

.
CE = Vec — IcRc - Vg

= 12-792x102x 330 — 1.61 = 7.776 V

A Guide for Engineering Students
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AC load line
Since there is no R,

RL(BC) - RC-3309

where I changes by Al = 7.92 mA,
= 7.92 mA x 330 Q

= 2614V
=792 mA and AV = 2614 V from the

e Plotting point C at Al¢
gh points C and Q.

Q-point, we can draw the ac load line throu

Ig(mA)

{l

30T

28T Vee

—L&  =2264 mA
RC+RE

20 N

15+
) =7.92 mA
--------------- =7.776 V
1
5+ '.
': Vee =12V
% 6 8 10K 12 Vee V)
v 10.39V
AVCE

Fig. Q.7.2 dc and ac load lines

Decode ' A Guide for Engineering Students
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 and Parameters

hb Output
o B
(a)
Fig. Q.8.1

——oC

1ES

Output
- B

. ()

r- Fig. Q.8.1

t the respective junction capacitances.
Qs ctec in parallel with r, and Cpc,
t following out of the collector

a=1./I,).

A Guide for Eugbuerlng Students
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and r-parameter model for

Q.9 Draw and explain the transistor low frequency
equivalent circuit for CB configuration. R

Ans.: o Fig. Q9.1 shows the low frequency ;
equivalent circuit for CB conﬁguration
e The ac equivalent

circuit is derived from olsfe
the r-parameter s - S
model. Since, the »

equivalent circuit is Input

drawn for low

frequencies, the e 1

junction capacitances
are neglected. Here,
instead for the current generator (al.) in pa
voltage generator (al.r;) is connected in series th r, .
A VBE g
Alg

Fig. Q.9.1

;r’ E

Tt

The ac resistance for the transistor BE junction can De

% 26mV
Te = r

Q.10 Draw and explain the h-parameter mod
configuration.

Ans.: e To see how we can
derive a hybrid model for a
transistor, let us consider the ==
common emitter configuration

shown in Fig.Q10.1, The [B
variables I, I, V, and V. - ,
represent total instantaneous Fig. @.10.1 Simple con
currents and voltages. configurati

I, = Input current

I. = Output current

A Guide for Eng!
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pasic Electromics 4-9 and Small Signal Amplifier

Vpe = Input voltage

= Output voltage

r‘i& Q102 shows the h-parameter equivalent circuit for the
common emitter configuration.

-

=)
C

u%%ﬁi

Fig. Q.10.2 h-parameter equivalent circuit for the common emitter
configuration

¢ From the h-parameter equivalent circuit of the common emitter

configuration we can write,

Vie = hie Ip +hpeVee )
Ie = hg Iy +heeVee - (2)
where N ™ A Ve . (3)
Ay |y
CE constant
_ v
hyy = el . @)
AVer |
!B constant
Al -
" _ 3—? i (5)

¥ CE constant

.. (6)

|

AC Analysis of BJT Circuits

Basic Electronics 4-10 and Small Signal Amplifier

e The quantities A Vgg (Vi) AVeg (Vee) Alg (Ip) and Al- (I.)
represent the small change in base and collector voltages and
currents.

e Here, h, represents input resistance, hV. represents the

feedback voltage as the portion h,, of the output voltage V.., h..
represents reverse voltage transfer ratio and 1/h, represents
device output resistance.

Q.11 Draw and explain the approximate h-parameter model for CE
configuration and derive r, model from it.

Ans. : e Fig. Q.11.1 shows the approximate h-parameter model for
CE configuration. Here, h,,V,, (Feedback generator) is neglected.
-
°C
C) hrelp = 15
hoo
o E

Fig. Q.11.1 CE h-parameter model

r, model for CE configuration as shown in Fig. Q.11.2.

e By replacing h,;, with r,

-
% % :
o E

Fig. Q.11.2 CE r,; transistor model
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and Small Signal Amplifier

r CB and CC configurations.

Ic'hb'o’ﬁ‘vu

1 cB
hay Ig 3 v Ie. Vec=hip Ig + hep Voo
:

and their hybrid models
to convert CE h-parameter to CB

CE to CC h-parameters
hje = h;e

hpe=1-hp

A Guide for Engineering Students

AC Ana|
Basic Electronics 4-12 and Smaij
hie' ’
Te T+hg Te
he(l+hg )
e
oe
rﬂ ! hi. .- = 'O
ﬂ y hfe B
Q.15 For hy = 120 and h,, = 12.1 uS, calculate h =
Ans, : he = 1+hg =1 + 120 =125
hge _ 12.1uS —
Bob = T3h g = T+120 o0
h
a = & 120 __ o008

T+hg 1+120

Q.16 For a transistor, I = 20 uA and I, = 1 mA.
and f.

Ans. : ; 26 mV < 26 mV

T T TiemAT
I 1 mA

hy =35 =50

fo Iz 220w

hie = (I1+hg)rg = (1 + 50) x 25
= 13 kQ
In = hi =13 kQ
B = hg =50

4.4 Common Emitter Circuit Analys

Q.17 Draw and explain the operation of CE unpl“ C
neat waveform. i

Ans. : e Fig. Q17.1 shows the common emitter (
circuit.
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', 1 ®Veo
|'
Re
Ca
e
1 R,
R
3 % B

Fig. Q.17.1 CE amplifier

Here, input is applied to the base /'\j !a_c_i:'lput
via C;. When v, increases in a | '
positive direction, it increase the
\gg- The increase in Vgg Ealses the Vo &
level of I., thereby increasing the | N A
voltage drop across R, and thus ]

reducing the level of the collectc?rv lcE
voltage (V). The change in Ve - !
capacitor coupled to the circuit
output to produce ac output voltage
)

't seen that as v, increases In

pesitive direction, v, goes in a ;
Pegative direction and when Vg = .
‘"\ a negative direction, v, :

“j‘_“?@ direction. Thus we

.., "™ is a 180° phase P
Pt and  output Fig. Q.17.2 Voltage an
" cugr.nt waveform In CE

AC Analysis of B]T Circuits

Basic Electronics 4-14 and Small Signal Amplifier

Q.18 Derive the expressions for Input Impedance, output
impedance, voltage gain, current gain and power gain for common
emitter circuit.

Ans. : » Fig. Q.18.1 (a) and (b) shows the common emitter circuit

and its h-parameter equivalent circuit.
Input impedance : Z, = h,,
Overall input impedance : Z; = R;[|R;||h,

Output impedance : Z_, = hi
oe

Overall output impedance = Z, = RcHh—l-
oe

Vo

(a) CE am;;llﬂo_r__

Fig. Q.18.1

Transistor h-parameter
equivalent circuit

Z Zy .
(b) h-parameter equivalent clrcuit
Fia. Q.18.1




v, is 180° out of phase with v,
g L-“*hgh)(“c““n)

hg >>1
ie
hip = 1:1':&
hyp =re
%-%x%ﬁ-xl—:
+R.’ '[%- S nd % RBR-PZi

R, (% 5

il
hown in Q.19.1 calculate input
Ance ~nl:‘:-cnln.Ascum¢h.. = 2.1 kQ,

A Guide for Engineering Students

AC Analysis of BJT Circui
15 mmusguﬂnpzm:
Ry )

]

Basic Electronics
R, 268 K
S
=71
s
R, 286 K
Vs
Fig. Q.19.1
Ans. : Z; = R{||IR;||h; '“K"“K;“
Zo - ch(,/hoo)' 39K I (
= 3.9 kQ £
P ~hge(Re|[Rp ) -1003.9]| 8
v hl. —  _=m I-..I

Q.20 For the CE amplifier circuit, if Ic = 1.5 mA, R
and Ry = 33 k Q. Calculate r. and the voltage gain. k
Ans. : Since Ig = I- we have e

, _ 26mV_ 26 mV

=17.33Q

fe Ic 130k ;
A, = ‘(Rcr[”@-‘(“x
e

4.5 : Common Base Circuit Analys s |

Q.21 Draw and explain the operation of CB
neat waveforms.

Ans. : ¢ Fig. Q.21.1 shows the common base (CB)
Here, input is applied to the emitter via C,, th
capacitor, base terminal is ac grounded via C, an
voltage is developed across R. .

Decode
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and Small Signal Amplifier

Q.22 Derive the expressions for input

Impedance, output
impedance and voltage gain for common base circuit.

Ans. : Fig. Q.22.1 (a) and (b) shows the common base amplifier
circuit and its h - parameter equivalent circuit.

e Since, the signal voltage
is applied at emitter
terminal, positive - going
signal reduces the base -
emitter voltage.
Reduction in VBE
reduces collector current
and increases voltage at
collector (v¢). Rise in
v ¢ is effectively a rise in
the circuit output voltage
vo) A positive going
input signal produces
positive - going output.
Similarly, negative -

input signal

::i::m pnegative -
going output and there
ijs no phase - shift
=t L input et

Fig. Q.22.1 (a) CB amplifier circuit

Transistor h-parameter
equivalent circuit

Fig. Q.22.1 (b) h - parameter equivalent circuit for CB amplifier

Input impedance : Z, = h

Overall input impedance : Z;, = 7, || Rgp =2,

- Rg>>2Z,
Output impedance : Z, = I/h
, Overall output impedance : Zo=Z IRc=Rg ~ Z,>> Re
Fig. Q.21.2 Voltage and current
waveforms for CB amplifier circuit o
A Guide for Engineering Students
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and Small Signal Amplifier
)

h* IC -IE

~ IR} ) h,
- (]
B = Tohg

hfe
g, I+hg

at

shown In Fig. Q.23.1, if

input impedance, output

AC Analysis of g
Basic Electronics 4-20

" A Guide for Engincering Students

b

Ans. : We have,

h _21kQ _ il
P = Tvhg " TTo0 - 2079 Q B

Ly 4

hfe 100 -
T+hg, ~ 1+100 - 099

1
hob

A. = Be®RclIRy ) _ 0.99(4.7K||8:
X hip 2079

|Rc ~Rc =47 K

= 211.68

4.6 : Common Collector Circuit Analysi

Q.24 Draw and
neat waveforms.

Ans. : e Fig. Q.24.1 shows the common base (CC) am
Here, the external load (R ) is capacitor -

explain the operation of CC amplifier

coupled
The circuit uses voltage - divider bias to provide DC
*OVcc -
R, EE
1
Cyq
L
| +
fs
Ra EE Ve
‘I

by o
Fig. Q.24.1 CC amplifier circuit

A Guide for Engi
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output  voltage is
ped across the emitter

and there is no bypas; \/r'f:}
~ Capacitor. ' s
Ve R -
- CC 2 ) SSRE. C
e We know that \ZB Rl+R2 [\/V;
and Vg = Vyg-Vgg. When  F---- r------l
signal is applied via C, to the 5 =
base of the transistor, Va Vo% .
increases and decreases as the ; Ve
signal goes positive and ' I,----
negative. ‘ .
e Since, Vpp is substantially

constant, changes appeared in

the V; also appears in the V.

The change in V; is coupled Fig. Q.24.2 Voltage waveforms for
7 CC amplifier

via C; to give an ac output

voltage.

* It is seen that the ac output voltage from a CC amplifier circuit is

essentially the same as the input voltage and there is no voltage
gain or phase shift

* Since, the CC outpy, voltage follows the changes in the signal

voltages, the CC ;)¢ circuit is also known as emitter
follower.

»u. .dth:m “p':.‘i“"[hl for Input impedance,
 Fig Q" eyl " lor common collector circuit.

a) an

output

= a
Parameter equivalent circuit.

! and jgg 1 d () shows the common collector

Basic Electromics

AC Analysis of BJT Circuits
and Small Signal Amplifier

1Vm

Fig. Q.25.1 (b) h - parameter equivalent circuit for CC amplifiar

Input impedance (Z )
From Fig. Q.25.1 (b), we have

Vl - lbhh +hnvo
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ﬂmﬂu;fndmuﬂcr

Since h, = 1
IRy )

' J
«Rg IR, ) e

= th=hj +hgRgIIRy)

1R, IR,

lance (Z.) at the emitter terminal,
inmo and v, is used to calculate

th »
K ”R2 Ilr,)

- (R, IR, IIr,) o 1
= L hevo
S8 T h e+ (R, IR, 11r,)
N’_Eh+(R, IR, Ilzy)
1 hk
RE >> Z.

+hev, )

[ fﬁu(bsclb(RE IR )]

Basic Electronics 4-24 and Small Sign

= Iy[h;, +hgeRg IRy )]

Yo IO(RB”RL)

I. Rg IRy )
= _VJ- - X B ki,
Av vi Iphje+he®elIRLI]

and

hg (Rg IRy )
hic +hfc(RE ”RL)
(Rg IRy )

Mie + Rg IRL)
hfc

A (Rg IR ) o g
h +(Rg IRy ) h g
Usually, Rg || Ry is so much larger than h;,,
A, =1

Q.26 For the circuit shown in Fig. Q.26.1, calculate Z;
with R; not connected and with R connected. Assume h;,
and hg = 100. e

—° Vce
R4
10 K
Cq
31
71 =
2
e=1K I
Ay
RS 10K
Vs 3.3K

Fig. Q.26.1
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Without R : 4.7 : Comparison of CE, CB and CC Circuits
hy = hp =21kQ
Q.27 Give the comparison between CE, CB and CC circuits.
hg -|¢h&-1+100-101 Ans. :
Zy = hig +hg(Rg IRy ) =21 kQ + 101 3.3 K) Sr. |Characteristic| Commeon Common Common
= 3354 kQ No. Base Emitter Collector
1.
Z, = R IIR;11Zy, =10 K Il 10 K I 3354 e = ot B N0 e S '
= 4.93 kQ ‘2 | Output Very high High (40 k2) | Low (50 Q)
R - hijc +(R;/IR;]Irg) resistance (1 MQ)
]
hg 3 Input current Ig Iy Ip
2.1K+(10K!l 10KII1KI) L | Outout L
101 = A & mnt]:nt s i r
Z, = Z, lIRg = 29.04 || 3.3K 5 | mput Emitter and | Base  and | Base and
voltage Base Emitter Collector
= 28.79 Q applied
- k between
6 | Output Collector Collector Emitter  and
Z, = hye +hg Rg IRy ) voltage and Base and Emitter | Collector
taken
= 21kQ+ 101 (33K ||10K) between
7. I 1 1
= 2527 kQ Current a= .- )
amplification r% r% rf
Z, = R;IIR, 1Z,=10K ||10K || 2527 K factor
- 49 13 8. | Current gain | Less  than | High (20 to | High (20 to few
.k 2.1k unity few hundreds)
hp = = “1“]10? = 20.79 Q hundreds)
Rc 4 9. Voltage gain Medium Medium Low
Rg IR
m»f}z\uﬁz, 10. | Applications | As a input | For  audio | For impedance
B Ny stage of | signal matching
__(33K|]10K) multistage amplification
TR [110K) sepiifiey
2 ':'1(’17 m-cc‘
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Field Effect Transistors (FET)

2ct Transistors
nd its Biasing

are named as Drain (D),
acts as a controlling terminal.

Controlled output current

Ip (Drain
current)

Controlling
Input voltage

device FET : Voltage controlled device

Touing element for BJT and FET

abbreviated as FET is an

i~ Q. of FET.
WRB]T which can be used as an Q3 State s typee o

Source (S)
SEHg. Q.1.1. Out of these three

* FET, current is carried by only one type of charge par
electrons or holes. Hence FET is called unipolar d

e Unlike BJT, thermal runaway does not occur with

can say that FET is more temperature stable as co:
BJT.

* FET has very high input impedance.

* FETs require less space than that for BJTs,
preferred in integrated circuits.

Ans. : e The FETs are categorised as :
= Junction Field Effect Transistors (JFETs),

= Metal Oxide

Semiconductor  Field Effect
(MOSFETS) :

Q.4 Explain with neat sketch construction of n-channel F
OR Draw symbols of n-channel JFET. ‘ ey
Ans. : » The Fig. Q4.1 shows structure and symbol of

JFET. A small bar of extrinsic semiconductor material,
taken and at its two ends, two ohmic contacts are made
the drain and source terminals of FET.

* Heavily doped electrodes of P type material form p

on each side of the bar. The thin region between the
is called the channel. Since this channel is in the n t
FET is known as n-channel JFET.

® The electrons enter the channel through the tern
source and leave through the terminal called drain. T
taken out from heavily doped electrodes of p type
called gates. Usually, these electrodes are connected

only one terminal is taken out, which is called gate,
the Fig. Q.4.1.
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Drain (D)
hmic contacts Drain (D)
Gate (Q)
n-channel Source (S)
Symbol for
Source (S) n - channel JFET

Fig. Q.4.1 Structure and symbol for n-channel JFET

Qs Explain with neat sketch construction of p-channel FET.

OR Draw the symbol of n-channel and p-channe! JFET.

Ans. : » The device could be made of p type bar with two n type
gates as shown in the Fig. Q.5.1. Then this will be p-channel JFET.

e The principle of working of n-channel JFET and p-channel JFET is
similar; the only difference being that in n-channel JFET the
current is carried by electrons while in p-channel JFET, it is
carried by holes.

S Drain (D)
Drain (D)
/Ohmxc contacts
K Gate (G)
p-channel Source (S)
i >—oSource (S) Symbol for

p-channel JFET

Fig. Q.5.1 Structure and symbol for p-channel JFET
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Q.6 Explain the working of n-channel FET.

Ans. : » When voltage is applied between the drain and source

with DC supply Vpg electrons flow from source to drain through

the narrow channel existing between the depletion regions. This
causes a drain current ID to flow from drain to source.

e When the gate is shorted to source as shown in Fig. Q6.1 (a),
there is minimum reverse bias between gate and source p-n
junction, making depletion region width minimum and
conducting channel width maximum. In this case maximum drain
current flows which is designated by Ipss-

e When the gate towuravolugevaummmdwtthm
value as shown in Fig Q.6.1 (b), the reverse bias voltage across
gate to source increases. As a result, the width of the depletion
region increases. This reduces the width of the channel and thus

controls the drain current Ip-

e It is observed that the channel is narrower at the drain end. m
happens because amount of reverse bias is not same throughout

the length of p-n junction. _—
e When negative value of Vgg is increased further, a stage is

reached at which two depletion regions touch each other leavin 1j
sero width for conducting portion of the channel as shown in the
Fig. Q6.1 (c). This will prevent any current flow from drain to
source and hence cut off the drain current. The gate to

voltage that produces cut-off is known as cut-off voltage and it is

denotEd by VGS (off)*

« From above discussion it is cleared that the gate to source voltagy
controls the current flowing through channel and hence FET i
also called voltage controlled current source.

A Guide for Engineering Stud
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(a) No bias voltage (b) Small negative gate
on gates source bias

= _ sl voltage Polarities are reversed
el width g '

# wolt um. By increasing positive
£ the channe width is reduced.

A Guide fo, Englnecring Students
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Fig. Q.7.1 p-channel FET

5.2 : JFET Characteristics

Q.8 List the important characteristics of JFET.
Anms. : The important characteristics of JFET are :
1. Drain characteristics and

2. Transfer characteristics

Q.9 Explain the drain characteristics for an n-channel FET.

OR Define pinch off voltage.

Ans. : o Fig. Q9.1 shows the drain characteristics of a n-channel
JFET. The curves represent relationship between the drain current
and drain to source voltage for different values of V.
1. Ohmic Region : Shown by curve OA in Fig. Q9.1. In this
region the drain current increases linearly with the increase in

drain to source voltage Vps. here, JFET acts as a simple
resistor.

2. Pinch-Off Voltage (V) : At some value of Vg (shown by
point A for Vgg = 0), drain current Ip cannot be incre
further, due to reduction in channel width. Any further
Increase in  Vpg does not increase the drain current Ip- Ip
approaches the constant saturation value. The voltage Vps
which the current I, reaches to its constant saturation level i

W
Decode A Guide for Engineering Student
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. . <— Saturation Region of —.
Pinch-off Region

Curve represents pinch off voltages

Veg =0V
N as T=1V i
Breakdown region
Vag=-2V (Breakdown due to
avalanche effect)
Vagg==3V
: i U i il
10 15 20 25
'..,v...év‘_l Drain to Source voltage Vpg (V)
Fig. Q2.1 Drain V-l characteristics of n-channel JFET
called "Pinch-Off Voltage’, VP- From Fig. Q.9.1 it can be

observed that for more negative values of Vg, the pinch-off
wvoltage is reached at lesser values of I,.

3 Saturation Region (Pinch-off Region) : This region shown by
AB curve In the saturation region, the drain current Iy
remains fairly constant and does not vary with Vpg.

4 Break down Region : In this region the drain current increases
rapidly as the drain to source voltage increases. This happens
because of break down of gate to source junction due to
avalanche breakdown. The drain to source voltage
corresponding to point B is called breakdown voltage VBR.

- Relation of Vg (¢p and V, : I is 0 when Vgg = -V,

2.70 Explain the drain characteristics for p-channel FET.

Ans. : » In a p-channel JFET the source is positive with respect to
“w drain Here the source is the source of holes which flow
frough the channel to the drain. The pinch-off is achieved by
naking the source to gate voltage, Vg negative (i.e. Vgg positive)
here by reverse biasing the p-n junction diode formed by the
~arwel and the gate.

St A Gulde for Englneering Students
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e The Fig. Q.10.1 shows the drain characteristics of p-channel JFET.
Note the similarities between these characteristics and those
shown for n-channel JFET in Fig. Q.9.1.

.

'+= @

1 Ve 1

“IVag s TNV 5
1

” Vo * 3V i |
!

h | -15 -1 o -

AV, for Vgg = 0
Fig. @.10.1 Drain V-l characteristics of p-channel JFET
e The curves are identical except that voltage Vgg and Vpg have
reversed polarities and current I, flows in reverse direction.
Q.11 Explain the transfer characteristics for n-channel JFET.

Ans. : Square Law Expression for lp
e The relationship between the drain current I, and gate to source

voltage Vgg is non-linear as shown in the Fig. Q.11.1 This
relationship is defined by Shockley’s equation

2
v
% -ID&LI_-V?] o (QALY)

® The squared term of the equation will result in a non-linear
relationship between I, and Vg producing a curve that grows

exponentially with decreasing magnitudes of Vg From equation

we can also write,

e[

iy

4 Gwide for Engineering Studenss
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ID(mA)

Ipss |8
B

VosV) — = -2 = am

Fig. Q.11.1 Transfer characteristics of n-channel JFET

*":’b the equation values of Ipgg and V, are constants, value of Vas

trols 1p,.

M characteristics for p-channel JFET.
2‘. Q.12.1 shows
? ; identical to transfer characteristics of n-channel
tt Ppolarities of Vgs and I are reversed.

A Guide for Engineering Students
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Io(mA) .

-12 .1055 s ]

-2

5 8 Vas(V)
Fig. Q.12.1 Transfer characteristics of p-channel JFET

Q.13 For JFET, determine Ip, if Ipggs = 12 mA, Vp = - 4 V and
VGS = e 1.

\2 2
: = Ves _af, CH
Ans, : ID = IDSS[ ——VP—J 12)‘(10 (1—-(-:—1')'

6.75 mA ‘

5.3 : FET Biasing in Ohmic Region and Active Region

Q.14 Comment on FET biasing in ochanic region and active region

Ans. : ¢ The JFET can be biased in the ohmic or in the activé

region.

e When biased in the ohmic region, the JFET in equivalent to @
resistance.

e When biased in the active region, the JFET is equivalent to @
current source.

Q.15 Explain the gate bias circuit used to bias FET in ohmic

region.

Ans. : » Fig. Q.15.1 shows the gate bias circuit for the n-channe!

JFET. This is the simplest biasing arrangement.

= e
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e For the d.c

*+Voo
RoS ¥ Ip

Fig. Q.15.1 Gate bias circuit for n-channel circuit

* To make gate-source  junction
reverse-biased, a separate supply Vg
is connected such that gate is more
negative than the source.

analysis coupling
capacitors are open circuits. The
current through Rg is Ig which is v =
zero.

e This permits R; to replace by short

circuit equivalent, simplifying the gate fig, Q.15.2 Simplified gate

bias circuit as shown in the Fig. Q.15.2 bias circuit
Step 1 : Calculate Vg
s We know for d.c. analysis I; = 0 A and applying KVL to the
' circuit we get,

Vas+Vog = 0
Vas - Vaa + (Q:15:1)

VoG is a fixed d.c. supply, the voltage Vg is fixed in
mgﬂtude and hence the name gate bias circuit.
Step 2 : Calculate Ipg
+ The drain current I, can be calculated using equation.

#
Decode

=
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2
I = ] - &s-
DQ DSS VP
Step 3 : Calculate Vpg

e The drain to source voltage of drain circuit can be determined by
applying KVL.
Vpp ~IpRp =Vpsg = 0
Vbsg = Vobp —IpRp vss (182)
e The main drawback of gate bias circuit of FET is that it requires
two power supplies.
To ensure that a JFET is biased in the ohmic region, all we have to

use VGS =( and ID(Bat) << IDSS
Q.16 For the circuit shown in the Fig. Q.16.1 Caiculate :

a) Vgsq- b) Ipg. c) Vpsq: d Vp

8v

1kQ

D

G Ipgs = 10 MA
Vp= -4V
1MQ
oS
VGG—EZV
Fig. Q.16.1
Ans. :
a) Vesq = ~Vag = -2V " Ig=0and IgRg =0
2 2
v, L
b) Iog =1 e -10x10"3(l— J
DQ DSS[ A -4V
= 10x 1073 (1-0.5)% = 10x 10~ 2 (0.25) = 2.5 mA

) Vpso = Voo —IpgRp =8 V -25x107° (1x10% ) =55 V
d) Vp = Vps +Vg=55+0=55V
Decode A Guide for Engineering Students
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the drain voltage for gate bias circuit with
Assume that the JFET is based in the ohmic region.

ﬂ.V,-4VandVDD=10V
ohmic region, we can +Vpp
a resistance Rpg, as g

Fig. Q.17.1 JFET
equivalent circuit when
biased in the ohmic

wlsed. This condition requires a negative Vg for
el JFET and a positive Vg for p-channel ]FET This can

ssion for Vg
;Pig. Q181 (a), Iy produces a voltage drop
source positive with respect to ground.

A Guide for Engineering Students

(a) n-channel (b) p-channel

Note : Ig = I in all JFETs

' Fig. Q.18.1 Self bias circuits for JFET

Vg = Ig Rg = I Rg. The gate to source voltage is, -
2

Vgs = Vg~ Vg=0-1I, Rg = —"ISN8 i

For the p-channel FET in Fig. Q.18.1 (b), Ig produces a voltagl*fﬁ

across Rg and makes the source negative with respect to M
Since IS=ID and VG-O then .
Vg = - IgRg = -= Ip Rs. Thegatetosource vk
voltage is . ‘:-

Vgs = Vg - Vg =0 - (- IpRg) = +IRg :

In the following D.C. analysis, the

n-channel JFET shown in Fig. Q.18.1 (a) is

used to for illustration. For D.C. analysis ?\ 5

we can replace coupling capacitors by open Vo 2
circuits and we can also replace the resistor I 7T
Rg by a short circuit equivalent, since Rs 3 j‘{

I = 0. This is illustrated in Fig. Q.18.2.
Step 2 : Calculate Ipg

. Q.18.2 SImP"“"

]2 ulr blas circuit for &

In =1 _Vas
D DSS v,

Decode
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. Substituting value of Vg in above equation we get, Ip = 8x107°-41p + 50015

2 50012 — 51, +8x107° = 0

3 [D-IDSS(I__IDRS }2=I (ILIDRS
3 v, DSS ‘ —VT .- (Q.18.1) ~bEJd b2 = dem
5, Step 3 : Calculate Vp, Solving quadratic equation using formula 32 we
| Applying KVL to the output circuit we get, REPE
B Vs + I, R -V, = 0 ] +5:J(—532);(45(0(5)10)(“10—3)
s Vpg = VDD_VS"IDRD=VDD“IDRS—IDRD"‘VDD—ID(RSTRD) + 84 TAT=TE +5:t‘/—§ £543
l 5 1000 1000 1000 0 T

Q.19 For the circuit shown in Fig. Q.19.1. Calculate Vesq: Ipg.
!

VDS- VS and VD-
Ipg cannot have value 8 mA because maximum value of Iy, I

is given as 8 mA at Vg = 0 and hence Ip,, is taken as 2 mA.
~Vgsq = -Ip Rg=-2x10"7x1x10° = -2V

22kQ
Vs =1Ip Rg =2x1073x1x10° =2V
Ipgs = 8 mA Step 3 : Calculate Vg
i Vps = Viop —IpRp +Rg) = 12— 2x10~2(2.2x 10% + 1x103)
DS DD D S0 S . :

=12-64=5.6V

Step 4 : Calculate Vp

Fig. Q.19.1 Q.20 Calculate the value of feedback resistor required to self
bias an n-channel JFET with Ingg = 40 mA, Vp = - 10 and

«ns. : Step 1 : Obtain expression for Vg Vgsq = -5V

VGS o ID RS Ans. :
Step 1 : Calculate Ipq

Step 2 : Calculate I, and Values of Vs and Vg,

2
" Ip Rg v 2 g =0

Step 2 : Calculate Rq

FOI’ self bias circuit : VGSQ = — IDQRS

2
> Iy x1x10%.
Ip = 8x10 3[“ #J-sxm-3 (1- 25015 )?

= 8x107% (1- 5001y, + 6250012 )
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g _ -5 _
10 mA 500 Q

] -Ahrunclmnnlnng.qzll It
,'t'b = 08 mA, Vpp = 24 V.
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Step 3 : Calculate Rg

0 = VGS +IDRS

V 0.6074
-G8 - =
Rg o (0.8 oy 3 ) 759.25 Q

022 The FET shown in Fig. Q.22.1 has |Ipgss| = 12 mA and
i fl = 5 V. Calculate the quiescent values ofll) Ip ii) VD:.‘ ‘

-18V
%3.30(

J>——4 I—oV°
0.05 uF
v,0—]
15M
12K Tzour-'
-
Fig. Q.22.1 %
Ans. : Fig. Q222 shows simplified T-“"f
circuit for d.c. analysis Ei 33K
Step 1 : Obtain expression for Vas. _ J
Applying KVL to the input circuit we G
get, &
Vag—Ip Rg = 8 v N T
os 1o X5 il b
Vos = Ip Rs ‘1‘3?:{
Step 2 : Calculate I : ‘

Fig. Q.m

Ve 12
GS .
We have, I -_IDSS( e Vp ) : .?,.(
Substituting value of Vgg in above equation and solving for

get, )

) 2.33 mA or 7.45 mA
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We calculate Vg using I = 7.45 mA
v v e R R e The voltage at the source of the JFET must be more positive than
= — - -
DS = Elo Re p )] the voltage at the gate in order to keep the gate-source junction
= — 18 - [~ 7.45 (1.2x 103+ 3.3x 10%)] reverse-biased.
= — 18 + 33525 = 15.525 V e The source voltage is,
Vs = IpRs

e The gate volfage is set by resistors R; and R; .
e Coupling capacitors C; and C, and source resistor bypass

Practically, value of Vg for p-channel FET should be negative,
capacitor Cg are assumed to be open circuit for DC analysis.

hence value of I =7.45mA is invalid.
Step 1 : Calculate Vg

pr 3 : Calculate VDS and VGS'
Now calculating Vg taking I = 2.33 mA
VL - X -[-1 Re +R vV -V_D';RZ_ '-IG-O
Ds pp — [ Ip (Rs +Rp)] G~ R, +R, .
= - 18 — [- 233x10~3(1.2x 103+ 3.3x 10%)]
Step 2 : Obtain expression for Vg
= - 18 +10485=~-7515V Applying KVL to the input circuit we
Vgs = Ip Rg =233x10° x 1.2x10% = 2.796 V get,
Vo = Ve = 1 =0

Q.23 Draw and explain the voltage divider bias circuit for biasing G GsS DRs
FET in active region. 3 V] = Vo e

) : = Bk GS G —'D ™S8
Ans. : » The Fig. Q.23.1 shows n-channel JFET with voltage divider
bias. (@ < B ) ) ss—] Vo T

< -
. R
o +Vop Step 3 : Calculate Ing 2% ?R’ Vs
Rp The Ipg can be calculated using equation 1
o ; : Fig. 6.5.9 Simplified
(o8 Vas voltage divider circuit for
Ipg = Ipss|1-v— d.c. analysis
R

Step 4 : Calculate Vpg and Vg
Applying KVL to the output circuit we get,

Rg TCS
e Vop = IpRp = Vps —~IpRs = 0
' V. = Vo5 - In Ry =
Fig. Q.23.1 Voltage divider bias for n-channel JFET Ui ol
- VDD —ID (RD * Rs ) tee (Q.23-2)
T —
A Guide for Engineering Students —_— =
B e ——
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= 8x1073(1-[(~ 0.456 + 375 1)) = 8x10™ 3(1.456 - mwA

= 8x107%(2.12-1092 I, +14062512))

Vcs]z Ip = 0.01696 - 8.736 I, + 112512
" 112512 -9.736 I, +0.01696 = 0

-b:!:\./b2 —4dac -

= Vpp - Ip (Rp*Ry) Solving quadratic equation using formula

_ ~(=9.736)£ /(- 9.736)2 —4x 1125x 0.01696 _

@+ Vb Vs, Vps and Vpg for the network 2x 1125 .
0 16 V = 6.237 mA or 2417 mA
24kQ If we calculate value of Vg taking I = 6.237 mA we get,
| ; Vps = Vpp =Ip(Rp +Rg) =16-6.237x10"3(2.4 K+1.5K)
[+]
10 uF = - 83243 V
Ipss =8 mA. V, = -4V Practically, the value of Vg must be positive, hence
Ip = 6.237 mA is invalid.
: 40 uF :
e | Ip = 2417 mA
4.1 “Vps = Vpp -Ip(Rp +Rg) = 16-2.417x10"3(24 K+15K)
= 6.5737 V
L 16x270k
2 " ZTM+a0Kk 1823V Ves = 1.823-Ip Rg =1.823—(2.417x10-3 x1.5x103) = =

Vg = IpRg = 2.417x107% x1.5x 102 = 3.6255 V
RS 1823 - 15 10° | Vp = Vpp -IpRp =16-(2.417x10~ 3 x2.4x10%) = 102 V¥
. i D F

\v'&‘, - \"D —\'G bt ]0.2 e 1.823 - 8-3” v

Q.25 For the circuit shown in Fig. Q.25.1, the FET n-

(182315, x15x 107) )’ Ipss = 4 mA
i =y , Calculate 1) Ipgg M) Vgsq 1) Vpsg
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-80V
18k

13MQ ‘10

200 «Q

!
31

%, °R,
200x 10° x (— 60)
 1.3x%10% - 200x 10°

AAAA

=-8V

_mmmmfmv@ e
KVL to input circuit we

‘b 4,
:: ':
~Vos+IpRg =0 <:R2 Shs
VGS =~ VG + ID RS —
Fig. Q.25.2

vos = VG+IDRS

= -B+IpRg

-l

== bz Field Effect Transistors (FET) 4

Substituting value of V4 in the above equation and solvir
we get, ;
Ip = 225 mA or 4 mA
We calculate Vg using I, = 4 mA,
Vbs = VYop - (-Ip Rs*Rp))
- -60+4x10"‘(4x10’+ﬂnm

Practically, value of Vpg for p-channel *;;',.
hencevahnofln-‘mAhm ‘ =

Ip =225 mA

Step 4 : Calculate Vpg and Vgg -
Now calculating Vpg taking Ip = 225 mA,
Vps = —60—(~225%x102 (4:1#4-1“&’?

=-60-495=-105V
| Vgs = —8+Ip Rg = 8 +225x10° (4

0.28 For the network Mhum i SEEE
Ip, Vgs. Vg, Vp, Vs and Vpg e
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Rz 20 x 110

" 50110 >V

i 2
L 10x10-3(1- (2.157 -510 ID)J
T 35 .

o" 5.863 mA
p +Rg)=20-20.98 (2.2+0.51)

1st be positive, hence
3 mA is invalid.

Basic Electronics 5-26 Fuuwmm

5.4 : JFET Parameters - Transcondum‘
Amplification Factor

Q.27 List the important parameters of JFET.
Ans. : » The important parametres of JFET are as follows :

= Input resistance

= DC drain resistance

= Dynamic (AC) Drain resistance (rg )

» Transconductance (g, )

» Amplification factor (u)
Q.28 What is the input resistance of JFET ?
Ans. : ¢ The input junction of JFET (gate - source ijt
reverse-biased and hence its input resistance is very
input resistance of JFET can be determined from a value of
reverse current, I5gg at a certain gate-to-source voltage.

It is given by,
Vas

Igss

e Since Iggg increases with temperature, input resistance

RN

with temperature.

Q.29 Calculate the input resistance of JFET if Iggg = — 2 nA ¢
Vs = - 15 V. R

V, 15 :
Ans. : Rpy = =S51= =2 = 7500 MQ
N Igss| 2x10-°

Q.30 What is DC drain resistance ?
Ans. : « The DC drain resistance is the resistance be
and source terminals for the corresponding value of d
Ip and Vpg. It is denoted by Ry, and mathematically given
@ i
Ry = DS
D ID

Decoils , A Guide for Engineert
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Basic Electromnics 5-28 Field Effect Transistors (FET) and its Biasing
¢ is AC (Dynamic) drain resistance ? -
drain resistance r, is the a.c resistance between drain * Difensntiating s =
wM&EIFETisoperaﬁngin&lesamraﬁon g = Alp _-2Ipss ]_VGS
It is the reciprocal of the slope of the drain characteristic in o BN TS Y%
saturation region. a1
is given by, Smo[ _"VG—S] where gn, = VDSS
AVps : ’
N - Q.33 For JFET, if Ipgs = 20 mA, Vgg =-5V, and = 4 mS
alp VGS constant or mA/V. Determine the muondu%cc for Vgg = - 4 V, and
find I at this point.
What is JFET forward transconductance ? Ans. : From equation (Q.32.1) we have,
: » The forward transconductance, g, , is the change in the o RNl Vas _4,(10-3[1_ -4"]
current for given change in gate to source voltage with the - g Vasem e
to source voltage constant. - 4x10-3 x 02 =08 mS
forward transconductance g, is defined as r v 2 4VI?
Aly We have, Ip = IDSSf.I_V GS :, =20x10"3 [l_:ﬁ‘rj
B ™ = GS(off) N
A\‘GWDS
— = 20x10~3 x 0.04 = 0.8 mA
is the slope of the transfer Q.34 What Is amplification factor of JFET ?
forward transconductance g, is also called mutual Ans. : » The amplification factor, denoted by p is defined as,
The practical unit for g is mS (millisiemen) or A .
o Amplification factor, u = Vbs sl
3 AVGSI
D constant N s =
-cdcuhtem.ppmnmunlmfmz. at any point on _ p-ﬂ_\hﬂ;-ﬂm;xﬁlb_
transfer characteristic curve using the following equation . AVgs Alp  AVgs
- . Vas ... (Q32.1) 3 U = TgXBm
Em Emc ’ Vv -
GS(off)
: Since ameter  is the ratio of two similar quantities viz. !
is the alue of g for \r:s = (], ‘nd 15 ym bY, the PII' : o 1
1 i of two voltages; p is unitless.
- Ines .. (Q322)

5.5 : JFET Amplification and Switching

B proved as gmven below We know that,

' . wwmmdm-.m
i ; s Ans. : » For n-channel JFET when Vs is sufficiently negative, p i -
mdumdmo.mmpmuowmmdmm

———
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value of Vi is designated as Vgs (off). The
range from about 100 Q to 100 K. When
| ie. when Vg is more positive in case of
 is minimum (about 100 Q). This represents
h. The bipolar transistor has the advantage
device in that ON-resistance is usually only a

!

‘ k,hmchnmaﬂer than ON-resistance of JFET.
say that by making Vg = Vg(off) we can open
| ' making Vg sufficiently positive we can close

Vg

|

Basic Electromnics 5-30

Field Effect Transistors (FET) and its Biasing
ey

be amplified is V;. The V-I characteristics of the JFET is as shoyr,
in Fig. Q.36.1.
* On the output characteristics, a load line corresponding t;,

Vpp =40 V and Rp = 8 kQ is constructed. The transistor is biaseq ‘
at point Q and results in Vpgg =20 Vand Ipg = 270 mA. 4

» Assuming that the signal voltage V; is a sinusoid of peak voltage .l
V= 0.5V, this signal is superimposed on the quiescent level. The
instantaneous gate-to source voltage is 8

Vis

e Both quantities, I, and Vpg, can be considered as sinusoids

= VS —VGG |

superimposed on the d.c. values.
Then VGS - VGG = V‘, = -1.5 + 0.5 sin wt .

=

| -

Ip = Ipq +ig =270 + 05 sin ot mA

VOUt - VDS -VDSQ + Vds ™ 20+ 4 S'n'lmﬁt ;.. :1

e We observe that the output signal is greater than th
signal, thus indicating amplification.

 The magnitude of the voltage gain | A, |is the ratio of

a.c. signal amplitude [4.0V] to the input a.c. signal
[0.5 V]. Then, in this example,

40
lAV l'- .63-8

5.6 : Comparison of BJT and JFET
Q.37 Give comparison between BJT and FET.




5-31 Field Effect T i .
ffect Transistors (FET) and its Biasing Basic Electronics 5-32 Field Effect Transistors (FET) and its Biasing
' 10. | Thermal Exists in BJT, because Does not exist in JFET,
’5!’- Parameter | BJT FET runaway of cummulative effect | because drain resistance
No. f of increase in I with |1y increases with
- temperature, resulting temperature, which =
: increase in temperature | reduces |p, reducing the
ed I | Control | Cur_rent controlled Voltage controlled device. in the device. i Ip and hence the
S ; device. Input current lg | Input voltage \j35 temperature of the
ze | Icor\trols output current controls drain current Ig. device.
C .
e 11 =
2 i - | Relation Linear Non-linear
< | Device type Current f"lov_vs due to Current flows only due between input
both, majority and to majority carriers and and output
minority carriers and hence unipolar device.
is hence bipolar device. 12. | Ratio of o/p to | A lc L -y
P i/p Alg A Ves
| | Types n-p-n and p-n-p n-channel and p-channel.
i ‘ | 1s l 13. | Thermal noise | More in BJT as more Much lower in JFET as
 Syding - = ~ charge carriers cross very few charge carriers
N | 8 junctions. cross the junction.
o I8 ‘ e o 14. | Gain High Low
. 1 E n-channel p-channel bandwidth
’?A . N=p= p-n-p product
Configurations ] CE, CB, CC [CS' CG, CD 5.7 : Comparison of N-channel and P-channel JFET
Input Less compare to JFET. High compare to BJT. Q.38 Give comparison between N-channel and P-channel JFET.
resistance Ans. :
Size ! Bigger than JFET. .Smaller in construction
i than BJT, thus making Sr. N-channel JFET P-channel JFET
( them useful in Integrated No.
- Circuits (I1C). B
! 1. Symbol Symbol
Semsitivity | Higher sensitivity to Less sensitivity to a
| changes in the applied | changes in the applied
.-.lg-na]g voltage. s
Therm] Less Mowe Electrons are the current carriers.
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s is large in Mobility of holes is poor in
P-channel JFET.

Input noise is more.

Less transconductance.

”Minthcdiglta] circuitry.
of JFET.

of FET are :
liﬂshfrequmcy

A in comparison to the BJT.

: ly in low pPower applications.
~of JFET.

ml €an be used in switch, digital and
Hons. Let us gee specific applications of

‘
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—

* Since JFET has high input impedance and low output impedang,

they are used as a buffer in measuring instruments.

* Because of low noise, they are used in RF amplifiers in FM

tuners and in communication equipments.

i

* Since the input capacitance of FET is low, it is used in cascade

amplifiers in measuring and test equipments.

e FETs are used in mixer circuits in FM and TV receivers, and
communication equipments. Since use of FET reduces inte ‘

modulation distortion.

® Because of low frequency drift they are used in oscillators.

* FETs are also used in low frequency amplifiers.

e FETs are used in digital circuits.
Q.42 Explain JFET as multiplexer.

Ans. : ¢ Multiplex means many ‘into one. Fig. Q.42.1 shows ]'FETAQ J
a multiplexer. It allows analog information from several sources to

be routed into a single output line.

® The selection of a particular input line is controlled by gate

control signals (V;,V, and V,).

* When gate control signal is high, its input signal is transmitted o

the output.

b & |
Vv, v, V,

Fig. Q.42.1 Analog multiploxor

St

i

W
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. only one of control signals is high; this ensures that

one of the input signals is transmitted to the output

3 Bxplain the use of JFET in chopper amplifier.
i ® We can coupled direct coupled amplifier by connecting the
t of each stage directly to the input of the ne o
~ Direct coupled amplifiers couple the dc volta
‘them. Thus they are also called dc amplifiers.

xt stage.

ges and amplify

The major disadvantage ot direct coupling is drift, a slow shift in
#e final dc output voltage produced by minor changes in the
.m voltage, transistor parameters and temperature variations.
way to solve this drift problem of direct coupling is to use
chopper

JFET chopper we can control DC signal into ac square
signal. This ac square wave signal can be amplified using
ac amplifier, one with coupling and bypass

amplified ac square wave output can then be peak detected
recover an amplified dc signal.

Voe

amplified
DC
ool B TS TR
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* The chopper amplifier can amplify low frequency as well as dc
signals,

o Fig. Q43.1 (b) shows the chopped low frequency signal. This
signal can be amplified using chopper amplifier. The amplified
signal can then peak-detected to recover the original input signal.

5.9 : MOSFET

Q.44 What is MOSFET ? State its types.

Ans. : « MOSFET (Metal Oxide Semiconductor Field Effect

Transistor). It is a second category of field effect transistor.

e The MOSFETs, compared to B]JTs, can be made very small and
hence can be used to design high density VLSI circuits.

e The MOSFET differs from the JFET in that it has no p-n junction
structure; instead, the gate of the MOSFET is insulated from the
channel by a silicon dioxide (SiO;) layer. Due to this the input
resistance of MOSFET is greater than JFET. Because of the
insulated gate, MOSFETs are also called IGFETSs.

Types of MOSFET

e The two basic types of MOSFETs are :
= Depletion (D) MOSFET and
« Enhancement (E) MOSFET.

e The terms depletion and enhancement define their basic mode of
operation.

Q.45 Explain construction of n - channel depletion type MOSFET.

Ans. : » The Fig. Q45.1 shows the basic construction of n-channel

depletion type MOSFET. Two highly doped n-regions are diffuse

into a lightly doped p-type substrate. These two highly ¢

n-regions represent source and drain. F
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Si0. n channg|

Substrate

p
Substrate

\ n - doped regions

Fig. Q.45.1 n-channel depletion-type MOSFET

e The gate is also connected to a metal contact surface but remains
: insulated from the n-channel by a very thin layer of dielectric
material, silicon dioxide (SiO,). Thus, there is no direct electrical
connection between the gate terminal and the channel of a
MOSFET, increasing the input impedance of the device.

X “ Explain working of n - channel dcpl-tlon type MOSFET.

pu to source voltage to zero by directly connecting gate
‘ b the source terminal, free electrons from the n- channe

0 of negative gate voltage, the negative charges on
I conduction electrons from the channel, and attract

Hons, n-channel is depleted of free electrons,
SR the channel conductivity. The greater the
i applied at the gate, the greater the depletion of

A Guide for Engineering Srudents

—

Basic Electronics 5-38 Field Effect Transistors (FET) and jts Bius
*§\Mg
Ss [+
P r £ Voo

Fig. Q.46.1 n-channel depletion type MOSFET with Vgg = 0OV and and
applied voltage Vpp

t
Io
Ohmic region

12 A Saturation region ——‘

10 - sz =+1V
8 VGS =0 V
6—

Vgg==-1V
=y /4 Vog® 2V
2 Vcs 11 =-3V
0 Vps(V)

Vgg=Vp=-8V
Fig. Q.46.2 Draln characteristics for an n-channel
depletion type MOSFET
n-channel electrons. Thus, the level of drain current will reduce
with increasing negative bias for Vgg.
e Fig. Q.46.2 shows drain and transfer characteristics of n - channel

depletion type MOSFET.
applies to the

e The square law expression for the JFET also
D-MOSFET

!

M
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5-39 Field Effect Transistors (FET) and its Biasing

* Fig. Q47.1(c) shows the transfer characteristics of p-channel
depletion type MOSFET. In the p-channel depletion type
MOSFET, the transfer characteristics is a mirror image about the
Ip axis (Y axis) of the transfer characteristic of n-channel
depletion type MOSFET, since the Vg is positive in p-channel
depletion region.

I
D ‘P
109t .
Depletion <e— |
od

Fig. Q.46.3 Transfer characteristics for an n-channel
depletion type MOSFET

2
V.
Ip = IDSS(I‘V“GS—)

GS(OFF) (a) p-channel depletion type MOSFET

2

= Ip&g@—%} ID(mAZ

P 9+

8-
a-gls FEE‘I“'TI.I" the construction of p-channel depletion type ;: ——Vgs = -1V
Ans. : » The construction of the p-channel depletion type MOSFET 5+ ; . Ves=0 V

8 exactly opposite of that of n-channel depletion type MOSFET. 44
Here, the substrate is of n-type, and regions and channel are of p 3 Mol

- 'Ype as shown in the Fig. Q.47.1 (a).

sz =+5V

* As shown in the Fig. Q47.1 (a) voltage polarities and current
¢ directions are reverseq. The drain characteristics appear exactly as

1

Vas=Vp =+6V

. Qa7 \ i ) -
in Fig- Q47.1 (b) by, 'Ds With negative values, Ip in the opposite
direction and v, , ‘nm’mg
Fig- Q471 (1) |

i i of p-channel depletion type MOSFET
Opposite polarities as shown in the (b) Drain characteristics of p

Fig. Q.47.1

Decode
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Q‘ﬁ this an n-channel or p-channel ?
at Vgg = + 2 V

.il . 2
£2)
-SmA{l—( 4)) =2mA

i 0 -channel enhancement type’
.. the basic construction of n-channel
ET, two highly doped n-regions are

/Pe substrate. The source and
- contacts to n-doped regions

R A Guide for Enginecring Srudents

a negative Vg, therefore it is an

Basic Llectronics 5-42 Field Effect Transistors (FET) and its Big I
D
G ! i%‘ SS ! i%—q
S
Conventional Conventional
Simplified s;‘ Simplified i‘

(a) Symbols for n-channel (b) Symbols for p-channel 2
depletion type MOSFETs depletion type MOSFETs b

Fig. Q.49.1 D-MOSFET symbols ,

°® The channel between two n-regions is absent in the enhanom

type MOSFET. The SiO, layer is still present to isolate the j
metallic platform from the region between the drain and
but now it is simply separated from a section of the p-typ
material. : 2

Metalllc
contacts

Go

\ n - doped region

Fig. Q.50.1 n-channel enhancement type MOSFET
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Jt differs in construction from the depletion MOSFET in that it
has no physical channel

Q51 Explain the working of n - channel enhancement type
MOSFET.

Ans. : « On application of drain to source voltage V. and keeping

gate to source voltage zero by directly connecting gate terminal to

. the source terminal practically zero current flows-quite different

~ from the depletion type MOSFET and JFET.

* If we increase magnitude of Vas in the positive direction, the
concentration of electrons near the SiO, surface increases. At a

particular value of V, there is a measurable current flow
between drain and source. This value of Vs is called threshold

.' fe
| voltage denoted by \.
et Elscrons attracted to positive gate Region depleted of
= Nduced n - channe!) I:’ y p - type carriers (holes)
" In s /
ol ( 7
\1 D¢ ”‘j’ 4
 m) ¢
- ° —
ig=DA - B =
3 g bt T SS J = V,
. - [ ] — P - DS
M e - - -
v $ S —
| f— —
. 3
3 n \
L] \
el N

SNinsulating ever sl
= HNAUIEENG layer \Moles repe ed

Dy positive gate

Fig. Q.51.1 Channel formation In the
n-channal enhancement type MOSFET

¢ A positive gate voltage above threshold

channel! and hence the drain curren:.
I ;

value induces a

A Guide for Engineering Studeney
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* The conductivity of the channel is enhanced by M the
Bate to source voltage and thus pulling more electrons into the
channel.

* Since the channel does not exist with Vo = 0 V and “enhanced”

by the application of a positive gate to source voltage, this type
of MOSFET is called an enhancement type MOSFET

Q.52 Draw and explain the drain and transfer characteristics of
n - channel E-MOSFET.

Ans. : » Fig. Q521 shows the drain characteristics of an n-channel
enhancement type MOSFET Looking at Fig. Q.52.1 we can say that
as Vg Increases beyond the threshold level the density of free
carriers (electrons) in the induced channel increases. increasing the
drain current. However, at some point of Vi, for constant ¥, . the
drain current reaches a saturation level The levelling off of |, s
due to a pinch-off process, is as described earlier for the IFET

§1p(ma)
11 Curve represents pinch off veiuse
10 = Vag=*a Vv
O
B
T b,)‘- * TV

8 -

f" Vgg = «8 ¥

: Vga ™= *8 ¥

1 L B 3
= e] Yy 0. g

10V 18V 0V BV Vgl¥?
: Vg™ ¥, =2V
a8V -

5V

Fig. Q.52.1 Drain characteristics of an n-channel
’ MOSFET
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S =8 nch-off process for n-channel enhancement type

hows the transfer characteristic for n-channel
cement type MOSFET. This characteristic is quite different
e eristic that we obtained for JFET and depletion type

SFET. For an n-channel enhancement type MOSFET it is now
totally in the positive Vgg region and as we know I, does not
tw b = v!" :

*}2 IPinch—off (beginnlng)/ Depletion region
/ e

|
1!
<
o)
(7]

2.2 Change in channel and depletion region with increasing
= level of V¢ for a fixed value of Vg

Gs > V1 the relationship between drain current and Vgs is
ar and it is given as

» Ip = K(Vgg -Vy )2 ... (Q.52.1)
. A constant that is a function of the construction of
A& Value of K can be determined from equation,

e K - Ipon
(Vgsion - vy )2

... (Q.52.2)

A Gulde fhr Fumisnncien Ouo.3___._
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— lsing
A

Ip (MA)
10
g —
8 -
7 —
6 -
5 -
4=
3 -
2 —_—
1 —
i I S e
0 1 2 3 4 85 6 7 8 VGS(V)
Vr

Fig. Q.52.3 Transfer characteristic for n-channel
enhancement type MOSFET

Q.53 Explain construction and characteristics of p - channel
enhancement type MOSFET.
Ans. : ¢ The construction of the p-channel enhancement type
MOSFET is exactly opposite to that of n-channel enhancement type
MOSFET. Here, the substrate is of n-type and regions are of p-type
as shown in the Fig. Q.53.1.
e As shown in the
Fig. Q.53.2 voltage
polarities and current

directions are reversed. ,g
The drain characteristics ,
appear exactly as in the ‘ e
Fig. Q.53.2 but with Vg 1
with negative values, I Q
in opposite direction and 4

Vos  having  opposite |
polarities as shown in S i\

the Fig. Q.53.2. Fig. Q.53.1 Construction of P'°ET"""
enhancement type MOSF L
455/ B
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v.:'sz-l_ \

v = . K\
GS SV

Vag" -4V

'Jun_a v

Vpg(V)
Vgg=Vy=-2V

Drain characteristics of p-channel enhancement MOSFET
Q533 shows the 4

ﬁ
2
>

=
1
-~ N WAL ve

—-V55(V)

1 1 T ] | ]

-8 -5 -4 -3 -2 -1
Ve

. s : Fig. Q.53.3 Transfer characteristics of

since the V. is negative. g p-channel

’Ou' Q341 shows graphic symbols for n and p-channel
ent type MOSFET (See Fig. Q.54.1 on next page)

& depletion
; tybe MOSFET, determine Ip  Vgs = - 1V,
BN Snd lngs = 16 mA. . e

, 2
Iy = [ Vas | ol ("1)
-| 1- 7 | 16 1- =

.

—
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-5 S

Comonuoml symbol

€ @

Simplified lymboi

(a) Symbols for n-channel (b) Symbois for m
enhancement type MOSFETs enhancament type MOSFETs

Fig. Q.54.1 E-MOSFET symbolis

Q.56 For E - MOSFET, determine value of Ip. i Ipgon = 4 mA,
VGS(ON)-GVVT-‘V.MVG-.V

] -3
Ans. : K = e - X107 L 1x10-0 AMVE |
- ) 6-4)7
(Vasom — V1 )
Ip = K(Vgs - Vr)? =1x1073 (8- 4)? = 16 mA T
Q.57 State the advantages of MOSFET over JFET. -
Ans. : The advantages of MOSFET over JFET are :
e Input resistance of MOSFET is higher than JFET.
e JFET can be operated in only depletion mode, however,
canbeoperatedinmhmcrdmodzuweuum

e It can operate with positive as well as negative gate v
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een JFETs and MOSFETs

Basic Electronics

5=-50

MOSFET

A) n-channel depletion
type MOSFET

B) p-channel depletion type
MOSFET

C) n-channel enhancement

type MOSFET
D) p-channel enhancement
type MOSFET
D D
E@ G@
o S S
n-channel p-channel
Depletion type

-channel -channel

Enhancement type

erated in depletion

Operated in depletion and
enhancement mode.

Very high (> 10,000 M )

Gate is insulated from
channel by a layer of SiO,.

Channel

Channel exists
permanently .

Channel exists p

in depletion type
but not in e; >

R
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type MOSFET.
Q.59 Compare D - MOSFET and E - MOSFET.
Ans. :
Sr. | Parameter Depletion type Enhancement
No
1. | Symbols
D D
S S
n-channel p-channel n-channel
2. | Channel Exists permanently. Channel is physicz b
absent. It is i N
application of
voltage above !
value for n-cha
enhancement
and negative
above thresho
p-channel enhanc
type MOSFET.
3. | Operation | Can be operated in Can only be oper
depletion mode as well | enhance mode.
as enhance mode. ‘
4. | Current Drain current flows on Practically no
flow application of drain to on application @
source voltage, at source, at Vgs =
Vcs =0 flows only whe!
above threshold le
Decode
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5.11 : CMOS Introduction

260 What is CMOS ?

Ans. : ¢« CMOS (Complementary MOS) uses p - channel MOSFET
PMOS) and n - channel MOSFET (NMOS). These MOSFETs are
onnected as a complementary pair.

Q61 Draw the structure of CMOS inverter gate. Explain its
working.
Ans. : » Fig. Q61.1 shows the basic CMOS inverter circuit. It

| consists of two

MOSFETs in series in +Vpp = +5V

such a way that the Vgs‘l'/—\

P-channel device has

‘its source connected to

+ Vpp (a positive A

woltage) and  the
~ Ne-channel device has
s source connected to Input o—¢
- gound. The gates of
 he two devices are
-"_mected together as ,
" he common input and (
he drains are

Vo«

together as
common output. =
1. When input s
. HIGH, the gate of
Q (P-channel) is at
oV pelative to the source of Q, ie. vgsl =0V. Thus, Q, is
*' On the other hand, the gate of Q, (N-channel)is at + Vpp
IO its source e Vgs, =+ Vpp. Thus, Q, is ON. This

uce Vigr =0 Vv,

P-channel(Q,)

—o Qutput

|

N-channel(Q,)

Fig. Q.61.1 CMOS inverter circuit
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2. When input is LOW, the gate of Q; (P-channel) is at a negative
potential relative to its source while Q; has V; =0 V. Thus, Q,
iIs ON and Q, is OFF. This produces output voltage
approximately +Vpp.

Q.62 What are the advantages of CMOS ?

Ans. : Advantages of CMOS are :

1. CMOS circuits consume less power.

2. Power drawn is extremely low steady - state condition.

3. Can be operated at high voltages to improve noise immunity.

5.12 : EMOSFET Amplifier

Q.63 Explain the operation of CS EMOSFET amplifier with the
help of dc load line.

Ans. : ¢ Fig. Q.63.1 shows n-channel, enhancement mode MOSFET

common-source circuit with a time-varying (a.c.) voltage source in

series with the d.c. source. We assume the time-varying input

signal is sinusoidal.

e Fig. Q.63.1 shows the MOSFET characteristics, d.c. load line, and
Q-point, where the d.c. load line and Q-point are functions of
Vas » Vppr Rp and the MOSFET parameters.

e For the output voltage to be a linear function of the input
voltage, the MOSFET is biased in the saturation region.

e The Fig. Q.63.1(b) shows sinusoidal wvariations in the
gate-to-source voltage, drain current and drain-to-source voltage,
as a result of the sinusoidal source v; .

e The total gate-to-source voltage is the sum of Vggq and v; .

e As v; increases, the instantaneous value of vgg increases, and the

bias point moves up the load line. A larger value of vgg means a
larger drain current and a smaller value of vpyg .

e —————————— S
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20, Ve II' VDS(sat)

= Vi Q-point
- v Time,
DC S o Vasa
\ safb’b \_/
- W 7. : i : ’b/;
Y /4 1 %
L ” | E E on
Vbsa Voo Vps

‘Tlmu

(b) Common-source transistor
characteristics, d.c. load line, and
sinusoidal variation in
gate-to-source voltage, drain current,
and drain-to-source voltage

Fig. Q.63.1-

y h F"-p ﬂlld VGS, ID, gm al'ld Vout.
] Iu‘-) = 600 mA and Vr = 2.1V

+oVpp ™= 12 V

,lﬁ"’(3.11-2.1)2 =106 mA
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i »
_Ans. : « MOSFET devices require special care when being tested for

Basic Electronics 5-54 Field Effect Transistors (FET) and its ;-:r: '~

We know that, e

Al
B A

and Ip = K[Vgg - V; ]2

€m = ZK[VGS —V'r]

= 2x104x1073[3.11-2.1] = 210 mS

The voltage gain of the CS MOSFET amplifier is given by
Ay = g Ty where r; = Rp IR 0

~68Q 11 1KQ=6370

Ay = 210x107% x60.7Q = ‘13.4

and Vou = AyVy, =13.4x100mV = 1.34 mV i

: y
5.13 : MOSFET Testing =

Q.65 Write a note on MOSFET testing.

proper operation. The thin layer of silicon dioxide between the gate
and channel can be easily destroyed when VGS exceeds VGS(max).
Because of the insulated gate, along with the channel construction, |
testing MOSFET devices with an ohmmeter or DMM is not very |
effective. A good way to test these devices is with a semiconductor
curve tracer. If a curve tracer is not available, special test circuits
can be constructed.
* Fig Q.65.1 shows a circuit capable of testing both depletion-mode

and enhancement-mode MOSFETs. By changing the voltage level

and polarity of V1, the device can be tested in either depletion or
enhancement modes of operation.

——
—
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Digital Circuits

e On-Resistance Rpg,,,

A
time, Rise time, Turn-off "
j
6.1 : Basic Gates, AND, OR, NOT, NAND, i 2
NOR, EX-OR, EX-NOR, Building AND, OR ou
EREE— Gate with Diodes

7

Important Points to Remember

= :
B
- = N
] I
|

NOT gate (inverter) : The output is a complement of input. l

Logic diagram Switch equivalent
(symbol)
1 7l
A o—Do——o by [ 2R Input o
V= 3
- sI ‘ @ A 114
Pin diagram 0 4 ‘
- - |
=\ — J1 :
Input Output : H
Eﬁ g P27 Switch open (Low) = Campon Boolean Expr B
E E Switch close (High) | Lamp OFF (Low) B i
Y=A 31
E&lc 7408 12] Vee 0|
= g‘im R :
Applicatic [
i |
E& B g Used to compl X
(5] YEEI (invert) digital si :
[]eno 5 -
\_ N
N
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, : Basic Electronics 6-3 Digital Circuits
a Clectroemics 6-2 Digital Circuits — .
7 e ORgate:meoutputis}ﬁghwhmanyofdtemuiahigh.
affer : The output is same as input
Logic diagram Switch equivalent Truth table
Symbol Boolean expression Truth table | (symbol) s,
YeA e, A f{; Llnput Iom
" &_—D ) Pln dilgrlm ]npul Outpu' : B . +— ! A ’ ’ ’ Y j
7 A y | | diagram :
. Application : It is i *>_ _:> -D_ 0 | * J . [re— : . e
used 'O increase > K — r 0 1 1
output driving :>_ et —:_>—- e ! 1 f l ! E b o-:--r o—:-t Lump OFF (Low) 1 0 :
capacn ~RORCEOoaopa : E E‘:::::M :um - ‘ : :
w—\%:Thmtputuh@m‘ym‘umP““mmsh‘ _‘ ] &) ‘
Truth table IC 7432
L] 1]
B Y
0
1
0
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Basic Electronics 6-5 Digital Circuits
the inputs are low. \ S A I —
i Truth tabl Symbol Boolean expression Truth table \ g
e =t o .
Y=A®B ‘
Input  |Output A °——’">_° Y Pin diagram Input | Output |
' Bo—==1 A| B £
A B i 4
5 4 [l (2 [ bel 5] o] 0 0
0 1 Application : It is Yo D l
0 1 0 used to implement X I—!)_' ek o 0 1
even parity generator, = | 1 0
1 1 0 parity checker, etc. DREIgogsigage
N ——
= - Q.1 The voltage waveforms shown in Fig. Q.1.1 are applied at the
e output is high only when odd inputs of 2-input AND and EX-OR gates. Determine the oulﬁ;@ 4
number of inputs are high. waveform in each case. Ty ?)_3[
ression Truth table Input ‘A’ I I | | I | ‘ t (i) i Ang
0 1 2 3 4 5 ,
Input |Output : : i.
Input ‘&__'—_.L I = I B 0
e | v R e -
0 0 0 : Fig. Q.1.1 0
0 1 1 Ans. : 0
1 0 1 l_‘l l_—‘ 0
1 1 0 Input A ' ' ' Lt (ms) #
i | i i : | e |
. : 1 H ) i A gl
B | i L !
I t - " r
e I 1 | 1 }2 3: : :4 : 5 t (ms) ;
i b e 1
: | e {361 1 s ~
v % Output i [ 1
 output is high only when AND Ll £ i 3
all inputs are high. Gate ! i ! Fes L = t (ms) R
[t . .4
Lo % e 5 oy
Output
EX-OR l l— &t (Ms)
B i Gate
= Fig. Q.1.1 (a
Jor Enginecring Students . . @ ¥,




S Elrcrrunics 6~

e —————————

6 Digital Circuits

I Write down the truth table for 3-input EX-OR gate.
s, : The output is logic 1 when odd number of input(s) is logic 1.

b x e Y
{ 0 { 0 | 0 0
L 0 ‘\ 0 1 1
\ 0 | 1 0 Y L]
\ 0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1
Table Q.2.1
L3 Make truth table for a 3 input :
| AND gate 2) OR gate 3) NAND gate 4) NOR gate.
uns, :
A B ClY A B Cly A BClY A B Cly
) 0 olo 0 0 ofo 0 0 01 0 0 01
) 0 1]o 0 0 1|1 0 0 11 0 6 1/o0
)1 oo 0 1 o)1 0 1 01 0 1 0fo
) 1 1}]0 01 1)1 ¢ T [ E O 0 1 10
1l o 0}0O 1 0 01 1 0 0]1 1 0 00
i1 0 1]0 T 111 1 0 1% -0 140
I 1 0}{o0 1 1 01 1 1 01 1 1 0o
1 & 1]1 11 1/; 1 1 1]o0 1. adalio
3 input oR 3 input NAND 3 Input NOR

Fig. Q.3.1 Truth table

‘—%
A Guide for Engineering Studenss
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Ans, :
A B ; Y A B [ Y A B[ ¥ I LA BT
0 0 1 0 0 1 1 1 0 1 1
0 1 1 0 1 0 1 0 0 1 0
1 0 1 1 0 0 0 1 0 0 1
1 1 0 1 1 0 0 0 1 0 o

Truth table for Truth table for Truth table for Truth table
NAND gate with NOR gate with NAND gate with NOR gate w
positive logic positive logic negative logic negative log

The truth tables for positive logic NAND gate and negative lo;
NOR gates are equivalent and vice versa.

6.2 : Digital Logic Families

Q.5 What is logic family ? Give the classification of logic families.

Ans. : A digital logic family is a group of compatible devices wit]
the same logic levels and supply voltages. According
components used in the logic family, digital logic families are
classified as shown in the Fig. Q.5.1.

Classification of logic families
]

au]lom l:‘rh ;
PMOS NMOS i
Sl srmbraing TP MOSFET e compimey
|
| |
Schottky TTL ECL
mitter Coupled Logic

* RTL : Registor Transistor Logic

* DTL : Diode Transistor Logic

* DCTL : Direct Coupled Transistor Logic
. I°L Integrated injection Logic

* HTL : High Threshoid Logic

* TTL : Transistor Transistor Logic

Fig. Q.5.1 Classification of logic families
‘m——
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n delay of a gate is
tpplicahon of an input
m.g output pulse. The
cteristic of logic circuits
y can operate. The shorter
» speed of the circuit and

r that an IC dissipates is
Ioc, that it draws from

: It is the minimum voltage
n input. Any voltage below this
1 by the logic circuit.
age : It is the maximum voltage
A ~an input. Any voltage above this
LOW by the logic circuit.

Vol : It is the minimum voltage
h logical 1 state under defined

®: It is the maximum voltage
h‘nl 0 state under defined

-l
o
PR

oo Fouodeaomlon Con 8 an
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Digital Circuits

iy~ High-Level Input Current : It is the current that flows i.nmﬁ
input when a specified high-level voltage is applied to that inptﬁ uh

i~ Low-Level Input Current : It is the current that flows into an
input when a specified low-level voltage is applied to that input, e

".Tf
LOW HIGH
LU J‘
°o+5YV R 2=
HIGH | lO_L, ll_L, . |
° -
‘ ->=LOW o 2 =>° .
HIGH VoL

(b)
Fig. Q.6.1 Currents and voltages in the two logic gum_f o
iR

1

Iop- High-Level Output Current : It is the current that flows fr
output in the logical 1 state under specified load conditions. I

Ior - Low-Level Output Current It is the current that flows fre
an output in the logical 0 state under specified load conditions.

Noise Margin : The noise immunity of at a logic circuit
the circuit's ability to tolerate the noise without causing sp
changes in the output voltage. To avoid this problem due to noise

voltage level Viymin) is kept at a few fraction of volts :
VoH (min) and voltage level VIL (max) 18 kept above Vo (max) 2t he
design time. o
Vay is the difference between the lowest possible HIGH outpt

VoH(min) and the minimum voltage, Viyj(min) required for a '4<_'_
input. This voltage difference, Vyy is called high-state noise

L 0 - i A Guide for Engineering
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Basic Electronics 6-10 Digital Circuits

margin. Similarly, we have low-state noise margin. It is the voltage
difference between the largest possible low output, Vo 1.y and
the maximum voltage, VIL (max) Tequired for a LOW input.

In short we can write as,
Vi = VoH (min) ~ViH(miny and
4 = —
\Nl. VIL(mnx) V()l,(mnx)

Fan-in and Fan-out : The maximum number of inputs of several
gates that can be driven by the output of a logic gate is decided by
the parameter called fan-out. In general, the fan-out is defined as

. the maximum number of inputs of the same IC family that the gate

can drive maintaining its output levels within the specified limits.
The fan-in of a digital logic gate refers to the number of inputs.

: Speed Power Product (Figure of Merit)
-*»In general, for any digital IC, it is desirable to have shorter

propagation delays (higher speed) and lower values of power
dissipation. There is usually a trade-off between switching speed
and power dissipation in the design of a logic circuit i.e. speed
is gained at the expense of increased power dissipation.
Therefore, a common means for measuring and comparing the
overall performance of an IC family is the Speed-Power Product

(SPP). It is also called Figure of Merit.

Operating Temperature Range

*It is the temperature range specified by the logic family within
which devices are guaranted to work reliably.

Power Supply Requirements

Power supply requirements differ from logic family to family. For

sample, it is 5 V for TTL family and 3-15 volts for CMOS family.,
~ Further more, power supply tolerance also depends on logic family,

or example, for 74 series TTL family it is + 0.25 V and for 54 series
family it is + 0.5V

A Guide for Engineering Studenty
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Q.7 Draw and explain the operation of 2-input RTL NOR Ga
Ans. : e RTL circuits consist of resistors and transistors. Fi
shows 2-input RTL NOR gate. As shown in the Fig. Q.7.1, «
of both the transistors are connected to a common grow
collectors of both transistors are tied through a common «
resistor R¢ to a supply voltage Vi . The resistor R is com

known as passive pull-up resistor.
+Vee -

Re

A

B O—Wr

Fig. Q.7.1 2-input RTL NOR gate

Circuit operation : ) T

* Inputs representing logic levels
are applied at A and B
terminals. In the RTL gate the
input voltage corresponding to
LOW level is required to ;: -
low enou, for , ="
comlpondir\:h transistor to be Table Q.7.1 m :;bﬁl
cut off. Similarly, the input
voltage corresponding to HIGH level should be high eno
drive the corresponding transistor to saturation.

* When both the inputs are Low, transistors Q; and Q, z
and the output is HIGH. A HIGH level on any input

S ————— e SIS PSS
=" A Guide for Engineering
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saturation causing the output to go
uth table for 2-input NOR gate.

voltage, Vp (saty fOr transistor is
Therefc for RTL gates the LOW level
Y- In RIL a HIGH level output voltage
amber of gates connected to the output. As
—— _ D the output increases, output voltage

' deciding factor for the fan-out of the gate.
connected to the output also affects the

-
.V'! =

= .
wq B3 Ty

‘  on of 2-input DTL NAND gate.
. Q8.1 shows a discrete circuit for DTL
sts of input diodes and resistor Rp forming an
ng them is transistor inverter.
T '

L

NAND gate
and Dg conduct resulting

@t point is not sufficient to

by amad ‘ Biving output voltage

Basic Electromics 6-13
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Vo = Ve logic 1. A LOW level on any input cause
diode to conduct resulting voltage at point P =07 V.

Omucamtnnsiuor!omhm-oﬂu\dhm~
is equal Ve = logic 1. Wh!nbothmputlmbﬂcﬂni,“
DAmdD.mmnndbhud.msaumhhumd
transistor Q, to flow through Ry Dy, D, and the base of the

transistor Q;. This drives transistor Q, in saturation giving output
voltage = Vg (00 = 0.2 V = logic 0. -

For driving transistor Q, is saturation we require more -
(Vp, (07) + Vi, (0.7) + 0.7 (Vgg) ) at point P to drive tra
in saturation. Therefore, we can say that due to diodes D,
we need increased voltage level to drive transistor in
This improves the noise margin for DTL gate.

e When A and B inputs are HIGH, transistor Q, is drive
saturation and its base to emitter junction capacitance is cha
Now if any of the input goes low, voltage at point P bea
0.7 V and transistor Q; will try to come out of
drive transistor from saturation to cut-off it is
discharge the stored charge on the internal capacita
resistance, Ry provides a discharge path for the charged sk
the transistor. Resistor Ry is connected to the - 2 V su
increase the rate of discharge.

Q.9 With neat circuit diagram explain the operation of
TTL NAND gates. ;

Ans. : The Fig. Q9.1 (a) shows the circuit diagram of 2
NAND gate. Its input structure consists of multiph
transistor and output structure consists of totem-pole output
QlisanNPNUmﬁstorhammm“h“

the gate. Although this circuit looks complex, we cm
analysis by using the diode equivalent of the multif
transistor Q,, as shown in Fig. Q9.1 (b) Diodes ,
repremtﬁwMoE-BhnmﬂmdQ;u\dD‘bﬂn
(C-B) junction.
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——0+5V

130Q

REAW

ut ; v
v
or
Dy
n_ ) -
Fig. Q.9.1 (a) Two input TTL NAND gate

jn De input voltages A +5V
ol. °d B are either LOW
es deally grounded) or
Te IGH (ideally +5 volts).
to either A or B or both
he ©® low, the
in “responding diode
to Mducts and the base

1 Q, is pulled down to
- pproximately 07 V.

his reduces the base Fig. Q.9.1 (b) Diode equivalent for Q,
aat  ttage of Q, to almost
e Therefore, Q, cuts off. With Q, open , Q  goes into cut-off
is ad the Q, base is pulled HIGH. Since Q5 acts as an emitter
» sliower, the Y output is pulled up to a HIGH voltage. On the
” _dther hand, when A and B both are HIGH, the emitter diode of Q,

A by 4 . c :
pe reversed biased maxing them off. This causes the collector
o go into forward c y :
.-“ D, t© go into forward conduction. This forces Q, base to go
BEIn tumn, Q. goes into < : : r
o 4 BYES mio saturation, producing a low output.

9.1 summariz
Q summangzes all input and output conditions.
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A B Y
0 0 1
0 1 1
1 0 1
1 1 0

Table Q.9.1 Truth table for 2-input NAND gate
Without diode D, in the circuit, Q3 will conduct slightly when the
output is low. To prevent this, the diode is inserted; its voltage
drop keeps the base-emitter diode of Q3 reverse-biased. In this
way, only Q, conducts when the output is low.
Q.10 Give the advantages and disadvantages of totem-pole output
stage arrangement.
OR Give comparison between totem-pole and open colletor
outputs.
Ans. :

Sr. Totem-pole Open collector

No.

Output stage consists of only

1. | Output stage consists of
pull-down transistor.

pull-up transistor (Q3), diode
resistor and pull-down transistor

(Qq)-
2. | External pull-up resistor is not External pull-up resistor is
required. required for proper operation of
gate.
3. | Output of two gates cannot be | Output of two gates can be tied
tied together. together using wired AND
technique.
4. | Operating speed is high. Operating speed is low.
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I‘iil'lﬂi configuration is a third type of TTL output
on. It utilizes the high-speed operation of the totem-pole
t while , outputs to be wired-ANDed
‘together). It is called tristate TTL because it allows three
ut stages : HIGH, LOW and high-impedance.
m the simplified circuit for tristate inverter. It has
‘and E-

l logic input whereas E is an ENABLE input. When
: input is HIGH, the circuit works as a normal inverter.
se wher E is HIGH, the state of the transistor Q, (either ON
) depends on the logic input A, and the additional
diode is open circuited as its cathode is at logic HIGH.
_ ABLE input is LOW, regardless of the state of logic
‘A, the base-emitter junction of Q is forward biased and as a
ams ON. This shunts the current through R; away from
it OFF. As Q, is OFF, there is no sufficient drive for
¢ and hence Q, turns OFF. The LOW at ENABLE
ward-biases diode D,, which shunt the current away
‘ dQ;, making it OFF. In this way, when ENABLE
W, both transistors are OFF and output is at high

£ o

Zaain

. 4 o +5V

A E Output |
X 0 Fioating |
Truth table

Basic Electronics 6-17 Digital Circuits

Q.12 Explain the following characteristice of TTL logic families :
i) Power dissipation i) Noise margin Iii) Propagation delay

iv) Fan out.

OR Explain standard TTL characteristics in detail.

o logic families. Mention

OR Define the following terms related t
i) Power dissipation

typical values for standard TTL family
ii) Fan-in iii) Vjy, Vou Iv) Noise margin.

mention its standard values for

OR Define the following terms and
il) Power dissipation iil) Fan

TTL family : 1) Voltage parameters
out. 3

Ans. : Supply voltage and temperature range : Both the 74 series
and 54 series operate on supply voltage of 5 V. The 74 series works

reliably over the range 4.75 V to 5.25 V, while the 54 series can

tolerate a supply variation of 4.5 to 5.5 V.
Voltage levels and noise margin : Table Q.12.1 shows the input
and output logic voltage levels for the standard 74 series. The

minimum and maximum values shown in the Table Q.12.1 are for

worst case conditions of power supply, temperature and loading

conditions.
Voltages | Minimum Typical |Maximum
i - 0.2 0.4 -
VOH 2-4 3 . 4 — ; r|' 3
ML T = 0.8 ]
Vig 2.0 - -

Table Q.12.1 Voltage levels

For TTL, Low state noise margin, Vi and high state noise margsi

Vyy both are equal and 0.4 V. F
and propagation delay : A standard TTL ga
has an average power dissipation of about 10 mW.

A standard TTL output can typically drive 10 s
ard TTL has fan-out 10.

Power dissipation

Fan-out :
TTL inputs. Therefore, stand
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DI'I' the structure of CMOS inverter gate. Explain its

ins. : Fig. Q.13.1 shows the basic CMOS inverter circuit. It consists
 two MOSFETS in series in such a way that the P-channel device
its source connected
+ Vpp (a positive
‘ and the
device has its
connected to
The gates of the
devices are

together as
input and Input o—s +———= Output

P-channot(Q, )

- output. : N-channel(Q,)

- 1. When input is HIGH, (

- the gate of Q v

(P-channel) is at 0 V : e P

relative to the source o

f Q le. V, =0V.
Q, is OFF. On

the other hand, the gate of Q, (N-channel)isat + Vpp, relative

to its source e Vgs, = + Vpp. Thus, Q, is ON. This will

produce Vo, - -0 V.

Fig. Q.42.1 CMOS inverter circuit

2

input is LOW, the gate of Q; (P-channel) is at a negative
tentia; relative to its source while Q, has Vp = 0 V. Thus, Q,
#N and Q, is OFF. This produces output voltage
dmately +*Vop.- .
. with neat diagram two Input CMOS NAND gate.

Fig. Q141 shows CMOS 2-input NAND gate. It consists of
gmannel MOSFETs, Q, and Q;, connected in parallel and
p | MOSFETs, Q, and Q4 connected in series.

A Guide for Engineering Students
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e D) )
&

Fig. Q.14.1 CMOS NAND gate

* Here, the gates of both P-channel MOSFETs are n
respect to their sources, since the sources are connected
Thus, Q; and Q, are both ON. Since the gate - to -
voltages of Q4 and Q, (N-channel MOSFETs) are both 0 V,
MOSFETs are OFF. The output is therefore connected to
(HIGH) through Q; and Q, and is disconnected from
When A = 0 and B = +Vp5. Q; is on because Vg, = -Vpp an
Q, is ON because Vgs, = +Vpp. MOSFETs Q, ahd Q are
because their gate-to-source voltages are 0 V. Since Q; is ON
Q, is OFF, the output is connected to + V
disconnected from ground. When A = +V, an =0
gituation is similar (not shown); the output is co cted
through Q, and it is disconnected from ground bec
OFF. Finally, when both inputs are high (A =B=+Vy
Q"mdqzmbothmmﬂq,ndg;l : '

Decode
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. output is connected to the ground through Q; and Q, and it is
s disconnected from +Vpn. The Table Q.14.1 summarizes the
e operation of 2-input CMOS NAND gate.

§ A B Q QLQ3 Q; Output
B ' 0| 0 ON ON OFF OFF 1

0| 1 ON OFF OFF ON 1
L ol 1| 0 OFF ON ON OFF 1
o 1| 1 OFF OFF ON ON 0

o Table Q.14.1 Truth table of NAND gate
Q.15 Explain with neat dlagram two input CMOS NOR gate.
.~ Ans.: e Fig. Q151 (a) shows 2-input CMOS NOR gate. Here,
.~ Pchannel MOSFETs Q; and Q, are connected in series and
3 N-channel MOSFETs Q3 and Q, are connected in parallel.

+V
o DD

&)

—© Qutput

A o—

=

Q; Q

Schematic
Fig. Q.15.1 cMOS NOR gate
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e The Table Q.15.1 summarizes the operation of 2-input NOR gate.

A B Q, Q, Qj; Q, Output
0 0 ON ON OFF OFF i

0 1l ON OFF OFF ON 0

1 0 OFF ON ON OFF 0

1 it OFF OFF ON ON 0

Table Q.15.1 Truth table for NOR gate

Q.16 Give the comparison between various legic families.

OR Compare TTL, CMOS and ECL.

Ans. :

Parameter RTL DTL TTL CMOS
Components | Resistors Resistor, Resistor, N channel and
used and diode and | diode and P channel

transistor | transistor transistor MOSFET
Circuit Simple Moderate Complex Moderate .
Noise margin | Poor High Medium High =t
Fan-out Low Medium More 50 ,‘ ‘

(4) (®) (10)
Power 30 8-12 10 0.1
dissipation in :
mW per gate
Basic gate NOR NAND NAND NAND/NOR |
Propagation 12 30 10 70 L
delay in ns
Speed power | 144 300 100 0.7
product (PJ)

e

Decode
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Due to low
power
consumption
they are used
in portable
instrument
where battery
supply is used.
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Time : 3 Hours] e

Instructions :
1. Attempt all questions. k
2. Make suitable assumptions wher
3. Figures to the right indicate full
Q.1 a) Compare ideal and
(Refer Q.8 of chapter -1)
b) Draw and expla
(Refer Q.6 of chapter - I}
¢) Draw a positive
the waveforms. (Refer Q.50
Q.2 a) Explain the cons
(Refer Q.6 of chapter - 2)
b) Derive the rels
(Refer Q.26 of chapter -
. ¢) Draw and “
configuration. (Refer Q.

&)  With a neat
transistor in CE config i
Q3 a) What is thermal

b) Write a note on
(Refer Q.23 of chapter

© What is



- Solved Mode! Question Paper
+12v
10kQ
Bge = 100

. *m of CE amplifier circuit with
chapter - 4) (4]

q'B]T as a switch. -
eliminate the effect of ac degeneration in
efer Q.5 of chapter - 4) [31

diode ? Explain how it can be used as
telp of characteristics. State its applications.

- 3) 4]
ic load lines for the transistor circuit shown
O [7]
OVee=+12V
C2
B=100

L S—
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OR
Q4 a) List important features of FET.(Refer Q.2 ¢

b) For the circuit shown in the Fig. 3 Calculal
(Refer Q.16 of chapter - 5)

8V

1kQ

= 10 mA
Vp = -4V

¢) Explain the drain characteristics for an n-cha
{Refer Q.9 of chapter - 5)
Q.5 a) Write down the truth table for 3-input EX-O
(Refer Q.2 of chapter - 6)

b) Explain the working of n-channel FET.
(Refer Q.6 of chapter - 5) |

¢) Derive the expressions for input imp
impedance, voltage gain, current gain and power gain for ¢
circuit. (Refer Q.18 of chapter - 4)

OR

Q.5 a) Explain JFET as multiplexer.(Refer O _

b) Draw the structure of CMOS inverter §
working. (Refer Q.13 of chapter - 6)

Q) Explmn the Whng q n - channel
MOSFET. (Refer Q.51 of chapter - 5)




